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q HW Designation: E 776 - 87 (Reapproved 1992)

Standard Tesf Method for

Forms of Chlorine in Refuse-Derived Fuel’

This standard is issued under the fixed designation E 776; the number immediately following the designation indicates the year of
original adoption or, in the ease of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superseript epsilon (e) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This test method covers the determination of the
forms of chlorine in refuse-derived fuel-three (RDF): total
chlorine, water-soluble chloride, and water-insoluble chlo-
rine,

1.2 This test method may be applicable to any waste
material from which a laboratory analysis sample can be
prepared,

1.3 This standard does not purport to address all of the

safety problems, if any, associated with its use. Il is the
responsibility of the user of this standard to establish appro-
priate safeiy and health practices and determine the applica-
bility of regulatory limitations prior to use, For specific
precautionary statements see Section ¢ and 11.2.1.

2. Referenced Documents

2.1 ASTM Standards:

D (193 Specification for Reagent Water® .

“E 144 Practice for Safe Use "of Oxygen “Combustion
Bombs?

E 180 Practice for Determining the Precision of ASTM
Methods Ffor Analysis and Testing of Industrial
Chemicals*

E 287 Specification for Burets®

E 711 Test Method for Gross Calorific Value of Refuse—
Derived Fuel by the Bomb Calorimeter?

E’829 Practice for Preparing Refuse-Derived bue] (RDF)
Labordiory Sdmplcs for Analysls5

3. Descriptions of Terms Specific to This Standard

3.1 refuse-derived fuels—solid forms of refuse-derived
fuels from whict appropriate analytical samples may be
prepared are defined as follows in ASTM STP 8326

RDF-1--Wastes used as a fuel in as-discarded imm w1th
only bulky wastés removed.

RDF-2—Wastes processed to coarse particle stze w1th or
without ferrous mietal separation.

RDF-3—Combustible waste fraction procesqed to partlclc
sizes, 95 % passing 2-in. square screening, ‘

RDF. 4—Combus‘ubla waale fraction processed into

! This test method is under the jurisdiction of ASTM Commitiee D34 on
Waste Management and is the direct responsibility of Subcommitiee 1334.08 oh
Therinal Treatment,

Current edition approved Aug, 28, 1987, Published Qctober 1987; Onglmlly
published as E 776 - 81, Last previous edition E 776 - 81, -

. 2 Annyal Book.of ASTM Standards, Vol 11,01,

3 dnnual Book of ASTM élandalds, Vol 14.02,

4 Annual Book of ASTM Standerds, Vol 1505,

5 Annual Book of ASTM Standards, Vol 11,04,

5 Thesaurus on Resource Recovery Twmmo{agy, ASTM STP 832, ASTM
(983, p. 72.

powder form, 95 % passing 10-mesh screening,
RDF-5—Combustible waste fraction densified (com-
pressed) into the form of pellets, slugs, cubettes, or bri-

quettes.

3.2 total chlorine—all chlorine as dctmmmcd in the
refuse-derived fuel,

3.3 water-insoluble ~ chlorine—water-insoluble chlorldes
and chlorine in the refuse-derived fuel.

34 water-soluble chioride—those chlorides which are wa-
ter-solubilized by water extraction as determined in the
refuse-derived fuel.

4. Summary of Test Method
4.1 The forms of chloride and chlorine are determined.

The various procedures in the method convert the forms of

chlorine into a water-soluble chloride form that can be
quantitated by titration.

4.1.1. Total Chlorine—The sample is combusted in an
oxXygen atmosphere The chlorine. is convc,md 10 ahlcmd@
and absorbed in an alkaline solution.

©4.1.2 Water-Soluble Chlorides=~A pottion of the analysm

- sample is successively extracted with hot chloride-free watet.

281

4,1.3 Water-Insoluble Chloriné—Water-insoluble ~ chlo-
rine is calculaied from the results of the total chioring dnd
the water-soluble chloride dctcrmmatlon where:

watm-msolublc chlorine = total chlorme = waler-soluble thondes

4.2 The chlorides conlamcd in the "alkaline solutlon
(4.1.1) and the extraction solution (4.1.2) are determined by
potentiometric (see Section 13) or modified Volbard titration
(see Section 14). L S e

bxgmfimnce and Use . :

5 { The standard is available to- producers and users of

RDF for’ determining’ the contenl and formsof chlormc
present in the f‘uel .

6. Pre(,aulmm S

6.1 Due to the ougms of RDF in mumupdl waste,
common sense dictates that some precautions should be
observed when conducting tests on the samples. Recom-
mended hygienic practices’ include use of gloves' when
handling RDF; wearing dust masks (NIOSH-approved type),
especially whllc milling RDF samples; conducting tests
under negative pressure hood when' possﬂ)le, and washmg
hands before eating or smoking. ‘

7. Interferences
7.1 Potentiometric Titration’ Mezhoa’ A

PRO_00106910
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TABLE 1 Typical Data Sheet and Calculation of End Point from a Potentiometric Titration of Chloride
Volume of 0.025 N Volume of 0,026 N Volurme of 0.025N
AgNOy solution, Millivott AGNQyg solution, Millivolt . AGNO; splution, | . . Millivol
mL. Reading mL Readifig! . i’ Gl R 1. .. Reading
0.0 -1,38 B A ‘ gy o T 028
1.0 ~1.29 “18.6™ wRR -+0.38
2.0 ~1,26 18.8 +0.47
4.0 AT it 190, , +0.55
60 UL ends L e . . +0.60
8.0 1 £ I o192, p -+0.65
10.0 ~1,10 19.3 +0.69
12.0 w1,04 194 +0.72
140 . o ~007 i . 496 +0.75 .3 .
150 C =095 .. 19601 , , o +090
160" " ~0.86" Poe7” ' N o008
170 - ! S w9 S oy o oher ekl
17.8 -0,76 19.9 0 . S, w09
180 0y Lo s F0 Ay w200 U iy
182 i 0,67 A 280 +1,24

» Thq greatest ohangs; of, ygltage PRY, Unit Increment additjon of AgNOa solutlon oocum belwéen 19 B and PO B mLi bemrmlne t@e‘end pomt and ﬂtar as follows

k. S N e MV g 15t Derivative 2nd Derlvative
. PO X RN HeQ27 e T " L o L -
o - X IR . ~018 - +0.08 . ‘+005
B o ¢ (.08 4018 R 00 s
20,1 ~“+008 : Cos T ROA e £0.04 7 v
20.2 +0.26 Cvee L HBAB s e 008
20,3 +0.38 +012 o o008
20.4 A X +0.09 ' B —om oo
205, o k08B iy +0.08 R PR L T
oo L [nférpdlatlon o
R I T SRR DR R ST ST At h 0. e Wouay ey et
" s P e 201mlm+(010><01) 20.14 ml. R CACE B A O
i -;ﬂ"' Y F A E A T )

AV 1 Iodld’“ and’ brbhu'ie are a159 uiratcd as_chiloride.
Férrfcyamde céuws hlgh. Ry iﬂts and 1st F mOVed

romg;c Sl,dtq o he :e, ' e u mtorfcxes' if
mountmuﬁ‘;tamlaliy mghcr than the amount
mlq_gloxgs,., fer ,QI.ISKIOHQ, and, phosphates, do

T N AT
R ¥

ot chlpndp ‘
not mtcrfere. "
‘7.112‘

e L T SRy s

1th1011$ usually re-

[AIRTI

‘,ztratzbn Membd'l} o

7. 21 Compounds that have a strong oxndlzmg actmn
interfere by reacting with thiocyanate, These compounds
should be reduced beforehand by treafment: wnh ferlous
sulfate pna n;lmn]a reduumg ag,unt‘ ol

SiTHY

W1th thlocyanam. Fhey may be removesi* b;y pmclpuauon
with hydrogen sulfide before the addition of silver nitrate,
The emesq of sulﬁde i8 e:asnly removed by gent]y boﬂmg the

or
lhtration. L ' L
7.4 he; Volhard method, iththe pptar}pometm,
meihocf chrcctly apphcci to di,m; l,lre of, hdlldes gan gietel:s

7 Svott’s Standard Method of Chemical Analym edited by M, B Firmian, 13,
Van Nostrand Co., Inc., Ne\x York NY . o

282,

mine only total hdl;de contmt @xuludmg ﬂuondq Prehml-
nary treatment is necessary for the determination of chloride
gtloine in 2 nuxtuxe, o

) 1. me]

$. Appmlatus .
8.1 Balance, having a sensitiyity of 0.1 mg. o L

8,2, Apparatys for Bomb Combustion of the Samp(e ]

8.2.1 Oxygen Bomb, similar. to that used. in the determi-
nation of the -calorific,.valug of refuse-derived: fuels -as
described in Test Methpd,l:m Logr. o,

8.2.2 Capsuie, for holding the samplﬁ, apprommdtely 25
mm in diamgter.at the top; approximately 12, mm deep, and
c,onformm to Test Mg,thog{ 1.‘

¥ ‘speclﬁ@d in Test l\/Iﬁl}qd E ’7]1
mwc, as specified in. Test Met qu'Z

g4 Liring gd i {
. 8.2.5 Mezal‘ Ve&;el cylmdmcal sich tildt thé Bomp wlll be
fully iriersed When apprommalely 71, Qf yvalcr are adcied

.83 Magnetic Stirrer and éurrmg Bars

84 Apparatuv for Potentmm(;mc thrdtzon 3

8.4.1 Potentigmetric Izémz‘zor; As.sem iy, using a bﬂver
inéticator electrode and'a caloinel refex; ce electrode con-
taining a saturated, §od1um nitrate solutxon as a bridge,

NoTE l ----- All glasswarc and graduated apparatus should be Class A or
equlvalent as described in Spcmtwatxon E 281

St ast PR R ; R TR T

QQfReagentsw B L AT BRI DA R

el Purity- 0[ Raagen&sWReagem gvade chemwdl&. blldn be
used in all tests. Unless otherwise indicated, it is intended:
that all reagents shall c(mform 1o 1he :;pcmﬁcatmns ‘of the

rH
V\

R

v 8 Koltoffy I M., and., Sta,ng(,n V. A Wa[umamc Arzaiystmﬂ ]nterqc!enve
Publishers, Inc,, New York, NY. A
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APELICABLE DOCUMENTS
2

l' VATER-SOLUBLE CHLORIDES l
3,1,2

TOTAL CHLORINE
3.0

TCNLELCANCE AND USE

o mwwmom
smum;amuss ’ o Imrm'm» vr;%.n?wn TITRAYYON |

PUI‘ENTIOMET?IC TLTRATION ]
7oL -

WATER-TNSOLUBLE CHLORINE
310

[:“Ai’mua‘nm

RRAGENTS
ks - N
- SAMPLING-
10

PREPARAION OF TOTAL CHLORINE EOI.UTIONI
11

=L

¥

I PREP, OF WATEB-SCLUBLE CHLORIDE SOLUTLON

N M
.

ER - peca 4
Y . ‘ ALYERNATIVE PROCEDURES ]

i

POTENTLQMETRIC TITRATION
METY l()l) A
: l

sl
CAI.(.ULATIUN
o

i

- [HODIFTED VoRaRD " FFoN
HETHOD B o
. -

CleRenamon ) T o o e
)

T

Grie ot I WATER-INSGLUBLE e%omz CALCULATION |
l

. FIG. 1
Committee on Analytical Reagents. of the Amerw'm Chem-
ical Scmety ‘where such specmwtlons arg available.” Other
grades mdy be used, provided it is first ascertained. that tlu,
“reagent is of sufficiently high pumy to permit its use wuhom’* -
‘lc,sscnmg ‘the accuracy of the dctermmatmn
" 9.2 Purity of Wateernlms ()thwwm mdmted re&fm—
~gnce to water shall be understood to mean at least Type 1
reagent water conforming to Specification D 1193 A
9.3 Potassium Hydroxide Solution, (0.2 N)—Dns»solve:
13.2 g of potassium hydmmde (KOH) in water and dﬂuup 1o
'le1thwat01.u 2 Lot
9.4 Oxygen—The oxygen ; used tor combustnon shal] bc
free of combustible matter;: Oxygen manufactured from
liquid air, guaranteed to be greater than 99.5-% pule, wﬂl
mc,et this rcqmrcmcnt :

[T

9 Reagcm Ch(}mlbéﬂig, Ammmn (‘humxcal %uely Gpcmf' wtmm, Am C‘hem
ical So¢:., Washington, DC. For sugge:,uon& on the testing, of reagents not listed by
‘the Ametican Chémical Society, seb “Analar Standards for Laboratory UL K.
Chemicals,” BDH. Lid., Poole; Dorset, and thie *United States Pharfaac opedn,” !

283

Forms of. Chlorine m Refusadnuerived Fuel

& Sodtum Chl(mde (NaCl)manary 5tandcnd qudhty
(punty of 100 +.0.02.%). - :
9.6 Sodimm Chioride, anary Szandard bolutzon (0 025

“N)y=Crush 1010 20g of primary standard sodium’ chloride
{NaCl) to: 100-mesh fineness and. dry.in a glass container at

120°Cfor-2 hi Stopper and keep desiccated, Dissolve 5,844 ¢
+ 0.1 mg of dried primary standard NaCl in water and mlute

‘to 1 1. Dilute 25.00 ml, of this solution to lOO 0 mL

9.7 Methanol, LRI

9.8 Nitric Acid (1+1)—Mix equal vo]ume's of concen-
trated nitric acid (HINO,, sp, g, 1.42) and water." - .

9.9 Silver Nitrate, Standard Solution (0.025 N)-Dissolve
4.247 g of silver nitrate (AgNO4)-in water and dilufe to 1 15
Store in an amber glass bottle. Standardize against'0.025 N

Ssodium chloride sotution as directed in 13.1.1-and 1411,

9.10 Potassium Chromate = Potassivum Dichromate Indi-
cator(K;CrOy - K,Cr,0,)—Dissolve 4.2 g of K2C104 and

:0 7 g of X,Cry0O5 in. 100 mL of: waler.

9,11 Nitrobenzene. =~ R oy
9,12 Ferric Ammonium. Sui_’/ate Indwator Soluuon#Add

PRO_00106912
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FIG. 2 Graph From a Potentiometric Titration of Chloride

sufficient concentrated HNO, (sp gr 1.42) to a cold satiirated
solution of ferric ammonium sulfate [FeNH(S0,), 12H,0]
to remove the brown color.

9.13 Potassium Thiocyanate, Standard Solution (0.025
N)—Dissolve 3 g of potassium thiocyanate (KCNS) in
freshly distilled or boiled water, dilute to, 1 L, and stan-
dardize against 0.025 N AgNO, solution as directed in
14.1.2.

10. Sampling
10.1 RDF products are tlequently nonhomogeneous For

this reason significant care should be bxerdised to obtain 4 -

representative laboratory sample from the RDP lot to be
characterized. . ‘

10.2 The samplmg mcthod for this prowdur(, should be
based on agreentent betweenr the involved parties.

10,3 The daboratory sample 'must be air-dried and the
particle size reduced to.pass a 0:5:mm screen. 4§ described in
Practice E-:829. This procedure must be performéd carefully
to, preserve the saniple’s representative «characteristics (other
than partlc]e size), while, preparing, the analysis samiple to be
used in the procedures v

PREPARATION ()F CHL()RINE b()LUflI()N‘a }'()R ANALYSIS

11 l Preparauon of Sampla and ,Bomb (see Note 3):

1110 Sample {Weight-Weigh . to the nearest: 0:1.mg
abotit 1. g of ‘thoreughly - mixed- air-dried.» analysis: RDF
sapmple into the bomb.capsule. A pellst thay be-made from
the air-dried analysis RIDE sample, ‘Hccurately weighed; and
placed into the bomb capsule. Place the capsule: coutcumng
the sample into the capsule. holder,

Note 2—There is a tendency for chlorine to adhere to the bomb
walls, especially if the bomb is pitied or has been used praviously to

- determinie high levels of chlorine. Unless the bomb is thoroughly cleaned

‘pressure of 25 ¢

before use, the blanks may have values in excess of reality.

11.1.2 Firing Wire—Connect 4 length of firing wire to the
1gmuon terminals in such a manner that the loop of firing
wire is in gontact with the sample.

11.1.3 Bomb Preparation—Add 20 to 25 mL of 0.02 N
potassium hydroxide solution o the bomb and wet the entire
internal surface of the bomb with this solution (see Note 3).
Assemble the bormb,

= Nore 3—Sodium hydroxide solution at appropriate concentration

may be used.

11,9, Addition of Oxpgen—Admit oxygen fo the bomb
slowly to avoid blowmg Lhe sample from 1he capsule urml a
20 C‘autmnmlhe followmg predauuons aré recom-
mended for safe calorimeter operation. Addntlonal precau-
udn# aré given in"Practice E 144, Y

{2,101 The weight of RDF samplé and the pressure of
the oxygen admitted-to-the bomb mu‘;t ot exceed the bomb
manufacturer’s recomniendations.»

11.2,1.2° Bomb parts should be nﬁpwtcd carefully after
each use. Threads on the main closure should be checked
frequently for wear. Cracked or significantly worn parts
should be replaced. The bomb. should be returned to the

‘manufacturer occasionally for mspectmn and possibly pmof

284

firing,

11.2.1.3 The oxygen supply cylinder should be cqmpped
with an approved type of safety device, such as a reducing
valve, in addition to the needle valve and pregsure gage used
ih regulating the oXygen feed to the bomb Valves, gages, and
gaskets must: meet industry safety .codes.: Suitable reducing

PRO_00106913
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valves and adaptors. for 300 to 500 psi (2070 to 3450 kPa)
discharge pressures are obtainable from commercial sources
of compréssed gas equipment, The pmssum gago shall be
checked periodically for accuracy.

11.2.1.4 During ignition of a sample, the operator must
not permit any porllon of his body to extend ovm the
calorimeter.

11.3 Preparation of rh@ Chlorine Solution—Immerse the
bomb in a cold-water bath, connect it to the firing circuit,
and close the circuit to ignite the sample, Allow the bomb to
stand in the water bath for not less than 10 min after firing.
Remove the bomb from the water bath, invert the bomb and
shake for about 10 min (Note 4), Release the pressure at a
slow, uniform rate so that the pressure is reduced to
atmospheric in not less than 1| min, Open the bomb ahd
examine the inside for traces of unburned material or sooty
deposits, If any are found, discard the determination and
thoroughly wash all parts of the bomb interior before using it
again. If no unburned material or sooty deposits are present,
rinse the interior of the bomb, the sample capsule, and the
interior surface of the bomb cover with a fine jet of hot water
and collect the contents and washings in a beaker or flask,

Notg 4—Inverting and shaking a heavy, wet, and possibly slippery
bomb may present a.hazard, Precautions ahould be  taken when
performing this function. i

12. Extraction of Water-Soluble Chlorides

12,1 Preparation of the Chioride Solution--Weigh to the
nearest (.1 mg about 5 g of thoroughly mixed, air-dried RDF
analysis sample. Transfer to a 500-mL beaker and add 100
mL of hot water. Heat to close to boiling for 2 h with
occasional stirring to ensure thorough wetting of the sample.
Decant the supernatant liquid through a fast,” qualitativé
filter paper collecting the filtrate in a beaker, Repeat the
extraction two more times, each time using 100 ml of water
and poaling the filtrates, After the third extraction, wash the
sample thoroughly using 100 ml. of hot watc,r, addmg the
wash water to the pooled filtrates.

- 12.2° Preparation of the Chloride Snlutzon (Alternative
Method)—Weigh to the nearest 0.1 mg about. 5 g of
thoroughly mixed air-dried analysis sample (Note 35).
Transfer to a 500-mL beaker and add 100 mL of hot water.
Heat to close-to-boiling for.'2 h with:occasional stirring to
ensure thorough weiting of the sample. Remove the beaker

from the hot plate and allow the sample to settle, Decant the
supernatant to a 100-ml, centrifuge tube and centrifuge for
o I at approximately 1200 rpm. Decant the supernatant. .

through a fast qualitative filter paper. Repeat the extraction

and centrifuging two more times, each time using 60 ml, of

water and pooling the filtrates, After the third- extraction,

wash the centrifuge tube and filter paper thoroughly using 60°

ml of hot water, adding thé wash water 1o :the pooled, .

filtrates (Notes 6 and 7).

Nore 5--The weight of the sample used can be adjusted when higher
or lower concentrations of water-soluble chlorides are anticipated.

Nore 6—When high concentrations of chlorides are anticipated,
dilute the caoled extraction solution to volume in a suitably sized
volumetric flask and continue the analysis with a suitably sized aliquot,

Nore 7-—If the chloride solution is highly colored or tutbid the
potentiometric method (Section 13) should be used. If the Volhard
method is to be used (Section 14), the color and turbidity must first be
removed by aluminum hydroxide JAI(OH),] coagulation or by some

other suitable metliod of turbidity or color removal without mtcnfcrmg
with the chloride content of the solution,’?

: ALTERNATIVE PROCEDURES

13. Potentiometric Titration (Method A)

13.1 Standardization of Reagenis—Prepare a standard
solution of silver nitrate by adding 10.0 mL of standard
0.025 N NaCl solution to a 250-mL beaker. Add 40 to 50 mL
of water and 50 ml. of methanol (Note 9). Add 2 mL of
HNO; (1 + 1) and titrate potentiometrically with the AgNO,
solution as directed in 13.3; Calculate the normality of the
AgNO; solution as follows:

Normality of AgNOy = mL of NaCI so]utmn used .
X nor 1nal}ty of NaCl solution/ml. of AgNO_;, solution required

" NOTE 8- Methanol increases the sensmvxt& of the inflection point,
However, it may be omitted if it is found to interfere with or damage
certain electrode systems,

13.2 Blank Determ ination—Prepare -a solution for blank
determination in the same manner.as the preparation of
chlorine solutions for the rc%pectwc iype of chlorine desired
as described in Sections 11 or 12 using all the reagents in‘the
same quantities dnd eliminating the RDF sample. Add to
that blank solution 0.025 N NaCl solution ds used in the
standardization of AgNO, solution (13.1.1). Proceed as
directed in 13.3, The difference in the volume of ‘AgNQ;

‘solution required in this titration and-that volume required

for the stzmdardlz'ltmn lmahon (1’5 l 1) is the’ truc uter
]zmk

: : LA ~'I;‘ = true titer bldﬂk i ‘., ‘ 5

where;, o S o

A = millilitres ot Ag,NOz mquxred fm thc blank determmaw

tion and '

B = millilitres of AgNO3 rc,quired for the standardwa‘clon
- determination (13,1): : o
(13.3 Procedure: .

13.3.1 Concentr.ata the chlorldes in the prepared bolutnon
(ll 3, 12.1, or 12:2, respectively). for the: type: of chlorine
demred by evaporation.to about 50 mL. Add 50 mL of
methanol and neutralize .; with HNO3 (1+1) using
phmolphthdlem as an indicator, Add 2 mL of HNOa (1+1)
in excess. Immerse the electrodes into, the sample solution;
While gently stirring on 4 magnetic stirrer, titrate by adding
0.10-mL increments of standard AgNO, solution and record
the millivolt reading after. each addition (Notes 9 and 10).

Titrate well Iwyond the e cnd point.

Nore 9—-L4rgcr mcrements of AgNO, solution may be added before
and after the end point. However, as the end point is reached, the

0 lo-mL increment will give the most accurate end point.

Norg 10—The end point is réached when the change of voltage is

. greatest upon the addition of the given increment of standard AgNO,,

'13.3.2 Plot the milllvolt readings versis the millilitres of
standard AgNO, solution added. Determine the end point
(point of inflection) graphically from the titration curve or
mathematically (second derivative) from the tabulated data.
(See Table 1 and Fig. | for examples.)

13.4 Calculations—Caleulate the weight percent of chlo-
ride as follows:

10 APHA, 14th ed., Method 408-A, Section 3a.

285"
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. Chloride, weight % = [C (/1 B)] % N X 0 0354’5 X, 100/ W

where: o
A = millilitres of AgNO; .solution requlred for the
titration of the blank (132),

B = millilitres of, AgNOq solution ; rcqu'mcd for the

: ~ titration of the NaCl standard. (3.1,

Yo rnlllllltres of AgNO3 soiutlon requmad for the

mr,aticm of*the sample {13.3.2), y
" idemalj ty qf‘ ihe AgNOa solution (13. M. o

‘graimn e anal s _sample used and

, mllheqmvaley Wexght of chlonclc;

14, Volhard Titratlon (Metlmd B)

141, $'zandardzzatzon of, Reagents N
14.1.1 Silver lerate, Standard Solutwn—-—Add 20 0 mL of
standard 0.023° N NaCl solution to g 250-mL, Erlenincyer
flisk. Add 1 mL of K,Cr0, ~ K,Cr;0,.indicator. Ditute. to
about 100 mL with water. Titrate with AgNO, solution to a
faint red-BroWi énd poin "Cdlcul.ite the normahty of the
AgNC)g solution'as follow: : o
]?\Iqrmallty of‘,AgNO;:, mL.al‘ N '.‘,olutlon us@d -
X normdlxty ofNaCl §o}utmn/mL of AgNOa solytlon 1equlred

: 14 1. 2 Pomsszum Thivgyanate, Standard Solution—Add
20 0 mL. of 0,025 N AgNQ, solution to-a 250-mL glass-
stoppered Erlgnimeyer: flask: Add 10.mY of HNOy (1+1) and
makeup to:approximately: 100, mL.with water. Add:5 to-10
mi.: of nitrobenzene, stopper; and shake for 1.min, Add 8 to
10 drops of FelNH,(50,), indicator solution and titrate with
KCNS solution. The.end point is reached when the solution
becomes faintly orange-pink in color. Calculate the nor-
mality of the KGNS solution as follows: )

FIE AR PEPERYY

Nonmahty of KCNS = mL of AgNO; solution used :

2% normality of AgNGs solytion/mlL of KCNS solution requiret

14,2 Blank ])etermznatzon—?repard fa“solutlon for the
blank detm mination in the same manner ds the Preparation
of'shiloriné §6luitions: foi- Jih- resp’ectlvé ‘typé'of chlorine
Jde.*snxéd*as ‘describsd i Sedtiotis It*and 12} using all: thé
teagents'in ‘the sattis &uan’utxes ahd*‘ehmihat’ing the RT)F?
saniple. Proteed. as describéd in-14.3.
U3 Procedire-—Transfer quartitatively the cﬁlorxde Er
Hatio!:(11.3,"12.15" ot '12.2," réspectively) fot “the type of
dhlorme ‘desire mto 'zi 250~mL glas<;~5top]wwd Erlenméyer

‘where

flask. Add 10:al of HNG; (1-+1); stirring gertly: during the
acid -addition. Add 20.0 mLof standard ‘AgNO;- solutiots,
Stopper, -mix, and:let:stahd in'the dark for:15 tain, Gool to
room. temperature, Add 5 to 10 mI of nitrobenzene and
shake-for-4 anin: Add 8 te:10 dropsef FeNH(80,), solution
and -titrate with standard KCNS solution against 4 white
background. The end point of the determination. is reached

-when the solution becomes. faintly orange-pink.in:colot,

i 144 C lculatzom«w(jalculate the we1ght percent of 'chlo-
ndeasfollowe RPN S R

Chlomde (chlonne), wmght % (B " A) X N 3;;9 03545 x 100

o

4 : mllhhlws of KCN% soluuon requucd for the
titration of the s*tmple (14.3), o

R

B. .= n)xl‘hlttres,, of KCNS, solution, requued for the
K ,'__f, oy -, litration, of Lhe blank (14,2), L
e = noxmqllty of the RCNS solution (14, 1 2), .t
= grams. of the analym sample used, and
0. 03545 = mﬂheqmvalent weight of chloride.

15 Water-Insoluble Chlorine Sy S [

15:4 Caleulate the percent Qhwatermlnsoluble chloring as
follows: percerdt of total chlorine minus percent of watel-
insoluble chloride.

16. Precision and Bi‘as“ N
&l Precisions Tt L e e ey

- 16,11 The standard devuuom of mdwndual determma«
wons, in percent absolute, dare-asfollows, o

B ripical Averagd’ N Withine " Petween

S Valbe % 0 Lﬂhdf&tﬂl‘% % Laboratdries, % -

Total:Chlorine: « . _ W RN
0 o o

Wi\mr—‘ic)lublc Chlerides: " e
0.5F < T g 02 Tl L 0,08 I

16 1.2 These:precision estirates are based on:an mtarlab~
oratory study-tonduected il accordance with Practice B 180

16.2 Bias—The bias of this test has not-bésn deterinined
because!iof: thc 1¢le Of a i’ecogmzed standard: refereﬁce
materml LIRS O

“f:upportmg dam are; ,avml.xble on loan frc)m ASTM) H(zadQumcrs chuest
RR. LS&[OOO o R

TS MRS ‘Z{ st

ANIRINEE:) AT

The Amer/adn ‘Soé/ary for' T’esting‘a‘ﬂd Matarlals takes no posltion respect/ng {he valldity oi any patent rlghté asserted in oonnacnon‘

with any tem mefifioned i this Standardytisors of this standard are exﬁmssly advisad that determinaﬁon of fhe valldily of any such :

frlngemem of suclv rights, are entirely their dwri responslbllny Teen

. bleci ’evlqlon at any I‘me by the (asponsibl@ tochnioal committes and hust be reviewbd every ﬂve yoars and. 1 '
O ng;t rewsed ’eimér reappio o ¢ withdravn, Yotir commegzs are nvited lther for reviglon of thiy:standard or for additlonal standards
X and sk B scielressed 16 ASThE Hbadqu:artera Your somments wil recolvo r‘r;arc?{u/ consideration at 8 meetlng of the requnslb/o .
© O psphnicar Goifimittes, which yaii tridy attahcl, ] you féel that Your comments hébe' ot fetalved'a falr hearlng yoit should make your
i vlews known to ﬂl\@ ASTM Comm[ tee; on Swndan:fs, 191?‘ Race St., Pilladelohte, PA 19103,% + -
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q N Designation; E 885 - 88

Standard Test Methods for

Analyses of Metals in Refuse-Derived Fuel by Atomic

Absorption Spectroscopy’

This standard is issued under the fixed designation £ 885; the number immediately following the designation indicates the year of
ariginal adoption or, in the case of revision, the year of Jast revision. A number in parentheses indicates the year of last reapproval, A
superseript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope’

1.1 These test methods cover the determination of metals
in solution by atomic absorption spectroscopy (AAS),

1.2 The following sections outline the operating parame-
ters for the individual metals:

Sections :
Aluminym, Direct Aspiration . 12
Aluminum, Furnace Technique . 13
Antimony, Direct Aspiration 4
Antimony, Furnace Technique ’ 15
Ausenic, Furnace Technique : : 6
Arsenic, Caseous Hydride Method R
Barium, Direct Aspiration ’ - g
Barium, Furnace Technique b . 19
Beryllium, Direct Aspiration e e 20
Beryllium, Furnace Technique o2
Cadmium, Direct Aspiration., ; B e 22-0 -
Cadmium, Furtace Technigue 23
Calcium, Direct Aspiration 24
Chromium, Direct Aspiration 25
Chromium, Furnace Technigue 26
Chromium, Chelation-Extraction 27
Chromium, Heéxavalent, Chelation-Extraction - .* s 28
Cobalt, Direct Aspiration R i L, 29
Cobalt, Furnace Technique S T30
Copper, Direct Aspiration ' Co BT
Copper, Furnace Technique. 32
Iron, Direct Aspiration R AR ; X
Iron, Furnace Technigque R o 34
Lead, Direct Aspiration ‘ " o 3y
Lead, Furnace Technicue: e ’ I ;
Lithium, Direct Aspiration =, ..0 . . e = 37 .
Magnesium, Direct Aspiration ’ ) ’ R TR
Manganese, Direct Aspiration | o s 39
Manganese, Furnace Techiigue : o Foe e 40
Mercury, Cold Vapor Technique T IR
Molybdenum, Dirgct Aspiration S 42
Molybdeniim, Furnace lcclmiquc ' e A3
Nickel, Direct Aspiration - L Vewle A
Nickel, Furnace Technique R L T >
Potassivm, Direct Agpiration,, = . . . A6
Selenium, Fumnace Technigie - < st 47
Seleniom, Gaseous Hydride - B : Sl 48,
Silver, Direct Aspiration . o T N
Silver, Furnace Technique . . } o 50,
Socium, Direct Aspiration * : ' r 11 '
Tih, Ditect Aspiration "7 . 0 N R
Tin; Furnace Technjque . ¢ L S IR
Tisanim, Dirget Aspiration
Titanivm, Furnace Technigue . )
Vinadium, Divect Aspitation B et S( [AFT
Vanadivm, Furnace Techpique . . - e L 57
Zine, Dirset Aspiration. .~ - e 8B

Zine, Furnace Technique

¥ These test. méthods are under the judsdiction of ASTM Cormimittes 34 on
Waste Management and.arg the-dicect rosponsibility c;ﬂSubcommi‘ttee D34.08 on

Thermal Treatment,

Current edition appmvcd March 25 1988, Published May 1988 Ongmally”‘

published as E 885.— 82. Last previos edition E 885 82

1.3 Detection limits,>sensitivity, and optimum ranges of

the test methods will vary with the varicus makes and models
of atomic absorption spectrophotometers. The data shown in
Table 1 provide some indication of the actual concentration
ranges measurable by direct aspiration and using furnace
techniques. In the majority of instances, the concentration
range shown in the table by direct -aspiration may be
extended much lower with scale expansion and conversely
extended upwards by ‘using a less sensitive wavelength or by
rotating the burner head. Detection limits by direct aspira-
tion may also be extended through concentration of the
sample or through solvent extraction techniques, or both.
Lower: concentrations may also be determined usmg the
furnace technigues, The congenfration ranges given in Table
| are somewhat dependent on equipment such as the type of
spectrophotometer and furnace ACCESSOrY, the energy source,
and the degree of electrical exparision of tho output signal,
1.4 When using the furnace teuhmqum the analyst should
be cautioned as to possible chemical reactions occumng at

elevated temperatures that may n,sult in either suppression -

or ephancement of the analysis element. To ensure valid

data with furnace techniques, the analyst must examine each

matrix for interference effects (5ee 6.2) dand if detected, treat -

accordmg,ly using either successive dilution, matrix modliu-

cation or method of standard additions (see 10.5). "
1.5 Where direct aspiration atomic absorptlon tcchmqum

do not pravide adequate sensltmly, in" addition to ‘the'
furnace’ procedure, reference is made fo- specxalmed proce- X
dures such as gaseous hydride” method for ‘arsenic .and ’

seleniumi, the cold-vapor technique for memurv and the
chelation-extraction procedure for selected metals. . h

1.6 This standard may involve hazardous mazerzal‘; oper-

ations, and equipment. This standard does not purpori to

address all of the safely pmblems associated with its use. I is -

th() rewumzbzlrly of the user of this standard 1o establish
appropriate safety and héalth practices and determine

the

applicability of regislatory limitations prior [u use: For haml d

'stalt'mem, see 8, 4 and [7 2.3,

2 Relerem:ed Documentq . T

2.1 AS’[ M bmndard?'

.1193 Specification for Rcd;:ent Wateﬁ ;

D 3223 Test Method for Total Mercury -in, Water”

E 926 Test Methods of Preparing Refuse-Derived Fuel
(RIDF) Samples for Analyses of Metals®

2 Apnai Book u/ ASTM Smmlmds Vol 1101, . )
*Adpnual Bobk of ASTM Standards; Vol 11.04; R R AN
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TABLE 1 Atomic Absorption Concentrations®

Dirgot Aspira

tion

Furnace Technique®©

Metal

Detection Limit, Sensitivity, QOptimum Coneéntration- .+, Detection Limit, -- Qptimum Concentration
ma/l. mg/L Harlge, mg/L. ) pg/L Hange, pg/l.

Aluminum 0 e 5t 60 : 3 20 t0 200
Antimany 0.2 0.5 110 40 = 3 20 to 300
Argenic? 0.002 . 0.002 to 0,02 1 5 to 100
Barium (P) 0.1 0.4 1to 20 2 10 10 200
Berylium 0.005 0.025 006102 0.2 1t0 30
Cadmium 0.005 0.025 005102 0.1 0.5 to 10
Calcium 0.01 0.08 02107 s ves
Chromium 0.05 0.25 0.510 10 1 5 to 100
Cobalt 0.05 0.2 05tob 1 5to 100
Copper 0.02 . 0.1 02105 1 5 to 100
fron 0.03 012 03to5 1 5 to 100

Lead 0.1 05 11020 1, 5 to 100
Lithium 0.035
Magnesium 0.001 0.007 0.02 to 0.5 Ve e
Manganese 001 0.08 011038 0.2 110 30

© Mercury? 0.0002 0.0002 to 0.01 . e
Molybdenum (P} 01 O 4 : 110 40 1 3 to 60
Nickel (P) 0,04 0.15 03t05 1 5 to 100

. Potassium 0.1 0.04 a1l to2 P
Selenium® 0.002 0.002 t0 0,02 2 510 100
Silver 0.01 0.08 Clto4 0.2 11026
Sodium 0.002 0.015 003t 1 o e
Tin 0.8 4 10 to 300 3 20 to 300
Titanium (P) 0.4 R §to 100 10 60 to 500
Vanadidim (P) 0.2 0.8 2t 100 4 10 to 200
Zine 0,605 0.02 006101 0.05 02104

A The concentrations shown aré not contrived values and should be obtainable with any saflsfactory atomic absorption spectrophotometer.

"8 For furnace sensitivity values consult nstrument operating manual.

G The listed furmace values are those expactsd when using a 20 uk. Injection and normal gas flow except in thes case of arsenic and selenjum wherg gas interrupt is used:

The symbol (p) indicates the use of pyrolytic graphite with the furnace procedure.
0 Gaseous hydfide method.
£ Gold vapor technigue. -

3. Descriptions of Terms Specific to This Standard

3.1 detection limit-detection limits can be expressed as
either an instrumental or method parameter. The limiting
famm of‘ the former using acid water standards would be the
signal “to noise ratio and degxee of scale expansion used,
while the latter would be more affected by the sample matrix
and prepamtnon proa,edule used.

311 The bcmn’uﬁc Appalalus Makers Asbocmhon
(SAMA) has appmved Lhe followmg definition: The detee-
tion, hmu is. that concentlatmn ‘of an element which would
yleld an’absorbance equal to twice. the standard deviation of
a series of measuxemems of a solutnon the congcentration of
which is dmtmctly detectable above, but close to blank
absorbance measurement,

3,1,2 The detection Hmit’ values listed in Table | and on
individual metal mathods are to be considered minimum
workmg limits achievable with the procedures outlined in
these tést methods.

3.2 optimum concentration range—d mm,e defined by
limits expressed in concentration, below which scale expan-
sion must be used and above which curve correction should
be considered. The range will vary with the sensitivity of the
instrument and the operating condition omplo’ycd

3.3 sensitivity—the concentration in milligrams of" metal
per litre that procluces an absorptlon of | %‘

1

4. Summary of Test Methods

4.1 In direct aspiration atomic absorption spectroscopy, a
sample is aspirated and atomized in a flame, The light beam
from a hollow cathode lamp whose cathode is made of the

332

element to be determined is directed through the flame into a
monochromator, and into a detector that measures the
amount of light absorbed. Absorption depends upon the
presence of free unexcited ground state atoms in the flame,
Since the wavelength of the light beam is characteristic of
only the metal being determined, the light energy absorbed
by the flame is a measure of the concentration. of that metal
in the sample. This principle is the basis of atomic absorp-
tion spectroscopy.

4.2 Pretreatment of a solid sample is necessary for com-.
plete dissolution of the metals and complete breakdown of:
organic material prior to analysis (see Methods E 926). This

process may vary because of the metals to be determmed and
the nature of the sample being analyzed.

4,3 When using the furnace technique” in gonjunction

with an atomic absorption spectrophotometer, a representa-
tive aliquot of the sample is placed in the graphite tube in the
furnace, evaporated to dryness, charred, and atomized. As a
greater percentage of available atoms are vaporized and
dissociated for absorption in the tube than the flame, the use
of small sample volumes or detection of low concentrations

of elements is possible, The principle is essentially the same:

as with direct agpiration atomic absorption except a-furnace,
rather than a flame, is used to atomize the sample. Radiation
from a given excited element is passed through the vapor
containing ground state atoms of that element, The intensity
of the transmitted radiation decreases in proportion to the
amount of the ground state element in the vapor. The metal
atoms to be measured are placed in the beam of radiatiori by
increasing the temperature of the furnace, thereby causing
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the injected specimen to be volatilized, A monochromator
isolates the characteristic radiation from the hollow cathode
lamp, and a photosensitive devu,e measures the attenuated
transmittal radiation,

5. Significance and Use ,
5.1 Metals in solution may be readily determined by
atomic absorption spectroscopy (AAS). The method is simple,
rapid, and applicable to a large number of metals in solution,
Solid type samples may be analyzed after proper treatment,

6. Interferences
6.1 Direct Aspiration:

6.1.1 The most troublesome type of interference in atomic’

absorption spectrophotometry is usually termed “chemical”

and is caused by lack of absorption of atoms bound in’

molscular combination to the flame, This phenomenon can
occur when the flame is not sufficiently hot to dissociate the
molecule, as in the case of phosphate interférence with
magnesium, or because the dissociated atom is immediately
oxidized 1o & compound that will not dissociate further at the
temperature of the flame, The addition of lanthanum will
overcome the phosphate interference in the magnesium,
calcium, and barium determinations, Similarly, silica inter-

ference in the determination of manganese can be eliminated

by the addition of calcium.

6.1.2 Chemical interferences may also be climinated by
separating the metal from the interfering material, While
(,omplcxmg, agents are primarily employed to increase the
sensitivity of the analysis, they may also be used to eliminate
or reduce interferences.

6.1.3 Ihghly dissolved solids in thc sample bung agpirated
mdy result in an interference from nonatomic absorbance
such as light scattering. If background correction is not
available, a nonabsorbing wavelength should be checked.
Preferably, high solid content solutions should be extracted
(see 6.1.1 and 11.2),

&.1.4 lonization interferences oceur where the flame tcm~
perature is sufficiently high to generate the removal of an

electron from a neutral atom, giving a positive charged ipn.
- This type of interference can generally be controlled by the
addition, to both standard and sample solutions, of a lar&,(,
excess of an easily tonized element. |

6.1.5 . Although quite rare, spectral interference can occur

when an absorbing wavelength of an element present in the .
sample but not being determined falls within the width of the |

absorption line of the element of intergst,. The, results of the
determination will then be erroneously high, due to the
contribution of the interfering element to the atomic absorp-
tion signal. Also, interference can occur when resonant
energy from another element in a multi-clement lamp or a
metal impurity in the lamp cathode falls within the bandpass
of the slit setting and that metal is present in the sample. This
type of interference may sometimes be reduced by narr owmg
the slit width. ‘
6.2 Flameless Atomization:

"6.2.1 Although the problem of oxide fmmanon is g,xedtly ‘

reduced with furnace procedures because atomization occurs
in an inert' atmosphere, the technique is still subject to
chemical and matrix interferences. The composition of the
sample matrix can have a major effect on the analysis. 1t is

those effects that must be determined and taken into consid-

eration in the analysis of each different matrix encountered.”

To help verify the absence of matrix or chemical interference,
use the following procedure. Withdraw from the sample two
equal aliquots. To one of the aliquots, add a known amount
of analyte and dilute both aliquots to the same predetermined
volume, (The dilution volume should be based on the analysis
of the undiluted sample. Preferably, the dilution should be
[:4 while keeping in mind the optimum concentration range
of the analysis, Under no circumstances should the ditution
be less than 1:1), The diluted aliquots should then be analyzed
and the unspiked results multiplied by the dilution factor
should be compared to the original determination. Agreement
of the results (within £ 10 %) indicates the absence of inter-

ference. Comparison of the actual signal from the spike to

the expected response from the analyte in an aqueous stand-
ard should help confirm the finding from the dilution analy-

sis. Those samples that indicate the presence of interference

should be treated in one or more of the following ways.
6.2.1.1 The samples should be successively diluted and

reanalyzed to determine if the interference can be eliminated.
6.2.1,2 The matrix of the sample should be modified in

the furnace. Examples are the addition of ammonium nitrate -

to remove alkali chlorides, ammonium phosphate to retain
cadmium, and nickel nitrate for arsenic and selenium
analysis (1).* The mixing of hydrogen with the inert purge
gas has also been used to suppress chemical interference. The
hydrogen acts as a reducing agent and aids in molecular
dissociation.

6.2.1.3 Analyze the sample by method of standard addi-
tions while noting the precautions and hmltatlons of its use .

(see 10.5).
6.2.2 Gases penerated in the furnace dmmg atomization
may have molecular absorption bands encompassing the

analytical wavelength., When this occurs, either the use of

background cortection or choosing an alternate wavelength

outside the absorption band should eliminate this interfer-
ence. Background correction can also compensate for non-,

specific broad band absorption interference.

6.2.3 Interference from a smoke-producing %ample matrlx ‘
can sometimes be reduced by extending the charring time at.

a hi},llel temperature or using an ashing cycle in the presence

of air. Care must be taken, however 1o prevent loss of the .

analysis element,

6.2.4 Samples containing large amoumﬂ 01 organic mate- -

rials should be oxidized by conventional acid digestion prior

to. being placed in the furnace, In this way, b!oad bdl’ld

absorption will be minimized,

6.2.5 From anion-interference- studies in the graphite

furnace it is generally accepted that nitrate is the. preferred
anion. Therefore, nitric acid is preferable for any digestion or

solubilization step. If another acid in addition to HNO; i3

required, a minimum amount should be used. This applies
particularly to hydrochloric and to a lesser extent to sulfuric
and phnqphonc acids.

6.2.6 (

333

4 The boldfzkw numbers in paventheses rel l"u to the list of re&ermce‘: at the end
of these test methods, .

“arbide formation resu tmg from the chemmal envi- .
ronment of the furnace has been -observed with wt'}m
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eletments: that form carbidés at high' temperatures. Molyb-.

denum. may be cited as an:example: When. this takes place,.

the. metal will- bg released very slowly.from-the carbide as
atomization continues. For mlybdenumn, one:may be re+
quired 1o atomize for,30 s.or more before the signal returns
to bascline levels. This problem is greatly reduced, and the
sensgtwuy mcreased with, lh,e use . of, pyno]ytxcallymoawd
graphite.. - ”

6.2.7 Ionlz.auon mtcrferenws Jhavo to ddte
portecL with: fumaw 1,<~:chn1que‘;

. 6.2.8 For commems on.spectral mm fercnce sce 6 1.5.

.6.2.9 Contammanon of the sample can be a. major source
of error b¢cause of the u eme sensitivities, achwved with the
furnace. The samp]e«pwpdmllon work areq %hould be kept
s‘ctupulwubly cleam All glassware . should be cleaned, -as
dnrectcd Pmct tlps hive beun known. to “be .a..source, of
contamination, Ifsuspectcd they should be acid srmked with
15 I{NO,, and rinsed thmou;,hly with, tap and deionized

.m)t been vc~

water. Th(, use of a better Jgrade pipet up can, grc,atly 1educu,

1h1s pm ‘1em It 1<: vury 1mp0rtant that spem'xl atlention be
eagerit, b]anks in hoth. agalysxs and the correction. of
yi ca[ 1e.sults Last]y, py! lytic, graph;te bccausc of the
px occsjs and handhng,,
ﬁye 0 possibly ten high temperat,ure burns may
bé requwed o clean 1he Tube hefom use..

7 Appamtus

(,cm bwome conmmmatcd ‘

By

11 Atomie AbSorptidn Spccrrophommer('rw&ﬂgle ordial

channel, single- or double-bean | mstrument having a ‘grating
moﬁoclﬁomaton photcﬁmultlpher detector adJustablc slits, a
wavelength’ range fiom 190 16°800 nm, and prov1s1om for
mterf'lcuug with g stmp—chaﬁ recorder,

7.2 Burrier-—The birner reconimended by the partwuldr
instrument “rianufacturer should be ‘ised. For certain ele—
nients ‘the mlrou% ‘ox1dé burner is required.

1.3 Hollow Cathivde’ Lamps
be prei‘ened bitt ‘multiélement’’ lamps ' may be used.
Electrodéless: dxschm ge Mmp@ may cﬂqo be used’ whcn avml—
able, LT

1.4 Graphite Fumacem»/\ny fumaw device capfable of
reaching ther#peclﬁed tempétratures is satisfattory.

7.5 Strip Chéit Recorier—1A. recordoris strongly recom-

Single-tlement lamps are to "

merded for furnzce work so-that thetsiwill be a pétmanent
record, and any problems with the analysis such as drift,

chmpletc atontization, losses-during chan mg, changes n
sensitivity, etei.can be easily recognized..

‘1.6 Pipets-——Microliter: ‘with- dmpnsablc tlm szes can‘

range from 5 to 100 uL as required. -

T Pressure-reduciig Valvw——-Thc 'supphes of fucl and

oxidant- shall: be maintained at pressurel somewhat higher
than the controlled: opemtmg pr es_v.ure of the m*;trument by
suitable valves. 1 ; :

7.8 Separﬂatory F laska v'-—250 mL or large1 for extmouorl :

with erganic solvents.. - e e
19 Glassware—All glassware, Imear polyethylme,
polypropylene- or.iTeflény containers, including sampling

bottles, should be-washedrand rinsedin: the folIowmgxmder :

washed with detergent; rinsed with tap water, 1:1 nitric acid,
tap water, 1:1 hydmchlm lde acid, tap watel, and delomzcd
distilled water.

7.10 Bomwlzcate (rlass Di vtlllafmn Appamms

334

8 Reagents and Matevials =+ .~ =~ - e

R Purity of Reagénts— Réagmt grade (,hemu,ak shall be'
used-ih all tests: Uhless® othiefwise” indicated, it is intended
that all reagents shall conform to the spétifications of the
Committee on Analytical Reagents of the Am«,man Chem-
ical Society, where such specifications are available.? Ofther
grades may be.used, provided -it is: firsts ascertainied that the
reagent is of siifficiently:high purity to 'permit its use withvut
lessening: the-accuracy of the detetfiination, :

8.2 Purity. of Water—Unless:otherwise indicated, refer-
ences to water shall be understood to mean magcnt water as
defined by Type II of Specification D) 1193,

8.3 Deionized Distilled Watw—l?repare by passing dl‘;—
tilled water through a mixed bed of cation and anion: exchange
resins, Use deionized distilled water for, the preparation of all,
reagents,. cahbmtl(m stapdards, and. as d1lut10n water, -

8.4 Nitric Acid (concentrated)—If metal -impuities- are
found, 1o bepresent, distill reagent grade nitric acid in 2
borosilicate. glass dnstlllcm,pn appaldtub, oI use-A spectmgmde
ch.Kl

i

NOI‘E It Plecautionml’erform dwhllahou’ m hboﬂ with ploteanve

sagh in: place, .

8.4:1 Nittic Acid(1: l)w-Pl epate a 1;1 dilutlon w1th deion-
ized, ‘distilled water by adding the concemrated acid to an
equal voliime ‘of water,

8.5 Hydrochloric Acid (1: I)_Prepdxe a'1:1 solution ‘of
reéagent grade hydrochloric eid add delomz(,' distilled water.
If tietal iriipurities are found to'be piesent, disti {his mlxtme
fromh a-borosilicate glass® dnstﬂlauon appdraius m ua,e
spectrogiadetdcid;

8.6 Stock Standard Metal Solutzom—Prepdre 4% difected”
in 1.1 and utider the individual metal procedures; Commet-
cially available stock standdrd solutions may be used. '

8.7 Calibration Standards—Prcpale a'beriés of slandards
of the metdl by dilution® of ' the appmpuatc ‘stock mctal
solution to cover the concéfittation range' desited; "

8.8 Fuel and Oxidant—Commercial grade acetylerie I8
gener. ally‘acceptable. Aif mdy bé '4uppl1ed from: a ¢ompressed
ait line; 2 Idboratory compressor ‘or froth” a cylindet *of
cotiipressed ‘air, Reagcnt grade niirbiis oxide is also required
for-ceftain deter mmatlons "Statdard, cdxmmc,mally awulable
argoti dnd nitrogen’ aré fefuired for furnace work. '

8.9 Special Reagents for the Extriiction’ Procediire:

8.9.1 Pyreolidine Dithiocarbamic: Ac¥d (PDCA “mPIepdre
by adding 18 mL of analytical reégem grade’ pyiiolidine to
500'mL of chidrofoim in'a litré flask.> Caol and add 15 il
of carbon -disulfile “in small portions and with swirhng
Dilute to 1 1. with:cKloroform. The solifion can beé‘used for
several months if storéd in'a Brown bottld it a rcfng(,fator

8. 9 2 Ammomum Hydroxide, ZNmDﬂute 3 mL concew

.,w?

3 ReagenttiChemicals, American (‘lmmcal Society Specificarions, Américan
Chemical Sociaty;. Washington, DC, For supgestions on the testing of teagents not
listed hy the American Chemical Society, see Analar Standards Jor, Labomzmy
Chemicals, BDH Lud., Poole, Dorset, UK., angd the United States Phai macopeia
and  National I‘t)rmulw W U.s. Pharlmcéunczll Convumon, Ine, (U{sl’(,),
Rockvllle; MDD, . 1, +

5 he uamc pynohdme dxlluocqxlpannq fcid (I’DCA), ﬂlthough Lommonl'y
referenced in the SCl(;ﬂhﬁ(, intemtule is amblguous From the chemical reaction of
pyrolidifis and cadbon’ distlft
carbioltithioi¢ acid; PGDA (CAS Regxstly’No 25769-03.3) ¢ ¢

7 An agc«*pmb]o grdde of pyrioliding may; be obuumd frome - the Alduch .

Chemical Co., 940 West St. Paul Ave., MlIwnukce, WI 53233,

3 midre proper natne ‘w0uld hc 1 pyrmhdmc :
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trated NFH,OH to 100 mL with deionized distilted water,
8.9.3 Bromphenol Blue Indicator (1 pg/1.)~Dissolve 0.1 g
brotnphenol blue in 100 mL of 500 % ethanol or isopropanol.
8.9.4 HCL (2.5 % v/v)—Dilute 2 mL redistilled HCI to
40 ml. with deionized distilled water.

9, Sample Handling and Preservation

9,1 See Methods E 926 for sample handling and preserva-
tion procedures.

10. Preparation of Standards and Calibration

10,1 Stock Standard Solutions, are prepared from high
purity metals, oxides, or nonhygroscopic reagent grade salts
using deionized distilled water and redistilled nitric or
hydrochloric acids. (See individual analysis sheets for specific

instruction.) Sulfuric or phosphoric acids should be avoided

as they produce an adverse effect on many elements. The

stock solutions are prepared at concentrations of 1000 mg of

the metal per litre, Commercially available standard solu-
tions may also be used.

10.2 Calibration Standards, are prepared by diluting the
stock metal solutions at the time of analysis. For best results,
calibration standards should be prepared fresh each time an
analysis is to be made and discarded after use. Prepare a
blank and at least four calibration standards in graduvated
amounts in the appropriate range. The calibration standards
should be prepared using the same type of acid or combina-
tion of acids and at the same concentration as will result in
the samples following processing, Beginning with the blank
and working toward the highest standard, aspirate the solu-
tions and record the readings. Repeat the operation with both
the calibration standards and the samples a sufficient number
of times to secure a reliable average reading for cach solution.
Calibration standards for furnace procedures should be pre-
pared as described on the individual sheets for that metal. .

10.3 Where the sample matrix is so complex that vis-
cosity, surface ténsion, and components cannot be accurately
matched with standards, the method of standard addition’
must be used. This technique relies on the addition of small,
known amounts of the analysis element to portions of the
sample, the absorbance difference between those, and the
original solution giving the slope of the calibration curve.
The ‘method of standard addition is described in g,iedtex
detail in 10,5

10.4 For those insiruments that do not 1cad ouf directly in
concentration, a calibration curve is prepared to cover the
appropriate concentration range. Usually, this means ' the
preparation of standards that produce an absotption of 0 to
80 %. The correct method is to convert the percent absorp-
tion readings to absorbance and plot that value against
concentration. The following relationship is used to convert
absorption values to absorbance: . '

absorbance = | <)g (1(0/% )""" 2~ log(% l)

where; . ¢
% T =100 — % a.bsmptmn
As the curves are frequently nonlinear, espemal at lngh
absorption values, the number of qtmd'udq should be
increased in that portion of the curve. ,

10,5, Method of Standard Additions:

10.5.1 In this test method, equal volumes of samp]c are

335

added to a deionized distitled water blank and to three
standards containing different known amounts of the test
element. The volume of the blank and the standards must be
the same. The absorbance of each solution is determined and
then plotted on the vertical axis of a graph, with the
concentrations of the known standards plotted on the
horizontal axis. When the resulting line is extrapolaied back
to zero absorbance, the point of interception of the abscissa
is the concentration of the unknown. The abscissa on the left
of the ordinate is scaled the same as on the right side, but in
the opposite direction from the ordinate. An example of a
plot so obtained is shown in Fig. 1.

10.5.2 The method of standard additions can be very
useful, For the results to be valid, the following limitations
must be taken into consideration:

10.5.2.1 The absorbance plot of sample and standards

-must be linear over the concentration range of concern. For

best results the slope of the plot should be nearly the same as
the slope of the aqueous standard curve. If the slope is
significantly different (more than 20 %) caution should be
exercised.

10.5.2.2 The effect of the interference should not vary as

the ratio of analyte concentration to sample matrix changes,
and the standard addition should respond in a similar
manner as the analyte,

10,5.2.3 The determination must be free of spectral inter-
ference and corrected for nonspecific background interfer-

ence,

11. General Procedure for Analysis by Atomic Absorption

11,1 Direct Aspiration—Differences between the various
makes and models of satisfactory atomic absorption spectro-
photometers prevent the formulation of detailed instructions
applicable to every instrument. The analyst should follow the
manufacturer’s operating instructions for his particular, in-
strument. In general, after choosing the proper hollow
cathode lamp for the analysis, allow the lamp to warm up for
a minimum of [5 min unless operated in a double beam
mode. During this period, align the instrument, position the
monochromator at the correct wavelength, select the proper
monochromator slit width, and adjust the hollow cathode
current according to the manufacturer’s recommendation.
Subsequently, light the flame and regulate the flow of fuel

and oxidant, adjust the burner and nebulizer flow rate for,

maximum percent absorption and stability, and balance the

photometer, Run a series of standards of the element under,
analysis and construct a calibration gurve by plotting the,

concentrations of the standards againgt the absorbance. For

those instruments which read. directly in concentration set.
the curve corrector to read .out the.proper concentration,.

Aspirate the .samples and determine the concenfrations

gither directly or from the calibration curve. Standards must,

be run each tirae a sample or series of samples are run,.
V111 Calewlation for Direct Determination of quuld

bamplasw[{cad the metal value in mg/L from the calibra-

tion curve or directly from the readout system of the
instrument, ‘

CLLLLL L If dilution of sample was required:

¢+ )

mg/L metal in samyile = A4 (“mc
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FIG. 1 : Standard Addition Plot

where:
A = mg/L of metal in diluted aliquot from calibration curve,

B ="mL of deionized distilled water used for dllutmn and

C'=ml of sample aliquot.

11.1.2 For solid samples: u,pm‘t all concentrations as
mig/kg dry’ weight, *

[1.1.2.1 Dry sample:

mg metal/kg sample = A

where:
A4 =mg/l. of metal in processed sample from calibration
'ourve, C

V= final ‘volume of the prowwed sample in mL, and
D = weight of dry sample in grams
11.1.2.2 Wet Mmpk o o

‘ AXYV

‘ mg mttdl/kg sample WX P

wherer -+ '

A - wmg/L of metdl m moce%ed mmpl(, hom cahbmtlon
voelourve;

= final volume of the procomcd sample in mL,

W“ =weight of wet sample in grarms, anid-
P =percent solids," ‘

1.2 Special Extraciion Procedur emWhen the‘ congentras
tion 'of the nietal is riot sufficiently high to determine dir ectly,
or when"donsiderable dissolved solids are present in the
samiple, certain metals tay b6 chélated and extracted with
organic’solvents. Ammonigm pyrrolidine dithiocarbamate
(APDC)® in methyl isobutyl ketone (MIBK) is widely used
for this purpose and is'particularly useful for zine, cadmium,
fron, manganese, copper, silver;Jead and chromium™*S, Tri-
valent chroniiumi-does ot react ‘with APDC ynless it has first
been converted to the hexavalént form (2). This procedure is
du%mbed und«,r metﬁod fm chxomlum (chclcmon ex’ua&

& The name ammoniund pyrraliding dithivearbamate: (APD(,) is Somewhat
ambiguous and should more properly be called ammonium, I-pyroflidine
carbodithioate (APGD), CAS Registry. No. 5108-96-3, .
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tion). Aluminuni, beryllium, barmm and strontium ‘also do
not féact with APDC. While the APDC-MIBK. chélating-
solvent system can ‘be ‘used satisfactorily, it is possible to
expetience difficultics,

NoTe 2—Certain metal chelatns, manganescm/\PDC in particular, are
not stable in MIBK. and will vedissolve into the aqueous phase on
standing. The extraction of other mietals is sensmw, to both 5hakmg rate
and time. As with cadmium, prolonged extraction l)eyoud { ‘min, will
reduce the extraction efﬁcnency, whereas 3'min of vigorous shaking'is
required for chromiom. Also, when multiple metals are +to be deter-
mined exthex larger sample volumes must be extracted or individual

extractions made for each metal being determined, The' acid form of

APDOpyrmhdme dithiocarbamic acid prapared dneclly in chloroform
as described by Lakanen has been found to be most advantageous 3).In
this procedure the more dense chloroformt layet allows for easy com-
bination of multiple extractions which are carried out over a'broader pH
range favorablg to multiclement extraction, 1’yuolldl ne dithidcarbamic
acid in chloroform is very stable and may be stored in a brown bottlg in
the refrigerator for months. Because chloroform is used as the solvent, it

may not be aspirated into the flame. The procedure descubad in (L21

is suggested.

11.2.1 Extraction Procedure with I’yrroltdme Dithiocar-
bamic Acid (PDCA) in Chlovoform:

AL211 Treansfer 200 mL of sample into a 250-ml,
semr'uory foinel, add 2 drops bromphenol blue indicator
solution (8.9,3) and mix, )

1121, 2 Prepare g blank and sufficient st'mdards in the
same manner and adjust the ‘volurie of each. to approxi-
mately 200 mL with clcnommd distilled water. All of the
metals to be dctelmmed may - be combmc,d into  single
solutions at the appropriate concentration levels.

11.2.1.3 Adjust the pH by addition of 2N NF 1,0H solu-
tion (8.9.2) until a blue color persists, Add HCI (8.9.4)
dropwise until the blue color just dwappeam' then add 2.0
mL HCI (8.9.4) in excess. The pH at this point should be 2.3.
(The pII adjustment may be made with a pH meter insteac
of using indicator.)

11.2.14 Add 5 mL of PDCA-chlotoform reagent (8.9.1)
and shake vigorously for 2 min. Allow the phases to separate
and drain the chloroform layer into a 100-ml, beaker,

Nore 3--If hexavalent chromium I8 to be exteacted, tive aqueous

phase must-be readjusted back to a pH of 2.3 after the addition of
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PDCA-chloroform and maintained at that pH throughout the extrac-
tion. For multielement extraction, the pH may be adjusted upward after
the chromium has been cxuacted

11.2.1:5 Adda second pmtlon of 5 ml, l’DLchhlt)Lotc)x m
reagent (8,7.1) and shake vigorously for 2 min, Allow the
phases to separate and combine the ch]omtorm phase with
that obtained in 11.2,1.4,

11.2.1.6 Determine the pIl of the aqucous phase and
adjust to 4.5,

11,2,1,7 Repeat 11.2.1.4 agﬂin combining the solvent
extracts.

11.2,1.8 Readjust the pH to 5. 5 and extract a fourth time.
Combine all extracts and evaporate to dryness on a stcam
bath,

11.2.1.9 Hold the beaker at a 45° angle, and slowly add 2
mL of concentrated distilled nitric acid, rotating the heaker
to effect thorough contact of the acid with the residue.

{1.2.1.10 Place the beaker on a low temperature hotplate
or steam bath and evaporate just to dryness.

11.2.1.11 Add 2 mL of nitric acid (1;1) to the beaker and
heat for 1 min, Cool, quantitatively transfer the solution to a
10-mL volumetric flask and bring to volume with distilled
water. The sample is now ready for analysis.

11.2.2 Prepare a calibration curve by plotting absorbance
versus the concentration of the metal standard (ug/L) in the
200-mL. extracted standard solution. To calculate sample
concentration read the metal value in pg/L from the
calibration curve or directly from the readout system of the
instrument. If dilution of the sample was required use the
following equation:

myg/L metal in samplé = 7 <Swg”3>
where: '
Z = ug/L of metal in diluted aliquot from calibration curve,
B = mL of deionized distilled water\used for dilution, and
C = mL of sample aliquot, '

11.3 Furnace Procedure—Furnace devices (flameless
atomization) are 4 most useful means of extending detection
limits, Because of differences between various makes and
models of satisfactory instruments, no detailed operating
instructions can be given for each instrument. Instead, the
analyst should follow the instructions provided by the
manutacturer of his particular instrument and use 4s a guide
the temperature settings and other instrument conditions
listed on the individual analysis sheets which are recom-
mended for the Perkin-Elmer. HGA-2100.° In addltmn the
following points may be helpful.

~11.3.1 With flameless atpmization, bm,kg,mund correc-
tion becomes of high importance especially below 350 nm.
This is because certain saraples, when atomized, may absorb
or scatter light from the hollow cathode lamp It can be
caused by the presence of gaseous molecular species, salt
particles, or smoke in the Mmple beam, If no cortection is
made, sample absorbance will be greater than it should be,
and the analytical result will be erroneously h];jh

11.3.2 If during atomization all the analyte is not volatil-
ized and removed from the furnace, metnory effects will

: "’The Perkin-Elmer HOA-2100 available (rom Perkin-Elmes (mp, Instm
ments Division, Main Ave., Norwalk, CT 06858 has been found suitable.
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occur. This condition is dependent on several factors such as
the volatility of the clement and its chemical form, whether
pyrolytic graphite is used, the rate of atomization and
furnace design, If this situation is detected through blank
burns, the tube should be cleaned by operating the furnace at
full power for the required time period as needed at regular
intervals in the analytical scheme.

11.3.3 Some of the smaller size furnace devices, or newer
furnaces equipped with feedback temperature control em-
ploying faster rates of atomization, can be operated using
lower atomization tempelalum for shorter time periods
{han those listed in this manual,'°

11.3.4 Although prior digestion of the sample in many
cases is not required providing a representative dhquo‘c of
sample can be pipeted into the furnace, it will provide for a
more uniform matrix and possibly lessen matrix effects.

11.3.5 Inject a measured microlitre aliquot of sample into
the furnace and atomize. If the concentration found is
greater than the highest standard, the sample should be
diluted in the same acid matrix. and reanalyzed. The use of
multiple mwcﬂom can improve accumcy and help detect
furnace pipetting errors,

11.3.6 To vuxfy the absence of mt@rf@mnce, follow thé
procedure as given in part 6.2.1, ;

11.3.7 A check standard should be run appmmmately
after every 10 sample injections, Standards are ron in part to
monitor the life and performance of the graphite tube. Lack
of reproducibility or significant change in the signal for the
standard indicates that the tube should be replaced. Even
though tube life depends on sample matrix and atomization
temperature, a conservative estimate would be that & tube
will last at least 50 firings. A pyrolytic-coating would extend
that estimate by a factor of 3.

11.3.8 Calculation—For determination of tetal concen-
tration by the furace: Read the metal value in pg/L from
the calibration.curve or dueclly from the rmdout syﬁtcm of
the instrument.

11.3.8.1 If different size fumdu, nucc,non volumes* are
used for samples rathcr than for standards, calculate as
follows: ‘ .

pg/L of métz;l in sample = Z <§> L

; U,

where; ) ‘

Z = pg/L of mctal read fmm cahbmtlou curve or teadout
systeni,

S = ul volume standatd injected mto fumdcc for mhbra-
tion curve, and

U = uL volume of sample injected tox dnalysm

A1.3.82°1F dilution of mmple was required but’ sample
injection volume was the same as f‘or the following standard:

C+ B
C
where:

7 = ug/L metal in diluted aliquot from calibration curve,

P ‘u‘g/[, of metal_ in sample = /(

10 Instrumentation Laboratories Model 355 available from Instrumentation
Laboratory, Inc, Analytical Instrumentation = Division, Jonspin . Road,
Wilmington, MA 01887; Perkin-Elmer Models HGA2200 and HGAT76.3; and
Varian Model CRA-90 available from’ Varian Associates, Im, 611 Hansen le,
Palo Alto, CA 94303 have been found. suitable;
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B .= mL of deionized distilled water wsed for dllutlon, and
C = ml, of sample aliquot. -
A1.3.9 For: solid samples, repnrt all conccntrauons as
mg/ke dry weight.
(=23,
(1 000

11.3.9.1. Dry sample:
mg metal/kg s‘amplé =T

wherc

ug/L of metal 'in procebsed samplc from calibration
cuive (see'11,3.8,1),

final volume of processed *mmple in mnlhhtrcs, and
weight of dry sample in grams,

11.3.10 Wet sample:

) 7z
(“f“"z;aa)"
mg metal/kg sample = - F7av
where:

Z = ug/L of metal in processed sample from cahbtatmn
curve (see 11.3.8.1),

vV
D

n* i

V' = final volume of processed sample in millilitres,
W' = weight of wet samplc in grams, and
P = percent solids,

12, A]uminumw])irect Aspiration

12,1 Requirements’

1211 Optimum Conaemratwn Range, 5 to 50 mg/L
using a wavelength of 309.3 nm (see Notes 4 and 5).

12,1.2 Sensitivity, | mgjL.

12.1.3" Detection Limit, 0.1 mg/L,

‘Noté 4-The followmg fines may also be used:
308.2 nm Re}atlva Sensitivity ||
396.2 nm Relativk Sensitivity 2
394,4 nm Relative Sensttivity 2.5 -
NoTg 5-For concentrations of alummum below 0.3 mg/L, the
furnace procedure is recommended,

12,2 -Preparation of Standard Solution:

12:2.1 Stock Solution--Carefully weigh 1,000 g of alu-
minum metal (analytical reagent grade). Add 15 mL of
concentrated HCI to the metal, cover the beaker, and warm
gently. When solution is ‘complete, transfer quantitatively to
a | L-volumetric flask and make up to volume with
deionized distilled water. | mL = 1 mg Al (1000 mg/L).

12.2.2 "Potassiui Chloride Solutzonm—l‘)lsaolve 95 g potas-
sium chloride (KChHi in demnmed dmtxlled water angd makc up
to 1 L.

12.2.3 Prepare dilutions of the stock salunou 10 be uscd as
calibration standards at the time of analysis. The calibration
standards’ shouid bc, p1epared using the same type of acid
and at the same corceniration as that of the sample being
analyzed either' dll’CLlly or after processing, To each 100 ml
of standard and sample alike add 2.0 mL potassium chloride
solution. :

12.3 Gengral Instrumental Parameters:

12.3.1 Alwminum Hollow Cathode Lamp.

12.3.2 Wavelength--309.3 nm.,

12.3.3 Fuel—~Acetylene:- .+ -+ -

12.3.4 Ogidant<Nigous oxide. .

12.3.5 Type of ﬂame«w}“uel rich, .

12.4 Analysis Procedure—¥or analysis prowduw and cal-

'
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culation, see “Direct Aspiration,” 11.1,

12,5 Interferences—Aluminum is partially jonized in the
nitrous oxide-acetylene flame. This problem may be con-
trolled by the addition of an alkali metal (potassium, 1000
pg/mlL) to both sample and standard solutions.

13. Aliiminum—Furnace Technique

13.1 Requirements: .

13.1.1 Optimum Concenlmtwn Range, 20-200 ug/L, (%c
Note 6). :

13.1.2 Detection Limit, 3 ug/L.

Note 6-—The above concentration values and i instrament conditions
are for a Porkin-Elmier HGA-2100; based on the use of a 20-ulL
injection, continuous flow purge gas and nonpyrolytic graphite.

13.2 Preparation of Standard Soluizon

"13.2.1 Stock So lutwnwl’mpdrc as descrlbed under “direct
aspiration'method.”

13.2:2 Prepare dilufions of the qtook solution to be used as
calibration standards at the time of analysis, Also use these
solutions for “standard additions.”

- 13.2.3 'Dilute the calibration standard to contain 0.5 %
(v/v) HNO,, -

13.3 General Instrument Pammerer?

13.3.1 "Drying Timié and-Temperaiure—30 5 at 125°C.

13.3.2 Ashing Time and Temperature—30's at 1300°C.

13.3.3  Alomizing Time and Temperature—10 s at
2700°C. '

13.3.4 Purge Gas Atmosphere—Argon,

13.3.5 Wavelength—309.3 nm.

13.3.6 Other operating parameters should bé set as SPECi-
fied by the particular mstrument manufacturer (see Notes 7
and 8).

Note 7--Background correction may be requited if the sample
contains high. dissolved solids, :

Notg 8~-It. has heeu reported that chloride ion cmd that nitrogen
used as 4 purge gas suppress thé aiummum signal, Therefore, the use of
halide acids and nitrogen as a purge gas should be avoided.

13.4 Analysis Proccdwe--—For thc, analysus procedure and
the calculation, see “Furnace Proccdure” 1.3 (see Notes 9
and 10),

Nore 9»4301 evcry sample matrix analyzed, verification is necessary
to determine that the method of standard adclmom is not required. (see
6.2.1).

Notg 10—If the melhod of standard *lddltmns is requlrcxi fol IQW the
ptocedma glven eeullcr in ]0 5. .

14. Antmmuym«l)irect Aspnatmn

14.1 Regquirements:

14.1.1" Optimuin Concentrdtlon Range 1 to 40 mg/L
using a wavelength of 217.6 fifri (see Note II)

14.1.2 Sensitivity, 0.5 mg/L, -

14.1.3 Detection Limit, 0.2 mg/L.

NOTE H—For concentrations. of antimony below 0.35 mg/L, thc
fumace pmccdmc is recommended. |

14.2 l’rcpmatzon of Standard Solurzon

14.2.1 Stock Solution—Carefully weigh 2,7426 ¢ o( anti-
mony potassmm tartrate (analytical reagent grade) and
dissolve in deionized distilled waier. Dilute to | L with
deionized distilled water. | mL = 1 mg Sb (1000 mg/L).

14,22 Prepare dilutions of the stock solution to-be used as

calibration standards at the time of analysis. The calibration
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standards should be prepared using the same type of acid
and at the. same concentration as that of thc samplc being
analyzed either directly or after processing, - ‘

14.3 General Instrumental Parameiers.

14.3.1 Antimony Hollow Cathode chmp

14.3.2 Wavelength~-217.6 nm,

14.3.3 Fuel-—Acetylene.

14.3.4 Oxidant—Air.

14.3.5 Type of Flame—Fuel Lean. ‘

14.4 Analysis Procedure—For analysis procedure and cal-

culation, see “Direct Aspiration,” 11.1,

14.5 Interferences:

14.5.1 In the presence of lead (1000 mg/L), a spgcnal
interference may occur.at the 217.6-nm resonance line. [n
this case the 231.1-nm antimony line should be used.

14.5.2 Increasing acid concentrations decrease antimony
absorption. To avoid this effect, the acid concentration in the
samples and in the standards should be matched,

15. Antimouy—'[(‘urnnce Teclmique

15.1 Reqguirements: : o
15,11 Optimum Concentration Range, 20-300 pg/I. (see
Naote 12). e ' ‘
15.1.2 Detection Limit, 3 pgfL.

NotE 12—The concentration values and instrument conditions are
for a Perkin-Elmer HGA-2100, based on the use of a 20-uL injection,
continuous flow purge gas and non-pyrolytic graphite, Smialler sized
farnace devices or those employing faster rates of atomization can be
operated using lower atomization temperatures for shorter fime periods
than the recommended settings.

15.2 Preparation of Staridard Sohuion:

15.2.1 Stock Solution—Prepare as de%rlbed undel “dnect

aspiration method.”
15.2.2° Prepare dilutions of the stock solutlcm 10 hc—: used as

calibration standards, at the time of andlybm Also use these

solutions for “standard additions.”

15.2.3 Dilute the cahbm‘uon ~;t¢mdcud Lo contdm 0 2 %

(v/v) HNO,.
15.3 General Insrrumcm Paramerer?
15,31 Drying Time and Temperature—30, s 1t 125“C
15.3.2 Ashing Time and Temperature—30 s at 800°C.

15.3.3 dtomizing Time . and 1 emperature———lo s at

2700°C,
15.3.4 Purge Gas Atmosphere—Argon.
15.3.5 Wavelength~-217.6 nm. e :
15.3.6 Other operating parameters should be set as $peéci-
fied by the pdmculm instr umﬁnt mamlfacturcr (see Notes 13
and 14). : : o

Note 13—The use of backgrouud cmxectlon is 1ecommended
NoTE 14--Nitrogen may also be used as the purge gas. '

15.4 .Analysis Procedure—TFor the 'mdlysns pr ‘ocedure and |
the calculation, see “Furnace Pmcedule” 11.3 (see Notes, 15

16, and 17). A "

Nore 15—If chloride concentration’ presents a matrix problem or

cauges a Joss previous to atomization, add. an excess of 5 mg of

ammonium mlmte to the furnace and ash.using a ramp aceessory . or
with mcwmcnml stcps until, the recmmmnded dshmg tompumme is
reached.

Note 16«-For every sample matrix analyzed, verification is, néces.”

sary to determine that the mcllmd 0[‘ stand ard Aclchtl()ns i not mquuccl
(see 6.2.1). : ; '
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Nore 17—If the method of standard addltwm is reqmred follow the
procedure given in 10,5,

16, Arsenic—Furnace Technique

16.1 Reguirements:

16.1.1 Optimum Concentration Range, 52100 ug/L (see’
Note 18).

16.1.2 Detection Limit, 1 ug/L,

Nott [8--The above concentration vatues and instrument condi-
tions are for a Perkin-Blmer HGA-2100; based on the usgof a 20-pl
injection, continuous flow purge gas and non-pyrolytic graphite. Smaller.
size furnace devices or those employing fastor rates of atomization oan.
be operated using lower atomization temperatures for shoxtﬂ time
periods than the above xecommend ad settings.

162 Pwpamizon of ,‘:mndard Sofution

16.2.1" Stock. Soiution—Dissolve 1.320 g of arsenic mox-
ide, As,O, (analytical reagent grade) in 100 mL of defonized
distilled water containing 4 g NaOH: Acidify the solution
with 20 mL concentrated HNOW and dilute to 1L I =]
mg -As (1000 mg/L). :

16.2.2 Nickel Nitrate So/utton, 5 A7—~D1seolve 24 780 ¢ of
ACS reagent grade Ni(NO,),-6H,O in demmz;,d distifled
water and make up to 100 mL. .

16.2.3 Nickel Nitrate Solution, 1 %—-—-Dllute 20 ml of the
5 % nickel nitrate to 100 mL with deionized distilled water,

16.2.4 Working Arsenic Solutions—Prepare dilutions of
the stock solution to be used as calibration standards at the
time of analysis. Withdraw appropriate aliquots of the stock,
solution, add | mL of concentrated HNO,, 2 mL of 30 %
H,0, and 2 mL of the 5 % nickel nitrate solution. I)llul@ to
100 mL with deionized distilled Wator

16.3 Sample Preparation: RGN

16.3.1 Transfer 100 mL of ‘well-mixed- sqmplo ‘to a 250w
mL Griffin beaker. Add 2 mL of 30 % H,05 and sufficient
concentrated HNQ, to result in an acid concentration of 1 %
(v/v). Heat for | h at 9‘5"( > or until-the volume is shghtly less”
than 50 ml.

16,32 Cool and brmg back to 50. ml. wnh dmommd
dlsulled water, Lo

16.3.3 Pipet 3 mL of thlb dlgcsted solutlon mto a 10 mL
volumetric flask, add | mL of the 1.% nickel nitratg solution
and dilute to 10-mL with deionized distilled water. The
sample is now ready for injection into the furnace. .

* Note 19=If solubilization "or dmeﬂtlon is not required, adjust the
HINO, concentration of the samplé to [ % (v/v) and add 2 mL 6f30 %
H,0, and 2 mL of 5 % nickel:nitrate toeach 100 mL of sample. The -
volume of the eglibration standard should be adjusted with deionized .
distilled water to match the volume chapge of the sample, . .

16.4 General:Instrument Parametérs: = -

16,4.1 Drying Time and Temperature-—30 s at 125"( :

16.4.2 Ashing Time and Termperature—30s at 1 10()"( g

16.4.3 Atomizing Time (md Te’rnpemtumwl() s at
2700°C. ,

16.4.4 Purge Gas Aimovph(’rr’-»AI‘gon‘ '

16.4.5 Wavelength—193.7 am. R '

16.4.6 Other operating parameters should be set as- %pcm—
fied by the particular instrament mdnulautm er,

r

Notg 20— The use of backg,lound ‘cotrection is xcu)mmcndud

16.5 "Analysis Procedure=~For the mmlyms plooeduw dnd
the calculation, see.“Furndce Procedure” . 11.3, '

339
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Nowe' 21—Forevery sample matrix analyzed, verification is neces-

sary to determine that the method of standard additions is not required |

(see 6.2,1).

Note 22—If the method of standard additions is 1equ1red follow thc-

procedure given in 10,5,

17, Arsenic Gaseous Hydride Method -

17.1 Scope and Applzcatwn The gaseous hydride- m(,thod
determines inorganic arsenic whén présent in'concentrations
ator about, 2 pg/l.. The method is applicable to drinking
water and most fresh and saline waters in the absence- of high
concentrations of ¢hromium, cobalt, copper, me,roury, mo-
Iybdeénum, nickel, and silver,

172 Sumrrlary oj Test Method:

17.2.1 Arsenic in the sample is Frst leduc,e,d to the
trivalent form using SnCl, and converted to arsine, AsH,,
using zinc metal” The gaseous hydride is..swept into an
argon-tiydrogenflame of ‘an atomic absorptlon spectropho-
tometer: The working range of the method is 2 to 20 ug/L.
The 193.7 nm wwel@nglh is used; >

17.2.2 Organic arsenic must be convcrted to inorganic
compounds u ,

N()T’E 23: Precaution—Arsine is a 1o>{1c gas! Precautions should be
que to keep the system closed to the Atl’li()b])hbl‘b

17 3 L,xccpt for the pcxchlm ic acid alep, tbe proccdure to
be used for this’ determination is found in'Standard Methods
for the hxammdtlon of Water and, Wastewater (4).

18.° Barium—m—l)lrect A‘;plratmn

18,1 Reqmremmta, ,

18.1.1 Optimum Comenzfatz(m Range 1 20 mg/L using
a wavelength of 553.6 nm (see Note 24).

18.1.2 Sepsitivity, 0.4 me/l.

18.1.3 Detectwn lzmzt 0.1 mg/L.

NoTE 24--For concentrations of bariwm. below. 0.2 mg/L
furngce procedure is recommended. y .

18.2 Preparation of Standard Solution:

- 18.2.1 Stock Solution—Dissolve 1.7787 g barium chlorxdu
(BaCl, - 2H,0, analytical reagent grade) in deionized distilled
water: and dilite to'1°L. 1 mL = | mg Ba (1000 mg/L).

1822 Potassiuim’ Chlortde Solution—Dissolve 95 g potas-

the

sium chloride, I(("l mn detonued distilled watc,r and make up

to 1 L. ¥
18.2.3 Pwparc; dlluuons «of the stock barium solution to

be used as calibration standards at the time of analysis, Ta

each 100 ml..of standard and sample alike, add 2.0 mL
potassium chloridé solution. “The - calibration standards
should be preparéd using the satié type of acid and the same
concentration as that of the sample being: analyzcd mthel
directly or after processing. . .- :

[8.3: General Instrumental I’ammeters

18.3.1 Barium hollow.cathode lamp.

18.3.2 Wavelength—3553.6 nm.

18.3.3 Fuel—Acetylene.

18.3.4 Oxidant-——Nitrous.oxide,

18.3.5, Type of Flame—Fuel rich, -

18.4 Anatysis of Progedure—For, amly'éxs procedure and’

cale ulatlon, see “l)lrect Asplmtlon ” {11,
18,5 Interferences: ‘ ‘
18.5.1. The mise of nitrous oxide-acetylene flame virtually
eliminates chemical interferenice, However, barium is easily

340

ionized in this flame, and potassium must be-added (1000
mg/L) to-standards and samples alike.to.control-this effect.

18.5.2 If the nitrous: oxide flame is not: available and
acetylene-air is used, phosphate, silicon and.aluminum will
severely depress the barium absorbance. This.may be over-
come by the addition of 2000 mg/L Tanthanum.

19. Barinm-Furnace Technigue

19.1 Regtiirernents:

19.1:1 Optimum Concenrmrzon Range, 10 to 20() pg/L
(see Note 25).

19.1.2 Detection Limit, 2 pg/L.

NotE 25—The above concentranon values and instrument condi-

tions are for a Perkin-Elder HGA-2100, based on the use of a 20-uL
injection, continubus flow purge gas and pyrolytic graphite.

19.2° Preparation of Standard Solution:

19.2.1 Stock Solusioh—Pr cpare as de@cmbud under “diréct

aspiration method.”

19.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis, These solutions
are also to be wsed for “standard additions.” - -

19.2.3 The calibration standard “should be dilutcd to
contain 0.5 % (v/v) HNO,,

NoTE 26—The use of halide acid should be avoided.

19.3 General Instrument Parameters:

19.3.1 Drying Time and T empamtumm:}() s at 125°C.

19.3.2 Ashing Time and 1 ‘emperdture—30 s at 1200°C,

19,3.3 Atomizing Time and Temperature—10 s at
2800°C.

19.3.4 Purge Gas Atmosphere—Argon.,

Note 27--Becavse of possible chemical interaction, nitrogen should
not be used as a purge gas. .

19.3.5 Wavelength—-553.6 nm. o

19.3.6: Other Operaiing Parameters, should be set as
specified by the particular instrument manufacturer. -

19.4 Analysis Procedure—TFor the analysis procedure and
the calculation, see¢ “Furnace Procedure™ 11.3,

Note 28—For avery sarﬁplc matrix analyzed, chﬁcahon i8 neces-
sary to'detefring thdi the mc’chod of standard addl tions is not required
(see 6,21}, . T

Note 29—If the method of stdnddrd ﬂddmom is requir ed follow the
procedure given in 10.5.

20. Beryllium—Direct }\spimtion o
20.1 Reguirements:
20.1,1 Optimum C‘oncentmlwn Range 0.05 10 2 mg/L
using a wavelength of 234.9 nm (see Notes 30 and 31).
20.1.2 Sensitivity, 0025 mg/L,
20.1.3 Delection Limit, 0.005 mg/L.

Nore 20-~The “aluminon colosimetric method” may also be used
(6). The minimum detectable concentration by this method is 5 pug/L.

Nori: 31--For concentrations of beryllium below 0.02 mg/L, the
furnace procedure is recommended.

20.2 Preparation of Standard .Solunon

20.2.1 Stock solution—Dissolve 11,6586 g beryllium :,ul~
fate, BeSO,, ‘in deianized distilled water containing 2' mL
coricentrated fitric acid and dilute to 1 L.t mL = 1 mg Be
(1000 mg/L). .

20.2.2 Plcpare dxlutmns of the ‘stouk solution to be uch as
calibration standards at the time of analysis. The calibration
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standards should be prepared using the same type of acid
and at the same concentration as that of the samp ¢ being
analyzed either directly or after processing,

20.3 General instrumental Parameters:

20.3.1 Berpllium Hollow Cathode Lamp.

20.3.2 Wavelength—234.9 nm. .

20.3.3 Fuyel—Acetylene. :

20.3.4 Oxidant—Nitrous oxide.

20.3.5 . Type of Flame—Fuel-rich,

20.4 Analysis Procedure:

20.4.1 For analysis procedure and caleulation, see “Direct
Aspiration,” 11.3,

20.5 Interferences:

20.5.1 Sodium and silicon at concentrations in excess of
1000 mg/L. have been found to severely depress the beryl-
lium absorbance. ‘

20.5.2 Bicarbonate ion is reported to interfere; however,
its effect is climinated when samples are acidified to a pH of
1.5,

© 20,53 Aluminum at concentrations of 500 pg/L is re-
ported to depress the sensitivity of beryllium (5).

21, Beryllinm~-Furnace Technique

21.1 Requirements:

21,11 Optimum Concentration Rangp, 1 t0'30 pg/l. (see
Note 32).

21.1.2 Detection Lumt 0.2 ug/L.

N()TF 32m~1“hc above concentration values and instrument condi-

tions are for a Perkin-Elmer HGA-2100, based on the use of a 20-uL
injection, continuous flow purge gas and non-pyrolyfic graphite. Smaller
sized furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time
periods than the above recommended settings,

21.2 Preparation of Standard Solution:

21.2.1 Stock Solution—Prepare as desmbed undar “dnect
asplratlon method.”

©21,2,2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. Also use. these
solutions for “standard additions.”

21.2.3 The calibration standard should be diluted to con-
tain 0.5 % (v/v) HNO,,

21.3 General Instrumental Parameters:

21.3.1 Drying Time and Temperature—30 s at 125°C."

21.3.2 Ashing Time and Temperature-—30 s at 1000°C.

21.3.3 Aiomizing Time and Temperature—10 s at 2800"

21(.3:4 Purge Gas Atmosphere—Argon,

21.3.5 ‘Wavelength—234.9 nm.

21.3.6 The operating parameters should be set as speolﬁed
by thb partu,ular instrument manufacturer,

NOTL 33The use of b‘n,kg,lound correction is rccommended
Note 34-—Because of possible chemical interaction and -reparted
lower sensitivity, nitrogen should not be used as the purge gas.

214 Analysis Proc (’dure- For the analysis procedure and
the calculation see “Furnace Procedure,” 11.3. - -

NoTE 35—For every sample matrix analyzed, vemtlcfmon is neces-
© sary to determing that the method of standard additions is not required
(sée 6.2.1),

NoTe 36—-If the method of standard additions i is reqmred follow the
procedure given in (0.5, . )

22. Cadmium—Direct Aspiration

22.1 Requirements:

22.1.1 Optimum Concentration Range, 0.05 to 2 mg/L
‘using a wavelength of 228.8 nm (see Note 37).

22,12 Sensitivity, 0.025 mg/L.

22,1.3 Detection Limit, 0.005 mg/L.

Note 37—For levels of cadmium below 20 pg/L, either the Special
Extraction Procedure given in 11.2 or the furnace techmque is recom-
" mended,

2.2 Prepammon of Siandurd Solution;

22.2.1 Stock Solution—Carefully weigh 2,282 g of cad~
mium sulfate (3C‘dSO4 8H,0, analytical reagent grade) and
dissolve in deionized distilled water. 1 mL = [ mg Cd (1000
mg/L).

22,22 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibraiion
standards should be prepared using the same type of acid
and at the same concentration as that of the sample being
analyzed either directly or after processing.

22.3 Genergl Instrumental Parameters:

22.3.1 Cadmium Hollow Cathode Lamp.

22.3.2 Wavelength—228.8 nm.

22.3.3 Fuel—Acetylene,

22.3.4 Oxidant--Air,

22.3.5 Type of Flame—Oxidizing.-

22.4 Analysis Frocedure-—For analysm proccdure and calw

culation, see “Direct Asplratlon,” 11 1.

23, (‘admmmmFunmca lwhmquc
231 Requirements.:

2

© 23001 Oplzmum Concentration Range, 0.5 to 10 ug/L (seo

Note 38),
23.1.2 Detectmfz Lzmtt 0.1 ug/L

Note 38—The above concentration values and instrument condi-
tions are for a Perkin-Elmer H(A-2100, based on the use of 4 20-uL
injection, continuous flow purge gas and non-pyrolytic graphite. Smaller
sized farnace devices or those eniploying faster rates of atomization can
be opeiated using lower atomization temperatures for c»honer time
periods than the above recommended settings. :

23.2 Preparation of Standard Solution: o

23.2.1 Stock nf:()[l«ltl()l/l Prepme as descmbed undcr “direct
aspiration method.”

23.2.2 Ammonium Phosphate Solutirm (40 %)—Dissolve
40 g of ammonium phosphate, (NH,)2HPO, (analytical
reagent grade) in delonued dmllled water and c:hlutc, to 100
mbL.

23.2.3 Prepam dilutions of thc stock cadmiym solutlon to
be used as calibration standards at the time of analysis. To
each 100 mL of standard and sample alike add 2.0 mL of the
ammonium phosphate solution; The calibration standards
should be prepared to contain 0.5 % (v/v) HNO,. ‘

23.3 General Instrument Parameters:

23.3.1 Drying Time and TemperatitFe—30 :, at’125°C,

23.3.2 Ashing Time and Temperature—30 s at 500°C,

23.3.3 Atomizing Time and Temperaturg—10 s at 190()"(3 ‘

23.3.4 Purge Gas Atmosphere—Argon. -
- 23.3.5 Wavelength—228.8 nm,

23.3.6 Other operating parameters *;hould be wt as spem—
fied by the particular instrument mdnutacturcr

Note 39-The use of background correction is recontmended,
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23.4 Analysis Procedure—Forsthe analysis procedure and
the calculation see *Furnace Procedure,” 11.3. : :

Nots 40--Cortamination from the-work axéa is critical in cadriium
analysis. Use of pipet fips-which are het, of Ladmxum is of pamcularv
importance. .

Nore 41—For every sample,, mcnrix dnalyzud veu i ncm is neces-
sary to determine that the me(hod of standard dddltlollb is not mquned
(soe 6.2.1). . B

Notg 42—If the method of‘ standard dddmons is requued fo] low the
procedure given in 10.5. :

24, Cadmium—Direct Asplratwn
241, Reqmrcmemv,

241 1 Oplzmum Con‘centm;#zon Range 0.2 to 7 mg/L,

using a wavelength of 422.7 nm (see Notes 43 and 44),
24.1.2 bemzttvzty? 08 mg/L.. . :
24, 1 3 Delection, LlWlll D0t mg/L.

SR ‘.

NQTF 4“&mPh(>z>phate, ;sulfm: and :aluminyri intelfme but - are
masked by the addition of Janthanumy, Since low.calcium yalues result if.

the pH of the sample, is ghove, 1, both btdl]ddlds and. sampies are
prep'lred in dilute llydrochlouc acid solutlon (,oncentmtlons of magne-
sium greater than 1000 mg/L’ 'ﬂao “canse low ¢y i vilues, Concetitra-
tions of up to 500 mg/L, each of sodium, pomss.mm‘ smd nmatc cause no
interference, oy

Nore 44—The 239.9 nm line may also be uscd This line has a
relative sensitivity of 120,

24.2 Preparation of Standard Soluzmn

24:2.1 Stock Solution=-Suspend 1.250 g of Ca( 0, (ana-
lytlcal reagent grade) dried at 180°C fot | hi'before weighing,
in deionized distilled water, and dissolve cautiously with a
minimum of dilute FICE Diliite to (000 mL with deionized
distilled water. 1 mL = 0.5 mg Ca (500, mg/L). ... 5

24.2.2 v Lanthanum Chloride Solution—Dissolve 29 g-of
I.a;0s, slowly and in small portions, in 250 ml. concentrated
HCI (Cauation—Reaction is violent), Dilute.to 500 ml: with
delom:zcd distilled water,
- cp;m, dﬂut;ons of the stoxk caluum soiuuom 10
be-used .as:calibration standards at the time.of analysis. To
each 10 ml..volume of: calibration standard and sample:
alike, add 1.0-mk of the lanthanum chloride solution, that is,’
20 ml. of standard or sample + 2 mL LaCly's= 22 mlL.’

24.3 General Instrumontal Parameters; . . - .
- 24:3.1, Cadmium Hollow. Cathode Lamp.. .

24.3.2 Wavelength--422.7 nm, o

24.3.3 Fuel—Acetylene:. .. ..

(2434 Oxidani—Aw, ., ..

24 3:5. Lype-gf 1~lczma-v~Redu ing,

244 Anal ysis Procedure—For cmalysm pxocedum anc[ cal-
culation, sce “Dueg@, Aspigation;” L. L. o
"I NoT 484-Aniofiic * themical . interfeishces chn be. exp&:téii if
lanthanuin.is hotused to samples:and standards,s LR v

Noxg 46—The nittous oxide-acetylene flame ‘wn,l,l provuie Wi 10 >ﬁve
times greater sensitivity and freedom. from, che ical ,interfarences,
Tonization interferences should ba, contlolled by adding Iargc amount

of alkali to the sample ; cmd smndard«s The i i appears to Be free

from chcmlcal “bllpplebSlOl’Ib e thh* mtmuf, oxxde auetylene ﬂanit, (’7)
R T

25. f(,hromiumw—mreat A,smmtum

25.1 Requiremenis: B ‘ o
25.1L.1 Optimum (,oncentmmm Range 0‘5 to 10 n’ng/]
using a‘waveléngth of 337.9 rihi’(e¢ Notes 47 an‘d 48)
25.1.2 SenSitfvitp—L028 mgyLs 0 v
25.1.3uDetection Limit--0:08 mg/L: 1 v

342

Norg 47=The following waveleogths may-also be useds

359.3 nmRelative Seusitivity £4,. -~ ., o .

425, 4 nm Relauve; Seusxhvn;y 2, o

427.5 nm Relative ‘aemmvuty 3, and

428.9 nm Relative Sénsitivity 4, "

NoTE 48—For levels of chiromifiin between: 50 4nd 200 /L, wherc

the air-acetylene flame cannot be used or for levels below 50 jug/L., either
the furnace procedure or the extraction procedure is rccommcndcd ‘

25,2 Preparation of Stanilérd Solution; ‘

25.2.1 Stock Solution: Dissolve 1.923 g of ‘chmmi,um
rioxide (CrO,, reagent grade) in deionized distilled water.
When solution is complete, acidify withi redlstilled HNO,
and dilute to 1 I with deionized distilled Wélt@l 1 me Y mg
Cr (1000 mg/L),

25.2:2 Prepéte dilutions of the stock solution to be used as
calibration stanidards at the time of analysis. The calibration
standards should be prepared mmg the same type of acid
and’ at“the same corcentration a8 that ‘of th‘e sample bcmg
analyzed eitlier directly or aftet processing.

25.3 General Instrumental Paramerers:

25.3.1 - Chfomium Hollow Cathiode Lamp.

2532 Wavelength—3579 am. - ‘ A

25.3.3 Fuel--Acetylene,

Norg 49-The fuel-rich aimacétylene flame provides greatér sensi-
tivity but is subject to chemical and matrix interference from iron,
nickel, and other metals, If the analysis is performed in a Jean flame the
interfererice ¢an be lessenied But the selmuvuy will dlso Be redvcéd.

Nore 50--The buppmmom of both Cr (IIT) and Cr (VI) absorption
by most interfering fons in fuél rich auwacetylene flames is reportedly
contralled by the addition of 1% ammonium bifluoride in 0.2 %
qodlum sulfdtc (8) A 1% cmnc solutmn is also' fepmmd to be usefil,

2‘5 34, Oxzdanthmqus ox1de G
© 25.3.5. Type of Flame—Fuel rich. .

- 25.4 Analysis Procedure-——For analysis procedure and calw“

culation, see “Direct Aspiration,™ 11.1.

26 Chromnum——-l“ut‘hzice Technique

2601 Requzremcmlv

26.1.1 Optimum Comentmttorz Rarzge 5 10 1()( ug/r (sec
Noto 5 l)

26:1.2 Deteciion Lzmu‘ 1 ug/L

oo

Notg; 51---The copgentration - valuos*and msuunﬁmt condntmns are
for a Perkin-Elmer HGA-2100, based on the pse of 20 uL myectwn,.

continuous flow purge LR dnd non—lﬂymlyuq L..mphlle, ot

26.2 " Preparation of Stcmdard Solution.:

26.2: 1 Stock .S‘Olutwnwl’repare as described. under “dlrect
aspiration method.? - -

26.2.2 Calcium Nltmte Solurzon—J)ls%olw 11.8 g of cal-
cium pitrate, Ca(NOy), 4H,0 (analytieal reagent grade) in
deionized distilled water and dilute to 100 mL. [;mL = 20
mg Ca.

26.2.3 Prepare dﬂllll()llb ol the qtock cluomlmn solution
to be usedas calibration standards at the time of analysm
The calibration qiaiidA)‘ds shbuld be pwpmed to contain
0.5 % (v/v) }E'INO3 To each 100 mL of standard and sample
alike, -add. [. mL.of 30 %: H,OZ smd 1 mL oi the calcium

pitrate solution. SR U e o oy

Notg 52-~Fiydrogen pemmdc is added fo the udlﬁed b()llltl()n to
convert all chramium to the tt‘IvaIem %tate (‘dlcm

IOO() mg/L. ¥

N

126.3 (rencm[ Insfrumem Parameieis S e g

is added 1o & Tevel,
above 200 mg/L where"ifs"s suppressive effect Becdimes cons*tcmt up m_
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26.3.1 Drying Time and Temperature—30 s at 125°C.
26,3,2 Ashing Time and Temperature—30 s at 1000°C.
26.3.3 Atomizing Time and Temperature—10 s at 2700°C,
26.3.4 Purge Gas Atmosphere—Argon.,
- 263.5 Wavelength—357.9 nm.
26.3.6 Other operating parameters should be set as bpbbl—
fied by the particular instrument manufacturer,

Nore 53—Background correction may be required if. the- sample
contains high dissolved solids.

Nore 34—Nitrogen should not be used as a purgc pas becavse of
possible CN band interference.

264 Analysis Procedure—For the analysis procc:dure and
the calculation, see “Furnace Procedure™ L1.3.

Note 55—Pipet tips have been reported to be a possible source of
contamination.

NoTE $6—For every sample matiix analyzed, verification is neces-
sary to determine that the method of standard additions is not required
(see 6.2,1), .

Note §7—If the method of standard additions is required, follow the
pracedure given in 10,3, ‘

27. Chromium-—Chelation-Extraction

27.1 Scope—This test method may be used to analyze
bamples containing from 1.0 to 25 ug of chromium per litre
of solution, o

27.2 Summary of the Test Mez/wd
" 27.2.1 This test method is based on the chela‘mon of hex-
avalent chromium with ammonium pyrrolidine dithiocarba-
mate (APDC) following oxidation of trivalent chromium.
‘The chelate is extracted with methyl isobutyl ketone (MIBK)
and aspirated into the flame of the atomic absorption spec-
trophotometer,

27.2.2 Hexavalent chromium may also be chelated with
pyrro lidine dithiocarbamic acid in chloroform as described
in [1.2.

27.3 Irz/erfermws‘—mgh concentmtlons of othcr rm@uvc
metals, as may be found in wastewaters, may interfere. The
method is free from interferences from elements normally
occurring in fresh water. ‘

27.4 General Instrumental Pargimeters.

27.4.1 Chromium Hollow Cathode Lamp..

. 2142 Wavelength—357.9 nm,

274.3 Fuel—Acetylene,

27.44 Oxidant—Air.

27.4.5 Type of Flume—Fuel rich (adjuqt 1or oxgamo s0l-
vcm) .

" 27.5 Reagents: ‘ '

2751 Ammonium Pyrraltdme I)z[/uomrbamate (APDC)
Solution—Dissolve 1.0 g APDC in dxmmcmh/ed wqtel and
dilute to 100 mL, Prepare fresh daily.

:27.5.2 Bmmphenol Blue Indicator Solution—Dissolve 0.1
g bromphenol blue in- 100 ml 50 % ethanol. .

-27.5.3 Potassiim Dichromate Standard. Solunon 1.0 mL
= 0,08 mg Cr)lesmlvc 0.2263 g dried analytical reagent
grade K?(,r20~, in demineralized watu and makeup to 1000
-mk.

2754 Trivalent Chromium Stock S lumm (1O ml ==
0,002 mg Cr'*3)—Pipet 5.00 mL of the potassivm dichromate
standard solution (5.3) into an Erlenmeyer flask." Add ap-
proximately 15 mg Na,SO, and 0.5 mL concentrated HNO,.
Gently evaporate to dryness; strong heating reoxidizes the

chromium. Add 0.5 ml concentrated FINO; and again
evaporate to dryness to destroy any excess sulfite. Take up in
I mL concentrated FINO, with warming and dilute to
200,00 mL with demineralized water.

27.5.5 Trivalent Chromium Working Solution (1.0 mL =
0.005 mg CrtH)—Immediately before use, dilute 25.0 mL of
trivalent chromium stock solution (27.5.4) to 100.0 mL wul
demineralized water.

27.3.6 Potassium Pprmanganate (0.1 N)—Dissolve 0. 32g
potassium permanganate in 100 mL demineralized water,

27.5.7 Sodium Azide (0.1 %)—~Dissolve 100 mg sodium
azide in demineralized water and dilute to 100 mL.

27.5.8 Methyl Isobutyl Ketone (MIBK).

27.5.9 Sodium Hydroxide Solution (I M)—Dissolve 40 g
NaOH in demineralized water and dilute to 1 L.

27,510 Sulfuric Acid (0.12 M)--Slowly add 6.5 mL
concentrated H,SO, (spgr L. 84) to demineralized watm and
dilute to 1 L. .

27.6 Procedure;

27.6.1 Pipet a volume of sample containing less than 2 S
ug chrominm ({00 mL maximum) into a 200 mL volumetric
flask, and adjust the volume-to approximately 100 mL. The
pH must be 2.0 or less. Add concentrated FINO, if necessary.

127.6,2 Acidity a litre of demineralized water with 1.5-mL
concentrated HNO,, Prepare a blank and sufficient standards
using trivalent chromium, and adjust volumes to approxi-
mately 100 ml. with the acidified demineralized water, .

27.6.3 Add 0.1 N KMnQ, dropwise to both standards and
samples until a faint pink color persists.

27.6.4 Heat on a steam bath for 20 min, If the color
disappears, - add additional -KMnQ, solution dropwise to
maintain a slight excess,

27.6,5 While still on the steam bath, add. sodium a:ndc
solution dropwisc yntil the KMnO, color just disappears.
Heat for about 2 min between each dddilion and -avoid
adding any excess. Continue heating for.5 min- '1ftm adding
the last drop of sodium azide. solution. :

27.6.6 Transfer the ﬂa&,ks to a water: bath ﬂnd cool: to

aqoony temperature, -

27.6.7 Remove from thc water bdlh dnd ﬁltcr (through
Whatman No. 40 filter paper or equivalent) any sample that
has a brownish pl‘CClmt'lib or coloxatlon Whl(.,h may mterfme
with the pH adjustment. v

27.6,8 Add 2.0 mL of l M NaOH and 2 drops bmmphenol
blue indicator solution, Continue the addition of [ M NaOH
dropwise to all-samples and standards in-which the indicator
change from vellow to blue has not occurred. Add 0.12 M
H,S50, dropwise until the blue color just disappears, then
add 2,0 mL in excess. The pH at this point will be 2.4.

.27.6.9 The pH adjuqtment to 2.4 may dlb() be mcxde wnh )
pH meter instead of using an indicator.

©27.6,10 Add 5.0 mL -APDC qolutlon 'md mix. l‘ho pH
should then be approximately 2.8.-

27, 6 1 Acld 100 mJ MIBK and shak@ vlgmously for 3

‘min.

27. () 12 Allow the ldyels 1o M,pdl ate and add dcmmcrahmd

swater until the kctorlc layer is complctcly in the ne(,k of the
+flask.

27.6.13 Aapuate the ketone layer, 1%01(1 the 1mtrummt
reading for each sample and standard against the blank
Repeat, and average the duplicate results, .~ «r -0 o o
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- 2777 Caleulations:

27,171 Determing the pg/lL Crin each sample Imm a plot
of the instrument readings of standards. A working curve
must be prepared with each set of samples. Report Cr
concentrations. as follows:

27.7.1.1 Less than 10 pg/L, nearest ;,Lg/l " and

. 27.7.1.2 10 pg/L and above, two significant figures.

27.1.2 Calculate the mg metal per kg of . mmplcs as
outlined in 11.2.

I

28. (“hmmlum, Hemvalentm(”helatlon~Extm¢,u(m

28.1 Scope:

28.1.1 This test method may be used to analyze samples
containing from 1.0 o 25 ug of c,hmmnum per litre of
solution. ‘

28.2 Summary of Test Method: ‘

28.2.1 “This method is based on the chelaiion of hexavalent
chromium with ammonium pyrrolidine dithiocarbamate
(APDC) and extraction with methyl isobutyl ketone (MIBK).
The extract is.aspirated into the flame of the atomlc absorp-
tion $peétiophotometet,

28.2.2 Hexavalent ¢hromium may ‘also be chelated with
pytr rolidine dithiocarbamic acid in chl loroform as described
in 11.2.°A pH of 2, 3 must- be mdmtdmed throughout the
gxtraction, Lo

28.2.3 The dlphenylcaxbaade colorimetric procedure as
found in “Standard Meéthods for the Examination of Water
and Wistewater” may also be used (9),

28.3 Sample Handling and Preservation:

28.3.1. Stability of hexavalent chromium is not completely
understod at this time, Therefore, the chelation and exu 4Cn
tion should be carried out as soon as possible. '

28.3.2 To retard the chemical activity of hexavalent chro-
mium, the sample shonld be transpbrted and stored until
time oftanalysis ‘at 4°C.

28.4 Interferences: +

28.4.1 High concentrations: of mhm reactive metals, - as
may be found in wastewaters, may interfere. The method is
free from inter te1enws from clements normally occurring in
fresh- water.

285 General Mstmmenml Parameters:

28.5.1 Chromium hollow cathode lamp.

28.5.2 Wavelength—357.9 nm,

28.5.3. Fuel—Acetylene,

: 28.5.4- Oxidant-Air, |

28.5.5 Type of Flame Fuul*flch (adjust for organic sol«
vent).:

28.6 Reagerits. . L

28.6.1 Arimonium Pyrmlzdme Dz/hmcarbamate (APDC)

Solution-~Dissolve 1.0 g APDC in demineralized water and
dilute to 100 mL. Prepare fresh. daily. .

28.6:2 ‘Bromphenol Blue Indicator Solution—Dissolve 0,1
g bromphenol blue in 100.m1. 50 % ethanol.

28.6.3 Chromium Standgrd Seolution I (1.0 mL =100 pg
Cr)—Dissolve 0.2829 g pure, dried K,Cr,O, in demmexahzed
water and dilute to 1000 mL; -

. 28.6:4 Chromium Standard Solution Ir (1. () mL - 10.0-pg
Cn Y—Dilute 100 mL chromium standard solution I to 1000
mk with demineralized. water. -

28.6.5. Chromium Standard So/mmn III (1.0 mL-= 0.10
pg Cr)—Dilute 10.0 mL chromium standard solution JI to

1000 mL with demineralized water. ..

28.6.6 Methyl Isobutyl Ketone (MIBK).

28.6.7 Sodium Hydroxide Solution (1 M)—Dmsolwe 40 g g

NaOH in demineralized water and dilute to 1 L.

28.6.8 Sulfuric Acid (0 12 M)-Slowly add 6.5 ml con-
centrated H,S0, (sp gr 1.84) to demineralized water and
dilute to 1 L. ~

28.7 Procedure:

28.7.1 Pipet a volume of sample containing less than 2.5
ug chrominm (100 mL maximuom) into a 200-mL volumetric
flask, and adjust the volume to approximately 100 mL.

28.7.2 Prepare a blank and sufficient standards, and
adjust the volume of each to approximately 100 mL.

28.7.3 Add'2 drops bromphenol blue indicaior solution.
(The pH adjustmcnt to 2,4 may also. be made with a pH
meter instead of using an indicator.)

28.7.4 Adjust the pH by addition of 1| M NAOU solttion
dropwise until a blue color persists. Add 0.12 M H,SO,
dropwise, until the blue color just disappears in both the
standards and sample. Then add 2.0 mL of 0.12 M 1,80, in
excess. The pH at this point should be 2.4,

28.7.5 Add 5.0 mL APDC solution and mix. The pH
should then be approximately 2.8.

28.7.6 Add 10.0 mlL, MIBK and shake vxg,oroua]y fm 3
min,

28.7.7 Allow the layers to separate and add demineralized
water until the ketone layer i is compl&tely in thé neck of the
flask,

28.7.8 Aspirate the ketone layer, and record ‘the scale
reading for each sample and standard against the blank.
Repéat and average the duplicate results.

28.8 Calculations:

28.8.1 Determine the pg/L CrtS in each sample from a
plot of scale readings of standards. A working curve must be
prepared with each set of samples. Report Cr*S concentra-
tions as follows: Less than 10 pg/L, neaneqt ng/L; 10 pe/L
and above, two significant figures.

28.8.2 Calculate the mg metal per kg of :yamplo ds outlined
in 11.2,

29, Cobalt—Direct Aspiration -

29.1 Requirements: , o

29.1.1 Optimum Concentration Range—0.5 to 5 mg/L
using a wavelength of 240.7 nm (see Note ‘38) :

29.1.2 Sensitivity—0.2 mg/L. 4

'29.1.3' Detectiori Limit—0.05 mg/L.

i
Note 58—For levels of cobalt below 100 ug/L, either the special
extraction ptoccdure (11. 2), or the (um‘mc technique is recommended.

29.2 Preparation of Smndard Solution:

29.2,1 Stock Solution—Dissolve 4.307 g of cobaltous (‘hlo~
ride, CoCl,+6H,0 (analytical reagent grade), in deionized
distilled water. Add 10 mL of concentrated nitric acid and
dilute to | L with deionized distilled water, | mL = | mg Co
{1000 mg/L).

29.2.2 Prepare dilutions of the stock cobalt solution to be
used as calibration standards at the time of analysis. The
calibration standards should be prepared using the same type
of acid'and at the same concentration as that of the sample
being analyzed either directly or afler processing, v

29.3 General Instrumental Parameters: y

29.3.1 Cobait Hollow Cathode Lamp..
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29.3.2 Wavelength—240.7 nm.

29.3.3 Fuel—Acetylene.

29.3.4 Oxitdant—Air,

29.3.5 Type of Flame--Oxidizing.

29.4 Anatysis Procedure—For analysis proceduore and cal-
culation, see “Direct Aspiration,” 1.1,

30. Cobalt—Furnace Technique

30.1 Requirements:

30.1.1 Optimum Concentration Range, 5-100 pg/L. (see
Note 59),

30.1.2 Detection Limit, | ng/L.

Nors 59—The above concentration values and insirument condi-
tions are for a Perkin-Elmer HGA-2100, based on the use of a 20 pl:
injection, continuous flow purge gas and nonpyrolytic graphite, Smaller
sized furnace devices or those cmploying faster rates of atomization ¢an
be operated using lower atomization tomperatures for shorter time
periods than the above recommended settings.

30.2 Preparation of Standard Solution:
30.2.1 Stock Soluaonw Prepare as described under “duccl
asmrcmon method.”
30.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. These solutiom
are also to be used for “standard additions.”
30.2.3 The calibration standard s hould be dlluted 1o
contain 0.5 % (v/v) HNO;.
30.3 General Instrument Parameters:
30.3.1. Drying Time and Temperature—30 s at 12‘5°C
30.3.2 Ashing Time and Temperature—30 s at 900°C.
30,3.3 Atomizing Time and Temperature—10 s at 2700°C.
-30.3.4 Purge Gas Atmosphere—Argon;
30.3.5 Wavelength—240.7 am.
30.3.6 Other operating parameters should be set as speci-
fied by the particular instrument manufacturer,
Notg 60--The use of background correction is recomniended,
NOTE 61—Nitrogen may also be used as the purge gas but with
rcported lower sensitivity.

30.4 Analysis Procedure—For the analysis procedurc: .md
the calculation, see “Furnace Procedure™ 11.3.

NoTE 62--For every sample matrix analyzed, verification is neces-
sary 1o determine that the method of standard additions is not xc,quxrcd
(see 6.2.1).

NOTE 63--If the méthod of standard additions is rcxuurcd follow the
procedure given earlier in 10.5.

31. Copper—Direct Aspiration

31.1 Requirements:

31.1,1 Optimum Concentration Range, 0.2-5 mg/L using
a wavelength of 324.7 nm (see Notes 64 and 63).

31.1.2 Sensitivity, 0.1 mg/L, .

S 301 ’% Detection Limit, 0.02 mg/L.

NOIE 64——F01 Javels of  copper below 50 ug/L, clthex the Spccnl
Extraction Procedure, given in 11.2 or the furnace techmquc is
recommended.
~ NoTE 65—Numerous absorption lines are available for the detm"m1~
nation of copper. By selecting a suitable absorption wavelength, copper
samples may be anatyzed over a very wide range of C()nwntmtxon The
following lines may be used: .

327.4. nm Relative Sensitivity 2,
216.5 nm Relative Sensitivity 7, and
222.5 nm Relative Sensitivity 20,

31.2 Preparation of Standard ‘S',olmiorz)

345

31.2.1 Stock Solution-Carefully weigh 1.00 g of electro-
Iyte copper (analytical reagent grade). Dissolve in 5 mlL
redistilled FINQ,, and make up to 1 L with deionized distilled
water, Final concentration is 1 mg Cu per mL (1000 mg/L).

31,2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The cafibration
standards should be prepared using the same type of acid
and at the same concentration as that of the sample being
analyzed either directly or after processing,

31.3 General Instrumental Paramelters:

31.3.1 Copper Hollow Cathode Lamp.

31,3.2 Wavelength—324.7 nm.

31.3.3 Fuel—Acetylene.

31.3.4 Oxidant—Air,

31.3,5 Type of Fl lame—mOxxdlzmg

31.4 Analysis Procedure~For analysis prouaduge and cal-
culation, see “Direct Aspiration”, 11.1.

32. Copper—Furnace Technique

32.1 Requirements;: . .

32.1.1 Op/zmum Concentration Rang@, 5 10 100 pg/L (see
Note 66). . s

32.1.2 Detection Limit, | ;,Lg/L SR

Nore 66—The above concentration values and instrument cond1~
tions are for a Perkin-Flmer HGA-2100, baged on the use of & 20-ul.
injection, continuous flow purge gas and non~pymlytic graphite, Smaller
sized furnace devices or those employing faster rates of atomization can
be opetated using lower atomization temperatures for shorter time
periods than the above recommended settings.

32.2 Preparation of Standard Solution:

32.2.1 Stock Solution—Prepare 48 dmmbed under “due,ct
aspiration method.”

32.2.2 Prepare dilutions of the stock solution to be used as
(,allbmtmn standards at the time of analysis. These solullons

are also to be used for “standard additions.”

32.2.3 The calibration standard should be dxluted to
contain 0.5 % (v/v) HNO,.

32.3 General Instrument Parameters:

32.3.1 Drying Time and Temperature—30 s at’ 125°C.

32.3.2 Ashing Time and Temperature—30 s at 900°C.

32.3.3 Atomizing Time and Temperatire—10 § at 2700°C

32.34 Purge Gas Atmosphere—Argon.

32.3.5 Wavelength—324.7 nm.

32.3.6 Other operating parameters should be set as speci-
fied by the particular instrument manuf'wtulu

Note 6 7—Backgroum| cotrection may ‘be requlred if’ thc sample
contains high dissolved solids.
Notk 68—Nitrogen may also be uscd as the ‘purae gcm

32.4 Awnalysis Procedure—TFor the analysis procedure and
the calculation, see “Furnace Procedure” 1.3, . I

Note 69--For every sample matrix analyzed, verltx«,auon is neces-
sary to determine that the method of standard additions is not required
(see 6,2.1),

Norte 70—IF the method of standard addltlom is requmd follow 1hc
moc,edu«e alven in 10 5.

5

33. Iron—Direct Aspiration

33.1 Requirements:
33.1.1 Optimum Concentration Rcmge 0.3 to 5 mg/L us-
ing a wavelength of 248.3 nm (see Notes.71 and 72), -

Note 71—The following lines may also bel used:
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- 248.8 nny relative sensitivity 2,
271.9.nm relative sensitivity 4,

o .302.1 niy, mlduvu selmuylty 3, .

i ) 252.7. nm mlanve senmtwny 6, and
wod 3720 hin wlatwe sensitivity 10, ’
Nott 72-—For concentrations of iron below 0.05-mg/L, either the

Special Extraction Pro«.edure f,l\’eﬁ in iy 2 oF the furnace pmccdure, is
recommended; . .

* 38,12 - Sensitivity, 0; 12 mg/L.

33.1.3 Detection Limit; 0.03 ing/L.’

33.2 Preparation of Sfczndard Solutlon:

33.2.1 Stock Solution-—Carefully weigh 1.000 8 of pure
iron wire (analytical reagent grad@) and dissolve in 5 mL
redistilled HNO;, warming if necessary. ' When ' solution is
complete, make up to 1 L w11h delomzcd dm‘cilled watct i
mE = 1 mg Fe (1000 mg/L).

33.2.2 Prepare dilutions of the stock solution to be used: as
calibration standards at the time of analysis. The calibration
standards should be prepared, using the same type of acid
and at the same concentration as will result in the sdmplc to
be analyzed either directly or after processing..

" 33.3 ‘General Instiumbntal Pa¥iimeteis:

33.3.1 Iron Hollow Cathode Lamp.

33.3.2 Wavelength—248.3 nn.

+:33.3.3  Fuelw-Acetylene.

33.3.4 Oxidinr—~Air.,

33.3.5 Type of Flamem(’mdmmg

334 Anatysis 1-‘rocedur€w For analysis procedure and cal-
culation; see “Direct Asp;mtlon > 111 .

ST

34. lmn—[«umme 'Iechmque '

34.1 R('qulrpmm/s

34.1,1 Opzzmum Concentration Range—~5 to 100 ug/L
(scc Note 73), .

34,12 Detection L;mzt——l ug/L

INoTE 73-—THe concentration values and instrument conditions are
for a Perkin-Elmer HGA-2100, based on the use of a 20 pl-injection,
continuous flow purge gas,.and nonpylolyut, graphite.. Smaller sized
furnace devices of. those 'cmplﬂymg fastcr rates of dtomlzatlon can be
operatpd using lower ato tlon tempel alurcs [01 bhorler Lime pernods
than thc Brcac(x’rrmrmmded %ttm,g, .

34 2 Prepamn(m of. Stamlard b 7luzwn .

34.2.1 Stock Soluzmn—]’rcparc as dcsmb&d under “dlrect
aspitation method.”

3422 Prepare dlluuom of the, stock soluuon w be used as
calibration standards af’ the time of analysis. These solutions
at¥ also to be’ uséd for “standard additions.”

34.2.3 The. calibration standard should be diluted to
Loniam 0.5 % (v/v) HNO’;

"343 General Instrument Parameters

34.3.1 Drying Time bnd-Temperdture-=30 s at 125°C.

3432 Ashing Time and Temperature—30 s at 1000°C,

34:3:3  Atomizing Time and Temperature~—10 s at 2700"L

34.34 Purge Gas Atmosphere—~Argon.

34.3.5 Wabelength—-248.3 am. ~ '

34.3.6 Other operating parameters should be set as spucn-

fied by the particular instrument manufacturer, ™ s, %

Note 74—The use of background correction is recommended...
»NOTE 75--Nitrogen may.also be used as the purge gas. .-
34.4 Analysis Procediiré==For the analysis procedure aiid
the calculation, see “Furnace;Procedure,”:11:3, : :

346

Notrg 76—For every sample matrix analyzed, verification is neces-
sary to determine that the mclhod of htdnddl‘d additions is m)t Lequmd
(see 6.2.1).

Norte 77—If the wethod of. s'tandz\rd additions i is mqmred follow the
procedure gwcn in l() 5 "

35, Lead—Direct Aspiration

35.1 Requirements:

35.1.1 Optimum Concentration Range, 1-20 xm,/L using
a wavelength of 283.3 nm (see Notes 78 and 79).

35.1.2 Sensitivity, 0.5 mg/L..

35.1.3 Detection Limit, 0.1 ‘mg/L.

~NOTR 78—Tor levels of Jead below 200 peg/L,: either the Special
Bxtraction Pwu,dure gmvan in 11.2 or the fumacc: fechnigque is recom-
mendf:d '
- Norg 79=+The followmg lines may: also be ‘used:
-.217.0 nm Relative Sensitivity 0.4, and
261.4 nm Relative Sensitivity 10.. v

35.2 Preparation of Standard-Solution:

- 35.2.1 Stock-Solution—Carefully ‘weigh 1.599 g of lead
mtmtt, Pb(NO3), (analytical reagent gmdc), and dissolve in
demmzod distilled watér. When solution is complete, acidify
with 10 mI, redistilled HNO; and dilute to E-1 with delomzcd
distilled water. [ mL =1 mg Pb (1000 mg/L), - ‘

35.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration
standards should be prepared using the same type of acid
and at the'same concentration as that of the sample bmng
analyzed cither directly or-aftér processing. :

353 Genéral Instrumental Paramelers: ‘

35.3.1 Iron Hollow Cuthode Lamp. C R

35.3.2 Wavelength—283.3 nm. o

35.3.3 Fuel—Acetylene. -

35.3.4 Oxidant—Air. :

35.3.5 Twpe of Marrze-()x1d1/mg

35.4 Analysis Procedure—For analysis pr ocedme and cal-
culation, see “Direct Aspiration,” 11.1, -

Note 80-The a.naly‘;ls of this Ihetal” is exceptionally sensitive to
turbulence and absorption bands in'ihe Rame. Therefére, sotre- care
should be taken, to posmon the Jight, beam in the most %table, genter
portion of the flame, To do this, first ad]ust the burner to maximize the
absorbance madmg with a Tead standard. Then, aspirate a water blank
and make minwte adjustments in the burner alignment to minimize the
signal. B

36. Lead-—Furnace Technique

36.1 Requirements: ey

36.1.1 -Optimum Conwmmn(m Ringe, 5 to 100 ug/I (:,u,
Note 81).

36.1.2 Deteczzrmlzmtt 1 ug/L . o

Notg 81—The above conwntmnou values and mstrumc.nt condi-
tions are for 4 Perkin-Elmer HGA-2100; based on the use of 4 20-uL
injection, continwous flow purge pas and nonpyrolytic graphite,'Smaller
sized furnace devices or those employing faster rates of atomization can
be operated using lower atomizationtefnperatures for shortér ttme
pcuodq than the-above mwmmcnded settings. '

36 2 Preparation of Stanc/ard Solution.

36.2.1 Stock Solutton««Prepcuc as descubed undel “dlrcct
aspiration method.”

36.2.2 Lanthanum Nitrate Solutzorzw[)iasolvu 58.64 g of
ACS reagent grade LayO, in 100 mL eoncentratet HNOQ,,
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and dilute to 1000 mL w1th delomzed dmtll led water. { mL =
50 mg La.

36.2.3 Working Lead Solution—Prepare dilutions of the
stock lead solution to be used as calibration standavds at the
time of analysis. Each calibration standard should contain

% (v/v) HNO,. To each 100 mL of diluted standard add
l() mL of the lanthanum nitrate solution:

36.3 General Instrument Parameters:

36.3.1 Drying Time and Temperature—30 s at 125°C,

36.3.2 Ashing Time and Temperature--30 s at 500°C.,

36.3.3 Atomizing Time and Temperature—10 s at 2700°C.

36.3.4  Purge Gas Atmosphere—Argon.

36.3.5 Wavelength—283.3 nm.

Note 82--Greater sensitivity can be achieved using the 217.0.-num

lme, but the optimum concentration range is reduced. The use of 4 lead

electrodeless discharge lamp at this lower wavelength has been found 1o
be advamageoua Also a lowcr atomization 1empe1¢mue (2400°C) may
be preferred.

36.3.6 Other operating parameters should bé set as speci-

“fied by the particular instrument manufacturer.

Note 83—The use of background correction is recommended,

364 Analysis Procedure—For the umlysm pmccdurc in
- the calculation see “Furnace Procedure,” 11,3,

" Note 84—Ta suppress sulfate interference {up to 1500 ppmm) lans

“thanum is added as tha nitrate to both samples and callbra‘uon standards
- (10).

Nortg 85--Since glassware conmmlnatxon i3 a severe pr()blem in lead
analysis, all glassware should be cleaned immediately prior to use, and
once cleaned, should not be open o the atmosphere except when
necessary,

< Note 86-—For every sample matrix analyzed, verification is netessary
to determine that the m(.thod of atandard dddltlon‘, 1s not required (';ee
6.2.1). .

Note 87—1If the method of standard additions is raquu ed, follow the
procedure given in 0.5, . -

. 37, Lithium---Direct Aspiration

37.1 Requirements:

37.4.1 Optimum Conwmratmn Rcmge—to 0 2 mg,/L us-
fing a wavelength of 670.8 nm (see Note 88). - ‘

37.1.2 Senutzvzty -0.035 mg/L,

NOTE 88— lhe followmg lines may a “\lso be u%cd
" 323.3 nm relative sensitivity 235, and
610.4 nm relative sensitivity 3600, - . 0 T o

0372 Prepatation of Standard bolunon

'37.2.1, Stock Solution—Dissolve 5.324 gof fithiym calbon—
ate, Li,CO; in a minimum volume of (1+1) HC! and dilute
gl L w1th dmomzed wqtcr l mL = 1.00 mg. Li ( IOOO mg/

L.

37.2.2 T’rcparc dilutions of the stock‘ lithium ‘solution to
be used as calibration standards at the time of analvsls The
“calibration standards should be prepared using the same type
of acid and at the same concentration as that of thc -sample
" being analyzed either directly or after proc*ew ng,.

31.3 General Instrumental Parameters: '

© 37.3.1 Lithium Hollow Cathode I ,amp

'37.3.2 ‘Wavelength—670.8 nm.

3733 Fuel—Acetylens,’ ‘

37.3.4 Oxidant—Air.

37.4 Analysis Procedure—For analysis procedure ancl cal»
- culations, see “Direct Agpiration,” 1151,

38. Magnesium—Direct ‘Aspiration
38.1 Requirements.
38.1.1 Optimum Comemrat/on Pcmge 0.02 to 0.3 mg/L
using a wavelength of 285.2 nm (see Notes 89‘ and 90).
38.1.2 Sensitivity, 0.007 rag/1..
38.1.3 Detection Limit, 0.001 mg/L.

Notg 89—The following line may also be used: 202.5 nm relative
sensitivity 25 '

*Note. 90-~To cover the range of magnesium values normally ob-
served in surface waters (0.1 to 20 mg/L), it is suggested that either the
202.5 nm line be used or the burner head be rotated, A 90° rotation of
the burner head will. produce appr(mmatcly one-eighth the normal
sensitivity.

38.2 Pr eparaf/(m of Standard Solution:

38.2.1 Stock Solution—Dissolve 0.829 g of ma;,neslum
oxide, MgO (analytical reagent grade), in 10 mL of redistilled
IINO;, and dilute to 1 L with deionized distilled water. 1 mL
= 0.50 mg Mg (500 mg/L).

38.2.2 Lanthanum Chioride bahitzéﬂ——Dmsolv& 29 g of
L.a,04, slowly and in small portions in 250 mL concentrated
HCl, (Cauntion—Reaction is violent), dnd dilute to 500 mL
with deionized distilled water,

38.2.3 Prepare dilutions of the stock’ nmgnc.smm solution
to be used as calibration standards at the time of analysis.
These calibration standards should be prepared using the
same type of acid and at the same concentration ag that of
the sample being analyzed directly or after processing, To
each 10-mL volume of calibration standard and sample alike
add 1.0 mL of the lanthanum chloride solution, that is, 20
ml. of standard or sample +2 mL LaCly =22'mL.

38.3 General Instrumental Parameters; -

38.3:1 Magnesiim Hollow Cathode Lamp

38.3.2 Wavelength—2852 nm.

38.3.3 Fuel—Acetylene.

38.3.4 Oxidant—Air, * - '
© 38.3.5 Type of Flamem()mdl?mg \

38.4 Analysis Procedure-~For analysis pmcedure and cal-

culation, see “Direct: Aspiration,” 11. L

Notg 91-The mtellelenw cansed by aluminum at cont,entmuom
greater thati 2 mg/L s rhasked by addition of lanthanym. Sodiurm,
potassitit and caleium catise 110 mletferenoe at mncmtmuom lcss thén
400 mg/L, .. : IR ‘

) 39 Manganese—[)lre(.t Abpllatl()ll \

39,1 Reqmrcmenrs o
39.1.1 Opttmum Cl )ncenlmtl(m Range, 0. 1‘ 0 3 m&/L usmg

A wavelength of 279.5 nm {see Note 92).

39.1.2 Sensitivity;, 0.05 mg/L.
.+ 39.1.3 Deection Limit, 0.01 mg/L. ..

Notg 92-—-1hc following line may also be tsed: 403.1:nm- Rcldttvo
Sensitivity 10.

39.2 Prepavation of Slaﬂdard Solution:

39.2.1 Stock Solution—Carefully weigh 1.000 g of manga-
nese metal (analytical reagent grade), and dissolve in 10 ml.

"y

~‘of redistilled HINO;. When solution is complete, dilute to 1 L,

’wlth 1 % (vfv) HCL 1 mlL =

[ mg Mn (1000 mg/L), -
139.2,2 Prepare dilutions of the stock solution to be used as

calibration standards at the time of analysis, The calibrition

standards should be prepared using the same type of acid

“and at the same cdncentration as that of the s'unple bemg
analyzed either divectly or after processing, ™ -
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39.3 General Instrumental Parameters:

39.3.1 Manganese hollow cathode lamp.

39.3.2 Wavelength—279.5 nm, "

39.3.3 Fugl—Acetylene.

39.3.4 Oxidarit—air.

39.3.5 Type of F l'ame--ox1d17mg ‘

39.4 Analysis Procedure—For analysis procc:dum and cal-
culation, see “Diréct Aspiration,” 11.1.

Note 93--For levels of manganese below 25 ug/1., either the furnace
procedure or the Speeial Extraction Procedure. given in 10.2 is recom-
mended. The extraction is carried out at a pH of 4.5 to 5. The
.manganese chelate is very unstable and.the analysis must. be made
without delay to prevent its sohution in the agueons phase.

40 Manganesturnace 'lechniqné

40.1 Requirements:

40.1.1 Optimum C()ncemratzon Range, 1 10 30 ug/L (see
Note 94),
. 40.1.2 Detection Limit, 0.2 ug/l,

Note 94-—The above-concentration values and instrument condi-
tions are for-a Perkin-Elmer FIGA-2100, based on the use of a 20-ul.
injection, continuous flow purge gas.and nonpyrolytic graphite. Smaller
31Z¢d furnace dcvu;as or those employmg faster rates.of atomization can

é opeldled using lower atomization temperaturés for ‘;hmter time
permds thzm the abcve recommiended suttmgb

402 Pmparazmn of Standard Solution;:

40.2.1 Stock Solution—Prepare as described under “dlrect
aspiration method,”
C40.2:2 Pmparc dxh Llons of lbe stock solutmn to be used as
calibration standards at the time of analysis.. These solutions
are also to be used for “slandald additions.”

40.2.3 The (,dhbratlon standard should be diluted to con-
tain 0.5 % (v/v) HNO,,

40.3 General Instrument Parameters:

40.3.1 Drying Time and Temperature—30 s at 125°C.

40.3.2 Ashing Time and Femperature—30's at 1000°C.

40.3.3, diomizing Time and Temperature—10 s at 2700°C.

40.3.4 Purge Gas Atmosphgre—Argon. |

40.3.5 Wavelength—zw 5 nm,
" 40.3.6 Other opemtmg pdrametels should be set as speci-
fied by the particular mstrumcm manufacturel

Nore 95—The use of background correction is recommmded
Note 96—Nitrogen may also be used as the purge gas.

40.4 Analysis Procedure—For the ana]ysw prowdule and
the calculatlon see “Furnacc Procedurc” 11 3.

N(m; 97—For every samplc mdtm andlyzled veﬂficatxon is neces-
sary to determine that the method of standard addmons is not. roqulrcd
{see 6.2.1).

Nots 98—If the method of standard additions is rcquued fol]ow the
procedure given earlier in 10,5

I

41. Mercury Cold Vapor Techmque

41.1.Scope and Applzcatzon (11) ,

41.1.1 In addition to inarganic.forms of mercury, organic
mercurials may also be present. These organo-mercury com-
pounds will not respond o the cold vapor atomic absprption
technique unless they are first broken down and.converted to

mercuric igns. Potassiumg permanganate oxidizes many - of

-these . compounds, but recent . studigs -have shown that a
number. of organic mercurials, including.phenyl mercuric
acetate and methyl mercuric chloride, arg only partially oxi-

dized by this reagent. Potassium persulfate has been found to
give approximately 100 % recovery when used as the oxidant
with these compounds. Therefore, a persulfate oxidation step
following the addition of the permanganate has been included

1o ensure thdt organo-mercury compourids,if present, will be

oxidized to the mercuric ion before measurement, A heat
step is required for methyl mercurie chloride when present in
or spiked to a natural system. For distilled water the heat step
is not necessary, -

41.1.2 Therange of the test mothod may bo varied through
instrument or recorder gxpansion, or both. Using a 100-mlL
sample, a detection limit.of 0.2 pg Hg/L can be achieved.
Concentrations below this level should be reported as <0.2.

Note 99-+If additional sensitivity is reduired, a 200 m1, sample with

recorder expansion may be - used: provided'the instrument does not
produce undue noise, Using a Coleman MAS-50 with-a drying tutie of

- magnesium pershlorate and a variable recorder, 2 mv was set to read full

scale. With these conditions, and distilled water solutions of mercuric
chipride at concentrations of 0.15, 0.10, 0,05 and 0.025 ug/L, the
standard deviations were +0.027, :t() 006, £0.01, and 0,004, Percent
recoveries at these levels were 107 $3, 84, dnd 96 %, respectively.

41.2 Suminary of Test Method:

41,2.1 The fldmeless AA pracedure is a physical method
based on the absorption-of radiation at 253.7 nm by mercury
vapor, The mercury vapor. passes through a cell positioned in
the. light pdth of an atomic absorption spectrophotometer.
Absorbance (peak height) is measured as a function of mer-
cury concentration and recorded in-the usual manner,

41.3 Sample Handling and Preservation:
41.3.1 Until thore conclusiveé data are obtained, samples

.should be preserved by acidification with nitric acid to a pH

of 2 or lower 1mmec[1ately at the time of collection. If only
dissolved mercury is to be dctermmed the sample should be

filtered through an -all -glass apparatus before the acid is

added. For total mercury, the filtration is omitted.

41.4. Interference;

41.4.1 Possible interferencé froth sulfide is eliinated by
the addition of potassium permangandte, Coneentrations as
high as 20 mg/L. of sulfide as sodium sulfide do not interfere
with the recovery of added inorganic mercury from distilled
water,

41.4.2 Copper has also been reported to mtcrfere, how-
ever, copper concentrations as high as 10 mg/L had no effect
on recovery of mercury from spiked samples.

41.4.3 High chloride .concentrations require additional
permanganate (as much a§ 25 mL), During the oxidation
step, chiorides are conveﬂed io free chlorine which will also
absorb radiation of 253 nr., Care must bé taken to ensure

that frée chlorine is absent before the mercury is reduced and
swept into the cgll. This may be. accomplished by using an
excess of hydroxyldmme sulfate reagent (25, mL). In addi-
tion, the dead air space in'the BOD bottle must be puigt,cl

Jbefore the addition of stannous sulfate. Both inorganic and
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organic mumury smkw have been quantitatively recovered
from sea water using this tc,chmque

41.4.4 Interference from certain volatile organic materials
that will absorb at'this wavelength is also possible, A prelim-
inary run without reagents should determine if this type of
interference is present.

Nore 100--The possibility of absorption from certain organic sub-
stances actually being: present in the sample does exist. This is
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mentioned only to caution the analyst of the possibility, A simple
correction that may be used is-as follows: If an interference has been
found to be present, the sample should be analyzed both by using the
regular procedure and again under oxidizing conditions only, that is
without the reducing reagents, The true mercury value can then be
obtained by subtracting the two values, :

41.5 Apparatus:

41.5.1 Atomic Absorption ‘ﬁpectmphommeter (See Note
101) Any atomic absorption umit having an open sample

_presentation area in which to mount the absorption cell is
suitable, Instrument settings recommended by the particular
manufacturer should be followed. .

Note 101 —Instrutnents designated specifically for the measurement
of mercury using the cold vapor technique are commercially available
and may be substituted for the atomic absorption spectrophotometer.

41.5.2 Mercury Hollow Cathode Lamp—argon filled, or
equivalent.”!

41.5.3 Recorder—Any multi-range variable speed recorder

- that is compatible with the UV detection system is suitable,

41.5.4 Absorption Cell—Standard spectrophotometer cells
10 cm long, having quartz end windows may be used, Suitable
cells may be constructed from plexiglass tubing, 1 outside
diameter by 4% in. The ends are ground perpendicular to the
longitudinal axis and quartz windows (1-in, diameter by Y16~
in, thickness) are cemented in place, The cell is strapped to a
burner for support and aligned in the light beam by use of
two 2 by 2 in, cards. Onc-inch diameter holes are cut in the
middle of each card; the cards are then placed over each end
of the cell. The cell is then positioned and adjusted vertically

-and horizontally to give the maximum transmittance,

41.5.5 Air Pump-—Any peristaltic pump capable of deliv-
ering 1 L of air per minute may be used, A Masterflex pump
with electronic speed control has been found to be satisfac-
tory.

41.5.6 Flowmeter W()dpclblh of measuring an air flow of 1
L per minute.

41.5.7 Aeration T ubmgmA stlalghbglaw f‘m having a
coarse porosity, Tygon tubing is used for passage of the
mercury vapor from the sample bottle to the absorption cell
and return, .

41,58 Drying T ube—6 by % in. diameter tube containing

I Westinghouse WL-22847 avmlabk, (‘mm any |<\bomtory supply house has
been found suitable,

20 g of magnesium pewhlomte (see Note 102), The appcx-
ratus is assembled as shown in Fig. 2.

"Note 102—In place of the magnesium perchlorate drying ttlbe,‘a
srall reading lamp with 60 W bulb may be used to prevent condensa-
tion of moistute ingide the cell. The lamp 18 positi(mcd to shine on the
absorption cell maintaining the air temperature in the cell about 10, 2‘5"(3
above ambient.

41 .6 Reagents: . Lo
1.6.1 Sulfuric Acid, C ()mentraled-~-«~ReagenL grade.”
41 6.1.1 Sulfuric Acid, 0.5 Nm[)ﬂutc 14. 0 mL of con(,enm
tmtul sulfuric acid to 1.0 L. ;
41.6.2 Nitric Acid, (onwnuate——Reagent gxade of 1c>w

"mercury contett.

Norte 103—If a high reagent blank is obmmc,d it may bc necessary
to distill the nitrie acid.

41.6.3 Stannous Sulfate—Add 25 g stannous bullate to
250 mlI of 0.5 N sulfuric acid. ‘This mixture i§ a suspension
and should be stirred continuously during use. (Stannous
chloride may be used in place of stannous sulfate.) :

41,6.4 Sodium Chloride-Hydroxylamine Sulfate Solu-
tion—Dissolve 12 g of sodium chloride and 12 g of hydrox-
ylamine sulfate in distilled water and dilute to 100" mL.
(Hydroxylamine hydr()c,h[ondc, mcly bc used in plac,c of

" hydroxylamine sulfate.)

'41,6.5 Potassium Permanganate (5 % solutlon w/v)—

Dissolve’ 5 g of potmsmm pcrmangdmtc in 100 L, of
wdistilled water,

41.6.6- Potassium P@rsulfate (5 % solution," w/v)»»mD;sm

_solve 5 g of potassium persulfate in 100 mL of distilled water.
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41.6.7 Stock Mercury Solution—Dissolve 0.1354 g of
mercuric chloride in 75 ml. of distilled water, Add 10 mlL, of
concentrated nitric acid and adjust the vo]ume to 100.0 mlL.

I mL = 1 mg Hg.

© 41.6.8 ‘Working Mercury Soluzmanake successive dilu-
tions ‘of the 'stock mercury solution to“obtain a'working
standard, containing 0.1 pg per mL., This working standard
and the dilutions of the stock mercury solution should be
prepared fresh daily. Acidity of the working standard shoutd
be maintained at 0.15 % nitric acid. This acid should be
added to the flask as needed before the addition of the aliquot.

41,7 Calibration:

41.7.1 Transfer 0, 0.5, 1.0, 2.0,.5.0, and 10.0 mL dhquots
of the working mcrcury solution .containing 0 to 1.0 g of
mercury to a series of 300 mL BOD bottles. Add enough
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distilled water to each bottle to make a total volume of 100

ml., Mix thoroughty and add 5 mL of concentrated sulfuric:

acid and 2.5 mL of concentrated nitric acid to each bottle.
Add 15 mL of KMnO, solution to each bottle, and allow fo
stand at Jeast 15 min, Add 8§ L of potassium persuifate to
each bottle and heat for 2 h in a water; bath maintained at
95°C. Cool and add 6 mL of sodium chlomde—hydroxylamlm

sulfate solution to reduce the excess permanganate. When

the solution has been decolorized wait 30 s, 4dd 5 mL of the
stannous sulfate solution and 1mmed1atcly attach the bottle
to the aeration appar ;ltLIb forming a cloaed system, At this
point the sample 13&1110wed 1o stand quietly without manual
agitation, The cuculcu,lng -pump, which has previously been
adjusted to a rate of 1 L. /per minute, is allowed to run
continuously, (An open system where the mercury vapor is

passed through the absorption cell only oiice may betised

instead of the closed system.)

.41.7.2 THe absorbance will indrease and reach miaximim
within 30 s. As soon as thd recorder pen levels: off, approxi-
mafely, lﬂmm, open the bypass. valve and continye; the

}aermmn unul the absor bance returns o its nnmmum value.
Becayses, of: the toxic nature of mereury-yapor, precaution
08t be takien 10 avoid its inhalation. Therefore; a bypass has
been included in the system (o either vent the mercury vapor
into an exhaust hood or pass the vapor- tlnough SOmc
absorbing media-suchias follows:,

(@).equal volumes 0f9.1 M KMn(h and 10 % P12‘304, and

(l)) 0.25 % iodine in a 3 % Kl sollmon

. N()TE [04»»D1rectlons for thc dlsp(ml of merc ur y»conlammg wastes
are glven in Test Method D 3223.1%

41 7 3 Close the bypass va]vc, remaove the stopper dnd frit

-from:the BOD, bottle and continue the aeration. Proceed

) g‘stgmdards and gonstruct a standard curve by ploumg
peak he ht velsm m,lcrogx:amwf Mercury, -

-Add 5. ml Qf sulfunq aC',ld and 25 mL of
..1111,1‘1(, (m«;l mmng aftpr cach addmon Add 15
ml oi potassium permanganate qolutmn, to: e;ach sample
_bottle. For, sewage, g;amplc additional . permanganate. solu-
1;101;1, if necessary, u gnul the pu{rplyesqolol,, persists, for at leas: 15
min. Add'8 ml, of potassium persulfate to eagh bottle and
heat for 2 h,in-a water.bath at 95°C. Cool and add6,m¥. of
sog:lmm @h]on(iy-h, roxylammc, sulfate to reduce, thu EXCO8S
,,permangqnate‘ A ch; ay qf at Jeast 30 s, add 5 mL of
stannops;. sulfate, and, n;nmedmtem attach the bottle to. the
aemtlpn appamtqs Continue as,described in 41,7,
41.9 ‘Calculation:

. 41.9;1. Determine the peak height of the unknown: from
the chart am] redd thc mqr(,uly value hom the standard
Clllvfr m
. 4192 C a@c,ulcm the mpr
“by the. furmula o

4

‘ury wmuntrauou in at,he samplu
’ f’ : 1 000 )
vo}ume ot dhcium id mL

gHg/L (ug Hg m ahq ).(

b A spcua[l? tmated i Ooal that wxll Jamrb nér x,uxy vapor is also ;\V’lllﬂble
frorn Bhineby add Chineyl Bast. 8th Avé! Hnd Némh G aiséxdy St ’Cblumbus, OII
v"43219 , Catalog No, BE580s13. dr $80-22.- S

41.9.3 Report mercury concentrations as follows: Below
0.2 pgsl, <0:2; between 1 and 10 pg/L, one decimal; above
10 pg/1., whole numbcrs

42. Molybdenum—Direct Aspiration

42,1 . Requirernents:
42.1.1 Optimuin - C oncentlaz;on Range, 1 10 40 mg/L

. using a wavelength of 313.3 hin (see Note 105).

. 42,12 Sensitivity, 0.4 mg/L;,

o 42.1.3 Detection Limit,.0. 1 mg/L.

Nore lOSmFox‘ cdnéémx ations of ‘molybdenum below 0.2 mg/L, the
furnace procedure is wwmmended

42.2 Prcparauon o/ htamz’ard So)urzon

42.2.1 Stock Solution—Dissolve 1.840 g of ammonium
molybdat(, {(NH)¢M0,0,,-4H,0 (analytical reagent grade)
in deionized distilled wau,r cmd dilute 10 1L, 1 mL = 1 mg

‘Mo-(1000 mg/L).

42,22 lilurninum Nztrate S()lull()anlSSOIVe 139 g alu-

‘ minum mtraw, Al(NOq)q 9,0, in 150 'mL of deionized
:‘dxstilled water; heat to e[Tu,t Soliition, Allow t0 cool and

make p'to 200 mi.
42.2.3 Prepare dilutions of thu stock molybdenum solutmn
to be used as calibration standards at the time of analysis.

“The calibration standards should be prepar & using the same

type of acid andal the same commtmtlon as that of the

“sample beirig analymd either dlrectly ot after processing. "To

each 100 mL of stahdard ‘and’ s‘ample *ﬂtkc, ddd 2mL ot‘ the
aluminum nitrate solution; .
42.3. General Instrumental Parameters. «.- i

i 4234 Mobybdenum Hollow C azhode amp.:

4232 Wavelength—313.3 nm.

. 42.3.3:Fuel-—Acetylens,.

42.3.4 Oxidant—Nitrous Oxide.

. 42.3.5 Typeof Flame-—Fuel rich: . v
424 dnalysis Procedure—For, analys‘xs P oc,cdure And cal-
culation,-see“Direct Asmratlon AR .

42,5 Interfarences: - v o

42,5.1 With,ithe »recommcndcd mthus omdudcctylmn
ﬂdme mt@rtcrcncea of . calcium:: and ; other 'iods; may ibe
controlled by adding; 1000 mig/L of a refractory metal such as
aluminum, (12)., This should ebu done 0. both sqmples and

Standards alike, - :oooon o R O P

43., Molybdenumml* m*nace lechr,uque

43,0 Requirements:: o2 o 0
43,11 ()pztmum C onwntmmm Rcmge ¥ 10 60 ug/L (see

: Note L0§)..»

4312 Detéctwn ],zmzt 1 ug/L o

' N(SH’ l()f;»—”l he wncentlatmn valtes and instritment donditions are
for a Perkin-Elmer HGA-2100, based on the use of a 20-uL injection,
continuous flow plifge gas 4nd pyrolytic graphite.

43.2 Preparation of Standard Solution: .

432, 1 Stock Soiutwn-——P;upaue as described undw “direct

. agpiration method”,

43.2.2 Prepare dllutmhs‘ of the stock so]u’uon to be used as
calibration standards at the time of analysis. These ¢ solutions

“até also to be used for “standard additions”;

43.2.3 The calibration standard should be diluted to con-
tain 0.5.% (v/v) HNO,. . S e
43.3 General Instrument Parame/ers
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43.3.1 Drying Time and Temperature—30 s at 125°C,

43.3.2 Ashing Time and Temperature—30 s at 1400°C. |

43.3.3 Atomizing Time and Temperature—15 s at 2800°C,

43,34 Purge Gas Atmosphere—Argon.

43.3.5 Wavelength—313.3 nm.

43.3.6 Other operating parameters should be set as epwh
fied by the particular instrument manufacturer,

Note 107—Background correction may be required if the sample
contains high dissolved solids,
Nore 108—The use of nitrogen as a purge gas is not recommended.

43.4 Analysis Procedure~For the analysis procedure and
the caleulation, see “Furnace Procedure,” 11.3,

NoTe 109—For every sample matrix analyzed, verification is neces-
sary to determine that the method of standard additions is not required

(see 6.2,1),
Nore. 110—If the method of standard addmons is required, follow

the procedure given in 10.5,

44, Nickel—Direct Aspiration

44.1 Requirements:

44.1.1 Optimum Concentration Range 0.3 t0.5 mg/L
using a wavdmgth of 232.0 nm (see Note 111).

44,12 Sensitivity, 0.15 mg/L.

+44.1,3 Detection Limit, 0,04 mg/l..

Nore 111—For levels of nickel bélow 100 ug/L, either the Specml
Extraction Procedure, given in 11.2, ot the furnace technique is
recommended.

44.2 Preparation of Standard Solution:

44.2,1 Stock Solution—Dissolve 4.953 g of nickel nitrate,
Ni(NO,),-6H,0 (analytical reagent grade) in deionized dis-
tilled water, Add 10 mL of concentrated nitric acid and
dilute to 1 L with deionized distilled water. | mL = [ mg Ni
(1000 mg/L).

44.2,2 Plepzue dilutions of the stock nickel solution to be
used as calibration standards at the time of analysis. The
calibration standards should be prepared using the same type
of acid and at the same concentration as that of the sample
being analyzed either directly or after processing,

44.3 Genergl Instrumental Parameters:

44.3.1 Nickel Hollow Cathode Lamp., .

44.3.2 Wavelength—232,0 nm,

44,3.3 Fuel—Acetylene.

44,3.4 Oxidant—Air.

44.3.5 Type of NamewOmdmng ‘

44.4 Analysis Procedure—TFor analysis procedure and calu
c,ulatlon, see “Direct Aspiration”, 11,1,

44.5 Interferences——The 352.4-nm wavelength is less sus-
ceptible, to interference and may be used. The calibration
curve is more linear at this wavelength; however, there is
some loss of sensitivity, , .

45, Nickel—-Furnace Technique. .

45.1 Requirements:

45.1.1 Optimum Concentration Range 5 to 100 pg/L (see
Note 112). . .

. 45.1.2 Detection L. zmlz Iopg/L.

NoTE 112—The concentration values and instrument conditions are
for.a Peckin-Elmer HGA-2100, based on the-use of a 20-uL injection,
eontinuous flow purge gas and pyrolytic graphite, Smaller sized furnace
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devices or those employing faster rates of atomization can be operated
using lower atomization temperatures for shorter time periods than the
recommended settings.

45.2 Preparation of Standard Solution;

45.2.1 Stock Solution—Prepare as described under “direct
aspiration method,”

45,22 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. These solutions
are also to be used for “standard additions.”

45.2.3 The calibration standard should be diluted to con-
tain 0.5 % (v/v) HNO,,

45.3 General Instrument Parameters:

45.3.1 Drying Time and Temperature—30 s at 125°C.

" 45.3.2 Ashing Time and Temperature—30 s at 900°C,
45.3.3 Aiomizing Time and Temperature—10 s at 2700°C
45.3.4 Purge Gas Atmosphere——Argon.

45.3.5 Wave/(’nglh—232 0 nm.

45,3.6 Other operating parameters should be set as qpecn«
fied by the particular instrument manufacturer,

Note 113-~The use of background correction is recommended,
" Note 114—Nitrogen may also be used as the purge gas. ‘ i
45,4 Analysis Procedure—For the analysis procedure and
the calculation, see “Furnace Procedure”, 11.3. :

. NoTE 115-For every sample matrix analyzed, verification is neces-
sary to determine that the method of standard additions is not required

(see 6.2.1).
Nor1e- 116—If the method of standard addltxons is requlred follow

the procedure given in 10,3,

46, Potas&;iumf——l)irect Aspiration '

46.1 Requirements:
 46.1,1 Optimum Concentration Rangem«()l 10 2 mg/L
using a wavelength of 766.5 nm (see Note 117),

46.1.2 Sensitivity-~0.04 mg/L..

46.1.3 Detection Limit—0.01 mg/L.

Nots: [17--The 404.4-nm ling may also be uséd, "l“hls ling. has a
relative sensitivity of 500, )

46.2 Preparation of Standard Solu/wn

46.2.1 Stock Solution—Dissolve 0,1907 g of I(Cl (ana~
Iytical reagent grade), dried at 110°C, in deionized distilled
water and make up to 1 L. 1 mL = 0,1()'mg K. (100 mg/L).

46.2.2 Prepare dilutions of the stock solution to be used as
calibration'standards at the time of analysis. The calibration

standards shiould be prepared using the same type of acid

and at the same concentration as that of the sample bemg
analyzed either direcily or after processing.

46.3 General Instrumental Parameters:

46.3.1 Potassium Hollow Cathode L amp

" 46.3.2 Wavelength--766.5 nm.

46.3.3" Fuel—Acetylene.

46.3.4 Oxidant—AiY,

46.3.5 Type of Flame—-Slightly ox1d1zmg

46.4 Analysis Procedure-For analysis procedure and cal-
culation, see “Direct Aspiration”, 11.1,

Norr [18—In air-acetylene or other hlgh temperature flames
(>>2800°C), potassium can experience partial ionization which indirectly
affects absorption sensitivity, The presence of other alkali salts in the
sample can reduce this. jomization. and thereby enhance analytical
results. The ionization suppressive effect of sodium is small if the ratio of
Na to K is under 10. Any enhancement due to sodiura can be stabilized
by adding excess sodium (1000 pg/ml) to both sample and standard
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solutions. - If smore stringent-control of- {onization is required,. the
addition of cesivm: should be considerad. Rcagcnt ‘blanks should be
analyzed to correct for potassium impurities in the ‘buffer stock, .-

Nore 119—To cover ‘the range of potaq‘slum values normally
observed m surface waters (0.1 to 20 mg/L), it is. suggmted that the
burnef head be rotited. ‘A 90 fotation of the burner head provides
appmxlmdtely one—ughth the nm mal semmvuy

47, Selumummrumace chhmque

47.1 Reqmrements"

47.1.1 Optimuni C. oncentration Kcmge, S to 1()0 ug/L (see
Note 20).

47.1.2 Detection Lzmzi 2 pg/’I

Norr 120—The above concentration values and instrument condi-
tions are for a Perkin-Elmer. HGA-2100, based on the use of a 20-ul,
injection, continuous flow purge gas, and non-pyrolytic graphite. Smaller
sized furnace devices or those employmg faster rates-of atomization can
be operated using Jower atomization u’:mpcmtums f'or shor“wr tlme
periods than the hhove recomrneudcd seﬂmgs

47.2 Prepamtton oj .Standard Solution:

47.2.1 Stock' Selenium Solunoanmsolve 0.3453 g of
selenous acid (actual assay 94.6 % H»;Sg()a) in deionized
distilled water and make up to 200 mL 1 mL =1 mg’ Se
(1000 mg/L).:

47.2.2 Nickel Nitrate. Solutwn 5 %—Dwsolve 24,780 g of

ACS reagent . grade. Ni {INOj), « 6H,0 in deionized distilled
water and make up to 100 mL.

47.2.3 Nickel Nitiitte Solution, | %-—Dilute 20 mL of the
5 % nickel nitrate to 100 ml. with deionized distilled ‘water,

47.2.4 Working Selenium Solution—Prepare dilutions of
the stock solution to be used ‘as calibration standards at the
time of analysis. Withdraw appropriate aliquots of the stock
solition, add 1" mL: of conicentrated HNOs; 2 tal. of 30 %
H,0, and 2 mL of the 5 % nickel hitrate Solution, I)llute to
100 mL with deionized distilled’ water. P

47.3 Sample Prepardtion: ' ‘

47.3.1 Transfer 100 ml, of well-mixed sample to a 250-
mL Griffin beaker, add 2 mL of 30 % H,0, and sufficient
concentrated HNO, to result in an acid concentration of 1 %
(v/v). Heat for 1 haat 95"(‘ or until the volume is slightly less
than 50 mL. = .. .

473, 2.Cool and, bung back to 50 mL with deionized
dmllled water, - e

47.3.3 Plpct 3 mL of 1111‘; dlgestcd solutlon into a 10 mL
volumetric ﬂask,, add 1 mL ofithe 1. % nickel nitrate solution
and dilute to 10~mL  with deionized - distilled water, The
samplc is now ready for ll’leCUQl’l into the furnace.

NoTE [21-If solubilization oF dnge:stmn is not* required, adjust the
HNO; concentration of the saniple to"1 %. (v/vyand add 2 mL of 30 %
H,0, and 2 mL of 5 % nickel nitrate-td; ‘each-100- ml, of sample. The
volume of the calibration standard should be adjusted. with deionized
distilled water to match the volume change of the sample.

47.4 Instrument Parameéters: R

47.4.1 Drying Titne and femperdturew?o s at 125°C.

47.4.2 Charring Time'and Temperaturé—30 s at 1200°C,
. 47.4.3 Atomizing Time-and Temperature—10 s.at 2700°C.
4744 Purge Gas.Atmosphere-—Argon.

“471.4.5 Wavelength—196:0 nm. .+ <

“'47.4.6 Other operating parameters should be set as spucn-
ﬁod by the’ parncgldr Tnstrinient manufacturer

Note 122-<The use of background Corréction 16 recommended
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47.5. Anadysis Procedure~For the analysis proc:edure and
the calculation see “Furnace Procedure;” 11.3.

‘Note’ 123-~Selcmum analysfs sufferrs ' nterferetice” from _chlorides
(>+800 mg/L) and sulfiité 200 mg/L). For thé analysis of industrial
effluents and samples with concenitrations of siilfate from 200 to 2000
mg/L; beth eamplee and standards Sh()llld be prepared to comam l %
nickel. : ro

NOTE 124~——l~0r every mmplc matnx analymd venﬁcmmn is neces-
sary to determine that the method of standard adclltwns is not required
(see 6.2.1).

i NotE 125-—If the method of standard addltlons is required, follow
the prou:dure ngen in 10.5.

48. S)e]emumm—(mwous lIydrlde

48.1 Scope and Applzcanon-mThc gaseous hydudc method
dx,telmmes inorganic selenium when present in concentra-
tions at or above 2 pg/L., The test method is applicable in the
absence of high concentratiois of chmmlum, cobalt coppcr,
mercury, molybdenum, nickel, and silver.

48,2 Summary of Test Method—-Selenium jn the sample
is reduced from the +6 oxidation state to the +4 oxidation
state by the addition of SnCl,. Zinc is added to-the acidified
sample; producing Hydeogen and converting the Selenium to
the hydride, :8eH;. The gdaseous selenium: hydride is swept
tnto an argon-hydrogen flame of an atomic absorption spec-
tr ophotometer The working range of the test method is 2 to
20 pg/L using the 196.0-nm wavelength,

48.3 Discussion: .

48.3.1 Tn analyzmg dunkmg water and most surface and
ground waters, interferences are rarely encountered. Indus-
trial waste samples sheuld be spiked with a known amount
of seleniuim 10 establish adequate recovery.

*48.3.2 Organic forins of selenium must be c0nver1ed to an
inérganic form and orgamc matter must be oxidized before
begirining thé analysis. The oxidation procedure given in

.Procedure 4.1 of Method 206 5 should b(, used (13)

'48.4° References’ *

"48.4.1 Except for the pelchlornc acid step, the procedure
to be'used for this determination is found in Standard Meth-
ods for the hxammatzon of Water and Wastewater (14). -

49, Silver—Direct Aspiration

49.1 Reguirements:
49.1.1 Optimum Concentration Range, 0.1 to 4 mg/L
using a wavelength of 328.1 nm (sée Note‘s 12( and 127)
49.1.2 Sensitivity, 0.06 mg/L. ‘
. 49.1.3 Detection Lzmir 0.01 mg/L

N(m 12( —-For levels{of sxlver bclow 30 ug/l elther the Specxal
Extractlon Pmccduw, gwcn in 11.2 or tha furnace pmcedure is Tecom-
mended

“Notp 127The 3382-nm wavelmlgth may also be used. This kas a
relative sensitivity of 2.

49.2 Preparation of Standard Solutirm

49.2.1 Stock Solution—Dissolve 1.575 g of AgNOj, (ana-
lytical reagent grade) in deionized distilled water, add 10 mlL
concentrated HNO,; and make up tol L, 1 mL m= | mg Ag
(1000 .mg/L.). . :

NotE 128~Silver nitrate standards are light sensitive, Dilutions of
the stock should be discarded after use as concentrations below 10 mg/L
are not stable over loug petiods of time,

4922 Pr epate dilutions of the stock solution to be-used as
calibration stindards at the time of analysis. The calibration

oy
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standards should be prepared using nitric acid and at the
same concentration as that of the sample being analyzed
either directly or after processing.

49.2.3 lfodine Solution (1 N)—Dissolve 20 g of potassium

iodide, KI (analytical reagent grade) in 50 mL of deionized .

distilled water, add 12.7 g of iodine, I, (analytical réagent
grade) and dilute to 100 mL., Store in a brown bottle.

49.2.4 Cyanogen lodide (CNI) Solution—To 50 ml of
deionized distilled water add 4.0 mL concentrated NH,OF,
6.5 g KCN, and 5.0 mL of 1,0 N [, solution, Mix and dilute
to 100 mL with deionized distilled water. Fresh solution
should be prepared every 2 weeks,

49.3 General Instrumental Parameters.

49.3.1 Silver Hollow Cathode Lamp.

49,32 Wavelength—328,1 nm,

49.3.3 Fuel—Acetylene,

49.3,4 Oxidant—Air. \

49.3.5 Type of Flame-—Oxidizing.

49.4 Analysis Procedure—For the analysis procedure and
the calculation, see “Direct Aspiration,” [1.1,

NoTE 129—If absorption to container walls or the formation of AgCl
is suspected, make the sample basic using concentrated NH,OH and add
1 mL of (CNI} solution per 100 ml of sample, Mix the sample and
allow to stand for 1 h before proceeding with the analysis,:

. Silver—Furnace Technique

50 L Requirements:

50.1.1 Optimum Concentration Range—l to 25 pg,/f (';u.a
Note. 130).
© 50.1.2 Detection Limit—0.2 pg/L.

Norg 130-~The concentration values and instrument conditions are
for a Perkin-Elmer HGA-2100, based on the use of a 20-ul. injection,
continuous flow purge gas and nonpyrolytic graphite. Smaller sized
furnace devices or those employing faster rates of atomization can be
operated using lower atomization ternperatures for shorter time periods
than the above recommended settings.

50.2 Preparation of Standard Solution:

50.2.1 Stock Solution—Prepare as described under “direct
aspiration method,”

50.2.2 Prepare dilutions of the stock solution to bc, used as
calibration standards at the time of analysis, These solutmn‘;
are also to be used for “standard additions.”

50.2.3 The calibration standard should be diluted to con-
tain 0.5 % (v/v) HNO,, . p C

Notg 131—The use of halide acids should be avoided.

50.3 General Instrument Paramelers: :

50.3.1 ‘Drying Time and Temperature~—30 s at 125° C

50.3.2 Ashing Time and Temperature—30 s at 400°C.,

50.3.3 diomizing Time and Temperature—10 s at 2700°C

30.3.4 Purge Gas Atmosphere—Argon, -

50 3.5 Wavelength—328.1. nm,

0.3.6. Other operating parameters should be set as c.pecl-

ﬁed by the particular instrument manufaauxu ‘

Note 132—Background correction may be mqulmd if thc sample
contains high dissolved solids,

504 Analysis Procedure—For the analysis procedure and
the calculation, see “Furnace Pmceduw,” 11.3 (see Notes 3,
5,6, and 7,

NoOTE 133—If adsorption to container walls ar formation of Ag,Cl is
suspected, see the Direct Aspiration Method,

NoTE 134—For every sample matrix analyzed, verification is neces-
sary to determine that the method of standard additions is not required
(see 6,2.1),

Nore 135—If the method of standard additions is required, follow
the procedure given in 10,5, }

51. Sodium—Direct Aspiration
SLU Requirements: : :
51.1.1 Optimum Concentration Range, 0,03 to 1 mg/L
using a wavelength of 589.6 nm (see Note 136) :
51.1.2 Sensitivity, 0.015 mg/L.
31.1.3 Detection Limit, 0,002 mg/L.
Notg 136—The 330.2 nm resonance ling of sodium, which has a

relative sensitivity of 185, provides a convenient way to avoid the necd
to dilute more concentrated solutions of sodium.

512 Preparation of Standard Solution:

51.2.1 Steck Solution—Dissolve 2,542 g of NaCl (ana-
Iytical reagent grade), dried at 140°C, in deionized distilled
-water and make up to 1 1. | mL = [ mg Na (1000 mg/L),

51.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration
standards should be prepared using the same type of acid
and at the same concentration as that of the sample being
analyzed either directly or after processing. .

513 General Instrumental Parameters:

- 51.3.1 Sodium Hollow Cathode Lamp

51.3.2 Wavelength—589.6 nm.

51.3.3 Fuel—Acetylene,

- 51.3.4 Oxidant—Adlr, w
51.3.5 Twpe of F lame—()mchzmg E S
Notre 137--Low-temperature flares increase sensitivity by reducmg

the extent of ionization of this casily ionized metal. [onization may also

be controfled by adding potassmm (1000 mg/L) to both standards .md

samples,

51.4 Analysis Procedurc——l““ or analyqs procedure and cil-
culation, see “Direct Asptmtxon,” 11.1; ;

52, Imelwct Aspiration

52,1 Requirements: ’ ' )

52.1.1 Optimum Conmn/mtzon Range, 10 to 300 m,g./L
uging a wavelength of 286.3 nm (see Note 138) ~

52.1.2 Sensitivity, 4 mg/L.

52.1.3 Detection Limif, 0.8 mg/L..

Note 138—For concentrations of tin below 2 meg/L,
procedure is recommended,

52.2 Preparation of Standard Solution.

52.2.1 Stock Solution—Dissolve 1.000 g of tin mt,tal (an-
alytical reagent grade) in 100 mL of concentrated HCl and
dilute to 1 L with deionized distilled water. 1 mlL = 1. mg Sn
(1000 mg/L).

52.2.2 Prepare dilutions of the stock im soluuon to be used
as calibration standards at the time of analysis. The calibra-
“tion standards should be prepared using the same type of
acid and at the same concentration as that of the sample
being analyzed either directly or after plocessmg

52.3 General Instrumental Pararmeters:

52.3.1 - Tin Hollow Cathode Lamp.

52.3.2 Wavelength--286.3 nm.

52.3.3 Fuel--Acetylene,

52,34 Oxidani—Nitrous oxide.

52.3.5 Type of Flame—Fuel rich. ©

the. fufne,qe
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V52,4 Analysis Procedure—Yor the analysis procedure. and
the.calculation, see “Direct Aspiration,” 11.1. -

53, Tin—Furnace Technique

53,1 Requirements: ,

53.1.1 Optimum Concentration .Range, 20 to 300 pg/L.
(see Note 139),

5’% 1.2 I)electzon Lzmzt ne/l.

‘Nore 139—The conmntrau,on‘ values dand instrument conditions are
for a Perkin-Elmer HGA-2100, based on the use of a 20 ul, injection,
continuous flow purge gas .md non-pyrolytw graphite. Smaller sized
furnace devices or those employing faster rates of atomization can be
operated using lower atomization mnpma‘mrc‘; for shorter time periods
than‘the recommended settings:

53.2 Preparation of Standard Solution:

53.2.1 Stock So lunonMPrcmre as descrlbed under “direct
aspxmuon method”,

53.2.2 Preparte dilutions of the stock solution to be used as
calibration standards at the time of andlysis. These solutions
‘are also to be used for “standard additions”.

53.2.3 The calibration stamlald should be diluted to con-
tain 2 % (v/vY HNO;. - :

53.3 Insirument Parameters:

53.3.1 Drying Time and Temperature-—30 s at 125°C,

53.3.2 Ashing Time and Temperaiure—30 s at 600°C,

53.3.3 Atomizing Time and Tempergture—10 s at 2700°C.

53.3.4 Purge Gas Atmosphere—Aron.

53.3.5 Wavelength--224.6 nm,

53.3.6 Other operating parameters should be sct as speci-
fied by the particular instrument manufacturer.

“Noti 140-=The s of background correction is recommended.
Nou; 141--—N1trogen may also be uqed as the purge gas.

53.4 Arzal ysis Procedure—For the cmalysm proccdure and
the calculation see “Turnace Procedure,” 11.3,

Note 142—Tin analysis is sensitive to chlotide concentration. If

chloride concentration presents a matrix problem or causes a loss pre-
vious to atomlzauon, add an excess of 3 mg.of animonium nitrate to the
furnace and ash using a ramp necessary ot with incremental steps until
the recommended aahmg temperature is reackied. thcnded ashing times
havé been re:pdrtéd to'imiprove: precision.

Note 143-=For evéry sample miteix analyzed, verification is neces-
sary to determine that the mcihod of standard additions is not required
(see 6,2.1).

Notk 144-If the method of standard additions is required, follow
the procedure given in 10,5,

54, Titanium—Direct Aspiration

7541 Requzreme“nts

54.1.1 ‘Optimum Cosncentration Range 5 to 100 nig/L
using & wavelergttiof 365.3 nm (see Note 145).

54.1.2 Sensitivity, 2 mg/l..

54 1. 3 Detectwn Lzmzt O 4 mg/L.

Nmn I45—l"or comentmuons of utamum below 1.0 mg/L, the
fm tiace pruuedure is. reuommended

54.2 Prepamnon of Standam’ bo/umm,

54.2.1 Stock Solution—Pissolve:4.008 g of titanium sul-
fate, Tin(SO.)s, in dilute. HCL angd make up to 1 L with
deionized distilled water. I mI =:1 mg Ti (1000 rog/L).

54.2.2 Potassium Chloride Solytion—Dissolve 95 g potas-
stum chloride, KCl, in distilled water and makeup to 1 L.

54,2.3 Prepare dilutions of the stock titanium solution to

be used as calibration standards at the time of analysis. The
calibration standardys should be prepared using the same type
of acid and at the same concentration as that of the samiple
being analyzed either directly or after processing, To each
100 mL. of standard and sample alike, add 2 mL of potassuun

.chloride solution. Y

54,3 General Instrumental Parameters:

54.3.1 Titanium Hollow Cathode Lamp.

54.3.2 Wavelength—365.3 nm, o

54.3.3  Fuel—Acetylene, ‘

54.3.4 -Oxidani-Nitrous oxide.

54.3.5 Type of Flame-Fuel rich,

54.4 Analysis Procedure—For the analysis procedure :md
the calculation, see “Direct Aspiration,” 111,

54,5 Interferences—A number of elements.incrcase the
sensitivity of titanium. To control.this problem, potassivm
(1000 mg/1.) must be added to bldnddlda and- s‘lmpICS alike

(13).
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55. Titanium Furnace 'I‘eéhgique "

55.1 Requirements:

"55.1.1 Optimum Concentration Range, 50 to 500 pg/L
(see Note 146)..

55.1.2 Detection Limit, 10 ug/L

Norp 146—The above concentration values and instrument condi-

tions are for a Perkin-Elmer HGA-2100, based on the use of a 20-uL,
injection, continuous flow purge gas and pyrolytic graphlte :

55.2 Preparation of Standard Solution:

55.2.1 Stock Solutwn-—Pl cpare as descubcd under “direct
aspiration method,”

55,22 Prepare dilutions of the stock solutith to be uscd as
cahbratmn standards at the time of analysis. '

“55.2:3 The calibration stundardy stiould be prepamd using
the same type of ,a(,ld and at the same, conce;ntraﬂon as that

of the sample being analyzed either directly or aftér process-

ing.
55.3 General Instrument ‘Parameters:
55.3.1 Drying Tinié and Temperature—30 s at 125°C
55.3.2 Ashing Time and Temperature—30 s at 1400°C.
55.3.3" Atomizig Time und Temperature——15's at ZSOO“C
55.3.4 Pusge Gas Atmosphere—~Argon,
55.3.5 Wavelength—-3654 nm, '
55.3.6 Other operating parameters should be set as speci-
fied by the particular instrument manvfacturer.
Note 147m]3ackgrouncl corrdetion tay be required if the samplc
contains high dissolved solids,

Noze 148—Because of possible chomlcal mtcmctjons, mlmgen should
not be used as the purge £as,

8§54 Analyszs Procedure—;l” or the fmalysis proceduw and
the calculahon see “Furnace Procedure,” 11.3.

Nore 149—For every sample matrik analyzed, verification is neces-
sm y to determine that the méthod of standard additions is not required
(see 6.2.1).
Noti 150--If the method of standard additions is required, follow
the procedure given in 10.5.

56, Vanadivm-Direct Aspiration

56.1 Requirements:

56.1.1 Optimum Concmtrauon Range—2 to 100 mig/1.
using a wavelength of 318.4 nm (see Note 15 b

56.1.2 Sensitivity—0.8 mg/L.. ‘
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56,1,3 Detection Limit—(,2 mg/L.

- Nore [51—For concentrations .of vanadium below OS mg/I
furnace procedure is recommended.

56.2 Preparation of Standard Solution:

56.2.1 Stack Solution—NDissolve 1.7854 g of vanadium
pentoxide, V,0s (analytical reagent grade) in 10 mL of
concentrated nitric acid and dilute to 1 I, with deionized
distilled water, 1 mL = 1 mg V (1000 mg/L).

56.2,2 Aluminum Nitrate Solution—Dissolve 139 g alu-
minum nitrate, AANO,;);-9H,0, in 150 mL of deionized
distilled water; heat to effect solutlon Allow to cool «md

make up to 200 mL.

56.2.3 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis, The calibration
standards should be prepared using the same type of acid and
at the same concentration as that of the sample being analyzed
gither directly or after processing. To each 100 mL of standard
and sample alike, add 2 mL of the aluminum nitrate solutmn

56.3 General Instrumental Parameters:

56.3.1 Vanadium Hollow Cathode Lamp

56.3.2 Wavelength—318.4 nm.

..56.3.3 Fuel—Acetylene., -

56.3.4 Oxidam—Nitrous oxide,
" 56.3.5 Type of Flame—Fuel rich.

-56.4- Analysis Procedure-For the analysis prooedure and
1he calculation, see “Direct Aspiration,” {1.1..

- 56,5 .1 nterfcr@ncm—-lt has been reportcd that high concen-
1rd‘uom of aluminum and titanium increase the sensitivity of
vanadium, “This interference can be controlled by adding
€Xcess dlummum (1000 ppm) 10 both samplw and standards
(16). ; .

57. Vanadium_—-—-F urnace Technique
57.1 Requirements:

57.1.1 Optimum Concentration Range, 10 to 200 ug/1..

(see Note 152).
57.1.2 Detection Limit, 4 yg/l.

. culanon, see “Dnect Asplrauon,” 11,1,

NoTE 152-~The above concentration valueq and mstr“umc:m condx- s

tions are for a Perkin-Elmer HGA-2100, based on the use of a 20-ul,
injection, continuous flow purge gas and pyrolytic graphite. Smaller
sized furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time
periods than the above recommended settings,

57.2 Preparation of Standard Solution:

57.2.1 Stock Solution—Prepare as described under “direct
aspiration method.”

57.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. These solutions
are also to be used for “standard additions,”

57.2.3 The calibration standard should be diluted to con-
tain 0.5 % (v/v) HNO;.

37.3 General Instrument Parameters:

57.3.1 Drying Time and Temperature—30 s at 125°C,

57.3.2 Ashing Time and Temperature—30 s at 1400°C.,

57.3.3 Atomizing Time and Temperature—15 s at 2800°C.

57.3.4 Purge Gas Atmosphere——Argon.

57.3.5 Wavelength—318.4 nm.,

57.3.6 Other operating parameters should be set as speci-
fied by the particular instrument manufacturer.

" Note 153—Background correction may be required if the sample
contains high dissolved solicls.
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Notz 154—Because of possible chemical interaction, nitrogen should

~not be used as the purge gas.

574 Analysis Procedure—For the analysis procedure and
the calculation, see “Furnace Procedure,” 11:3.
Note 155—For every sample matrix analyzed, verification is neces-

sary to determine that tha method of standard addltmm is not required

(see 6,2.1).
NotE 156-If the method of standard additions is requxred follow
the procedure given in 10,5,

58. Zinc—Direct Aspiration ‘ ' e,

58.1 Regquirements:

58.1.1 Optimum Conceniration R{mge, 005 to 1 mg/L
using a wavelength of 213.9 nm (see Note. 157).

58.1.2° Sensitivity, 0.02 mg/L.

58,0.3 Detection Limit, 0.005 mg/L.

Nore 157--For concentrations of zine below 0.01 mg/L, either the
Special Extraction I’mcedurc or the Tumac(' Pmcadnre, is recorm~
mended, : .

58.2 Preparation o f Smndard Solutmn

58.2.1 Stock' Solution—Carefully weigh 1.00 g of zinc
metal (analytical reagent grade) and dissolve cautiously in 10
ml HNO;, When solution is complete make up to I L, with

deionized distilled water. | mL =-1 mg Zn (1000 mg/L).

58,2.2 Prepare ditutions of the stock solution o be used as
calibration standards at the time of analysis, The calibration
standards should be.prepared using the same type of acid
and at the same concentration as that of the ‘;amplu bmng
ana1y7cd cither directly or afier proccssmg """"

©58.3 Instrumental Parameters:
58.3.1"Zinc Hollow Cathode Lamp,”

58.3.2 Wavelength—213.9 nm.

58.3.3 Fuyel--Acetylene, e

58.3.4 Oxidant—Air, . o
- 58.3.5. Typer of Hame««w()mdmn;, .

58.4 Analysis Procedure—Yor dnalysm procedure and cal-

.Norg 158—H1gh levels of silicon may mlcrfcrc o

NotE 159~+The air-acetylene ﬂamc: absorbs about 25 % of'the energy
at the 213.9 nm line. i

Notg 160—The sensitivity may bc mcrcased by the use of low-
temperature flames.

NoOTE 161—Some sample container cap liners can be a source of zine
contamination. To circumvent or avoid this problem, the use of
polypropylene caps is recommended.,

59, Zinc—Fuarnace Technique

59.1 Requirements:

39.1.1 Optimum Concentration Range-—0.2 to 4 ug/L (sce
Note 162).

59.1.2 Detection Limit—0.05 pg/l.. ‘

Nore 162--The concentration values and instrument conditions are
for a Perkin-Elmer HGA-2100, based on the use of a 20-uL injection,
continuous flow purge gas and non-pyrolytic graphite. Smaller sized
furnace devices or those employing faster rates of atomization can be
operated using lower atomization temperatures for shorter time periods
than the recommended settings,

59.2 Preparation of Standard Solution:

59.2.1 Stock Solution-Prepare as described under “Direct
Aspiration Method.”

59,2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. These solutions
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are also to.be used for “standard additions.”
59.2.3 The calibration standard should be diluted to con-
fain 0,5 % (yV)HNO,. o
59, ‘5 Genera[ Instrument, Parameierv
59.3.1 Drymg Time and TemperazureMBO s at 125°C,
,59 3.2 “Ashing Time dnd Temiperature—30 s at 400°C.
'59.3.3 " dtomizing Time dnd Témperature—10 s at 2500"(3
- 59.3,4 Purge Gas dtmosphere—~Argon.
59.3.5 Wavelengthwzw 9 nm.
59.3.6 Other operating parameters should be set as speci-
fied by the particular instrument manufacturer,

Note 163—The use of background correction'Is recominended,
Note 164-—Nitrogen may also be' used a8 A purge pas.

59.4 Analysis Proéedure—For the analysm pmcedure and

P

(1) Atomic Absorption Newsletter, Vol 14, No. 5, Sept. and Oet.,

Perkin-Elmer Corp., Norwalk, €T, 1975, p. 127, .

(2) AmmchbAmplwn Newvletter Vol 6, 1967, P 128

(3} Atorie Absorption Newsletter, Vol 5, 1966, p. 17,

(4) ‘Stiindard Methods for the Exavination of Waier and Wastewater,
* 14th ‘Bd. Method' 301A (VIl), American Public Health Adsn.,
Amigrican Water Works ‘Assn. and Water Polluuon Comrol Feder-
ation, 1975, 9. 159, &

* (8) Spectrochiviica.Actn; Vol 22, Pergamon Pre:ss, 1966, 1325.

(6) Standard Methods for the F,xammauon of Water and Wastewatcr,
C14th Bd, 1975, p. 17700 o s

(7y Atomic Abs‘orptwn Newv/euer, Vol 14 1975, Pp. 29.

(8) Talania, Vol 20, An International Journal of Analytmal Chcmlsiry,
Pergamon Press, Inc. Journals Dmsxon, Maxwell House, Fairview
Park, Elmford, NY 10523 1973 p 631 )

the calculation, see “Furnace Procedure,” 11.3, ¢

i+ NOTE -1654--The hnalysis of zihe by the graphite farnace is extremely
sensitive and very subject to contarhination fromithe work dred,
reagents, and pipet tips, Since all these factors affect the precision and
aceuracy, zine should. be analyzed by the dmzct mpxratmn procedure

<whcncvu possible,

+ Note 166--For évery sample matriy analyzed, verification is neces-
saty.to determirie that the method of standard additions is not required
(see 6.2.1). C

NoTE. 167wIf the method of btandard additions is requxred follow
the procedme given in 10,5, ‘

60. Precmon and Bias

60.1 Precision and bias data for the methods descnbed on
RDF are nol: avallable at this time.

RE ERENCES" o o S

(9 Standard Methods for the Examination of Water and Wastewater,
14th Ed., 1975, p. 192,

(10) Atomic Abvorptzon Neweleuer, Vol 15 No. 3, May and Jun¢ 1976,
p. 7.

(11) Kopp, J. F., Longbottom, M. C., and Lobring, 1. B, “Cold Vapor
Meihod fm Determining Mercul‘y » Anerican’ Water Works
Assoc., Vol 64, Jan, 1971, p. 20,

(12) Analytx‘cal Chimica Actd, Yol 44, Elsevier ‘Scientific Publishing

Co., Box 211, 1000 AE; Amsterdam, Netherlands, 1969, p. 437.

(13) Standard Methods for-the Examination of Water and. Wa.viewater,

- 14th Ed., 4048, 1975, p. 285...
(4) Standard Methpds for the I:xammatmn of Water and Waswwater
" '14th Ed,, Method 301A (VID, 1975, p. 159, .
5} Atomic Absorptzon Newsletter, Vol 6, 1967, p. 86.
(16) Talania, Oxford/NY, 1968, p. 871,

The Amsrlcan Soclaly for Teating and Materials takes no position respecting the validity of any pamnt rlgms asserted in connecrian
with any llem mentioned in this stafidart, Users of this standard are expressly advised that determination of the valldlty of ‘any such
pa!om rlghfs, and the tisk:of mfrlngemem o/ such rights, are entirely their own respansibility. N

L
i

Thls $tandard Is subiect to revision &t any time by the respansible technical committee and must be reviswed every five years and
if not revised, either reapproved or withdrawn. Your commants are invited elther for revision of this standard or for additional standards
and should-be addressed to ASTM Heéaddquarters, Your comments will racelve careful consideratiorat a meeting of the responsible
technical commitiee, which you may attend, Hf you feel thét your comments hive rot reGeived a_tair hmrmg you should ake your
views known to the ASTM Oommltree of Etanda/d's, 7916 Race St., Phl/gct@lphm, PA 19103,
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QHI Designation: E 96 - 95

Standard Test Methods for

Water Vapor Transmission of Materials’

This standard is issued under the fixed designation E 96; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval,

This standard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopted by the Department of Defense.

Note—Table | was corrected editorially and the year date was changed on March 6, 1995,

1. Scope

1.1 These test methods cover the determination of water
vapor transmission (WVT) of materials through which the
passage of water vapor may be of importance, such as paper,
plastic films, other sheet materials, fiberboards, gypsum and
plaster products, wood products, and plastics. The test
methods are limited to specimens not over 1V4 in. (32 mm)
in thickness except as provided in Section 9. Two basic
methods, the Desiccant Method and the Water Method, are
provided for the measurement of permeance, and two
variations include service conditions with one side wetted
and service conditions with low humidity on one side and
high humidity on the other. Agreement should not be
expected between results obtained by different methods.
That method should be selected which more nearly ap-
proaches the conditions of use.

1.2 The values stated im inch-pound units are to be
regarded as the standard. Metric inch-pound conversion
factors for WVT, permeance, and permeability are stated in
Table 1. All conversions of mm Hg to Pa are made at a
temperature of 0°C,

1.3 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard o establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 168 Z'Ferminology Relating to Thermal Insulating Mate-
rials

D449 Specification for Asphalt Used in Dampproofing
and Waterproofing®

D 2301 Specification for Vinyl Chloride Plastic Pressure-
Sensitive Electrical Insulating Tape* ,

E 691 Practice for Conducting an Interlaboratory Study to

. Determine the Precision of a Test Method®

! These test methods are under the jurisdiction of ASTM Coramittee C-16 on
Thermal Insulation and are the direct responsibility of Subcommittee C16.33 on
Thermal Insulation Finishes and Vapor Transmission.

Current edition approved March 6, 1995. Published May 1995. Originally
published as E 96 - 53 T. Last previous edition E 96 - 94,

2 Annual Book of ASTM Standards, Vol 04,06,

3 Annual Book of ASTM Standards, Vol 04,04,

4 Annual Book of ASTM Standards, Vol 10,01,

5 Annual Book of ASTM Standards, Vol 14,02,
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TABLE 1 Metric Units and Conversion Factors A8
To Obtain (for the

Multiply by same test condition)
wvr
g/h-m2 1.43 grainsfh- ft2
grains/h- ft2 0.697 g/h-m2
Permeance
. gfPars m? 1.75 x 107 1 Perm (inch-pound)
1 Perm (inch-pound) 572 x 108 g/Pa-s.-m?
Permeability
g/Pa-s:m 6.88 % 108 1 Perm inch
1 Perm inch 1.45 x 10-9 g/Pa-sm

A These units are used in the construction tracde. Other units may be used in
other standards.
B All conversions of mm Hg to Pa are made at a temperature of 0°C.

3. Terminology

3.1 Definitions of terms used in this standard will be
found in Terminology C 168, from which the follovwng 1s
quoted ‘

“water vapor permeabzlzty—the time rate of water vapor
transmission through unit area of flat material of unit
thickness induced by unit vapor pressure difference between
two specific surfaces, under specified temperature and hu-
midity conditions. ‘

DiscussioN—Permeability is a property of a material, but the
permeability of a body that performs like a material may be used.
Permeability is the arithmetic product of permeance and thickness.

water vapor permeance-—the time rate of water vapor
transmission through unit area of flat material or construc-
tion induced by unit.vapor pressure difference between two
specific surfaces, under specified temperature and humidity
conditions.

DiscussioN—Permeance is a performance evaluation and not a
property of a material.

water vapor transmission rate—the steady water vapor
flow in unit time through unit area of a body, normal to
specific parallel surfaces, under specific conditions of tem-
perature and humidity at each surface.”

4. Summary of Test Methods

4,1 In the Desiccant Method the test specimen is sealed to
the open mouth of a test dish containing a desiccant, and the

‘assembly placed in a controlled atmosphere. Periodic

weighings determine the rate of water vapor movement
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through the specimen into the desiccant.

4.2 In the Water Method, the dish contains distilled water,
and the weighings determine the rate of vapor movement
through the specimen from the water to the.controlled

atmosphere The vapor pressure difference is nominally tHe ..

same in both methods except in the variation, w1th extremes
of humidity on opposite sides. i : .

5. Significance and Use

5.1 The purpose of these tests is to obtain, by means of
simple apparatus, reliable values of water “vagor- transfer
through permeable and semipermeable materials, expressed

in suitable units. These values are for use in deign, .

manufacture, and marketing, A permeance value obtained
under one set of test conditions may not indicate the value
under a différent set of conditions. Fof this reason, the test
conditions should be selected that most closely approach the
conditions of use, While any set of conditions may be used
and those conditions reported, standard conditions that have
been useful are shown in Appendix X1.

6. Apparatus

6.1, Test Dish—The test dlSh shall be of any noncorroding
material, imperitneable to water or water vapor. It may be of
any shape. Light weight is‘desirable. A large, shallow dish is
preferred; but ‘its size and weight are limited when"an
analytical balancé is chosen'to detect small weight changes.
The mouth of the dish shall be as large as practical and at
least 4.65 in.? (3000 mm?). The desiccant or watef area shall
be not less than the mouth aréa except'if' a grid is used, as
provided in 12.1, its effective area shall not exceed 10 % of
the mouth area. An external flange or ledge around the
mouth, to which the spec1men may, be attached,, is useful
When shnnkmg or warping oceurs, When the Specimen area
is larger than the mouth area, this overlay upon the ledge isa
source of error, particularly for thick. specrmensa This overlay
material should be masked as_described in 10. 1. s0 that the
mouth area deﬁnes the test area. The ‘overlay material results
in.a posmve £ITor, 1nd1cat1ng excessive water vapor transmis-
sion. The magmtude of the erforis a complex function of the
thickness, ledge width, mouth area, and poss1b1y the perme-
ability, This erfor 19 d1scussed by Joy and Wilson.® This type
of error: should be l1mlted to,about .10, to 2 %, For a thick
specimen the ledge should not exceed ¥ in. (19 mm) for a
10-in, (254-mm) or larger riouith’ (squate 'or cucular) ot s
in. (3 nim) for 4 5din, (127-mm) houth (square of ¢circular).
For a 3-in. (76-mm) motith (square or c1rcu1ar) ‘the, ledge
should hot exceed: 0.11 in. (2.8 ihm) Wide. An allowableé
ledge may be interpolated for intermediate sizes or calculated
according to Joy and Wilson.® A rim around the ledge (Fig,
X2.1) may be useful. If a rim is provided, it shall be not more
than V4 in; (6 mm) higher than the specimen as attached.
Different.depths may be used. for the Desiccant Method and
Water Method,-but a. ¥-in, (19-mm). depth, (below the
mouth) is satrsfactory for elther method: ., ..

6.2 Test Chamber—The room or eabmet where the
assembled test d;lshes are to be placed shall'bave a controlled

[

6Joy, F. A and erson H G “Standardlzauon of the Dish Method for
Measurmg Water Vapor Transmrssmns," National Research Counctl of Canada,
Research Paper 279, January 1966; p. 263.
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temperature and relative humidity. The temperature chosen
shall be between 70 and 90°F (21 and 32°C), and shall be
maintained. constant within 1°F (0.6°C). A temperature of

90°F (32°C) i 18 recommended {(Note 1). The rélative humidity

shall be maintained at 50 .2 %, except whefe extremes of

humidities are desired, when the conditions shall be 100 +
I°F (38 + 0.6°C) ‘gr\nd 90 £ 2% relative humidity. Both
temperature and.relative humidity shall' be measured fre-
duently, or preferably recorded cortinuously, Air shall be
continuously. circulated throughout the chamber, with a

* velocity sufficient to maintain uniform conditions at all test

locations. The. air velocity over. the specimen in feet per
minute shall be,: numencally, not 1ess than ten times the
permeance of the specimen expressed in perms, not ex-
ceeding a maximum of 600 ft/min (3.05 m/s). However, for
designed materials with a permeance of greater thian 55
perms the velocity shall be 550 = 50.ft/inin (2.80 = 25 m/s).
Suitable racks:shall be provided -on which to place the test
dishes within the test chamber.

NOTE I—Slmple temperature control by heatmg alone is usually
made poss1ble 4t'90°F (32°C). However, it is very désirable to enter the
controlled spat ) and'a éomifortable temperature is moré satisfactory for
that drrangement. Temperatures of 73.4°F (23°C) and 80°F (26.7°C) are
in use and are satisfactory for this purpose. With cyclic control, the
average test temperature may be obtained from a sensitive thermometer
in 2mass of dry. sand The temperature of the chamber walls facing a
specrmen over water should not be cooler than the water to avoid
condensation on the test specimen.,

. 6.3 Balance and Wezghzs—The balance shall be sensitive
to-a change smaller than 1 % of the.weight change during the
period when a steady state is considered to exist. The weights
used shall be accurate to 1 % of the.weight change during the
steady-state period. For example: A 1-perm (5.7 X 107!
kg -Paiit-stem7?) specimen 10 in. (254 mm) square at 80°F
(26 J°C) passes 8,6 grains or 0.56 g/day. In 18 days of steady
state, the transfer is 10 g. For this usage, the ‘balance must
have a sensitivity of 1 % of 10 g or 0.1:g and the we1ghts must
be-accurate to 0.1 g, If, however, the\ balance has a sensitivity
of 0.2.g or-.the weights are no better than 0.2 g, the
requirements of this paragraph can be met by contmumg the
steady state for 36 days. An analytical balance that is much
more sensitive will permit more rapid results on specimens
below | perm (5.7 x 10~!! kg-Pa~!.-571-m72). when the
assembled dish is not excessively heavy. A light wire sling
may be substituted for the usual pan to accommodate a
Tarser and héavierlodad: *

7! Materials
7.1 Desiccant and Water:
7.1.1 For'the Desmcant Method anhydrous calcrum chlo-

ride in the form of small lumps that will pass a No. 8

2. 36-mm) sieve, and free of ﬁnes that will pass a No. 30
(600-um) sieve, shall be used (Note 2). It shall be dried at
400°F (200°C) before use.

Nortg, 2-=If Ca012 will “react © chemieally on the specunen, an
adsorbmg desiccint such as silicd gel, activated at 400°F (200°C), may ‘be
uged; but the morsture gam by this desiccant during the test must be
limited to 4 %.

7.1.2 For the Water Method d1st111ecl water shall be used
in the test dish.
7.2 Sealant—The sealant used f‘or attaching the speelmen
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to the dish, in order to be suitable for this purpose, must be
highly resistant to the passage of water vapor (and water), It
must not lose weight to, or gain weight from, the atmosphere
in an amount, over the required period of time, that would
affect the test result by more than 2 %. It must not affect the
vapor pressure in a water-filled dish. Molten asphalt or wax
is required for permeance tests below 4 perms (2.3 x 1010
kg-Pa~'-s!-m~2). Sealing methods are discussed in Ap-
pendix X2,

8. Sampling

8.1 The material shall be sampled in accordance with
standard methods of sampling applicable to the material
under test. The sample shall be of uniform thickness. If the
material is of nonsymmetrical construction, the two faces
shall be designated by distinguishing marks (for example, on
a one-side-coated sample, “I” for the coated side and “II” for
the uncoated side).

9, Test Specimens

9.1 Test specimens shall be representative of the material
tested. When a product is designed for use in only one
position, three specimens shall be tested by the same method
with the vapor flow in the designated direction. When the
sides of a product are indistinguishable, three specimens shall
be tested by the same method. When the sides of a product
are different and either side may face the vapor source, four
specimens shall be tested by the same method, two being
tested with the vapor flow in each direction and so reported.

9.2 A slab, produced and used as a laminate (such as a
foamed plastic with natural “skins”) may be tested in the
thickness of use. Alternatively, it may be sliced into two or
more sheets, each being separately tested and so reported as
provided in 9.4, provided also, that the “overlay upon the
cup ledge” (6.1) of any laminate shall not exceed Y3 in. (3
mm).

9.3 When the material as used has a pitted or textured
surface, the tested thickness shall be that of use. When it is
homogeneous, however, a thinner slice of the slab may be
tested as provided in 9.4.

9.4 In either case (9.2 or 9.3), the tested overall thickness,
if less than that of use, shall be at least five times the sum of
the maximum pit depths in both its faces, and its tested
permeance shall be not greater than 5 perms (3.3 metric
perms).

9.5 The overall thickness of each specimen shall be
measured at the center of each quadrant and the results
averaged. Measurement of specimens of 0.125 in. or less in
thickness shall be made to the nearest 0.0001 in. Measure-
ment of specimens greater than 0.125 in. in thickness shall be
made to the nearest 0.001 in.

9.6 When testing any material with a permeance less than
0.05 perms or when testing a low permeance material that
may be expected to lose or gain weight throughout the test
(because of evaporation or oxidation), it is strongly recom-
mended that an additional specimen, or “dummy,” be tested
exactly like the others, except that no desiccant or water is
put in the dish. Failure to use this dummy specimen. to
establish modified dish weights may significantly increase the
time required to complete the test. Because time to reach
equilibrium of water permeance increases as the square of
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thickness, thick, particularly hygroscopic, materials may take
as long as 60 days to reach equilibrium conditions,

10. Attachment of Specimen to Test Dish

10.1 -Attach the specimen to the dish by sealing (and
clamping if desired) in such a manuer that the dish mouth
defines' the area of the specimen exposed to the vapor
pressure in the dish. If necessary, mask the specimen top
surface, exposed to conditioned air so that its exposure
duplicates the mouth shape and size and is directly above it.
A template is recommended for locating the mask. Thor-
oughly seal the edges of the specimen to prevent the passage
of vapor into, or out of, or around the specimen edges or any
portion thereof., The same assurance must apply to any part
of the specimen faces outside their defined areas. Suggested
methods of attachment are described in Appendix X2.

Note 3—In order to minimize the risk of condensation on the
interior surface of the sample when it is placed in the chamber, the
temperature of the water prior to preparation of the test specimen
should be within +2°F (1,1°C) of the test condition.

11. Procedure for Desiccant Method

11.1 Fill the test dish with desiccant within /4 in, (6 mm)
of the specimen, Leave enough space so that shaking of the
dish, which must be done at each weighing, will mix the
desiccant. ‘

11.2 Attach the specimén to the dish (see 10.1) and place
it in the controlled chamber, specimen up, weighing it at
once. (This weight may be helpful to an understanding of the
initial moisture in the specimen.)

11.3 Weigh the dish assembly periodically, often enough
to provide eight or ten data points during the test. A data
point is the weight at a particular time. The time that the
weight is made should be recorded to a -precision of
approximately 1 % of the time span between successive
weighing. Thus, if weighings are made every hour, record the
time to the nearest 30 s; if recordings are made every day, a
time to the nearest 15 min would be allowed. At first the
weight may change rapidly; later a steady state will be
reached where the rate of change is substantially constant,
Weighings should be accomplished without removal of the
test dishes from the controlled atmosphere, but if removal is
prescribed necessary, the time the specimens are kept at
different conditions, temperature or relative humidity, or
both, should be kept to a minimum. When results of water
vapor transmission are expected to be less than .05 perm, a
dummy specimen is strongly recommended. Such a dummy
specimen should be attached to an empty cup in the normal
manner. The environmental effects of temperature variation
and buoyancy variability due to barometric pressure fluctu-
ation can be arithmetically tared out of the weighing values.
This precaution permits earlier and more reliable achieve-
ment of equilibrium conditions. Analyze the results as
prescribed in 13.1.

11.4 Terminate the test or change the desiccant before the
water added to the desiccant exceeds 10 % of its starting
weight (Notes | and' 3). This limit cannot be exactly
determined and judgeiment is required. The desiccant gain
may be more or less than the dish weight-gain when the

‘moisture content of the specimen has changed.
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Note 4—The WVT of'some materials (especially wood) may depend
on the ambient telative humidity immediately before. the fest, ;An
apparent hysteresis results in higher WVT if the prior relative humidity
was above the test condition and vice versa. It is therefore recommended
that specnnens of woaid and papeér products be conditioned to constani
weight in a 50 %. relative humidity atmosphere before they are tested.
Some spemmens may be advantageously precondmoned to minimize
the mioistuire that the specirtien will give up'to the desiteant. This apphes
when the specimen is likely to have high moisture content or when it is
coated on' the top (vapor source) side, - .

oy

12. Procedure for Water Method

12.1 Fill the test dish with distilled water to a level 3% + 1/4
in. (19 % 6 mm) from the specimen. The air space thus
allowed has.a small vapor resistance, but it is necessary in
order to reduce the risk of water touching tlie specimen when
the dish is-handled. Such contact invalidatés a test on some
materials such as paper, wood, or other hygroscopic mate-
rials. The water depth shall be not less than' ¥ iti. (3 mm) to
ensure coverage of the dish ‘bottom throughout the test,
However, if the dish.is of glass, its bottom must be visibly
covered at all times but no specific depth is required. Water
surges may be reduced in placing a grid of light noncorroding
material in the dish to bréak the water surface, This grid shall
be at least Va in: (6 i) below the spécimen, and it shall not
reduce the watdr siuface by more than 10.% (Nete 4).

1S b

Note 5—For the Water Method, baking the empty dish ‘and
promptly coating its mouth with sealant before assembly is recom-
mended. The water may be.added most convemently after the specimen

i8 attached through'a small sealable hole .in the dish above the water
lide.

. :12.2 Attach the $pecimen to ‘the dish (s‘ee 10.1). Some
specimens are likely to warp and break the seal during the
test. The risk is reduced by preconditioning the specimen,
and by clamping-it to the dish ledge (if one is. provided).

12.3 Weighythe dish assembly and place it in the con-
trolled chamber .on a true horizontal surface. Follow the
procedure given in-11.3, If the test specimen cannot tolerate
condensation on the surface, the dish assembly shall not be
exposed to -a temperature that: differs by mote than 5°F
(2.8°C) from: the control atmosphere to minimize the risk of
condensation on the specimern. When results of water vapor
transmission are expected to.be less than .05 perm, a dummy
specimen ‘is strongly recommended. Such a dumimy spec-
imen should be-attached to:an empty cup.in the norial
manneér, The environment effécts. of temperatiire variation
and buoyancy: variability due to barometric pressure-fluctu-
ation can be arithmetically tared out of the weighing values.
This precaution permits earlier and. more reliable .achieve-
ment of equ111br1um -conditiohs. Analyze the results as
prescribed in 13.1.

12.4 Where water is expected to be in contact with the
barrier in service, proceed as in 11.3 except place the dish in
an inverted position. ‘The. dish must bersufficiently level so
that water covers the inner surface of the specimen despite
any distortion-of the specimen due to the weight of the water.
With highly.permeable specitens it is especially important
to locate the test dish so that’air circulates over the exposed
surface .at the specified velocity. The "test  dishes may be
placed on the balance in the upright position for weighing,
but the period during which the wetted surface of*the
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specnnen is not covered w1th water must be kept to a
mlmmum ‘ ¥

13 Calculatlon and Analysis 0f Results ,

13.1 Thé results of the rate of water vapor transmmswn
may be determined either. graphically or numerically.

13.1.1 Dummy Specimen—If-a dummy specimen has
been used to compensate for variability in test conditions,
due to temperature or barometric pressure, or both, the daily
recorded weights can be adjusted by calculating: the weight
change from. initial to time of weighing. This adjustment is
made by reversing the d1rectlon of the dummy’s weight
change, relative to its initial weight, and modifying all the.
appropnate specimen we1ght(s) recorded at this time. This
permits earlier achievement of equilibrium conditions. An
alternate procedure, partlculary for tests of long duration and
more than six weighings, is to subtract the arithmetic mean
slope of the rate of weight change of the dummy specimen
from the arithmetic mean slope of each similar specimen to
get an effective rate of Welght change These procedures are
also desirable if the specimen is changing ‘weight due to a
cliring process while under test.

13.1'2 Graphic Analysis—Plot the weight, modified by
the dummy §pecimen when used, against elapsed time, and
inscribe a curve which tends to become straight. Judgment
here is required and numerous points are helpﬁll When a
straight line, adequately fits the plot of at least six properly
spaced poitits (periodic weight changes matching, or ex-
ceeding 20 % of the mitltiple of 100 times the scale sensitiv-
ity), a nommally steady state is assumed, and the slope of the
straight line is the rate of water vapor transmission.

13.1.3 Numerical Analysis—A’ mathematical léast squares
regressmn analysis of the weight, modified by the dummy
specimet when used, as 4 funétion of time will give the rate
of water vapor transmission. An uncertainity, or standard
deviation of this rate, can also be calculated to define the
¢onfidence band. For very low permeablhty materials, this
method ¢an be. used to. determiine the Tesults after 30 t6 60
days when using an analytical balance, with a sensitivity of
+1 mg, even if the weight change does not meet the 100
times the sensitivity requirement of 6.3, Specim‘ens analyzed
in this manner must be cledrly identified in the report.

13.2 Calculate the water vapor transmission, WVT and
permeance as follows: ‘

13.2.1 Water Vapor Transmission:

WVT = G/td = (G/1)/4

where:

In inch-pound units;

G = weight change, grains (from the straight line),

t = time during which G occurred, h,

G/t =slope of the straight line, grains/h,

A == test area (cup mouth area), fi?, and

WVT = rate of water vapor transmlssmn, grains/h-fi?;

In metric units:

e = weight change (from the stra;tght line), g,

t = time, h,

G/t = slope of the stralght line, g/h,

4 = test area (cup mouth area), m?, and

WVT = rate of water vapor transmission, g/h-m?,
13.2.2 Permeance:
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Permeance = WVT/Ap = WVT/S(R; < R,)

where; :
In inch-pound units:
Ap = vapor pressure d1ﬂ"erence in. Hg,

(]

R, relative humidity at the source expressed as a fraction
(the test chamber for desiccant method; m the dish -
for water method), and :

R, = relative humidity at the vapor sink expressed as a

fraction
In metric units: ) ‘
Ap = vapor pressure difference, mm Hg (1.333 x 107 Pa),
S = saturation vapor pressure at test temperature, mm Hg
(1.333 X 102 Pa),

R, = relative humidity at the source expressed as a fraction -

(the test chamber for desiccant method; in the dish for
water method), and

R, =relative humidity at the vapor smk expressed as a
fraction,

13.2.3 In the controlled chamber the relative humidity.

and temperature are the average values actually measured
during the test and (unless continuously recorded) these
measurements shall be made as frequently as the weight
measurements, [n the dish the relative humidity is nominally

0 % for the desiccant and 100 % for the water. These. values - ..

are usually within 3 % relative humidity of the actual relative

humidity for specimens below 4 perms (2.3 X 1077 ~

g-Pa~!-s.m~2) when the required conditions are main-
tained (no more than 10 % moisture in CaCl, and no niore
than 1 in. (25 tm} air space above water)

13.3 Ounly when the test specrmen is homogeneous (not
laminated) and not less than !4 in, (12.5 mm) thick;
calculate its average permeability (perm in.) (metric perm-
cm) as follows:

Average permeability = permeance X thickness. -

NoTE 6: Example———In a desiccant test that ran 288 h (12 days) on an
exposed area of 100 in.? (0.0645 ), it ‘was folind that the rate of gain
was substantially constant after 48 h-and during the subsequent 240,
the weight gain was 12 g. The controlled chamber conditions were
measured at 89.0°F (31.7°C) and 49 % relative humidity.

Required: WVT and permeance
Calculation, (mch-pound units): -
Gt

=1 ‘* 135. 43ggra1ns N 240h
o "= 0.771 grains/h, o : S
A - 100in? X A2 0695 82, L
S = 1.378 in. Hg (from standard references
_ tables), Lo

R, T =49 % (in chamber), e

R, """ ='0% (vaporsink),and " v U
WVvT = 0 771 grams/h + 0694 ft2 1. ll grams/
Permeance WVT/AP Y AUVA (Rl ‘Ry) =

1.11 grains/ft2-h + 1.378 in. Hg (0 49 0)
1.64 grains/ft?-h-in. Hg = 1.64 perms
Calculation (metnc units); Lo

I II‘

G/t =12g/240 h = - 0. 05 g/h
A e =0.0645 2, Lo
S = 35 mm Hg (from referenee tables)

saturation vapor pressure at test temperature, in. Hg,

=35 mm Hg x 1,333 x 10? Pa/mm Hg =
) 46.66 % 10? Pa,
R/ =49 % (in chamber),

"Ry = % (vapor sink), and,

WVT = 0.05 g/h +0.0645 m* = 0.775 g/h-m2,

" Permeance = WVT/AP — WVT/S (R, — R,)

=0.775 g/h-m? X 1 h/3600s. + 46.66 % 102 Pa
X (0.49 — 0)
=942 x 10~8 g/Pa-s: -m?
- 13.4 Metric units and conyersion factor are given in Table

ﬂ1.

- 14. Report

14.1 The report shall include the following:

14.1.1 Identification of the material tested, including its
thickness.

14.1.2 Test method used (desiccant.or water)
" 14,1.3 Test temperature.

14.1.4-Relative humidity in the test chamber. -

14.1.5 Permeance of each specimen in perms (to two
significant figures).

14.1.6 The side of each specimen on which the higher
vapor pressure was applied. (The sides shall be distinguished

‘as “side A” and “side B” when there is no obvious difference

between them. When there is an obvious difference, this
difference shall: also be stated, such as “side A waxed” and
“side B unwaxed.”). -

14.1,7 The average permeance of all’ spec1mens tested in
each position.

14.1.8 The permeabrhty of each specimen (as hrmted by
13.3), and the average permeability of all specimens tested..

14.1.9 Include a portion of the plot indicating the section
of the curve used to calculate permeability.

14,1,10. State design of cup and type or composition of

" sealant.

15. Precrsmn and Blas7

15.1 Preczswn—Table 2 is based on an 1nter1aboratory
tests, conducted. in 1988 and 1991.7 In 1988 four materials
(A, B, C, D) were tested usmg the dessicant method and the
water method in triplicate. Fifteen laboratorles contrxbuted
data, with full results secured from four laborataries. In 1991
ten laboratories contributed data for material E, using
triplicate specimens, again using both the desslcant method

and the water method.

15.1.1 Test results were analyzed using Practice E 691.,
15.2 Bias—This test method has no bias because water

vapor transmlssron of materials is deﬁned in terms of this

test method.

‘16 Keywords

.. 16.1 permeablhty, plasncs (general), plasuc sheet and ﬁlm,

»sheet material; thermal-insulating materlals, thermal insula-
tion permeabmty ﬁlms, water vapor, transmrssmn (WVT)

7Suppomng data have been ﬁled at ASTM Headquaners Request RR:
C-16-1014,
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TABI__E,_Z Precision Results from Interlaboratory Testing

¥ ce

For Deslccant Method at 73.4°F;

RepeatabilityA Reproducibility?

WVT {mean);

Material Thickness, in ! e
e , . S8 cV% LSD .. S V% _LsD
A ©oge0t L, 0608 - 7 0.0166 ¢ . 270 0.047 . : 0098 150 0.278
B . (.0055, 1, 0.0129 .0,0028 .. 221 di0g '’ 0.0085 426 0.016
C 05, .. 00818 . 000447 722 - 0.012" © ' 0.0185° 30.6 0.052
D f i gred L L g.ozee 330 .- o 0073 £0:0813 . - 7.8 0.174
E 0.014 0.0481 * 0.0023 4.99 0,007 00054 -, . 117 0.015
For WaterMethodat 784 Lt e S ‘ L
' : Fadn): Repeatability4 ReproducibilityA
Material Thickness, in WVT (thean), P Y s i
perm s TV % LSD s oV . LSD
A 0.001 0.715 0.0134 1.95 0.089 0.156 : 219 .. - 0:44
B 0.0055 0.0157 0.0022 13.8 0.0062 0.002t , . . 194 0.006
C 0.5 0.097 0.0086- . . 57 0.016 0.0195. 20.9', 0.055
D 1.0 1.04 0.0192 1.8 0.054 0,217 20.9° 0.62
E 0.014 00594 0.0034 . BT 0.010 0.0082 - 13.8.

0,023

AFortsaaa, 0 ” T S

§ = standard deviation,
CV = percent cogfficient of véifidtion (S X 100/mean), ‘énd ' i
LSD = least significant difference between twg individual test results based on a 98 % conﬁdence lovel = 2 /28,
& Material B was; Teflon® PTFE fluorocarbon resin brand of. tetraﬂuoroethytene it was extremely difficult to provide a seal to this sample, which accounts for the poor
repeatability, CoL B ,

. APPENDIXES
) 4 S o (Nonmandatory Informatlon)

Xl STANDARD TEST CONDITIONS

Xl 1.4 Pracedure C—Deswcant Method at 90°F (32.2°C).

X1.1.5 Procedure D—Water Method at 90°F (32.2°C).

X1.1.6 Procedure E—Des1ccant Method ~at 100°F
37 8°C) /

[ARIR} L IR

e o Y soq g

X1.1 Standard test conditons that have been usef‘ul are:

X1i1.1 Procedure A-—Des1coant Method at 73 4°F (23°C).

X1,1.2. Procedure B—Water Method at 73, 4°F (23°C)
Xl_ 1. 3 ProcedureBW——Inverted Water Method at 73.4°F

X2. CUP DESIGN AND SEALING METHODS - AR

X2.1 An ideal sealing material has the following proper-
ties:
X2 1. 1 Impermeabmty to water 1n elther vapor or liquid

X2 1 8 2 The seal normally assembled to an empty dish
with no-specimen and so tested.

X2:2'The following materials are recommended for gens
eral use when the'test speciimen will not be affected by the
temperature of the sealant:

X2.2.1 Asphalt, 180 to 200°F (82 to 93°C) softenmg pomt
meeting the reqmrements of Specification D 449, Type C,
Apply by pouring,

X2.2.2 Beeswax and rosin (equal weights). A temperature
of 275°F (135°C) is desirable for brush appllcatlon Pour at
lower temperatire. '

X2.2.3 Microcrystalline wax® (60 %), mixed with refined
erystalline paraffii wax (40 %).

X2.3 The materials listed in X2.3.1° are recommended for
particular uses such as those, shown in Figure X2.1. The
suggested. procedure descnbed in X2.3.2, applies to an
11-%-in. (289-min) square specimen if, its permeance ex-
ceeds 4 perms (2.6 metnc perms) (limite by evaporatlon of
sealants), ;). . : :

7! 2 ‘are miét { ote ‘A Molten ésphalt or' waix 8 required for o L S
permeance tésts Below’ 4 Perins (2.6 mettic Perms). Teststo ——————— ‘
determine sealant behavior should include:

X2, 1 3.1 An 1mperv10us specimen (metal) normally

sealed t the dish and so tested, and ‘

X214 Complete conforrmty to-a rough suiface.
X2.1,5 Compat1b111ty wnth the spec1men and o excesswe

. gt ).
X217 Fasy' handlea.blhty (mcludmg desxrable viscosity
and thermal of molten sealant).

X2.1.8 Satisfactory sealants possess these properties in
varying degrees and the choice is a compromxse, w1th more
tolerance in 1tems at the begmnmg of thls llst for the sake of

8 Available from E. 1. DuPqont de Nemoti's & Co Inc Polymer Products
Dept., Wilmington, DE 19898

9 Grade Nos. 2305 or 2310 of the Mobil Oil. Corp .; or their equivalent, have
been found satxsf‘actory for thls purpose. .

k

790
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(@54mmly

10" 7 Ry

(f?mm / ‘(f /

Template

Rim height
(Not more than |
sample thlckness+4"

(6mm))

Depth os conveniant

(Not less than%"(ﬂmm)
for "Water Method")

Square Pan

lla
(289w

10039 in.

Specimen
i s Foil

L

Specimen

(T T
iiouiter i Flnal Seal
(Tape or Foll)

.FIG. X2.1 Apparatus for Water Vapor Transmission Tests of Large Thick Specimens

X2.3.1 Materials: "

X2.3.1.1 Aluminum foil, 0.005 in, (O 125 mm) minimum
thickness.

X2.3.1.2 Tape, meeting the requirements of Specification
D 2301, vinyl chloride plastic pressure-sensmve, electrical
insulating tape.

X2.3.1.3 Cement, contact bond, preferably rubber base,

" X2.3.2 Procedure: ‘

X2.3.2.1 Step I—Seal aluminum foil around edges of
specimen, leaving a 100-in.? (0.0654-m?) exposed test area
on each side. Use contact bond cement as directed by the
manufacturer.

X2.3.2.2 Step 2—Spread sealant on inside of rim and
ledge. Place desiccant (dry), or water and surge control
material (wet) in pan. Press specimen in place. Avoid
squeezing compound into the test area.

X2.3.2.3 Step 3—Coat outside of rim and bottom of ledge
with contact bond cement, and place foil strips from edge of
template, around rim, and bottom of ledge. -

X2.4 A method of using hot asphalt, as applied to a 10-in,

Wax.

gz lminam Ring - Template
3@____ =
”‘SpeC/men ) pecimen.
Dish~ Dish~
- W
@ ®
Wox~ »Tem,a/a;‘e

i
S AN
i DISHSPECIMEN

(d)

FIG, X2.2 Several Types of Dishes for Water Vapor Transmission
Tests of Materials in Sheet Form

(254 mm) square-mouth dish with Iedge and rim, is as
follows: ‘

X24.1 Apparatus:

X24.1.1 Template—A square’ frame of brass or steel, %is
in. (5 mm) thick and ¥ in. (19 mm) deep. The 316-in.
(5-mm) .thickness is. tapered to zero at the bottom of the
frame where it will touch the test specimen and maintain a
10-in. (254-mm) square test area,

" X2.4.1.2 Sealant—Asphalt (see X2.2.1 used at the proper
pouring consistency of 375 to 450°F (179 to 232°C).
" X2.4.1.3 Melting Pot for the asphalt electrically heated,
with one dimension greater than 113/3 in. (289 mm)

- X2.4.1.4 Small Ladle for pouring.

" X2.4.2 Procedure—Mark the 11%-in. (289-mm) square
specimen with aline at an equal distance from each edge, so
that the area enclosed by the lines is as nearly as possible a
10-in. (254-mm) square. The template may be used for
marking, Dip each edge of the specimen in molten asphalt
up to the line, so that the test area is defined and all edges are
coated with a heavy layer of asphalt. Place the specimen over
the pan, containing water or desiccant. Lightly oil the
template or coat with petroleum jelly on its outer side, and
place on the specimen. Pour molten asphalt into the space
between the template and the rim of the pan, After the
asphalt has cooled for a few minutes, the template should be
easily removable. .

X2.,5 Hot wax may be apphed like asphalt It may also be
applied (freely) with a small brush. Its lower working
temperatare may be advantageous when a specimen contains
moisture.

X2.6 Several designs for dishes with supporting rings and
flanges are shown in Fig. X2.2. Various modifications of
these designs may be made provided that the principle of
prevention of edge leakage by means of a compilete seal is
retained. The dishes may be constructed of any rigid,
impermeable, corrosion-resistant material, provided that
they can be accommodated on the available analytical
balance. A lightweight metal, such as aluminum or one of its
alloys, is generally used for larger-size dishes. In some cases
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FIG. X2.3 Template Suitable tor Use in Makmg the Wax Seals on
Test Dlshes

when an aluminum dish is employed and moisture is
allowed to condense on its surface, there may be appreclable
oxidation of the aluminum with"a resulﬂng gain in weight.
Any gain in weight will ordinatily depénd on the previous
history of the dish and the cleanness of the surface. An empty
dish carried through the test procedire d§'d coritrol ‘will Help
to determine whether any error may be expected from this
causé. When alumihum’ dishés dre used-fof thé water
methods, a pressure may develop inside the assembly during
a test due to corrosion. This can cause” “sedl fallure ~or
otherw1se affect the result. "Where this is a problem, it can be
overcome by prov1dmg inside the dish protectlve coatmg of
baked-on epoxy resm or s1m1lar matenal Dlshes with ﬂanges
avoided, as such projections’ 1nﬂuence ‘the d1ffus1on of thé
water vapor The depth. of the dlSh for thie water procedures
is such that there isa 0 80‘:# O 20 in, (20 i S-mm) cl1stance

procedures The deswcant 18 lN;ltth’l Va 111 (6 mm) of the
under surfaqe, ;and a mlmmum ]epth of only 1/2 in ( 2 mm)
ofcleswcanttsrequlred T N AR

S TR S L ‘ e
The Amerlp ciety for Testing and Ma
w/th any ftém. menuoned in this standard

X2.6.2 The dishes shown in Fig. X2.2 require & molten
seal :
' X2.63 A template such as is shown in Fig. X2.3 is usually

: *used for defitting the-test:area and effecting the wax seal. It

consists of a circular metal dish % in. (3.18 mm) or more in

~thickness with the edge beveled to an angle of about 45°. The

diameter of the bottom (smaller) face of the template is
approximately equal to, but not greater than, the diameter of
the effective opening of the dish in contact with the
‘specimen, Stnall guides may be-attached to the template to
‘eenter. it automatically ofi the test 'specimen. A small hole
through the template to admit air, and petrolatum applied to
the beyeled edge «ofithe template facilitate its removal after
sea]mg’ the test speelmen to the:dish. In use, the template is
placed:- aver the: test spemmen and when it is carefully
centered.with the dish opening, molien wax is flowed into
the annular space surrounding the beveled edge of the
template. As soon as the wax has solidified, the template is
removed from the sheet with a twisting motion. The outside
flange of the dish should be high enough to extend over the

top..of the: specimen,sthus allowing: the wax to completely

envelop the edge.

X2.6.4 Gasketed types of seals are also in use on appro-
pn'ately designed dishes. ;These simplify the mounting of the
specimen, but must be used with caution, since the, possu—
bility. of edge leakage is greater with gasketed seals than with
wax ‘seals, Gasketed seals are not permﬂ:ted for the. méa-
surement of permeance less than 44 perms (2 3 X 10"7
g-Pal.g”l -m2) As a_ further precaution when gasketed
sedls aré used instead of preferred sealants blank test run is
suggested using glass or rmetal asa dummy spec1men

Bl ighing cover ¢o

] ‘ “3/32 in. (0. 8‘ ‘m im) in thickriéss
provided with a Suitiblé knob in thé“éenisr for hftmg The
cover ﬁts over, the test spec1men when assembled and’ makes

just above ‘the' plane 'of the: spec1men
shafp edges which fiiight remove'the Wax and is numbered Of
otherw1se identified to facilitate 1ts exolmlve Aise; with'ithe
sanié d1sh .

S T4

takes,no Pasltlon respacting the validity of any patent rights assefted-in connection :
s of this srandard are expressly aqvised. that determination of the.vafidity, of any sueh

oo ‘patent rights, and the r’lsk of lnfrlngémént of Sich nghts, are entlre/y their own respons/b:l)ty

[AEAN EERE T )

}and should be addresse

o ASTM Headquarters Your comments will recelve careful conslderatlon ata meetlng of the responstble

" téehnical cammlttee. Whloh your may' altendw If you feel that your comments:have'not receivsd a fair hearing you should make your " ;
views known to the ASTM Committee ori Standards, 1976:Race St., Philadelphia, PA' 19103. ;1!

Vo [ TSR 1
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qm” Designation: F 1003 - 86 (Reapproved 1992)

Standard Specification for

An American National Standard

Searchlights on Motor Lifeboats

This standard is issued under the fixed designation F 1003; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of Jast revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This specification covers searchlights for motor life-
boats.

1.2 The values stated in inch-pound units are to be re-
garded as the standard. The values given in parentheses are
for information only.

1.3 The following precautionary caveat pertains only to
the test method portion, Section 7, of this specification: This
standard does not purport to address all of the safety
problems associated with its use. It is the responsibility of the
user of this standard to establish appropriate safety and
health practices and determine the applicability of regulatory
limitations prior to use.,

2. Referenced Documents

2.1 ASTM Standard:

B 117 Test Method of Salt Spray (Fog) Testing?

2.2 Military Standard.

MIL-STD-105D Sampling Procedures and Tables for In-
spection by Attributes?

3. Descriptions of Terms Specific to This Standard

3.1 lot—a manufacturer’s production run for a specific
type of searchlight.

3.2 order batch—size of a specific contract or purchase
order taken from the lot.

3.3 production testing—rtesting performed during a lot run
of specific searchlights,

4. Materials and Manufacture

4.1 Material:

4.1.1 All materials used in the construction of these
searchlights shall be of a quality suitable for the purpose
intended and shall conform to the requirements of this
specification.

4.1.2 The searchlight shall be constructed of brass, cop-
per-alloy, an equivalent corrosion-resistant material, or a
material that when tested in accordance with Method B 117
for 200 h, does not show signs of pitting, cracking, or
deterioration.

4.1.3 Plastic, when used, shall be of a suitable thermo-
plastic or thermosetting material so molded as to produce a

! This specification is under the jurisdiction of ASTM Committee F-25 on
Shipbuilding and is the direct responsibility of Subcommittee F25.10 on Electrical,
Electronics, and Automation.

Current edition approved Dec. 26, 1986. Published February 1987.

2 Annual Book of ASTM Standards, Vols 02.05 and 03.02,

3 Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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dense solid structure, uniform in texture, finish and mechan-
ical properties.

5. Requirements

5.1 The height of the searchlight from the base to the top
of the light shall not exceed 19 in. (483 mm).

5.2 The housing of the searchlight shall be capable of free
movement of at least 60° above and 45° below the hori-
zontal, and be able to rotate 360° in the horizontal plane.
There shall be a means provided to lock the searchlight in
any desired position without the use of tools (vertically and
horizontally).

5.3 The searchlight shall be capable of illuminating a light
colored object at night at 55 ft (180 m). The searchlight shall
project a beam of light of not less than 5.5 ft (18 m) in
diameter at a distance of 55 fi from the light source. The edge
of the beam shall be a point where the intensity of the light is
10 % of the maximum intensity. The light source shall have
a candlepower rating of no less than 350 000 cd.

5.4 The searchlight shall be capable of being operated for
not less than 3 h of continuous use and 6 h of intermittent
use.

5.5 The lamp utilized in the searchlight shall be of the in-
candescent, quartz, or other type which would allow for
instant start. The lamps shall be rated for 12 V.

5.6 Each searchlight shall be watertight. The searchlight
shall show no leakage of water following the test method
prescribed in 7.1.

5.7 Each searchlight shall be wired with a 6-ft (2-m) length
of rubber jacketed hard service flexible cord, unless otherwise
specified in 8.3, The conductor size shall be no less than 16
AWG. The cable entry into the searchlight shall be sealed
with a watertight bushing and packing gland. A suitable
clamping device shall be installed in the area where the
cables enter the gland to prevent any force being exerted on
the gland or connections, The free end of this cord shall be
dead-ended unless otherwise specified in 8.3,

5.8 Each searchlight shall be provided with a handle or
handgrip to allow for ease of maneuvering the light into
various positions.

6. Workmanship, Finish, and Appearance

6.1 Searchlights shall be of sturdy construction, and free
from mechanical, electrical, or other imperfections or defects
which materially affect appearance or which may affect
quality, reliability, or serviceability.

6.2 The finished searchlight shall not contain rough edges,
burrs, or other disfigurations and shall be clean, free from
rust, tool marks, and other injurious defects.

7. Test Methods
7.1 Watertightness—The searchlight shall be submerged
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in a saltwater solution (1.04 sp gr) to a depth of 3 ft (0.9 m)
of 60°F (16°C) for 2 h. The light will then be subjected to the
tests of 7.2.1 and be in perfect working order.

7.2 Environmental:

7.2.1 Operational Test—The searchlight shall be operated
continuously for 3 h at rated voltage in an ambient temper-
ature of 77°F (25°C) and be operational after being subjected
to the watertightness test of 7.1, The searchlight shall then be
opérated intermittently. The intermittent time periods shall
be 15 min “ON” and 5 min “OFF” for a total 6-h period.
These tests shall be repeated three times.

7.2.2 Impact:

7.2.2.1 Test Conditions—The searchlight shall be placed
in a cold chamber at —40 £ 5°F (—40 = 3°C) for 2 h. With
the searchlight stabilized at this temperature, it shall be
immediately subjected to the low- and high-impact tests
specified in 7.2.2.2 and 7.2.2.3. The point of impact shall be
applied to the outside of the case at a point midway between
the ends of the case at 4 points 90° apart and the back plate.

7.2.2.2 Low Impact—The searchlight shall be subjected to
a 12 in.-Ibf (1.3 J) impact using a 1-Ib (0.3-kg) steel ball at
each of the points of impact specified in 7.2.2.1. The search-
light shall then be subjected to the watertightness test (see
7.1). There shall be no evidence of breakage from impact and
no evidence of moisture shall be found in the case. '

7.2.2.3 High Impact—The searchlight, after passing the
low-impact test, shall be again placed in the cold chamber at
—-40 + 5°F (=40 = 3°C) for 2 h and then immediately
subjected to a 20 in.-1bf (2.3 J) impact using a 1-Ib (0.5-kg)
steel ball at each of the points of impact specified in 7.2,2.1,
There shall be no evidence of damage to the case or the lens.

7.3 Test for Light Projection—The beam spread of the
searchlight shall be shown to meet the calculations contained
in the IES Lighting Handbook.* This test shall be conducted
at rated voltage.

7.4 Switch Endurance—The contact switch mechanism of
the searchlight shall be tested by operating the switch for
25 000 continuous cycles. A cycle shall consist of movements
from “OFF” position through the full “ON” and
“FLASHING” positions and back to “OFF” position. The
switch shall be operated under normal electrical load condi-
tions, and the lamp and battieres shall be replaced as often as
required to ensure that the switch mechanism is operating
under normal load throughout the 25 000 cycles. Burning
out of bulbs and batteries during the test shall not constitute

4]JES Lighting Handbook (Vol 1, Section 20), is available from Iluminating
Engineering Society, 345 E, 47th St,, New York, NY 10017.

failure of this test, Failure of the switch to complete 25 000
cycles shall constitute failure of this test.

7.5 The searchlight, when mounted to a lifeboat, shall be
able to withstand a vertical drop test of the lifeboat with
forces of 10 g and & side impact test of the lifeboat with
forces of 20 g.

8. Packaging and Package Marking

8.1 Product Marking—Each searchlight conforming to all
the requirements in this specification shall be marked with
the name, brand or trademark of the manufacturer, this
ASTM specification number, and any other information as
may be specified in the contract or purchase order.

8.2 Packaging—Unless otherwise specified by the cus-
tomer in the contract or purchase order, the searchlight shall
be packaged, packed, and marked in accordance with the
manufacturer’s commercial practice to ensure acceptance
and safe delivery by the carrier for the mode of shipping and
handling.

8.3 Details pertaining to the cable, cable terminations,
and voltage should be provided by the procuring agency in
the contract or purchase order,

9. Quality Assurance

9.1 Responsibility for Inspection—-Unless otherwise speci-
fied in the contract or purchase order, the producer is re-
sponsible for the performance of all inspection and require-
ments as specified herein. Except as otherwise specified in
the contract or purchase order, the producer may use his
own or any other facilities suitable for the performance of the
inspection requirements specified herein. The purchaser
reserves the right to perform any of the inspections set forth
in the specification where such inspections are deemed nec-
essary to assure the searchlights conform to the prescribed re-
quirements,

9.2 The producer shall perform the necesary inspection
and tests to assure that an S-4 inspection level, in dccordance
with MIL-STD-105D, is provided. An Acceptable Quality
Level (AQL) of 1 % defective for the operational test and the
switch leakage test, and an AQL of 4 % for any of the other
requirement or test specified shall be provided. Sample
testing shall be in accordance with Table 1.

TABLE 1 Sample Testing

; Para- Para-
Production graph Order Batch graph
Watertightness 7.1 Light projection 7.3
Operation 7.21 Operation 7.2.1
Impact 722
Light projection 7.3
Switch endurance 74

The American Saciely for Testing and Materials takes no position respecting the valldity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the tisk of infringarment of such rights, are entirely their own responsfbility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
If not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will raceive careful consideration at a meeting of the responsible
technical committes, which you may attend, If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committée on Standsrds, 100 Bari Harbor Drive, West Conshohacken, PA 19428.
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QHI Designation: F 1006 - 86 (Reapproved 1997)

Standard Specification for

An American National Standard

Entrainment Separators for Use in Marine Piping Applications’

This standard is issued under the fixed designation F 1006; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification provides the minimum require-
ments for the pressure-temperature rating, testing, and mak-

‘ing of pressure containing vessels for entrainment separators.

1.2 The values stated in inch-pound units are to be re-
garded as the standard. The values given in parentheses are
for information only.

1.3 The following safety hazards caveat pertains only to
the test methods portion, Section 6, of this specification:
This standard does not purport to address all of the safety
concerns, if any, associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate
safety and health practices and determine the appllcabllzty of
regulatory limitations prior to use.

2, Referenced Documents

2.1 ANSI Standards:

B 2.1 Pipe Threads (Except Dryseal)? _

B 16.1 Cast Iron Pipe Flanges and Flanged Fittings

B 16. 32 Malleable Iron Threaded Flttmgs, Class 150 and
300

B 16.4 Cast Iron Threaded Fittings, Class 125 and 2502

B 16.5 Steel Pipe Flanges and Flanged Fittings? -

B 16.11 Forged Steel F1ttmgs, Socket Weldmg and
Threaded?

B 16, 125 Cast Bronze Threaded F1ttmgs Class 150 and
300

B 16.24 Bronze Flanges and Flanged Fittings, Class 150
and 3002 .

B 16.25 Buttwelding Ends? :

B 16.31 Nonferrous Pipe Flanges?

2.2 ASME Standards:

SA 278 Cast Gray Iron Pressure Vessels?

- 8A 1395-60 Cast Ductile Iron?
* Boiler and Pressure Vessel Code, Section VIII3
Boiler and Pressure Vessel Code, Section II3 ‘
2.3 Manufacturer’s Standardization Society of the Valve
and Fittings Industry Standard:

MSS SP-51 150 LB Corrosion Resistant Cast Flanges and
Flanged Fittings*

2.4 Military Standard:

U This specification is under the jurisdiction of Committee F-25 on Ships and
Marine Technology and is the direct responsibility of Subcommittee F25.13 on
Piping Systems.

Current edition approved July 25, 1986, Published September 1986.

2 Available from American National Standards Institute, 11 W, 42nd St,, 13th
Floor, New York, NY 10036.

3 Available from American Society of Mechanical Engineers, 345 E. 47th St.,
New York, NY 10017,

4 Available from Manufacturer’s Standardization Society of the Valve and
Fittings Industry, 127 Park St.,, N.E, Vienna, VA 22180,

1203

MIL-F-1183 Fittings Tube, Bronze, Cast (Sil?er Braz-
ings)®

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 entrainment separaior—a mechanical device in-
serted in a pipeline which by centrifugal force, baffles, or
other means will separate a liquid from a gas (vapor).

3.1.2 hydrostatic test—the act of filling an entrainment
separator vessel with water and applying internal pressure to
all parts of the vessel.

3.1.3 master gage—ithe calibrated gage used to verify the
accuracy of the test gage. This gage shall be recalibrated
traceable to the National Bureau of Standards.

3.1.4 pressuré rating—the maximum working pressure of
an entrainment separator when operated at a specific tem-
perature,

3.L.5 proof test—the act of filling an entrainment sepa-
rator vessel with water and applying internal pressure to all
parts of the vessel for the purpose of causing yielding of the
vessel and bursting of the vessel.

3.1.6 temperature ratings—minimum and maximum
temperatures at which the entrainment separator may be
operated while at specific pressures.

3.1.7 test gage—the pressure gage that is used to check the
internal pressure of the entrainment separator. The test gage
shall be calibrated at least annually or at any time it is sus-
pected to be in error by a calibrated master gage.

4. Materials and Manufacture

4.1 The pressure-temperature ratings established under
this specification are based upon the manufacturer’s usage of
high quality materials produced under regular control of
chemical and physical properties by a recognized process.
The manufacturer shall be prepared to submit certification
of compliance, verifying that his product has been so pro-
duced and that it has been manufactured from material with
chemical and physical properties at least equal to the require-
ments of the appropriate standard or specification listed in
4.3 of this specification or Section II of the ASME B011er and
Pressure Vessel Code.

4.2 For materials not having values of allowable stress
tabulated in Section VIII Division I of the ASME Boiler and
Pressure Vessel Code, allowable stresses shall be determined
in accordance with the procedures outlined in Appendix P of
Section VIII, Division 1 of the ASME Boiler and Pressure
Vessel Code.

5 Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave,, Philadelphia, PA. 19111.5094, Attn; NPODS.
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4.3 Materials of construction shall be suitable for the ser-
vice intended.

4.4 Bolting materials shall be at least equal to those listed
in Table 1B of ANSI B16.5. Bolting materials shall not be
used beyond temperature limits specified in the governing
codes.

5. Requirements

5.1 Entrainment separators covered in this specification
shall be designed according to the lowest pressure-temper-
ature rating of any individual component, or as established
by proof tests.

5.2 The design pressure-temperature of entrainment sepa-
rators covered in this specification will be established by the
manufacturer using one of the following methods:

5.2.1 Design calculations in accordance with the require-
ments prescribed in the ASME Boiler and Pressure Vessel
Code, Section VIIL, Division 1, Part UG of Subsection A and
the applicable part of Subsection C.

5.2.2 Proof test in accordance with the requirements of
UG 101 (m), UCI-101, or UCD-101 of Section VIII, Divi-
sion 1 of the ASME Boiler and Pressure Vessel Code.

5.2.3 Where any part of the entrainment separator vessel
cannot be designed within the scope of the ASME Boiler and
Pressure Vessel Code, Section VIII, Division 1, Design Sec-
tion, the pressure-temperature rating must be determined
through proof and hydrostatic tests using the following for-
mulas to determine the allowable operating limits of pressure
and temperature. Operator safety should be considered when
conducting these tests.

= (Pyr/4) X (S,/S,) (For Steel Vessels)

= (Pyr/4) X (T,/T,) (For Cast Iron Vessels)

where:

P = maximum allowable working pressure (psig) at de-
sign temperature,

Py = hydrostatic test pressure (psig) at test temperature,

S; = stress value at design temperature (psi),

&, = stress value at test teraperature (psi),

T, = specified minimum tensile strength (psi), and

T, = actual tensile strength test specimen (psi).

5 2.3.1 Stress values S; and S, are determined from Sec-
tion VIII, of the ASME Boiler and Pressure Vessel Code.

5.2.3.2 The value of Py to be used in determining the
maximum allowable working pressure shall be the maximum
pressure to which the entrainment separator was subjected to
without permanent deformation or rupture.

5.2.3.3 Test water temperature® and entrainment sepa-
rator temperature must be at equilibrium before hydrostatic
test pressure is applied.

5.2.3.4 All possible air pockets must be purged while the

6 Test water temperature to be no less than 60°F (10°C), but not to exceed 125°F
(52°C).
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entrainment separator vessel is being filled with water. Ade-
quate vents shall be provided at all high points of the vessel.

5.2.3.5 External equipment not to be pressurized with the
entrainment separator should be isolated or disconnected
before applying the hydrostatic test pressure.

3.2.3.6 Hydrostatic test pressure shall be applied gradually
to the entrainment separator and held stationary at each
increment for a sufficient time in order that visual inspection
can be made for leaks or deformation of the vessel. The final
value of hydrostatic test pressure that is not in conflict with
5.2.3.2 is called Pyp

5.3 Pressure-temperature rating and construction of all
pipe connections shall be in accordance with the following
standards or specifications: ANSI B2.1, ANSI B16.1, ANSI
B16.3, ANSI B16.4, ANSI B16.5, ANSI B16.11, ANSI
B16.15, ANSI B16.24, ANSI B16.25, ASME SA-278, ANSI
B16.31, MSS SP-51, and MIL-F-1183,

6. Test Methods

6.1 All entrainment separators must be pressure tested in
accordance with the following:

6.1.2 Fach entrainment separator shall be tested by sub-
jecting it to an internal hydrostatic test procedure, which at
every point in the separator is at least equal to 1.5 times the
maximum allowable working pressure, multiplied by the
lowest ratio of the stress value for the design temperature,

Test Pressure = 1.5 X maximum allowable pressure

stress value at test temperature
stress value at design temperature

6.1.2.1 The hydrostatic test pressure shall be held sta-
tionary for a suitable time necessary for observation and
inspection of the separator. The minimum time of test shall
be no less than 1 min,

6.1.2.2 A test gage, as defined in this specification (see
Section 3) shall be connected directly to the entrainment
separator.

6.1,2.3 For compliance with ASME Codes leading to
ASME certification proceed with steps as outlined in Section
VII, Division 1 of the ASME Boiler and Pressure Vessel
Code for Standard Hydrostatic Tests.

7. Packaging and Package Marking

7.1 Each entrainment separator shall have a securely
attached nameplate or other permanent marking indicating
the following:

7.1.1 Manufacturer’s name and trademark,
7.1.2 Pressure-temperature rating,
7.1.3 Manufacturer’s serial number,
7.1.4 Year built,
7.1.5 Size (end connection pipe size),
7.1.6 Flow direction,
7.1.7 National board number, where applicable,
7.1.8 ASME code stamp, where applicable, and
7.1.9 ASTM designation and year of issue.
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The American Sociely for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any ltem mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their awn respaonsibility.

This standard Is subject to ravision at any time by the responsible technical committes and must be raviewed avery five years and
if not revised, either reapproved or withdrawn. Your comments are Invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a falr hearing you should make your
vigws known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.
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Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s):

Standards Body:

Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.

Sosaaseneeet

zri ‘SL

985

;fig

Z

PRO_00107015



PRO_00107016



45"9 Designation: F 1007 - 86 (Reapproved 1996)¢"

Standard Specification for

An American National Standard

Pipe-Line Expansion Joints of the Packed Slip Type for

Marine Application’

This standard is issued under the fixed designation F 1007; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

€1 Nore—Keywords were added editorially in November 1996.

1. Scope

1.1 This specification covers the design, manufacturing,
and testing of packed slip type expansion joints utilized in
pipe lines for accommodating axial thermal growth or
contraction from the pipe-line carrying fluid.

1.2 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
for information only.

2. Referenced Documents

2.1 ASTM Standards:

A 53 Specification for Pipe, Steel, Black and Hot-Dipped,
Zinc-Coated Welded and Seamless?

A 216/A 216M Specification for Steel Castings, Carbon,
Suitable for Fusion Welding, for High-Temperature
Service?

A 285/A 285M Specification for Pressure Vessel Plates,
Carbon Steel, Low- and Intermediate-Tensile Strength*

B 650 Specification for Electrodeposited Engineering
Chromium Coatings on Ferrous Substrates?

2.2 ANSI Standards:

B 16.5 Steel Pipe Flanges and Flanged Fittings®

B 16.25 Buttwelding Ends$

B 31.1 Power Piping®

2.3 ASME Standards:

Section V Nondestructive Examination”

Section VIII, Division 1 Pressure Vessels’

Section IX Welding and Brazing Qualifications’

2.4 AISI Standard:

C-1018 Carbon Steel®

3. Classification

3.1 The expansion joints shall be of the following types,
styles, classes and forms:

! This specification is under the jurisdiction of Committee F-25 on Ships and
Marine Technology and is the direct responsibility of Subcommittee F25.13 on
Piping Systems.

Current edition approved July 25, 1986. Published Septcmber 1986.

2 Annual Book of ASTM Standards, Vol 01.01.

* dnnual Boak of ASTM Standards, Vol 01.02.

4 Annual Book of ASTM Standards, Vol 01.04.

5 Annual Book of ASTM Standards, Vol 02.05.

6 Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036,

7 Available from American Society of Mechanical Engineers, 345 E. 47th St.,
New York, NY 10017,

8 Available from American Iron and Steel Institute, 1000 N.W. 16th St.,
Washington, DC 20036.
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3.1.1 Type I—Injectable semi-plastic packing type, de-
signed for injecting packing under full line pressure.

3.1.2 Style I--Internally-externally guided with guides
integral with stuffing box.

3.1.3 Style II—Internally-externally guided with guides
integral with stuffing box and with low-friction inserts at the
guide surfaces.

3.1.4 Class I—Single joint, single slip.

3.1.5 Class II—Double joint, double slip.

3.1.6 Form I—Weld end.

3.1.7 Form II—Flanged end.

3.1.8 Form iII—Other.

4. Ordering Information

4.1 Expansion joints shall meet all the requirements of the
latest issue of this specification. Where possible, the expan-
sion joint shall be the manufacturer’s standard commercial
product. Additional or superior features that are not prohib-
ited by this specification but which are a part of the
manufacturer’s standard product, shall be included with the
expansion joint being offered. A standard commercial
product is a product that has been sold or is currently being
offered for sale on the commercial market through advertise-
ments or manufacturer’s catalogs, or brochures, and repre-
sents the latest production model.

4.2 Purchase order or inquiry for expansion joints to this
specification shall specify the following:

4.2.1 Title, number, and latest revision of this specifica-
tion.

4.2.2 Style, class, and form required.

4.2.3 Materials, other than standard as specified (see
Section 8).

4.2.4 Service conditions shall specify the following:

4.2.4.1 Maximum and minimum operating temperature,
CB).
4.2.4.2 Maximum operating pressure, (psig).

4.2.4.3 Fluid handled.

4.2.4.4 Corrosive conditions, if applicable.

4.2.5 Total axial expansion or contraction.

4.2.6 ANSI pressure class, facing and drilling for flanged
end joint and pipe schedule or wall thickness of ends for weld
end joint.

42.7 If base is required for support or main anchor on
Class I expansion joint,

4.2.8 Drain connection, if required.

4.2.9 Service connection if required, noting location and
type of connection.
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4.2.10 Slip protectors, if required.

42.11 Adjustment rods for field extension or compressmn
of the slip if required.

4.2,12 If hot-dip galvamzmg of parts is required,

4,2.13 Spare parts, accessories, and special tools, if re-
quired.

4.2.14 Hydrostatic testing and test pressure, if required.

4.2,15 Radiographic or other nondestructive testing of
weld joints if required. -

5. Materials and Manufacture

3.1 Materials:

5.1.1 Materials of constructlon shall conform to the
requirements as specified in this specification (see Section §)
and shall be new and free from defects that would adversely
affect the performance of 1nd.1v1dua1 components or assem-
blies.

5.1.2 As specified in thls specification and as required, the
expansion joint shall be provided with flanged or welded end
connections, imit stops, stutﬁng boxes with integral guides,
base, drain connection, service connectlon slip protectors,
and adjustment rods. :

5.2 Manufacture:

5.2.1 General—Unless otherwise required by this specifi-
cation, the manufacturer’s standard shop practices for the
fabrication of the expansion joint is acceptable, provided
these practices conform to the requirements and recommen-
dations of this specification.

5.2.2 All Welding—Welding procedure quahﬁca‘uons,
welder performance qualification, welding materials, pre-
heat, and post weld heat treatment if required, shall be in
accordance with ANSI B31.1 and ASME Code Section IX,

5.2.3 Identification—FEach completed expansion joint
shall have a name plate made from a corrosion resistant
material permanently attached showing as a minimurm the
following:

5.2.3.1 Manufacturer’s model number and joint size,

5.2.3.2 Design pressure and design temperature range,

5.2.3.3 Nominal traverse or movement per slip,
 5.2.3.4 Type of packing and service fluid, and

5.2.3.5 Date of manufacture. ,

6. Joint Descriptions‘-
- 6.1 Styles

6.1.1 Style I—The slip of the expanswn Jomt shall be
guided with the body of the expansion joint by internal and
external guides that are integral with the stuffing box.
Semi-plastic packing shall be injected into the stuffing box
and may be contained within the stuffing box chamber by
ring type packing. All packing shall be of the self-lubricating
type. Theé expansion’ joint and semi-plastic packing shall be
suitable for the safe injection of the packing under full line
pressure to stop leakage. Provisions for packing injection
shall be by devices located radially about the stuffing box and
designed to permit a maximum evacuation of packing at the
bottom of the packing device when the injector is fully
engaged. The number of devices with injectors for each
stuffing box shall be in accordance with the manufacturer's
standard practice. The design of the packing ' injection
devices shall be such as to ensure no blowback of injectable
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_packing or the service fluid when injecting packing under full

line pressure.

6.1.2 Style II——The expansion Jomt shall be the same as
Style I except low friction corrosion resistant material or
inserts shall be used for internal and external guiding to
prevent slip scoring from pipe misalignment, or vibration
and to prevent corrosion of the guide surfaces.

6.2 Classes:

6.2.1 Class I—The expansion joint shall have slip at only
one end of the joint, Class I expansion joints may or may not
require a base.

16.2.2 Class II—The expansion joint shall have slip at both
ends of the joint. Class II expansion joints shall require a
base.

6.3 Forms:

6.3.1 Form I—Welded End: The expansion Jomt shall
have provisions at each end of the Joint for field welding to
the adjoining pipe line.

6.3.2 Form II—Flanged End: The expansion joint shall
have flanges at each end of the joint for bolting to the mating
flanges of the adjoining pipe line.

6.3.3 Form III—The expansion joint shall have other end

connections as specxﬁed for attaching to the adjoining pipe

line,

7. Design

7.1 The expansion joint shall be designed to conform to
applicable sections of the latest edition of ANSI B31.1 and
other applicable documents as noted in Section 2.

7.2 Compresson Force—Unless otherwise spec1ﬁed, the
force to compress or extend the slip of the expansion Jomt
shall not exceed lOOO Ibf/in. (175 100 N/m) of nominal pipe
diameter.: ‘

8. Construction

8.1 Slip—The slip shall be manufactured from steel pipe
conforming to Specification A 53, Grade B, or a rolled and
welded cylinder from Specification A 285/A 285M, Grade C
plate, or equal with the longitudinal weld seam 100 %
radiographed. The minimal wall thickness of the p1pe or
rolled cylinder shall be equivalent to Schematic 80 pipe for
all sizes to 14 in, (356 mm), inclusive and Schematic 60 for
sizes 16 to 24 in, (406 to 610 mm) to preclude slip collapse
due to external loadmg of the 1njectable packmg Heavier
wall pipe may be reqmred for expansmn joints subjected to
pressures above 600 psig and for pipe sizes above 24 in. (610
mm) diameter. ‘

8.1.1 Chrome Plate—The shp of the’ expansmn Jomts

shall be chrome plated with engineering chrome in accor—
dance with Specification B 650, Class 50. ‘
" 8.2 Stuffing Box—The stuffing box with integral internal
and external guides shall be machined from Specification
A 53, Grade B Pipe, or AISI C-1018 seamless tubing or cast
steel in accordance with A 216/A 216M, Grade WCB. A
rolled and welded cylinder from Specification A 285/-
A 285M, Grade C plate, or equal may be used provided the
longitudinal weld seam is 100% radiograph examined in
accordance with ANSI B31.1 and ASME Code Section V.

8.3 Traverse Chamber—This chamber, also referred to as
the “E.J. Body,” shall be machined from Specification A 53,
Grade B seamless steel pipe having a wall thickness sultable
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for the design service conditions. A rolled and welded
cylinder from Specification A 285/A 285M, Grade C, or
equal steel plate of suitable thickness for the design service
conditions may also be used if the longitudinal weld seam is
100 % radiograph inspected to ANSI B31.1 and ASME Code
Section V.

8.4 End Connections—The end connections of the expan-
sion joint (see Section 6) shall be flanged, weld end,
combination of both or others as specified. Flanges shall
conform to ANSI B16.5 and be of the size, material, pressure
class, and facing specified, Weld ends shall be beveled for
welding to conform to ANSI B16.25 and be of the size,
material and nominal wall thickness as specified for the
mating pipe.

8.4.1 Body End Connection for Class I Expansion Joints:

8.4.1.1 Form I—Weld End: The reduction of the body
size to the pipe line size shall be accomplished by a formed
reduction of the traverse chamber (body) or by a reducer butt
welded to the traverse chamber (body) that meets the
requirements of ANSI B31.1 and the ASME Code Section
VIII, Division 1.

8.4.1.2 Form II—Flanged End: Forged flanges shall be
attached to the body by butt welding only and shall be in
accordance with the requirements of ANSI B31.1 and the
ASME Code Section VIII, Division 1,

8.5 Limit Stops—Limit stops may be of the external or
internal type manufactured from a suitable material and
designed to withstand the full line pressure thrust load in the
event of a pipeline anchor failure.

8.6 Internal and External Guides—See 8.2,

8.6.1 Low Friction Internal and External Guides—The
low friction internal and external guides or inserts shall be
made from noncorrosive materials with appropriate differen-
tial hardness to also prevent scoring or binding of the slip.

8.7 Base:

8.7.1 Expansion Joint Without a Service Connection—
When a base is specified for Class [ expansion joints, the base
shall be designed for use as a main anchor, Class II expansion
joints shall have a base that is suitable as an intermediate
anchor, The base shall be of cast or fabricated steel that
conforms to the applicable ASTM standard and shall be
suitably attached to the joint and drilled in accordance with
the manufacturer’s standard practice.

8.7.2 Expansion Joint With a Service Connection—Class I
and Class II expansion joints with a service connection shall
be provided with a main anchor base and all anchor loading
data (forces and moments) shall be made available to the
manufacturer to assure adequate anchor design. The base
shall be of cast or fabricated steel that conforms to the
applicable ASTM standard and shall be suitably attached to
the joint and drilled in accordance with the manufacturer’s
standard practice.

8.8 Service Conmnection—Unless otherwise specified, a
service connection, when required shall be the manu-
facturer’s standard design and shall meet the applicable
requirements of the ASTM, ANSI, and ASME Codes. The
service connection shall be supplied with end connections as
specified (See 8.5).

8.9 Drain Connection—When required, a drain connec-
tion shall be attached to the body of the expansion joint and
shall be the manufacturer’s standard unless otherwise speci-
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fied. The drain connection shall meet the requirements for
fitting connections as specified in ANSI B31.1,

8.10 Packing—Unless otherwise specified, the packing
shall be the manufacturer’s standard type packing and shall
be suitable for the specified service conditions,

8.11 Other Materials of Construction—Where the expan-
sion joint is to transfer corrosive fluids, or be installed in a
corrosive atmosphere, corrosive resistant matetials as speci-
fied may be substituted for the carbon steel components,
especially the sliding slip.

9. Drawing Requirements

9.1 Drawings—When specified, dimensional sketches or
drawings sufficiently detailed to describe the expansion joint
to be supplied, shall be submitted with bid proposals. The
inch-pound system of measurements shall be used to dimen-
sion drawings. Drawings shall note that the design of the
components or products is in full compliance with this
specification.

10. Cleaning and Surface Preservation

10.1 Cleaning—The internal and external surfaces of the
expansion joint shall be cleaned of dirt, oil, grease, and other
foreign material using a suitable cleaning solvent. Extreme
care shall be utilized to ensure the interior is free of any slag,
steel chips, or other similar materials that could lodge
between the slip and the body and score the slip surface.

10.2 Surface Preservation—nless specified, no preserva-
tion will be required on the internal surface of the expansion
joint. All external surfaces except the chrome plated slip
surface, flanged faces, and weld bevel surfaces shall be
painted in accordance with the manufacturer’s standard
practice. Weld end joint surfaces for field welding shall be
coated with “deoxaluminate” preservative.

11. Packaging and Package Marking

11.1 All openings shall be suitably sealed to protect the
opening connection surfaces and prevent entrance of foreign
materials.

[1.2 Unless otherwise specified, the exposed chrome
plated surface of the slips shall be protected in accordance
with the manufacturer’s standard practice.

11.3 Unless otherwise specified, the completed expansion
joints shall be suitably attached with steel strapping or hold
down bolting, to wood skids or crates in accordance with
standard commercial practice for domestic shipments,

12, Quality Assurance

12.1 Inspection—Unless otherwise specified the con-
tractor shall perform inspections as required to assure
compliance with this specification. The procuring agency
may establish inspection requirements, and it is the contrac-
tor’s responsibility to provide access to his facilities for the
procuring agency’s inspection of material, work in process,
and quality assurance testing or results as required.

12.2 Material Certification—Certified material test . re-
ports or certificates of compliance shall be required for all
pressure retaining material. To maintain traceability, all
pressure retaining material shall be metal stamped or other-
wise suitably marked with heat treat numbers or other
identification codes. If metal stamping is used, the indenta-
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tions shall not exceed Y42z in. (0.8 mm) or infringe on
minimum wall thickness. A round-nose, low-impression type
stamping die shall be used.

12.3 Nondestructive  Testing—When  required  all
nondestructive testing shall be performed by qualified per-
sonnel in accordance with qualified acceptable procedures.

12.3.1 Radiography—Radiographic examination of welds
shall be in accordance with ANSI B31.1 and Secton V of the
ASME Code.

12.3.2 Visual Examination, Magnetic Particle, and
Liquid Penetrant Examination—Whenever required, these
examinations shall be in accordance with ANSI B31.1 and
Section V of the ASME Code.

13. Keywords

13.1 axial thermal growth; expansion joint; fluid pipe line;
marine technology; packed slip expansion joint; pipe line;
ship

The American Saciety for Testing and Materials takes no position respecting the valldity of any patent rights asserted in connection
with any ltem mentioned In this standard, Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringerent of such rights, are entirely their own respansibility.

This standard Is subject to revision at any time by the responsible technical committes and must be reviewed every five years and
if not revised, either reapproved or withdrawn, Your comments are invited either far revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have nat received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Berr Harbor Drive, West Conshohockan, PA 19428,
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QH", Designation: F 1014 - 92

Standard Specification for
Flashlights on Vessels

An American Nationat Stardard

This standard is issued under the fixed designation F 1014; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
supetscript epsilon (s) indicatss an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adaopted by the Depariment of Defense.

1. Scope

1.1 This specification covers three types of flashlights (see
Section 4). ‘

1.2 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
for information only.

1.3 The following precautionary caveat pertains only to
the test method portion, Section 9, of this specification: This
standard does not purport to address all of the safety
problems, if any, associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate
safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. Referenced Documents

2.1 Military Standard:

MIL-STD-105D Department of Defense Standard; Sam-
pling Procedures and Tables for Inspection by Attributes?

2.2 UL Standard:

UL Standard No. 7832

3. Terminology

3.1 Descriptions of Terms Specific to This Standard:

3.1.1 Jot—a manufacturers production run for a specific
type of flashlight.

3.1.2 order batch—the size of a specific contract or
purchase order taken from the lot.

3.1.3 production testing—the testing performed during a
lot run of specific flashlights.

4. Classification

4.1 The three types of flashlights covered in this specifica-
tion are classified as follows:

4.1.1 Type I—Flashlights for use in lifeboats and liferafts.

4.1.2 Type II—Flashlights for use in hazardous locations
where fire or explosion hazards may exist due to the presence
of flammable gases or vapors, flammable liquids, combus-
tible dust, or ignitable fibers or flyings.

4.1.3 Type III—Flashlights for use in lifeboats and
liferafts and suitable for hazardous locations.

1 This specification is under the jurisdiction of ASTM Committes F-25 on
Shipbuilding and is the direct responsibility of Subcommittee F25.10 on Electrical,
Electronics, and Automation.

Current edition approved Aug. 15, 1992, Published October 1992. Originally
published as F 1014 — 86, Last previous edition F 1014 - 86 (1992).

2 Available from Standardization Documents Order Desk, Bldg, 4 Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

3 Available from Underwriters Laboratories, 333 Pfingsten Rd., Northbrook, IL
60062.
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4.2 Type I flashlights-shall be ' manufactured in accordance
with Sections 2 through 11. Type T flashlights shall meet the
requiréndents in Sections 11 and 12. Type III flashlights shall
meet the réquirements in Sections 2 through 12.

5. Materials and Manufacture

5.1 Materials—All materials used in the construction of
these flashlights shall be of a quality suitable for the purpose
intended and shall conform to the requirements of this
specification.

5.2 Manufacture—Plastic, when used, shall be a suitable
thermoplastic or thermosetting material so molded as to
produce a dense solid structure, uniform in texture, finish,
and mechanical properties.

6. General Requirements

6.1 Each flashlight shall be a three-cell light.

6.2 Each flashlight shall provide a concentrated beam of
light. When used in this specification, a concentrated beam
of light is light projected in a nearly parallel beam and is used
to illuminate objects at considerable distances,

6.3 The flashlight shall show no leakage of water and shall
be in perfect working order following the test prescribed in
9.2.

6.4 The proportions and design of each flashlight shall be
such that the assembled unit complete with lamp and cells
shall be capable of withstanding, without breakage or mate-
rial distortion of any part and without upsetting the lamp
focus, the test specified in 9.6. Damage of lamp filament or
shifting of filament within the lamp as a result of this test
shall not be cause for rejection of the flashlight if the
flashlight operates when the spare lamp is used.

6.5 Each flashlight must be furnished with two lamps.
One of these lamps is a spare and must be contained within
the body of the flashlight, either in the end cap or reflector
head area. .

6.6 All metal parts of each flashlight shall be made of
corrosion-resistant material. All copper or copper-alloy parts
coming in contact with rubber shall not corrode or disinte-
grate the rubber.

6.7 The construction of each flashlight shall be such that a
metallic contact outside the case cannot close the battery
circuit and cause the light to come on,

6.8 Each flashlight shall be provided with means to
prevent it from rolling.

7. Physical Requirements
7.1 Dimensions—Each flashlight shall not exceed 11% in.
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(292 mm) in length and shall have a lens ring diameter of no
more than 2% in, (63.5 mm).

1.2 Case, Lens Head Ring, and End Cap

7.2.1 The flashlight case must be suitable to receive three
commercial D-size dry cells. The exterior of the flashlight
shall have molded flutes or ribs to provide a satisfactory

-gripping surface when wet. Cells must be held in the case

under sufficient pressure to ensure good contact and to
prevent breaking of the circuit when the flashlight is tested in
accordance with 9.1.2. The flashlight must be constructed so
that the cells are readily replaceable.

7.2.2 The case, ring, and cap, need not be made of the
same material but cooperating threaded surfaces should be of
the same type material.

7.3 Lens—The lens shall be of good quality, laminated,
shatter-proof glass or clear plastic; free from bubbles, striae,
wrinkles, or other defects and blemishes that would affect the
light distribution, The lens shall be secured to the lens head
ring by a suitable retaining ring or other device so as to
prevent it from being dropped when the lens head ring is
unscrewed.

- 7.4 Reflector—The reflector may be of metal or plastic
and must have sufficient rigidity so as not to become
distorted when the flashlight is completely assembled with
cells and lamp. It must have an essentiaily parabolic re-
flecting surface, highly polished and resistant to corrosion

and discoloration. The reflector shall be 1% + % in. (44 =

mm) in diameter.
7.5 Lamps—The lamps shall be appropriate for use with

alkaline or carbon-zinc batteries. Each lamp must have a

lamp life of at Ieast 15 h at the rated battery voltage.

*7.6 Lamp Holder—~The lamp shall be firmly positioned in

the reflector, It shall be so positioned that the lamp, when

~assembled in the holder, shall have its filament located at the

focus of the reflector, with the accuracy necessary to produce
a concentrated beam of light as specified in 9.7, It shall have
sufficient rigidity so as not to become distorted when the
flashlight is completely assembled with cells and lamp.
Means shall be provided to protect the lamp from damage by
battery impact and for conveniently removing and replacing
the lamp. The mounting adjustment shall have sufficierit
stability to retain the focal adjustment of the lamp under a
condition of vibration, and when the flashlight is tested in
accordance with 9.1.2. ‘

7.7 Switch—The switch shall be conveniently located and
securely attached to the flashlight. It shall be provided with a
permanent “ON” position, a manually operable signaling or
“FLASHING” position, and a locked “OFF” position. It
shall be provided with means to prevent accidental closing of
the lamp circuit. The switch parts and switch contact strip
shall be adequately insulated so that it will be impossible for
metal-clad cells to close a circuit when the switch is on the
“OFF” position. The flashlight shall be designed with a
switch guard. Contact springs shall be of phosphor bronze,
spring brass, or other corrosion-resistant equivalent material.

7.8 -Suspension Member—Each flashlight shall be
equipped with a suitable suspension ring or clip. The ring or
clip shall be tested as specified in 9.8.

8. Workmanship
8.1 Flashlights shall be of sturdy construction and free of

mechanical, electrical, or other imperfections or defects that
materially affect appearance or that may affect quality,
reliability, or serviceability. The finished flashlight shall not
contain rough edges, burrs, blemishes, or other disfigure-
ments and shall be clean, free from rust, toolmarks, pits, and
other injurious defects,

8.1.1 Threaded parts shall be smooth and close fitting and
shall be capable of being easily moved by hand relative to
each other. Threaded parts shall not jump or change
adjustment when being put together or when subjected to the
tests in Section 9.

9. Test Methods

9.1 Switches:

9.1.1 Switch Leakage—With the lamp and reflector re-
moved, insert fresh batteries into the flashlight. Connect a
voltmeter across the switch and battery or the switch and
battery contacts, as appropriate, in such a way as to read the

battery valtage through the switch.: With the switch in the

“OFF” position, read the voltage. Any distinguishable deflec-
tion of the meter hand when the meter is set in the voltage
range, nearest the battery voltage, shall constitute failure of
this test.

9.1.2 Operation—Insert batteries into the flashlight and
operate the switch five times in each of the three switch
positions. Shake the flashlight vigorously in each “ON” and
“FLASHING” switch position. The flashlight must not go off

when shaken vigorously while the switch is in the “ON" or

“FLASHING” position.

9.1.3 Switch Endurance—Test the contact switch mecha-
nisim of the flashlight by operating the switch for 25 000
continuous cycles.' A cycle shall consist of movements from
“OFF” position through the full “ON” and “FLASHING”
positions and back to “OFF” position. Operate the switch
under normal electrical load conditions, and replace the
lamp and batterics as often as required to ensure that the
switch mechanism is operating under normal load
throughout the 25000 cycles. Burning out of bulbs and
batteries during the test shall not constitute failure of this
test. Failure of the switch to complete 25 000 cycles shall
constitute failure of this test.

9.2 Watertightness—Test the flashlight as follows:

9.2.1 Submerge the assembled flashlight in a salt water
solution (1.04 sp gr) under a head of 1 ft (0.3 m) for a period
of 24 I at a water temperature of 65°F (18°C). Remove the
flashlight and wipe off the excess water. The total water
absorption shall not exceed 5 % weight. The flashlight shall
be capable of being disassembled and reassembled without
undue difficulty upon completion of the test and shall be in
perfect working order., :

9.3 Impact: .

9.3.1 Test Conditions—Place the flashlight, w1thout bat-
teries installed, in a cold chamber at —40 = 5°F (—40 + 3°C)
for 2 h. With the flashlight stabilized at this temperature,
immediately subject it to the low- and high-impact test
specified in 9.3.2 and 9. 3 3. Apply the point of impact to the
following:

9.3.1.1 The outside ot" the ﬂashhght case at a point
midway between. the ends of the case on a side 90° from the
switch,

PRO_00107026



b F 1014

9.3.1.2 The switch (in the “ON” position and in the
“QFF” position),

9.3.1.3 The lens cap, and

9.3.1.4 The end cap.

9.3.2 Low Impact—Subject the flashlight to a 12-1bf-in.
(1.4 N'm) impact using a 1-lb (0.4-kg) steel ball at each of
the points of impact specified in 9.3.1. Provided the flash-
light remains intact, next subject the flashlight to the
watertightness test (see 9.2). There shall be no evidence of
breakage from impact or moisture in the case.

9.3.3 High Impact—After the flashlight passes the low-
impact test, again place the flashlight in the cold chamber at
—40°F # 5°F (—40 = 3°C) for 2 h, and then immediately
subject it to a 20 Ibf-in. (2.3 N-m) impact using a 1-lb
(0.4-kg) steel ball at each of the points of impact specified
above, There shall be no evidence of damage to the case, the
lens, or the end cap.

9.4 Environmental:

9.4.1 Heat and Humidity—Place the flashlight, with dry
cells, on a horizontal surface and subject to dry heat at 150 £
5°F (65.6 =+ 3°C) for 16 h, followed by an 85 + 5 % relative
humidity at 100 & 2°F (38 £ 1°C) for 6 h. The flashlight shall
be compared with untested flashlights for dimensional sta-
bility, crazing of surface, and then tested to determine that
the flashlight operates in accordance with 9.1.2.

9.5 Corrosion—Subject the flashlights, without dry cells,
to salt spray for 200 h. Then wash the flashlight with fresh
water, dry, and then test to determine that, the flashlight
operates in accordance with 9.1.2. There shall be no evidence
of corrosion.

9.6 Rough Use—Drop the flashlight, complete with dry
cells, lamps, and lens, 5 ft (1.5 m) in free fall onto a
vinyl-asbestos tiled concrete floor. Drop the flashlight twice
in a horizontal position upon the switch, with the switch in
the “ON” position, twice in a horizontal position upon the
switch, with the switch in the “OFF” position, twice in a
vertical position upon the head of the flashlight, and upon
the base of the flashlight. Do not tighten parts once the test
has begun. There shall be no evidence of damage to any part
of the flashlight. Then test the flashlight in accordance with
9.1.3.

9.7 Light Projection—The flashlight must project a con-
centrated beam of light not less than 5 in. (127 mm) nor
more than 11 in. (279 mm) in diameter when located 5 ft
(1.524 m) from a screen. The plane of the screen must be
perpendicular to the optical axis of the flashiight.

9.8 End Cap Ring—The end cap ring shall support a
weight of 25 Ib (11.3 kg) for 1 min without evidence of
distortion.

10. Marking, Packaging, and Packing

10.1 Product Marking—Each flashlight conforming to all
the requirements in this specification shall be marked with
the name, brand, or trademark of the manufacturer, this
ASTM specification number, the type of flashlight (Type I,
Type I, or Type III), and any other information as may be
specified in the contract or purchase order.

10.2 Unless otherwise specified by the customer in the
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TABLE 1 Sample Testing

Production Order Batch
1. Switch leakage (9.1.1) 1. Switch leakage (9.1.1)
2. QOperation (9.1.2) 2. Operation (9.1.2)
3, Switch endurance (9.1.3) 3. Rough use (9.6)
4. Watertightness (9.2) 4. Light projection (9.7)
5. Impact (9.3) 6. End cap ring (9.8)
6. Heat and humidity (9.4.1)
7. Corrosion (9.5)
8. Rough use (8.6)
9. Light projection (8.7)
10, End cap ring (9.8)

contract or purchase order, the flashlight shall be packaged,
packed, and marked in accordance with the manufacturer’s
commercial practice to ensure acceptance and safe delivery
by the carrier for the mode of shipping and handling.

11. Quality Assurance Provisions

11.1 Unless otherwise specified in the contract or pur-
chase order, the producer is responsible for the performance
of all inspection and requirements as specified herein. Except
as otherwise specified in the contract or purchase order, the
producer may use his own or any other facilities suitable for
the performance of the inspection requirements specified
herein. The purchaser reserves the right to perform any of
the inspections set forth in this specification where such
inspections are deemed necessary to ensure that the flash-
lights conform to the prescribed requirements.

11.2 The producer shall perform the necessary inspection
and tests to ensure that an §-4 inspection level, in accordance
with MIL-STD-103D, is provided. An Acceptable Quality
Level (AQL) of | % defective for the operational test and the
switch leakage test, and an AQL of 4 % for any of the other
requirements or tests specified shall be provided. Sample
testing shall be in accordance with Table 1,

12. Flashlights for Use in Hazardous Locations on U.S,
Flag Merchant Vessels

12.1 Details such as dimensions, construction criteria,
battery configuration, and voltage shall be provided by the
procuring agency in the contract or purchase order.

12.2 Flashlights that are to be used in hazardous locations
shall conform to the requirements of Underwriters Labora-
tories (UL) Standard No. 783, or equivalent standard, and to
the following requirements.

12.3 Flashlights that are to be used in hazardous locations
shall be listed by an independent testing laboratory that is
concerned with product evaluation, that maintains periodic
inspection of production of listed flashlights, and whose
listing states that the flashlight has been tested and found
suitable for use in the hazardous location specified (that is,
Class and Group designation). The testing laboratory must
be acceptable to the appropriate regulatory bodies or the
procurement agency.

12.4 Flashlights that have been listed by a testing labora-
tory meeting the criteria in 12.3 shall affix a label, symbol, or
other identifying mark to the flashlight that shall indicate
that the flashlight is suitable for use in the hazardous
location.
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The Amaerican Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the valldity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will recelve careful consideration at & meeting of the responsitile
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you shouid make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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‘IH"') Designation: F 1020 — 86 (Reapproved 1996)°"

Standard Specification for

An American National Standard

Line-Blind Valves for Marine Applications’

This standard is issued under the fixed designation F 1020; the

Tyar 3 A3 'y‘.“ '.,the" ]

ion indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval

€1 Nore—Keywords were added editorially in November 1996,

1. Scope

1.1 This specification provides the minimum require-
ments for design fabrication, pressure rating, and testing for
line-blind valves.

1.2 The values stated in inch-pound units are to be re-
garded as the standard. The values given in parentheses are
for information only,

1.3 The following safety hazards caveat pertains only to
the test methods portion, Section 5, of this specification:
This standard does not purport to address all of the safety
concerns, if any, associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate
safety and health practices and deiermine the applicability of
regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standard:

A 53 Specification for Pipe, Steel, Black and Hot-Dipped,
Zinc-Coated Welded and Seamless”

2.2 ANSI Standards:

B16.5 Pipe Flanges and Flanged Fittings, Steel-Nickel
Alloy and Other Special Alloys?

B31.1 Power Piping?

2.3 MSS Standards:

SP-6 Finish for Contact Faces of Pipe Flanges and
Connecting End Flanges of Valves and Fittings*

SP-25 Marking System for Valves, Fittings, Flanges, and
Unions*

SP-55 Quality Standard for Steel Castings for Valves,
Flanges and Fittings, and Other Piping Components
(Visual Method)*

2.4 ASME Standard:

ASM;E Boiler and Pressure Vessel Code, Sections 11, VIII,
IX

3. Descriptions of Terms Specific to This Standard

3.1 blank—a solid one-piece circular unit inserted into a
pipeline to prevent flow.

| This specification is under the jurisdiction of ASTM Committee F-25 on
Ships and Marine Technology and is the direct responsibility of Subcommittee
F25.13 on Piping Systems.

Current edition approved Sept. 26, 1986. Published November 1986.

2 Annual Book of ASTM Standards, Vol 01.01.

3 Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036.

4 Available from Manufacturer’s Standardization Society of the Valve and
Fittings Industry, Inc., 127 Park St., N.E. Vienna, VA 22180.

5 Available from American Society of Mechanical Engineers, 345 E. 47th St.,
New York, NY 10017,
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3.2 line-blind valve—an assembly consisting of a spectacle
plate, bolting, and body, the purpose of which is to provide a
convenient means to align a piping system to an open or
positively closed configuration. The assembly is designed to
provide a simplified method of changing over the flow
control spectacle plate without the necessity of plate removal
from the valve body.

3.3 spectacle plate, (also spectacle blind)—a figure-cight
shaped unit with one end open for flow and the other solid to
prevent flow.

4. Materials and Manufacture

4.1 Materials:

4.1.1 Materials for spectacle plates, bolting, and body
shall be those contained in ASME Section II. For the purpose
of stress calculations, ASME Section VIII values shall be
used.

4.1.2 All welding shall be done with procedures and
welders qualified in accordance with ASME Section IX; and
80 % weld efficiency factor shall be used.

4.1.3 All castings shall be visually inspected and accept-
able in accordance with MSS-SP-55.

4.2 Manufacture:

4.2.1 The spectacle plate shall be designed in accordance
with ANSI B31.1, paragraph 104.5.3.

4.2.2 The calculations of 4.2.3 and 4.2.4 shall ensure that
a line blind is designed for the gasket material, of all that can
be used with the line blind being designed, that imposes the
most critical bolt-load conditions as a result of its gasket
factor, m, and gasket or joint-contact-surface unit seating
load, y.

42.3 The bolting shall be either of the following:

4.2.3.1 Modify the external loads in accordance with
Section 6 as determined using ASME Section VIII, Division
1, Appendix 2,

4.2.3.2 The equivalent in cross-section to that of ANSI
B16.5 flange bolting of equivalent nominal size and pressure.

4.2.3.3 In no case shall bolts have a nominal diameter less
than ¥ in. (12.7 mm).

4.2.3.4 The material class shall be an approved ANSI
B16.5 material or equal in tensile strength.

4.2.3.5 Cast bolting shall be x-rayed or have an 80 %
efficiency factor applied.

4.2.4 The body shall be calculated using ASME Section
VII1, Division 1, Appendix 2 with consideration for the size
and material of bolting in the appendix, the bolt load
satisfying Note 2 of paragraph 2-5 of Appendix 2.

4.2.5 The spectacle plate and mating body facings shall be
in accordance with MSS-SP-6.
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5. Testing

5.1 Each valve body shall be hydrostatically tested to the
shell test pressure in accordance with ANSI B16.5, Table 3.
A valve supplied to the WOG standard shall be tested up to
the nearest ANSI Class.

5.2 Each valve shall be tested for leakage at pressure 1.5
times the cold water rating of the valve rounded upward to
the next higher 25 psi (170 kPa) increment. Acceptance
criteria shall be that no leakage occurs during a 10-min “hold
time” at pressure.

6. Calculations

6.1 Bolting calculations from ASME Section VIII, Divi-
sion 1, Appendix 2 shall be modified to account for an
externally applied load due to piping. Add to the minimum
required bolt load for the operating conditions, W,,, an
external moment bolt load, H,, such that the modified total
cross-sectional area of the bolts shall be as follows:

A,ml = (Wml + Hx)/Sb

where;

H, = SZ/d),

Z = 1D, — D#)/D,)/32,

Di = L, 2tp, '

t, = PD,/(2(0.875)(S)), but not less than 0.23 in. (6.4
mm), and

d, = C/I +2(G,? - GAHNG? — GA)3IL,

6 1.1 All terms are identical to those defined in ASME
Section VI, Appendix 2 with the addition of the following:

6.1.1.1 A’,,, = modified total cross-sectional area of bolts
at root of thread or section of least diameter under stress,
required for the operating conditions, square inch. (square
millimetre).

6.1.1.2 H, = external moment of bolt load, Ibf (N).

6.1.1.3 0.875 = assumed pipe wall tolerance factor.

6.1.1.4 § = ASME allowable stress of the pipe material at
design temperature, psi (kPa), (for purposes of meeting this
specification, 15 000 psi (103.4 MPa) from Specification
A 53, Grade B, Type S shall be acceptable),

6.1.1.5 Z = section modulus of pipe shell, cubic inches
(cubic millimetres).

6.1.1.6 D, = nominal outside diameter of pipe, inches

(millimetres).

6.1.1.7 D, = calculated inside diameter of pipe, inches
(millimetres).

6.1.1.8 7, = calculated pipe wall thickness, inches
(millimetres). :

6.1.1.9 d, = moment arm of external moment on bolts
and gasket, inches (millimetres).

6.1.1.10 G, = outside diameter of contact surface of
gasket, inches (millimetres).
6.1.1.11 G;= inside diameter of contact surface of gasket,

inches (mllhmetres)

6.2 The selection of bolts to be used shall be made such
that the actual total cross-sectional area of bolts, 4,, will not
be less than A4,,,, where 4,, is taken as the greater of 47, and
Am2

7. Product Marking

7.1 Each valve must have the following markings in
accordance with MSS-SP-25:

7.1.1 Manufacturer’s name and trademark.

7.1.2 Appropriate pressure class,

7.1.3 Size of end connection. :

7.1.4 ASTM designation of materials.

7.1.5 ASTM designation and year of issue of this specifi-

cation,

8. Keywords

8.1 blind valve; line-blind valve; marine technology:
piping system; ship; valve

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted In connection
with any ftem mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of Infringement of such rights, are entirsly their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, elther reapproved or withdrawn. Your comments are Invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at & meeting of the responsible
technical committes, which you may attend. If you fsel that your comments have not received a fair hearing you should make your.
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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qﬂm Designation: F 1120 — 87 (Reapproved 1998)

Standard Specification for

An American National Standard

Circular Metalllc Bellows Type Expansion Joints for Plpmg

Applications®

This standard is issued under the fixed designation F 1120; the number immediately following the designation indicates the year of
original adoption ar, in the case of revision, the year of last revision, A nuwmber in parentheses indicates the year of last reapproval. A
superscript epsilon (e} indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification establishes the minimum require-
ments for the mechanical design, manufacture, inspection, and
testing of circular metallic bellows-type expansion joints used
to absorb the dimensional changes resulting from piping
thermal expansion or contraction, as well as the movement of
terminal equipment and supporting structures.

1.2 Additional or better features, over and above the mini-
mum requirements set by this specification, are not prohibited
by this specification.

1.3 The layout of many piping systems provides inherent
flexibility through natural changes in direction so that any
displacements produce primarily bending or torsional strains,

‘within acceptable limits. Where the system lacks this inherent

flexibility the designer should then consider adding flexibility
through the use of metallic bellows-type expansion joints.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

. 2. Referenced Documents

2.1 ANSI Standards:

B16.5 Pipe Flanges and Flanged Flttmgs

B16.25 Butt Welding Ends?

B31.1 Power Piping Code?

2.2 ASME Standards.

Section VIII, Division 1, Pressure Vessels®

Section IX, Welding and Brazing Qualifications®

2.3 EJMA Standard.

Standards of the Expansion Joint Manufacturer 8 Assocla-
tion*

2.4 - Pipe Fabrication Institute Standard:

! This specification is under the jurisdiction of ASTM Committee F-25 on Ships
and Marine Technology and is the direct responsibility of‘ Subcommmee F75 13 on
Piping Systemns. .

Cutrent edition approved Dec. 31,.1987. Published Febmary 1988 .

2 Available from American National Standards Institute, 11 W, 42nd St 13th
Floor, New York, NY 10036.

3 Available from American Somety of Mechanica! Engineers, 345 E.-47th St,

New York, NY 10017, - .
“4‘Available from Expansion Joint Manufacturer’s Association, 25 N Broadway,

‘ Tarrytown, NY 10591, The Standards of the Expansion Joint Manufacturer’s

Assaciation are a collection of standards developed by this mduslry and pubhshed

- it ane volumc, herein called EIMA Standards

ES-3 Fabrication Tolerances®

3. Terminology Definitions

3.1 Expansion joint definitions shall be in accordance with
those in the ETMA standards.

3.2 double expansion joint—expansion joint consisting of
two bellows joined by a common connector.

3.3 Discussion—The common connector is anchored to
some rigid part of the installation by means of an anchor base.
The anchor base may be attached to the common connector
either at installation or at time of manufacture. Each bellows
acts as a single expansion joint and absorbs the movement of

‘the pipe section in which 1t is installed independently of the

other bellows.

3.4 gimbal expansion joint—expansion joint designed to
permit angular rotation in any plane by the use of two pairs of
hinges affixed to a common floating gimbal ring.

3.5 Discussion—The gimbal ring, hinges, and ping are
designed to restrain the thrust of the expansion joint as a result
of internal pressure and extraneous forces, where applicable.

3.6 hinged expansion joint—expansion joint containing one
bellow designed to permit angular rotation. in one plane only by
the use of a pair of pins through hinge plates attached to the
expansion joint ends.

3.7 Discussion—The hinges and hmge pms are demgned to
restrain the thrust of the expansion joint as a result of internal
pressure and extrancous forces. Hinged expansion joints
should be used in sets of two or three to function properly.

3.8 pressure balanced expansion joini—expansion joint de-
signed to absorb axial movement or lateral deflection, or both,
while restraining the pressure thrust by means of tie devices
interconnecting the flow bellows with an opposed bellows also
subjected to line pressure,

3.9 Discussion—This type of expansion joint is intended for
use where a change of direction occurs in a run of piping. The
flow end of a pressure balanced expansion joint sometimes
contains two bellows separated by a common connector, in
which case it is called a universal pressure balanced expansion
joint.

3.10 single expansion joint—simplest form of expansion

' joint, consisting of single bellows construction, designed to

% Available from Plpe Fabrication Institute, 1326 Freepolt Rd P\ttsburgh

" PA 15238.

401

PRO_00107037



@b F 1120

absorb all movement of the pipe section in which it is installed.

3.11 swing expansion joint—expansion joint designed to
absorb lateral deflection or angular rotation, or both, in one
plane.

3.12 Discussion—Pressure thrust and extraneous forces are
restrained by the use of a pair of swing bars, each of which is
pinned to the expansion joint ends.

3.13 universal expansion joint—expansion joint containing
two bellows joined by a common comnector for the purpose of
absorbing any combination of axial movement, lateral deflec-
tion, and angular rotation.

3.14 Discussion—Universal expansion joints are usually
furnished with control rods to distribute the movement between
the two bellows of the expansion joint and stabilize the
common connector.

4. Ordering Information

4.1 An expansion joint is a unique product and must be
specifically designed for the intended service. It is the respon-
sibility of the piping system designer to supply sufficient
engineering data necessary for the complete design. The
information compiled by the piping system designer must be
complete and contain all pertinent data detailing the conditions
under which the expansion joint is expected to operate.

4.2 Ordets for each expansion joint shall include the fol-
lowing information:

42,1 Title, designation number, and latest revision of this
specification.

4.2.2 Size—The nominal pipe diameter or specific ducting
diameter.

4.2.3 Type of Expansion Joint—single, double, universal,
guided, hinged, gimbal, swing, or pressure balanced.

4.2.4 Flow Characteristics:

4.2.4.1 Flow Medium—indicate whether the medium is gas
or liquid.

4.2.4.2 Flow velocity, medium density, or viscosity, or
combination thereof.

4.2.4.3 Flow direction.

42.5 Pressure in psig (N/mm?*)—design, operating, and test
pressures.

4.2.6 Temperature in °F (°C)—design, operating, and instal-
lation temperatures.

4.2.7 Movement—axial (extension, compression); lateral
(single plane, multiplane); angular; torsional (to be avoided).
Differentiate between start-up, operational, or field installation
tolerance movements.

4.2.8 Materials—Material types (including that for the bel-
lows) shall be specified by the purchaser (see 5.1 for material
restrictions).

4.2.9 Internal Liner—Liner shall be specified when needed
because of flow velocity or other flow conditions. Specific
criteria for liners is shown in Section C-3 of the EIMA
Standards (see 6.6).

4.2.10 External Cover—To protect personnel having close
access to the bellows, when thermal insulation is to be added in
the field, or when external mechanical damage is possible (see
6.5).

4.2.11 End Fittings—The type of end connections such as
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flanged, threaded, or others to match the mating piping or
terminal equipment.

4.2.12 Accessories—Specify what accessories are required
and the conditions under which they operate. Consider items
such as insulation lugs, tie, limit, or control rods, pantographic

- linkages, trunions, gimbals, drains, purge connections, anchor

bases, and interply monitoring devices.

4.2.13 Dimensional Limitations—If space limitations exist,
specify the maximum overall length, maximum outside diam-
eter, minimum inside diameter, and installation tolerances.

4.2.14 Operating Forces—Specify calculated bellows
spring forces and pressure thrust forces if they are required for
subsequent anchor design or other piping systems analysis. If
there are maximum allowable values, these must also be
specified.

4.2.15 Installation Position—horizontal, vertical (flow up
or down), Specify if liner drainage holes are required.

42,16 Cycle Life Requirements—Specify an anticipated
number of thermal cycles over the intended life of the
expansion joint.

4.2.17 Testing Requiremenis—Specify testing requirements
in addition to the hydrostatic test required by 9.4 (for example,
vacuum testing, testing at operating temperature).

4.2.18 Inspection Requirements—Specify inspection re-
quirements in addition to the inspection required by Section 9
(that is, radiographic, fluorescent penetrant, or mass spectrom-
eter).

4.2.19 Piping Code Requirements—Specify any piping or
design code that must be used as the basis for design in
addition to those specified in 5.2.

4.2.20 Special Requirements—Specify the magnitude of
special system conditions such as vibration, shock, or hydraulic
surge.

4.2.21 Shipping Requirements—Specify whether special
packing is required including protection for extended outside
storage, export handling, or special lifting considerations for
heavy or large assemblies.

4,222 Piping Drawing—In addition to specifying the above
information it would be beneficial to provide a drawing of the
proposed piping system.

4,223 Supplementary Requirements—Specify any addi-
tional requirements not identified herein.

4.3 Fig. 1 and Fig. 2 should be used as a guide in ordering
expansion joints to this specification.

5. Materials and Manufacture

5.1 Materials:

3.1.1 Pressure-containing parts shall be manufactured from
material specifications and grades listed in Section VIII,
Division 1, of the ASME Code or ANSI B31.1. End connection
material shall have in service properties similar to the bellows
material. Flanges shall meet ANSI B16.5.

5.1.2° All other materials of construction shall be of the type
specified by the user and shall conform. to an ASTM or ASME
material specification. Materials not identified by the ordering
data shall be of the manufacturer’s standard and of the same
quality used for the intended purpose in commercial practice.

5.1.3 Materials used shall be free from defects that would
adversely affect the performance of the expansion joint,
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COMPANY: DATE / /
SHEET OF
PROJECT: INQUIRY NO,
JOB NO.
ITEM NO,/EJ TAG NO.
1 | QUANTITY EVA
2 | NOMINAL SIZE/1.D./O.D. (IN.) REFERENCE
3 [ EXPANSION JOINT TYPE 1
42 MEDIUM GAS/LIQUID
o [NFgé“ﬁIADT, oN VELOCITY (FT/SEC) 3 677‘ 47
4 ‘ FLOW DIRECTION
s | DESIGN PRESSURE, PSIG 6,19,
6 | TEST PRESSURE, PSIG 83,135
7a DESIGN (°F)
7b| TEMPERATURE MAXIMUM/MINIMUM (°F) 6.13
Te INSTALLATION (°F)
8a MAXIMUM AXIAL COMPRESSION (IN)
8| INSTALLATION |AXIAL EXTENSION (IN) 6.7.8.
8 MOVEMENT LATERAL (IN.)) 141
8d ANGULAR (DEG.)
%a AXIAL COMPRESSION (IN.)
9b MAXIMUM AXIAL EXTENSION (IN.) 6.7.13
9¢ DESIGN LATERAL (IN,) e
9d MOVEMENTS ANGULAR (DEG.)
Ye NO. OF CYCLES
10a AXIAL COMPRESSION (IN.y
10b OPERATING AXIAL EXTENSION (IN)
10¢ FLUCTUAT]ONS LATERAL ([N.) 84 !
10d ANGULAR (DEG.)
10¢ NO. OF CYCLES
11a BELLOWS 5.6,45
11b MATERIALS LINERS 71.78
e OF COVER 3.7.72
11d| CONSTRUCTION  FoipE SpECIFICATION
lle FLANGE SPECIFICATION 3.43
12 | RODS (TIE/LIMIT/CONTROL) 3,4.41
13 | PANTOGRAPHIC LINKAGE 4
14 | ANCHOR BASE (MAIN/INTERMEDIATE) 1.2.17
15a DIMENSIONAL OVERALL LENGTH (IN)
15b L IMITATIONS OUTSIDE DIAMETER (IN.) .
15¢ INSIDE DIAMETER (IN)
16a AXIAL (LBS./IN.)
16|  SERING RATE LATERAL (LBS,/IN) 54
LIMITATIONS
16¢ ANGULAR (IN-LBS./DEG.)
17 | INSTALLATION POSITION HORIZ./VERT. 8. 14]
182 BELLOWS |[LONG. SEAM| ..
18b WELD NDE | ATTACH.
18¢ QUALITY PIPING NDE
18d ASSURANCE DESIGN CODE REQRD.
18¢| REQUIREMENTS I35 pTiAL DATA REQRD.
18f
18g
19 | VIBRATION AMPLITUDE/FREQUENCY
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FIG. 1 Standard Expansion Joint Specification Sheet
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Company Date

Proposal No.

Project Inquiry/Job No,

Sheet of

ITEM NO.
20, PURGE, INSTRUMENTATION CONNECTION
21a. FACING
21b, 0.D. (IN.)
21e. LD. (IN.)
21d. THICKNESS (IN.)
2le. B.C. DIAMETER (IN.)
21f. NO. HOLES
2lg. SIZE HOLES
21h. HOLE ORIENTATION

SPECIAL
FLANGE DESIGN

ISOMETRIC PIPING SKETCH:

FIG. 2 Supplemental Specification Sheet (To Be Used With Standard Expansion Joint Specification Sheet)

5.1.4 All material incorporated in the work covered by this  is not allowed under this specification.
specification shall be new. The use of rebuilt or used products 5.1.5 Materials for hinge or gimbal hardware, or other
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sliding parts, shall be chosen to minimize galling of the
contacting patts.

3.2 Manufacture:

5.2.1 Expansion joints shall be designed and fabricated in
accordance with requirements set forth in the ordering data and
the EJMA Standards.

5.2.2 Nonstandard flanges shall be designed and fabricated
in accordance with Appendix 2 of Section VIII, Division 1, of

 the ASME Code. Flanges machined from plate shall not be

used at pressures exceeding 150 psi (1034 kPa) and tempera-
tures exceeding 450°F (232°C). Hubbed flanges machined
from plate or bar stock shall meet the requirements of
Appendix 2, Paragraph 2-2(d) of Section VIII, Division 1, of
the ASME Code.

5.2.3 All welding shall be accomplished in accordance with
ANSI B 31.1.

5.2.4 Welding personnel and welding procedures shall be
qualified in accordance with the applicable sections of Section

IX of the ASME Code.

5.2.5 All fabrication details not covered by the referenced
codes and standards shall be taken from the appropriate ANSI
standard. If no standard applies, accepted industry practice
shall govern.

5.2.6 The bellows shall be of tested and proven convolution
‘geometry.

6. Other Requirements

6.1 The details of design, material supply, fabrication, and
testing of the complete product are the responsibility of the
manufacturer unless specific details are requested by the
purchaser.

6.2 The specified normal operating movements (axial, lat-
eral, and angular) shall be available concurrently. The specified
lateral and angular movements shall be available on either side
of the expansion joint centerline. ,

6.3 Internal sleeves, external covers, and all attached hard-
ware shall be constructed so as not to interfere with adjacent
parts when the joint is in the fully deflected position.

6.4 Universal expansion joints shall be designed and fabri-

‘cated to be self-supporting and not require any external

structute for the support of the center pipe spool piece and its
contents. ‘

6.5 Expansion joints to be installed in systems above 150°F
(66°C) shall have an external cover. When external mechanical
damage is possible, a cover shall be fabricated to protect the
joint and personnel. ‘

6.6 Internal sleeves shall be installed in expansion joints
when the fluid velocity of the system, where the expansion
joint is to be installed, is greater than the values listed in
Section - C-3.1 of the EJMA Standards and where the flow
velocity exceeds 75 % of the velocity calculated using Section
C-3.1.4 of the EJMA. Standards.

7. Dimensions and Permissible Variations

7.1 Dimensional tolerances on completed expansion joint
assemblies shall be in accordance with Section D-2.9 of the
EIMA Standards and Standard ES-3 of the Pipe Fabricating
Institute.

8. Workmanship, Finish, and Appearance

8.1 The quality of workmanship shall be such as to produce
a product that is in accordance with the requirements of this
specification and ensures the proper functioning of all parts of
the unit.

8.2 The bellows shall be manufactured and carefully
handled to prevent surface flaws or deep scratches from being
generated. The surface condition of the completed joint assem-
bly shall be free from injurious surface discontinuities and any
contaminants that would affect the operation of the assembly.

8.3 On completion of fabrication, and before shipment, the
manufacturer shall clean the inside and outside of the com-
pleted assembly of all loose scale, grease, dirt, sand, rust, weld
spatter, cutting chips, and any other foreign matter by any
suitable means, The inside of the assembly shall then ‘be
inspected for cleanliness. All openings where practicable shall
be suitably closed to prevent the entrance of foreign matter
after cleaning and during shipment. The use of chlorinated
solvents is prohibited.

9. Inspection

9.1 The responsibility for quality control rests with the
manufacturer. However, all phases of fabrication may be
subject to review by a representative of the purchaser.

9.2 The inspector representing the purchaser shall have
access at all times, while work ou the contract of the purchaser
is being performed, to all parts of the manufacturer’s plant that
concern the manufacture of the product ordered. The manufac-
turer shall afford the inspector all reasonable facilities to satisfy
the inspector that the product is being furnished in accordance
with this specification. Inspection shall be made at the place of
manufacture before shipment, unless otherwise specified; and
shall be scheduled not to interfere unnecessarily with the
operations of the manufacturer. This requirement applies to all
subcontractors.

9.2.1 Acceptance of a particular phase of manufacturer ofan
assembly by a purchaser’s representative shall not be consid-
ered a waiver of any of the requirements of this specification
and shall not relieve the manufacturer of the responsibility of
furnishing a satisfactory product.

9.3 When the bellows is formed from a longitudinally
butt-welded cylinder, the longitudinal weld(s) shall be 100 %

-liquid penetrant examined on the outside and inside surfaces (if

accessible) before forming. Liquid penetrant examination on
all accessible inside and outside weld surfaces shall be repeated
after forming. All other welds essential to pressure containing

-or restraining shall be liquid penetrant examined. Ferromag-

405

netic materials may be examined by magnetic particle inspec-
tion instead of liquid penetrant at the manufacturer’s option.
Liquid penetrant and magnetic particle inspection shall be in
accordance with Section D-3.1.2 of the EJMA Standards.

9.4 All pressure retaining components shall be hydrostati-
cally tested to 1.5 times their design pressure as outlined in
Section D-3.1.6 of the EJIMA. Standards. Moment restraint,
simulating piping rigidity, shall be used if necessary. The
expansion joint shall be vented before hydrotest. Test pressure
shall be held for 10 min.
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9.4.1 Unless otherwise specified, potable water is accept-
able for hydrotesting.

9.42 All piping and bellows shall be thoroughly drained
after hydrotesting,

9.4.3 Pneumatic testing may be substituted for hydrostatic
testing at the manufacturer’s option. When substituted, pneu-
matic testing shall be accomplished in accordance with Section
137.5 of ANSI B31.1.

9.5 A dimensional inspection of the completed expansion
joint assemblies shall be performed in accordance with Section
D-2.9 of the EIMA Standards and Standard ES-3 of the Pipe
Fabricating Institute.

9.6 A visual examination of the completed expansion joint
shall be made.

10. Rejection and Rehearing

10.1 Expansion joint assemblies or parts thereof indicating
fabrication not in accordance with the manufacturing drawings
and procedures, or this specification, shall be subject to
rejection and shall be resolved in accordance with the manu-
facturer’s quality assurance program (see Section 14).

10.2 All repairs shall be in accordance with the specified
code and other applicable specifications.

10.3 Expansion joint assemblies or parts thereof accepted
by the purchaser’s representative at the place of manufacture
that subsequently reveal imperfections not previously detected
or which by subsequent tests or analysis show nonconformance
with this specification are subject to rejection.

11. Certification

11.1 When specified in the purchase order or contract, the
manufacturer’s certification shall be furnished to the purchaser.
Tt shall state that each expansion joint has been manufactured,
tested, and inspected in accordance with this specification and
the requirements have been complied with. When specified, a
report of any test results shall be furnished.

11.2 When specified, certification of the conformance to the
requirements of this specification may be made by a third party.

11.3 ASTM/ASME mill test reports are required for pres-
sure retaining and containing components.

11.4 No records are required for pipe fittings or flanges
provided they are made and marked in accordance with an
acceptable standard (such as ANSI). Certificates of conform-
ance are required when the markings are missing or are
removed during fabrication.

12. Product Marking

12.1 Each expansion joint shall be provided with a perma-
nently attached corrosion resistant nameplate indicating as a
minimum the following information:

12.1.1 Manufacturer’s name.
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12.1.2 Manufacturer’s model number.

12.1.3 Design Conditions—pressure, temperature, move-
ments,

12.1.4 This specification number (indicating compliance
thereto),

12.1.5 Purchaser’s specified component item number, if
ordered.

12.2 When an expansion joint is supplied with an internal
liner, a permanent arrow indicating the direction of flow shall
be plainly visible on the outside of the expansion joint.

12.3 Impression stamping directly on bellows material is
not permitted.

13. Packaging and Shipping

13.1 The expansion joint shall be containerized or shipped
on pallets with all materials strapped down and prepared for
shipment in such a manner that the quality, cleanliness, and
finish shall be maintained during shipment.

13.2 Yellow painted shipping bars shall be furnished to
maintain proper shipping length and alignment, and designed
not to interfere with the installation of the assembly. The
shipping bars shall be removed after installation and before
piping system test. Expansion joints with tie rods can be
provided with tie rod spacers instead of shipping bars.

13.3 Installation instructions shall be supplied in a weath-
erproof envelope with each expansion joint assembly.

13.4 When the expansion joint is to be transported to the job
site by ship, it should preferably be sent as below deck cargo.

13,5 All external surfaces shall be treated and painted in
accordance with the manufacturer’s standard practices, unless
otherwise specified. Paint shall be suitable for service tempera-
tures.

14. Quality Assurance

14.1 The manufacturer shall have a current certificate of
authorization to manufacture ASME Section VIII, Division 1,
Pressure Vessels to assure an adequate quality assurance
program that is applicable to all phases of manufacturing,
including materials supplied by subcoutractors.

14.2 Nothing in this specification shall relieve the manufac-
turer of the responsibility for performing, in addition to the
requirements of this specification, such analyses, tests, inspec-
tions, or other activities that the manufacturer considers nec-
essary to ensure that the design, material, and workmanship are
satisfactory for the service intended, or as may be required by
common usage or good practice.

15. Keywords

15.1 expansion joint; metallic bellows-type expansion
joints; piping systems; piping thermal contraction; piping
thermal expansion
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements are for use when desired by the purchaser. Other
requirements not identified in this specification may be included by agreement between the

manufacturer and the purchaser.

S1. Documents for Approval and/or Records

S1.1 Manufacturing drawings.

S1.2 Welding procedures and qualifications.

S1.3 Applicable nondestructive examination procedures.

814 Heat treatment procedures or temperature charts, or
both.

S1.5 Complete engineering design analysis calculations for
the metallic bellows or hardwazre, or both.

S1.6 ASME partial data forms.

S2. Qualification Testing

S2.1 When specified, the manufacturer shall furnish a first
article test assembly to determine conformance with this
specification. The test assembly shall consist of the bellows
and appropriate end connections. Liners, covers, tie, limit or
control rods, hinges, gimbal rings, and other similar devices
need not be provided on the first article test unit, unless they
are necessary for the performance of the specific test(s)
verification.

§2.2 When specified, cyclic endurance testing (fatigue test-
ing) shall be performed for the required number of complete
cycles. The test shall be performed under pressure at ambient
temperature and the assembly need be cycled in axial move-
ment only.

$2.2.1 During the test, the pressure in the assembly shall be
adjusted to simulate, as closely as possible, the maximum
design pressute of the unit being qualified. The pressure may
vary from this value during each cycle.

$2.2.2 A single test bellows can be used instead of a
multiple bellows assembly being qualified.

$2.2.3 In determining the qualifying extension or compres-
sion, or both, the equivalent axial movement caused by lateral
deflection and angular rotation shall be included. The equiva-
lent axial movement shall be computed in accordance with the
EIMA Standards and shall be algebraically added to the
specified values of axial movement.

82.3 The purchaser may require that the expansion joint be
certified as passing shock requirements. The shock require-
ments shall be specified by the purchaser.

$2.3.1 The purchaser may require that the expansion joint
be certified as passing vibration requirements. The vibration
requirements shall be specified by the purchaser,

§2.3.2 When specified, other qualifying tests shall be per-
formed on a first article test unit under the requirements of the
putchaset’s contract.

The American Sociely for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the valfdfty of any such
patent rights, and the risk of in/ringement of such rights, are entirely their own responsibility.

This standard is subject fo revision at any time by the responsible technical commitiee and must be reviewed every five ysars and
if not revised, either reapproved or withdrawn. Your comrments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquartars, Your comments will recelve careful consideration at a meeting of the responsible
technical committee, which you may attend, If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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qﬂnv) Designation: F 1121 — 87 (Reapproved 1998)

Standard Specification for

An Ametican National Standard

International Shore Connections for Marine Fire

Applications’

This standard is issued under the fixed designation F 1121; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
supetscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers the design and manufacture of
international shore conmections to be used with marine fire
fighting systems during an emergency when a stricken ship has
a system failure.

1.2 International shore connections are portable universal
couplings that permit connection of shipboard firemain systems
between one ship and another or between a shore facility and
a ship when their respective system threading is mismatched.
Both the ship and the facility are expected to have a fitting such
that in an emergency can be attached to their respective fire
hose and bolted together to permit charging the ship’s system.
It must be portable to accommodate hose to hose connection
and allow assistance from any position,

1.3 The international shore connection is required by inter-
national treaty?? to be carried onboard all passenger and cargo
vessels of 500 gross tons or more, regardless of firemain size,
engaged in international voyages, and is recommended for all
vessels that would be expected to render assistance. It is also
intended to be provided at shore facilities that would be used to
supply water to a ship’s firemain system.

1.4 Fabrication either on board a vessel, in a shipyard, or
other shore facility is not precluded by this specification.

1.5 The values stated in inch-pound units are to be regarded
as the standard. The wvalues given in parentheses are for
information only.

2. Ordering Information

2.1 The purchase order or inquiry for an international shore
connection shall include the following as applicable:

2.1.1 Material of construction.

2.1.2 Title, number, and latest revision of this specification.

2.1.3 Maximum operating pressure (psig) (when above 150
psig, see 4.2).

! This specification is under the jurisdiction of ASTM Committee F-25 on Ships
and Marine Techniology and is the direct responsibility of Subcommittee F25.13 an
Piping Systems.

Current edition approved Dec, 31, 1987. Published February 1988,

2 Amendments to the International Convention for the Safety of Life at Sea,
Chapter I1-2, Regulation 19, “Intetnational Shore Connection,” 1974,

3 Iniernational Maritime Organization Assembly Resolution A, XII 470, Jan. 4,
1987. This document is available from International Maritime Organization, 4
Albert Embankment, London, UK. SE1 7SR.
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2.1.4 Preservation (coating) requirements (if any, see 7.2).
2.1.5 Diameter and threading to be provided in the coupling.

3. Materials and Manufacture

3.1 The international shore connection may be machined
from forgings, castings, plate or bar stock, or may be fabricated
out of more than one piece.

3.2 The material shall be brass, bronze, or other suitable
corrosion-resistant material. When fabricated out of more than
one piece, the flange may be steel and the coupling a
corrosion-resistant material. Aluminum shall not be used.

3.3 Nuts, bolts, and washers shall be a corrosion-resistant
material.

4. Other Requirements

4.1 Design:

4.1.1 The connection shall consist of a flat face flange and a
threaded coupling. Threading shall be specified by the pur-
chaser.

4.1.2 The dimensions of the international shore connection
shall be in accordance with Fig. 1.

4.2 The maximum allowable working pressure (MAWD)
shall be at least 150 psig (1 N/mm?).

4.3 The international shore connection shall be supplied
with. four bolts, % in. (16 mm) in diameter, at least 2 in. (50
mum) in length, and threaded at least to within 1 in, (25 mm) of
the bolt head.

4.3.1 The bolts shall be supplied with four corresponding
nuts and eight washers.

4.4 The international shore connection shall be supplied
with a flange gasket suitable for the MAWP and seawater
service.

5. Workmanship, Finish, and Appearance

5.1 The quality of workmanship shall be such as to produce
a product that is in accordance with the requirements of this
specification. Completed units shall be free from imperfections
or defects that materially affect appearance or that may affect
serviceability.

6. Inspection

6.1 Each finished international shore connection shall be
visually examined and dimensionally checked to ensure it
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Diameter and threading to
be gpecified by user.
(See Note 1,)

Norg 1—Fire hose coupling may be used.
Notg 2—For 1%4-in. fire hose coupling, the radius will be %4 in.
Note 3—1 in, = 25.4 mm,

FIG. 1 International Shore Connection

corresponds to this specification.

7. Packaging and Preservation

7.1 Unless otherwise specified, the international shore con-
nection shall be packaged for shipment in accordance with the
manufacturer’s standard commercial practice.

7.2 Preservation of the international shore connectlon, by
the. marufacturer or user, shall be:satisfactory for preventing
deterioration of the connection during long-term storage on
vessels or at shore facilities.

8. Quality Assurance

8.1 The manufacturer shall use quahty assurance procedures
that ‘assure manufacture of high quality international shore
connections that are designed in accordance with this specifi-
cation,

9. Keywords

9.1 fire fighting systems; international shore connections;
hose-to-hose connection; marine fire applications; portable
universal couplings; shipboard firemain systems; stricken ship

Tha American Society for Testing and Materials takes no position respecting the validlly of any patent rights asserted in connection
with any item mentionad in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard s subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not ravised, sither reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committea, which you may attend. If you fael that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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qmp Designation: F 1122 — 87 (Reapproved 1998)

Standard Specification for

Quick Disconnect Couplings’

An American National Standard

This standard is issued under the fixed designation F 1122; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superseript epsilon (e) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This specification covers the manufacturing data re-
quired to produce a variety of styles and sizes of quick
disconnect couplings for marine use that ensure interchange-
ability and safety of operation.

1.2 In general, quick disconnect couplings are hose and pipe
end fittings that permit quick mechanical attachment by means
other than bolted or threaded fittings. The method of attach-
ment is a male coupling half (adapter) that fits into a female
coupling half (coupler) of the same size. By closing attached
cam handles, the coupling halves seal, permitting fluids to be
transported under pressure through the quick disconnect cou-
pling.

1.3 The values stated in this specification are in inch-pound
units with SI units given in parentheses. The values of each
system may not be exact equivalents. Therefore, each system
should be considered separately.

1.4 The following safety hazards caveat pertains only to the
test method described in this specification: This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ANSI Standards:

B2.1 Pipe Threads?

B16.5 Pipe Flanges and Flanged Fittings, Steel-Nickel Al-
loy, and Other Special Alloys?

B16.24 Bronze Pipe Flanges and Flanged Fittings?

B16.42 Ductile Iron Pipe Flanges and Flanged Fittings®

B31.1 Power Piping Code®

2.2 MSS Standards:

MSS-SP-6 Standard Finish for Contact Faces of Pipe
Flanges and Connecting End Flanges of Valves and
Fittings®

! This specification is under the jurisdiction of ASTM Committee F-25 on Ships
and Marine Technology and is the direct responsibility of Subcommittee F25.13 on
Piping Systems.

Current edition approved Dec. 31, 1987. Published February 1988,

2 Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036.

3 Available from Manufacturers’ Standardization Society of the Valve and
Fittings Industry, Inc., 1815 N, Fort Myers Dr., Arlington, VA 22209,
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MSS-SP-25 Standard Marking System for Valves, Fittings,
Flanges, and Unions®

MSS-SP-55 Quality Standard for Steel Castings for Valves,
Flanges, and Fittings and Other Piping Components (Vi-
sual Method)?

2.3 ASME Standards:

Section VIII, Division 1, Pressure Vessels*

Section IX, Welding and Brazing Qualifications*

3. Definitions of Terms Specific to This Standard

3.1 adapter—one half of a quick disconnect coupling that
fits into the coupler and seals against an elastomer gasket
positioned inside the coupler.

3.2 cam handles—handles that are assembled to the coupler
half which by closing engages the adapter sealing the coupling.

3.3 coupler—one half of a quick disconnect coupling that
receives the adapter. This half contains the sealing gasket and
cam handles (see Fig. 1).

Note 1—See Fig. 2 for a description of typical coupler pipe fittings.

4. Classification

4.1 Quick disconnect couplings shall consist of the follow-
ing types:

4.1.1 Standard Class—This type is to be designed for a 4:1
burst factor of safety.

4.1.2 Class I—This type is to be designed for a 5:1 burst
factor of safety.

4.2 Both Standard Class and Class I will be called quick
disconnect couplings in the body of this specification unless
otherwise specified.

5. Ordering Information

5.1 Purchase orders for quick disconnect couplings under
this specification shall include the following applicable infor-
mation:

5.1.1 Class.

5.1.2 Size and type of each coupling half-end connection.
(Example—2~ by 1¥4-in. NPT).

5.1.3 ASTM material designation and date including alloy
specifications for the following:

5.1.3.1 Adapter and coupler halves,

5.1.3.2 Cam handle, and

# Available from American Society of Mechanical Engineers, 345 E. 47th St,
New York, NY 10017.
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“Adapter! "Cam Handle" Locked Position

Half
Fig, 2

"Couples'"

“Pull Ring"
Cam Handle

"Gasker'

Fig. 13

/
/ /\_
{ “Cam Handle"

Unlocked Position

FIG. 1 Typical Goupler Assembly

5.1.3.3 Cam handle pivot pin,

5.1.4 Product or fluid in applicable system.

5.1.5 Shipping instructions.

5.1.6 Any special requirements, such as testing, coatings,
and threads.

6. Materials and Manufacture

6.1 Materials: ‘ ‘

6.1.1 Pressure-retaining parts shall be manufactured from
material specifications and grades listed in Section VIII,
Division 1, of the ASME Boiler and Pressure Vessel Code or
ANSI B31.1.

6.1.2 All other materials of construction shall be of the type
specified by the user and shall conform to ASTM, ASME, or
Metal Power Industry Federation material specifications. Ma-
terials not identified by the ordering data shall be of the
manufacturer’s standard and of the same quality used for the
intended purpose in commercial pract1ce

6.1.3 All material incorporated in the work covered by this
specification shall ‘be new. The use of rebuilt or used products
are not allowed under this specification.

6.1.4 Gaskets are to be produced from a compressible
elastomeric material and shall be compatible with the fluid to
be transferred (see 5.1.4).

6.2 Manufacture:

6.2.1 Adapters and couplers are to be produced as castmgs
or forgings. Cam handles may be produced by casting, forging,
or sintered metal processes. Established commercial process-
ing methods are to be used to produce these parts, provided
chemical and physical properties are consistent with those
cataloged for the specified materials.

6.2.2 Pipe threads on the service end of couplers or adapt-
ers, when specified, shall meet ANSI B2.1. -

.6.2.3 Flanges on the service end of couplers or adapters, .

when specified, shall meet ANSI B16.5, B16.24, or B16.42.
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“8"-Coupler with male pipe threads

Fig. 4 ——.-_—IF—- Fig. 9
<

"E'-Adapter with male hose shank "'C""-Coupler with hose shank

Fig. 4 Fig. ¢

Fig. 7 T Fig. 3

"F'-Adapter with male hose shank

Fig. 12

Fig. .
g. 12 a-:WT=4n- Fig. 3

“W"-Adapter dust piug

“V".Coupler dust cap

Fig. 4 Fig. 10

Flg. 11 —=j=— Fig.3

"PF-A"-Adgpter with pipe flange

"PF-C"-Coupler with Pipe flange

FIG. 2 Adapter/Coupler Types (End Dimenslonal Data Located In
Tables Indicated by Arrows)

6.2.4 Flanges shall be finish machined to specifications
shown in MSS-SP-6. ‘

6.2.5 Cam handles assembled to the coupler are to have a
safety locking device to ensure against the handles being
opened unintentionally or vibrating open. This locking device
must require a separate, deliberate effort in the opening
operation over the standard handle operation.

6.2.6 Cam handles shall be manufactured to contain the
adapter within the coupler under rated pressure with no leakage
occurring. The cam action shall not distort the couplers
rendering the coupler unusable, The force required to close the
cam handles shall be adequate to prevent leakage, but shall be
easily attainable through hand operation by an average strength
person. Handles should not need to be hammered closed.

6.2.7 Welding procedure qualifications, welder performarnce
qualifications, and welding materials shall be in accordance
with ANSI B 31.1 and Section IX of the ASME Code. Brazing
or soldering shall not be used. Where radiography is required
(see 12.1), all welds shall be buit welds.

7. Other Requirements ‘
7.1 All couplings shall have a maximum allowable working
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pressure of not less than 150 psi (1034 kPa).

7.2 Maximum allowable working pressure (MAWP) for a
Standard Class coupling shall be 25 % of its burst pressure.

7.3 Maximum allowable working pressure for a Class I
coupling shall be 20 % of its burst pressure.

7.4 Burst pressure shall be determined in accordance with
Section VIII, Division 1 of the ASME Code.

8. Dimensions
8.1 The dimensions and tolerances required to ensure inter-

changeability of adapter and coupler halves, of common sizes,

shall be as given in Figs. 3-15.
8.2 Sizes as listed in the tables correspond to NPS for piping
systems.

9. Workmanship, Finish, and Appearance

9.1 Couplings are to be produced with quality workman-
ship. Casting surface quality is to be in accordance with
MSS-SP-35. Machined surfaces are to be finish machined to a
125-pin. (3175-pmm) (AA) finish or better with no porosity
showing,.

+,000 ’>

~.006

<+.ooo)_—.. E r_

(-.152%

sharp corner
to be broken
as minimum
requirement

30
~\\\‘~Qoptlona1 1’ ‘B'

9.1.1 Couplings are to be free of burrs or sharp edges.
Machined surfaces are to be free of nicks or scratches that may
affect the sealing capabilities of the couplings.

9.1.2 Surfaces are to be sound with good appearance and
true pattern. Internal surfaces, if not machined, shall be
smooth, as expected from. good quality casting, and free from
any flaw that would render the part unsafe for its intended use.

9.2 Cam handles are to be smooth, having no burrs or sharp
edges. Cam closing surface is to be continuous, providing an
increasing axial pull on mating adapter until proper seating
against the gasket occurs.

9.3 Defective parts are not to be repaired by welding,
brazing, or any other method, to fill porosity or other flaws in
the casting.

9.4 Gaskets are to be produced having paralle] sealing faces.
Faces are not to contain any imperfections that will allow
leakage to occur at working pressure.

10. Number of Tests
10.1 A prototype coupling of each size of each particular

T

dia.
- groove® A?

‘ dia.

J' min,

r wall

.:Ssijz?\\\\ SN WA AN 1
'H' rad,

Note 1—Unidentified tolerances; fractional = *Vs4 (+0.4), decimal = +0.000/-0.005 (+0.000/-0.127), angular = *2° (+0,035 rad)

Dimensions, in. (mm)

Size
A B C D E F G H J
1.264 1.035 1% 2%/an 0.471 1 0.378 Yia Yan
A @2.1) (26.3) (31) @1) (12) (25.4) (9.8) (1.6) (2.4)
1.264 1.035 1742 3Y3p 0.471 1 0.378 RA4L) Yan
9% (32.1) (26.3) 31 (24.6) (12) (25.4) (9.6) (1.6) (2.4)
1.448 1.144 1% 1942 0.565 1946 0.378 a2 Yz
1 (36.7) (29) (34.9) (27.8) (14.3) (33.3) (9.6) (2.4) (2.4)
1.792 1.388 12%a2 1Ya 0.690 1% 0.441 o V]
1V (45.5) (35.2) (43.6) @17 (17.5) (39.7) (11.2) @) )
2.108 1.690 2V 1%4a 0.890 154 0.441 Y Ya
11 (83.4) (42.9) (51.6) (39.7) (17.5) (41.3) (11.2) ) 3
2.484 2.065 2132 11%e 0.848 17 0.441 Yl Y]
2 (63.1) (52.4) (61.1) (49.2) (21.85) (47.6) (11.2) @ (3
2.985 2.545 2% 2%he 0.848 11545 0.441 ¥ 852
2% (75.8) (64.6) (73) (61.9) (21.5) (49.2) (11.2) 3) &)
3.604 3.202 3% 3% 0.895 2 0.503 a Sz
3 (91.5) (81.3) (88.9) (78.6) (22.7) (50.8) (12.8) @) 4)
4,708 4.307 41932 4% 0.895 2Y1e 0.503 Y hs2
4 (119.6) (100.4) (116.7) (104.8) (22.7) (52.4) (12.8) @) (5.8)
5.728 5.312 5% 5% 0.897 2V 0.508 Ya oz
5 (145.5) (134.9) (142.9) {130.2) (22.8) (54) (12.8) 3 (5.6)
6.929 6.362 61%a 6% 0.963 2Ys 0.859 Yo 2
6 (176) (161.6) (179) (158.4) (24.5) (657.1) (16.7) 3) (5.6

FIG. 3 Adapter End Dimensions
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-4 -
Hpn
VA ~ details dia.
't“ N sizes 4"
] thru 6" onl
dia. r enty

|

&

el

dia, groove

. "D'" min, wall

Note 1—Unidentified tolerances; fractional =

+ V4 (£0.4), angular = *2° (t0.035 rad), decimal =

%0.005 (£0.127)

Dimensions, in, (mm)

Size
A B ¢ D E F
1.874 Ya 1274 a2
a (32.3) (6.3) (36.1) 24)
1.274 a 1274 Ya2
Ya (32.3) (6.3) (38.1) (2.4)
1.464 L7 11942 Yoz -
1 (37.2) (7.1) (40.5) (2.4)
1.810 %2 2 Ya
1Va (46) (7.1) (50.8) @)
2123 %2 Vs Ve
1% (53.9) 7.1 (67.1) )
2.508 %2 2148 Yo
2 (63.7) (7.1) (68.3) 3)
3.009 %2 3% 2
21, (76.4) (.1 (81) @
3.628 %2 328/5 5/s2
3 (92.1) (7.1) (96) 4 e e
4.732 %2 41%18 a2 Yo 32942
4 (120.2) (7.1) (125.4) (6.6) (2.4) (99.2)
5,752 L7 53V Vg Yaz 4554
5 (146.1) (7.1) (1561.6) {5.8) (2.4) {121.8)
6.848 %2 %4 Tz Yz 529/
6 (176.5) (7.1) (181.4) (5.8) (2.4) (150)

FIG. 4 Coupler End Dimensions

design shall be tested to determine conformance to this

specification.
10.2 Each coupling shall be tested as outlined in productlon

testing of 11 2,
11. Test Methods

1.1 Prototype testing of each size of each particular design

shall be as follows. Maintain the indicated test pressures for at
least 1 min without leakage.

11.1,1 Pressure test to twice the MAWP after having - been
cycled (connected, closed; opened, and disconnected) three
times.

11.1.2 Pressure test at MAWP while applymg a moment of
1000 in.-Ibs (113 N-M) to one coupling half attempting to twist
it loose. Reapply MAWP after the moment is removed.

11.2 Production Test_Hydrostatlcally test each coupling to
1.5 tinies MAWP.

11.3 The test apparatus for '11.2 is to-be a state of-the-art
device, designed to apply internal pressure to the coupling
halves with gasket in place. Dye the fluid. used to apply the

‘hydrostatic pressure to facilitate observation of leakage should

leakage' occur,
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12. Inspection

12.1 Nondestructive examination of welds shall be per-
formed as required by ANSI B31.1. Additionally, 100 %
radiography of all welds is required for couplings equal to or
greater than 4-in, (100-mm) nominal diameter and when the

- nominal wall thickness is greater than 0,375 in. (9.4 mm).

12.2. The manufacturer is responsible for the inspection and
testing of each coupling and assuring conformity to this
specification, Samples selected, for inspection, at least one
coupling from each lot of 100 or fraction. thereof, are to be
dimensionally checked 100 % to verify adherence to this
specification. Couplings having threads are to be inspected
using proper thread gages. The entire lot of couplings is to be
visually checked for porosity and other flaws that could
adversely affect usability of this product.

12.3 The manufacturer shell afford the purchaser’s inspector

all reasonable facilities necessary to satisfy him that the

material is being furnished in accordance with this specifica-
tion. Inspection by the purchaser shall not interfere unneces-
sarily with the manufacturer’s operations. All examinations
and inspections shall be made at the place of manufacture,
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'A"-}-;rr'un. Achain boss, may be rotated ot
ro— on any flat or point 3/167dia.
5 hole
-
321 M:'Ln;
Y | I 'C' hub
4 dia.
{
| ot
| female
NPT threads
: per A.N,S.I. B2
’C‘ A'E‘ A
minimum across flats 'E' number
f“i““:e‘ of of lugs
ats
sizes %" thru 5" size 6" only

Note 1—*" Chain boss to be provided at the manufacturer’s discretion; number of flats or lugs provided are at the manufacturer’s discretion,

Unidentified tolerances; fractional = VY32 (*0.8)

Dimensions, in. (mm)

Size
A B C (minimum) D (minimum)
e a2 1.259 e 8
Yo (14.3) (5.8) 32
% Tz 1.259 v 8
Ya (14.3) (5.8) (32)
%he ez 1441 Vs 8
1 (14.3) (5.8) (36.8)
%e ez 1.787 ‘e 3
1V (14.3) (5.6) (45.4)
e [/ 2.100 o 8
1V (14.3) (5.8) (53.3)
%he Yoz 2.479 ves 8
2 (14.3) (5.8) (63)
Ya e 2.980 - 8
212 (19) (7.9) (76.7)
Ya %6 3.599 . 8
3 (19) (7.8) (91.4)
1 1952 4,703 e 8
4 (25.4) (10.3) (119.5)
1 1932 5.723 o 8
5 (25.4) (10.3) (145.4)
1Ye NA 6.924 Ya 2
6 @7 (175.9) (19)

FIG. 5 Adapter Female Threads End

unless otherwise agreed upon.
12.4 Other tests, when agreed upon, shall be made from
material of the lots covered in the order.

13, Certification

13.1 When specified in the purchase order or contract, the
manufacturer’s certification shall be furnished to the purchaser
stating that the samples representing each lot have been
manufactured, tested, and inspected in accordance with this
specification and the requirements have been met. When
specified in the purchase order or contract, a report of the test
results shall be furnished.

14, Product Marking
14.1 Each adapter and coupler shall be marked in accor-
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dance with MSS-5P-25 including the following:
14.1.1 ASTM designation of this specification,
14.1.2 “C11" if it is a Class I adapter or coupler.

15, Packaging and Package Marking

15.1 The couplings shall be packed according to the manu-
facturer’s standard practice, providing reasonable care to
prevent lost or damaged parts in shipment.

15.2 Containers and packages shall be marked or tagged to
adequately identify the contents or purchaser’s order number.

16. Quality Assurance

16.1 The manufacturer of the quick discomnect couplings
shall maintain the quality of the couplings that are designed,
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_F

’A'«b—;—-min.

T

female

1

UBI

min, across

L NPT-threads
per A.N.S.I. B2.1

flats

Nots 1—" Number of flats or lugs provided is at the manufacturer’s discretion.
Unidentified tolerance; fractional =52 (+0.8)

i F 1122

'D' number
of flats

sizes 1/2" thru 5"

size 6" only

Size

Dimensions; in. (mm)

B {mini-
murn)

G (mini-
mum)

7

14

1%

2

1%1e
(30.2)
1
(87.7)
1%
(38.1)
2
(50.8)
29
67.9)
2%
(69.9)
38Aa
(84.1)
31%e
(100}
4%
(125.4)
6
(152.4)
T%e
(182.6)

Y
(19)

FIG. 6 Goupier Female Thread End

tested, and marked in accordance with this specification. At no
time shall a coupling be sold with this specification designation

that does not meet the requirements herein.

413

PRO_00107062



%;1 (mi'n.)

-q»-—'A' MiL bl o

!B e C '

b F 1122

—;‘*l

v
Achain boss maybe rotated ,b.J3 .
or on flat or point

16 dia. hole

minimum

piy

tnt
D' min,
" n .
5/16" mi L hub
‘ ——_f_ 4 dia.
male
. NPT-threads
per ANSIB2,1
'p! A
min. across 'F' number o
flats of flats F' number
of lugs
sizes 1/2'" thry 5" gizes 6" only
Note 1—* Chain boss and number of flats or lugs provided is at the manufacturer’s discretion.
Unidentified tolerance; fractional V42 (+0.8)
si Dimensions, in. {mm)
e
# A B C (minimum) D (minimum) E (minimum) F
%a /aa % (1.269) 8
Y (14.3) (5.2) (15.9) (32)
e 3aq % 1.259 8
Y (14.3) (5.2) (15.9) (32)
%s 134 s 1.441 8
1 (14.3) (5.2) (22.2) (36.6)
(14.3) 1 % 1.787 8
1Ya (5.2) (22.2) (45.4)
e 1334 s 2,100 8
1% (14.3) (5.2) (22.2) (53.3)
%e 184 1848 2479 8
2 (14.3) (5.2) (23.8) (63)
Y4 194 1%a 2982 8
2 (19) {7.5) (33.3) (75.7)
Ya 19434 17he 3.599 8
3 (19) (7.5) (36.5) (91.4)
1 27434 198 4,703 8
4 (26.4) (10.7) (39.7) (119.5)
1 2%/a4 1% 5.723 8
5 (25.4) (10.7) (44.4) (145.4)
1 . 1% 6.924 £ 2
8 (25.4) (44.4) (175.9) (19)

FIG. 7 Adapter Male Thread End
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T F 1122

Min,

T

male
|— MPT-threads
per ANSTB2.1.

4

Size

Dimensians, in.

(mm)

A

Y

19

R

2%

%
(15.9)
%
(15.9)
)

. (22.2)

%
(©2.2)
%

(22) *

e
(23.8)
1%41e
(33.3)
1746
(36.5)
1%1a
39.7)
1%
(44.4)
1%
(44.4)

_ FIG. 8 Coupler Male Thread End
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U

Min,

i F 1122

"D min, {
(:1.6) (:3.2)(:1.6)

32 (1. 6) (#3.2)(+1.6 (+1.6
. & .
A chain +r/15 +1/a +1/15 *‘é”‘-é g‘é')“ #1/16 +1/8 #1/16 -3/16 (=0)
boss ot - - 'E' e 'F' E |
° L. (1.6) ~1- (1.6
ﬂ R ‘ / 16 R
L)
Ly
k ' "”m‘\ TSSO ’ 13 1 ‘ 3\ .
‘A 7 dia
A 'B'  Dia. 4 - - ‘B
* Dia. dia,
t oy o
NN
L ¢ 'C' min., wall Barb 'C" min. wall
—a{'H diae,
£lange type-C only
type-E only
Note 1—* Chain boss provided at the manufacturer’s discretion,
Note 2—Additional barbs may be provided at the manufacturer’s discretion.
Unidentified tolerance’s = +Vs2 (+0.8)
) Dimensions, in. (mm)
Size
A B C D E F G H
1952 s a2 1%/4e Va Ya 1V s
Y] (18.1) (12.3) 2.4 (33.3) (8.3) (19) 31.7) (9.5)
272 Vs Y2 2 Va Y WA ¥
% (21.4) (18.6) (2.4) (50.8) (6.3) (19) @1.7) (9.5)
1544 %4 Y2 24 Y% & 1% e
1 (27.4) (25) @.4) 67.1) (9.5) {19) 41.3) (11.1)
11Va2 11644 Uz 2Va Y% 134e 2 The
14 (34.1) (31.3) (3) (57.1) (9.5) (20.8) (50.8) (11.1)
11932 13144 Ve 2% Y% 1%e 2%4a e
1% (40.5) 37.7) (3) (60.3) (9.5) (20.6) (58.7) {11.1)
2%32 182 Vo 2% % 1V 2M4e e
2 (63.2) (50) (3) (69.8) (9.5) (28.6) (66.3) (11.1)
2% 281aa a2 Ie ha 1% e % e
21 (66.7) (63.1) (4 (79.4) a1 (34.9) (81) (14.3)
3k 298152 82 4 Y 1%a 3253 %1a
3 (79.4) (75.4) (4) (101.6) (12.7) (39.7) (96) (14.3)
4'% 33Va2 a2 4Ya e 1% 4% %8
4 (104.8) (100.8) (5.6) (107.9) (12.7) (44.4) (123.8) (14.3)
] 5 /a2 42 Yo 1% 6% %
5 (130.2) (127) (5.6) (114.3) (12,7} (44.4) {166.7) (15.9)
616 6 a2 52 ) 2% 7% Y
8 (155.6) (152.4) (5.6) (139.7) (12.7) (66.7) (181) (19)

FIG, 9 Hose Shank End
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Flange

data per

AN L

B16.5

|
1

M F 1122

Q‘\" B16.24
&
‘At ___]
dia
inside
min.
Dimensions, in. (mm)
Size -
A B [
e 2% Y2
a (17.5) (66.7) 2.4)
1%e 2% a2
Ys (20.6) (86.7) (2.4)
1 3% Yoz
1 (25.4) (77.8) (2.4)
1548 4 Ya
14 (33.3) {101.6) (3)
19%s 4 s
14 (39.7) (101.8) 3)
11848 4Ya e
2 (49.2) (107.9) (8)
2% 4y s
21 (58.7) (107.9) (4)
2% 4% /2
3 (73) (117.5): 4)
31 4% a2
4 (88.9) (117.5) (5.6)
4% Bl an
5 (111.1) (133.3) (5.6)
5% 8% a2
6 (139.7) (168.3) (5.6)

FIG. 10 Flanged Coupler ANSI Class 150
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Boas

osta
per A

——

Flange P

Nes.t,

Note 1—Chain boss to be provided at the manufacturer’s discretion.

Size

Dimensions, in, (mm)

A B G
%2 1% a2

2 {15.1) (44.4) (2.4)
s 1% 2

Y4 {17.5) (44.4) (2.4)
Yie 2% Y2

1 (20.6) (54) (2.4)
1" 2% 13
1Va (26.4) (60.3) (3)
192 25 Vs
11 (32.5) (66.7) @)
12Yag 2% Ve
2 @2.1) (69.8) 3)
2%ie 2%e 8
21 (52.4) 1.4 )
2 2 S
3 (68.3) (73) 4
3We 27y Yoz

4 (93.4) (73) (5.6)
41V 3k a2

5 (119.1) (88.9) (5.6)
516 3z /a2

6 (144.5) (88.9) (5.6)

FIG. 11 Flanged Adapter ANS! Class 150
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'y ‘_.___________’___‘._I »
min. 3/8"(9.5 e 3164 (42
wall ain. 7/327¢5.6)

1/167(1.6)
min.

17743/32 (s2.4)
4

[

@ F 1122

(6.7)
dia. hole
Size Dirmensions, in. (mm}
A
Y2
Yo 2.4)
Yan
Ya (2.4)
Yaz
1 (2.4)
Ya
1V (38)
Yo
1% (3)
s
2 (3)
S/az
2h (4)
a2
3 (4)
a2
4 (5.6)
a2
5 (6.6)
Va2
6 (5.6)

FIG. 12 Adapter Chain Boss End
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R ‘-a—-—.cl

T &

dia,

—t gt

%

)/

e

Note 1—Unidentified Tolerance; Fractional = Vs (:£0.4)

Dimensions, in. {(mm)

Minimum Gas-
ket Compres-

Size A ) c sion for Proper

Sealing
134 s Va2 0.030

Ve (34.9) (22.2) (5.6) (0.762)
1% 3 /a2 0.030

Ya (34.9) (22.2) (5.6) (0.762)
1% 1Yhe a 0.030

1 (39.7) 27 (6.3) (0.762)
11%4e 12%4 Va 0.030

11 (49.2) (34.5) (6.3) (0.762)
2%s 1% Va 0.030

1% (55.6) (41.3) (6.3) 0.762)
284 2 a 0.030

2 (86.7) (50.8) (6.3) (0.762)
3 2% Va 0.030

2% (79.4) (60.3) (6.3) (0.762)
3242 3 Va 0.025

3 (94.5) (76.2) (6.3) (0.635)
474 4 Ya 0.025

4 (123.8) (101.6) (6.3) (0.635)
5292 47/ Va 0.0256

5 (150) (123.8) (6.3) (0.635)
7e [} Va 0.025

6 (179.4) (152.4) (6.3) (0.635)

FIG. 13 Gasket
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;A' ax g
1-5/16 dia nMumber
of turns

(33.37

No 12 gage
0,105 di -
‘B’ dia. min. .7 Wi:e ‘A% gap
Pull Ring Hole .
Note 1—Unidentified tolerance: *Ys (£1.0); decimal +£0.002
Note 1-—Unidentified tolerance: fractional * s (£0.4) (+0.05)
Size Dimensions, in. (mm) Dimenslons, in. (mm)
Size
A ] B ‘ A B
— %e 2
A L/ O Sz ’ N (4.8)
Yo (47.6) (4) . © Y 2
174 . 842 Yy - (4.8)
Ya . (47.6) . (4) ' T %e 2
174 . Y i 1 (4.8)
1 (47.8) (4) : . Yig 2
3 Sn A7 (4.9)
114 (76.2) (4) ' Y1g 2
: a2 ‘. 1% (4.8)
1% (4) ; : Yo 2
Y42 2 (4.8)
2 (4) %16 2
Yaz 2V (4.8)
2Va 4 Vs 3
% . 3 (6.3)
3 (6.3) . Vs 3
Ya 4 ) (6.3)
4 (6.3) " 3
iz 5 (6.3)
5 (6.3) ) 3
: : iz 6 (6.3)
6 . 8.3) .

FIG. 15 Pull Ring, Cam Handle

'flineAn")‘eriéah‘Soélefy for Tasting and Materials takés no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights;-and the risk of infringement of such rights, are entirely their own responsibility.

i
LA

This standard is subjact to revision at any time by the responsible technical committee and must be reviewed every five yoars and
if not revised, either reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
lechnical committes, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known lo the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,

i
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qﬂ“” Designation: F 1123 — 87 (Reapproved 1998)

Standard Specification for

Non-Metallic Expansion Joints’

An American National Standard

This standard is issued under the fixed designation ¥ 1123; the number immediately following the designation indicates the year of )
original adoption or, in the case of rovision, the year of last vevision. A number in parentheses indicates the year of last teapptoval, A

superscript epsilon (€) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This specification provides the minimum requirements
for construction, materials, performance, and dimensional
requirements of arch-type non-metallic expansion joints.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following safety hazards caveat pertains only to the
test method described in this specification. This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2, Referenced Documents

2.1 ASTM Standards: .

A 395 Specification for Ferritic Ductile Iron Pressure-
Retaining Castings for Use at Elevated Temperatures?

D 1418 Practice for Rubbex ‘and Rubber Latices—
Nomenclature®

2.2 Federal Standard: .

Code of Federal Regulauons “Title 30 Chapter I, Mine
Safety and Health Administration*

2.3 ANSI Standards:

B16.1 Cast Iron Pipe Flanges and Flanged Fittings®

Bi6.5 Steel Pipe Flanges and Flanged Fittings®

B16.24 Bronze Flanges 4nd Flanged Fittings®

" 3. Terminology
3.1 Deﬁnmons

" 3.1.1 floating metdllzc ﬂange lype«»expanmon joint having
the tube, fabric plies, and cover brought up from the joint body -

to form a bead.

Note |—-This bead is molded into a groove in the metallic flange.

! This specification is under the jurisdiction of ASTM Committee F-25 on Ships
and Marine Technology and is the direct responsibility of' Subcommittee F25.13 on
Piping Systems.

Current edition approved Dec. 31, 1987. Published February 1988,

2 Annuad Book of ASTM Standards, Vol 01,02,

2 Annual Book of ASTM Standards, Yol 09.01.

1 Available from Superintendent of Documents, Government Printing Office,
Washington, DC 20402,

% Available from Ametican Society of Mechanical Engineers, 345 E. 47th St.,
New York, NY 10017,
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Retaining rings are not‘required with this design.
3.1.2 integral rubber flunge type—expansion joint having

the tube, fabric plies, and cover brought up from the joint body
to form a rubber flange.

Note 2—Additional plies or other reinforcement may be used in the
flange to meet service conditions. Retaining rings must be used with this
design,

3.1.3 maximum allowable workz’ng pressure (MAWP)—
manufacturer’s recommended maximum continuous operating
pressure (Ib/in.% (Pa)).

3.1.4 non-metallic flanged expansion ]omt—ﬁex1ble con-
nector fabricated from natural or synthetic rubber and fabrics,
usually with metal reinforcement, to isolate vibration and noise
and provide stress relief in piping systems caused by thermal
changes and other system movements,

4. Ordering Information

4.1 Orders for products under this specification shall include
the following information:

4.1.1 Inside diameter of connecting pipes (joint ID).

4.1.2 Face-to-face dimension that is the flange-to-flange
dimension into which the expansion joint is to be installed.

4,1.3 Maximum and minimum operating pressure in
pounds-force per square inch gage (pascals).

4.1.4 Maximum and minimum operating temperature in °F
Q).

4.1.5 Flange drilling in accordance with the appendix titled
“Common Flange Dimension/Drilling Chart”” of the Technical
Handbook on Rubber Expansion Joints and Flexible Pipe
Connectors® (herein referred to as the Technical Handbook) or
in accordance with special customer requirements.

4.1.6 Fluid to be handled.

4,1.7 This ASTM specification designation.

4.1.8 Movement data requirements (including shock or
vibratory excursions if applicable).

4.1.9 Design certification burst test if required (see 9.1).

4.1.10 Hydrostatic or special tests if required (see 9.2).

4.1.11 Certification of expansion joint if required (sec Sce-
tion 12).

4.1,12 Certified detailed drawing of the expansion joint if
required (see 12.2).

$The Technical Handbook on Rubber Expansion Joints ond Flexible Pipe
Connections is available from Fluid Sealing Association, 2017 Walnut St., Phila-
delphia, PA 19103,
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5. Materials and Manufacture

5.1 Expansion joints shall be fabricated with an elastomeric
tube reinforced with multiple plies of woven cloth or tire cord
covered with synthetic rubber. The inner tube shall be a natural
rubber, synthetic rubber, or blend of synthetic rubber that meets
the requirements of this specification, The woven cloth or tire
cord shall be nylon, polyester, fiberglass, or aramid. Cotton is
not acceptable. The reinforcing fabric shall be impregnated
with a compatible friction stock. Additional reinforcement to
the fabric may be provided in the body of the expansion joint
and may be solid metal rings or wire imbedded in the synthetic
rubber. Tensile properties of the wire, if used, shall be as given
in 5.2. Body rings, if used, must be welded before being
installed in the expansion joint body. Welds must be 100 %
penetration.

5.1.1 The list of elastomers used in expansion _]Oln'[o and
rubber pipe in accordance with the Technical Handbook® lists
acceptable natural rubber and synthetic elastomers for con-
struction of non-metallic expansion joints. ‘

5.2 Reinforcing wire shall have propertics that allow the
expansion joints to meet the' requirements of this specification.

5.3 All expansion joints shall be manufactured with a cover
of Hypalon or Neoprene (Chloroprene), in accordance with
Practice D 1418. This cover material must consist of 100 %
Hypalon or Chloroprene (not blended with any other elas-
tomer) plus normal additives to provide for curing and a
durometer between 50 and 75 on the Shore A Scale. Neoprene
and Hypalon are selected as the best fire-retardant elastomer of
the common types used foi expansion joints. This material
shall be certified flame Tesistant as outlined in 10.3.

5.4 Infegral Flanges—The tube, fabiic plies, and cover
shall be brought up from the joint body to form an intregal
flange. This rubber ﬂange shall extend beyond the bolt holes of
the retaining ring.;;

5.5 Floating Metallzc }'langes»—The metal ﬂangeb shall
have a groove to accept the molded bead in the body at each
end of the expansion joint bellows,

5.6 Arches—Archés may be either stralght sided or long
radius dcpcndmg on the manufacturer’s standard construction,
The arch size and shape determine the movement capability of
the joint, Minimum. movement capability of single arch joints
shall be in accordance with the Technical Handbook® table
titled “Expansioti Joint Movement Force/Spring Rate Capabil-
ity.”” Movement capability information for multiple arch de-
signs shall be available from the manufacturer,

5.7 Metallic Flanges:

5.7.1 Flanges shall be drilled in accordance with the Tech-
nical Handbook® appendix titled “Common Flange Dimension/
Drilling Chart’ or it accordance with the customer order as
required, to match the mating flanges.

5.7.2 Metallic flanges shall meet the material requirements
and pressure-temperature ratings in accordance with ANSI
B16.1, B16.5, or B16.24,

5.8 Retaining Rings—Retaining rings for the integral flange
type are installed behind the flanges and are drilled to match
the flange drilling. The sections supplied for each flange should
be split at the bolt holes to ensure a proper seal at all points
when the bolts are tightened. The edge next o the rubber flange

423

shall be broken or bevelled to prevent cutting the rubber
flanges. Retaining rings must be a minimum thickness of 34 in.
(9.5 mm) and shall be made of steel or ductile iron. Carbon
steel shall be galvanized. Ductile iron shall be in accordance
with Specification A 395.

6. Other Requirements

6.1 All expansion joints shall be designed for a minimum
burst pressure of four times the maximum allowable working
pressure. The design shall be based on analytical or experi-
mental test of expansion joints of similar construction, class,
type, and size. The design shall be certified by tests if ordered
(see 4.1.9).

6.2 Performance Requirements—Single arch expansion
joint movement shall not exceed the limits of the Technical
Handbook® table referred to in 5.6 unless the manufacturer
certifies that a proposed design can exceed the listed minimum
movement capability to meet a special requirement greater than
the minimum listed. Multiple arch-joint movement shall be of
the manufacturer’s certified design,

6.3 Pressure Rating—]
the pressures listed in the table “Pressure Characteristics of
Rubber Expansion Joints”” of the Technical Handbook®.

7. Dimensions and Permissible. Variations

7.1 Expansion joints shall be dimensioned in accordance
with the Technical Handbook® table titled “Expansion Joint
Movement/Force/Spring Rate Capability.”’

8, Workmanship, Finish, and Appearance

8.1 Tube—The tube shall be free from cuts and breaks or
severe abrasions, Small depressions and indentations are ac-
ceptable as long as the surface of the elastomer is not broken

8.2 Integral Rubber and Fabric Flange:

8.2.1 The face of an integral rubber and fabric flange shall
be free of cuts or obvious breaks and shall be covered with
rubber. The most critical portion of the flange is from the inside
diameter of the joint out to the bolt holes.

8.2.2 Bolt holes shall be drilled cleanly thI’OLl}Dh the rubber
flange. The retaining rings shall be checked for proper align-
ment with bolt holes.

8.2.3 The outer edge of the flange shall be secaled with
rubber, so that moisture from the atmosphere cannot attack the
reinforcing fabrics.

8.2.4 The surface of the rubber flange against which the
retaining rings are installed shall be covered with rubber. The
surface may be irregular and building form tooling marks are
not objectionable.

8.3 Expansion Joint Cover and Body—The cover of a joint
does not contribute to the strength of the joint. Its purpose is to
keep fluids from the atmosphere or surroundings from being
absorbed into the body plies of fabric. Surface blemishes, such
as flash, nylon wrap markings, grooves, and other indentations
in the cover, over the arch, or in the body area, are not harmful
as long as the body fabric is not exposed.

9. Number and Type of Tests

9.1 Prototype Test:
9.1.1 When required by the purchaser, an expansion joint of
each size and type shall be burst tested to determine its
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11, Inspection

@ F 1123

maximum allowable working pressure (see 10.1).

9.1.2 The outer covering material of the expansion joint

shall be tested to determine its self-extinguishing characteris-
tics (see 10.3).

9.2 Production Test—When required by the purchaser, an

expansion joint shall be hydrostatically tested to 1.5 times its
maximum allowable working pressure at its rated magimom. -
operating temperature (see 10.2),

10. Test Methods

10.1 Burst Test—Fill each joint to be tested with water

before the application of pressure, allowing all air in the joint
to escape. Apply pressure at a uniform rate until failure of the
joint occurs. Consider the pressure at which any fluid leakage
first occurs as the bursting pressure of the joint. The maximum
allowable working pressure of the joint shall be less than or
equal to ¥4 the bursting pressure determined by this test.

10.2 Hydrostatic Test—Fill each joint to be tested with

water before the application of pressure, allowing all air in the
joint to escape. Apply pressute at a uniform rate up to the test
pressure. The joint shall show no sign of leakage at the test
pressure.

10.3 Flame Resistance Test—Test four spemmcns of the

joint, ¥2 by 6 in. (12.7 by 152.4 mm) by the thickness of the
expansion joint, in accordance with 30 CFR 18.65(b) through
(@). Consider the expansion joint flame resistant if the tests of
the four specimens meet the test requu‘ements in 30 CFR
18.65(e).

fei b,

11.1 Inspection of the mateual shall be agreed upon be-

tween the putchaser,and the suppher as part of the purchase
contract, v .

12, Certlﬁcatlon U

12.1 When specxﬁed m thc purchase mder or contract, the

(RN

manufacturer’s certification shall be furnished to the purchaser
stating that samples representing each lot have been manufac-
tured, tested, and inspected in accordance with this specifica-
tion and the requirements have been met. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

12.2 When specified in the purchabe order or contract, a

‘cettified drawing detailing the expansion joint shall be pro-

vided.

13, Product Marking

13.1 Each expansion joint shall be permanently marked or
tagged with the following information:

13.1.1 Manufacturer’s name or trademdrk

13.1.2 Nominal diameter.

13.1.3 Manufactured date (month and year).

13.1.4 Maximum allowable working pressure and tempera-
ture (psi/°F (Pa/°C)).

13.1.5 Face-to-face dimension.

13.1.6 ASTM designation and year of issuc of this qpcmﬁ-
cation,

14. Quality Assurance

14.1 The manufacturer of the expansion joint shall maintain
the quality of the joints that are designed, tested, and marked in
accordance with this specification. At no time shall a joint be
sold with this specification des.1gnat10n that does not meet the
requirements herein.

15. Keywords

15.1 arch-type non-metallic expansmn joints; expansion
joints

The Amencan Sgc;ely for Test/ng and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights; and the risk of infringement of such rights, are entirely their own responsibility.

- "This standard s subject to revision at any time by the responsible technical commitiee and must be reviewed every five-years and
if not revised, elther reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views:kriow: to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428
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qﬂno Designation: F 1139 - 88 (Reapproved 1998)

Standard Specification for
Steam Traps and Drams

An American National Standard

This standard is issued under the fixed desigration F 1139; the number immediately following the designation indicates the year of
original adoption at, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since thé last revision or reapproval.

1. Scope

1.1 This specification? provides the minimum requirements
for the de51gn, fabrication, pressure ratmg, marking, and testing
of steard traps and drains,

1.2 The values stated in mch~pound units are to be regarded
as the standard. The values g1ven in parentheses are for
information only.

1.3 The following safety hazards cayeat pertains only to the
test method portion of this specification. This standard does not
purport to address all of the safety concerns, if any, associated
with its use. It is the responsibility of the user of this standard
to establish appropriate safety and health practices and
determine the applicability. of regulatory limitations prior to
use.

2. Referenced Documents

2.1 ANSI Standards:

B16.1 Cast Iron Pipe Flanges and Flanged Fittings®

B16.3 Malleable-Iron Screwed Fittings®

B16.4 Cast-Iron Screwed Fittings®

B16.5 Steel Pipe Flanges and Flanged Fittings®

B16.11 Forged Steel Fittings Socket-Welding and
Threaded®

B16.15 ‘Cast Bronze Screwed Fittings®

B16:18 ‘Cast Bronze Solder-Joint Pressure Fittings?

B16.22 Wrou-ght Copper and Bronze Solder-Joint Pressure
Fittings®

B16.24 Brongze Flanges and Flanged Fittings®

B16:34 Steel Valves, Flanged and Buttweld Ends®

B31.1 Power Piping?

2.2 MSS Standards:

SP-25 Stardard Marking System for * Valves, Fittings,
Flanges, and Unions*

SP-51 150 1b Corrosion Resisting Cast Flanges and Flanged
Fxttmgs .

! This specification is under the jurisdiction of ASTM Committee F-25 on Ships
and Marine Technology and is the direct responsibility of Subcommittes F25.13 on
Piping Systems.

Current edition approved Feb, 26, 1988, Published April 1988.

2 This specification was developed from Fluid Controls Institute Standards, 69-1
Pressure Rating Standards for Steam Traps and 85-1 Standard Production Test for
Steam Traps, \

3 Available from Amencan Nauonal Standards Institute, 11 W, 42nd St,, 13th
Floor, New York, NY 10036.

4 Available from Manufacturer's Standardization Society of the Valve and
Fittings Industry, Inc., 1815 N. Fort Myers Dr., Adington, VA 22209,
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2.3 ASME Standards:
ANSI/ASME. PTC 39.1 Condensate Removal Devices. for
Steam Systems®
ASME Boiler and Pressure Vessel Code, Section VIII,
~ Division I, Pressure Vessels®
ASME Boiler and Pressure Vessel Code, Section IX, W eld-
_ ing and Brazing Qualifications®

3. Definitions of Terms Specific to This Standard

3.1 cold condensate capacity (QC)—maximum mass of
condensate that the steam trap/drain can discharge in 1 h at a
given pressure and temperature, the trap/drain being fully open
(b/h (kg/h)).

3.2 drain—device having no moving parts permitting the
discharge of fluids at 4 fixed or adjustable rate.

3.3 hot condensate capacity (QH)—maximum mass of con-
densate that a steam trap/drain can discharge in 1 h at a given
pressure and temperature (1b/h (kg/h)).

3.4 hydrostatic proof test (PTHP }-—test used in determining
maximum allowable pressure (PMA) and maximum allowable
temperature (TMA) (Ib/in.%(kg/mm?)).

3.5 maximum allowable pressure (PMA)—maximum pres-
sure that the shell of the steami trap/drain can withstand
permanently at a given temperature (Ib/in.*(kg/mm?)).

3.6 maximum allowable temperature (TMA)}—maximum
temperaturé to which the shell of the steam trap/drain can be
raised permanently (°F (°C)).

3.7 maximum differential pressure (AP MX)}~—maximum dif-
ference between operating pressure and operating back pres-
sure (Io/in.%(kg/mm?)).

3.8 maximum operating back pressure (PMOB)—maximum
permissible pressure measured tat the outlet of the steam
trap/drain allowing' correct functioning (1b/1n 2(kg/mm2))

3.9 maximum operating pressure (PMO)-pressure for
which a steam trap/drain is rated by the tanufacturer,

3.9.1 Discussion—This pressure is normally a furnction of
the limitations related to the intémal mechanism of the steam
trap/drain (Ib/in.%(kg/mm?)).

3.10 maximum test pressure (PTMX)—maximum pressure
applied to the steam trap/dram under test including its internal
mechanism (Ib/in.%(kg/mm?)).

3.11 minimum differential pressure (APMN)—minimum
difference between operating pressure and operating back

% Available from American Society of Mechanical Engineers, 345 B. 47th St.,
New York, NY 1901%
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pressure (Ib/in.2(kg/mm®). :

3.12 operating back pressure (POB )—pressure measured at
the outlet of the steam trap/drain under operating conditions
(1b/in.2(kgfmm?)).

3.13 operating differential pressure (AP)—difference be-
tween the operating pressure and the operating back pressure
(Ib/in.2(kg/mm®)). “

3.14 operating pressure (PO)—pressure measured at the
inlet of the steam trap/drain under operating conditions (1b/
in.2(kg/mm?)).

3.15 operating temperature (TO }—temperature measured at
the inlet of the steam trap/drain under operating conditions (°F
(°C)).

3,16 performance characteristics tests—tests carried out to
determine the operational characteristics of a particular design

" of steam trap/drain.

3.17 production tests—tests carried out by the manufacturer
to confirm that the steam trap/drain functions correctly.

3.17.1 Discussion—These tests may be witnessed by the
purchaser or his representative. In this case, these tests are
referred to as acceptance tests.

3.18 steam trap—self-contained valve that automatically

drains the condensate from a steam containing enclosure while
remaining tight to live steam, or if necessary, allowing steam to
flow at a controlled or adjusted rate.

3.18.1 Discussion—Most steam traps will also pass noncon-
densable gases while remaining tight to live steam.

4. Ordering Information

4,1 Orders for products under this specification shall mclude
the following information as applicable:

4,1.1 Performance characteristics required—See Section 7.

4.1.2 Certification of performance characteristics if re-
quired. See Section 7.

4,1.3 Norminal pipe size.

4.1.4 Maximum operating pressure, psig (kPa). See 3.5.

4.1.5 Capacity, Ib/h (kg/h) (QC or QH). See 3.17 and 3.18.

4.1.6 Connection type (that is, threaded, socket weld,
flanged). See 5.2.1.

4.1.7 Materials—external and internal.

4.1.8 Type of trap/drain. ‘

4,1.9 Maximum test pressure, psig (kPa). See 3.12,

41,10 Maximum allowable pressure, psig (kPa). See 3.14.

4.1.11 Pressure differential (operating, maximum, or mini-
mumn, or combination thereof).

41,12 Notice for Acceptance Test—If the purchaser wishes
to witness the production tests, this shall be specified in the
order. See 8.2. ‘

5. Materials and Manufacture

5.1 Materials:

5.1.1 The pressure ratings established under this specifica-
tion are based upon materials of high quality produced under
tegular control of chemical and mechanical properties by a
recognized process. The manufacturer shall be prepared to
certify that his product has been so produced and that the
mechanical and chemical properties thereof, as proved by test
specimens and nondestructive testing or as documented by
certifications from the producer or recognized distributor of
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these materials, are at least equal to the requirements of the
appropriate specifications.

5.1.2 'Housings of traps/drams, and other parts or boltmg, or
combination thereof, used for pressure retention, shall be
constructed of materials in accordance with ANSI/ASME
B31.1 or Section VIII, Division 1 of the ASME Boiler and
Pressure Vessel Code,

5.1.3 Seals and parts, in addition to pressure containing
parts and bolting used for pressure retention, shall be of
materials suitable for the service.

5.1.4 Users are cautioned against applications with fluids
that may react chemically with any materials used in these
products.

5.1.5 For materials not having values of allowable stress
tabulated in Section VIII, Division 1, allowable stresses shall
be determined in accordance with the procedures outlined in
Subsection C and Appendix P of Section VIII of the ASME
Boiler and Pressure Vessel Code. Where it can be shown that
the values of allowable stress listed for a particular material in
one product form (because of similar chemistry, mechanical
properties, directional properties, heat treatment, and so forth)
are applicable to the same material in an unlisted product form,
the listed values of allowable stress may be used.

5.2 Manufacture:

5.2.1 Steam traps/drains with end fittings in compliance
with the following standards may be used within the pressure-
temperature ranges permitted by the applicable standard pro-
vided the trap/drain housing (less end fittings) is satisfactory
for these conditions:

- 5.2.1.1 ANSI Bl6.1,

5.2,1.2 ANSI B16.3,

5.2.1.3 ANSI B16.4,

5.2.1.4 ANSI B16.5,

5.2.1.5 ANSI B16.11,

5.2.1.6 ANSI B16.15,

5.2.1.7 ANSI B16.18,

5.2.1.8° ANSI B16.22,

5.2.1.9 ANSI B16.24,

5.2.1.10 ANSI B16.34, and

5.2.1.11 MSS 8SP-51. ‘

5.2.2 Weld design details, welding, and nondestructive test-
ing shall be in accordance with Section VIII, Division 1, of the
ASME Boiler and Pressure Vessel Code. Welders and weld
procedures shall be qualified in accordance with Section IX of
the ASME Boiler and Pressure Vessel Code.

6. Requirements

6.1 Pressure Ratmg and Design:

6.1.1 The maximum allowable pressure (PMA) and maxi-
mum allowable temperature (TMA) rating for steam traps/
drains conforming to this specification shall be established by
at least one of the following methods:

6.1.1.1 Proof test in accordance with the requirements
prescribed in paragraph UG-101 of Section VIII of the ASME
Boiler and Pressure Vessel Code. If burst-type tests as outlined
in UG-101(m) are used, it is not necessary to rupture the
component. In this case, the value of “B” to be used in
determining the maximum allowable pressure shall be the
maximum pressure to which the component was subjected
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without rupture. Safety of personnel shall be given serious
consideration when conducting hydrostatic tests. Components
that have been subjected to a hydrostatic proof test shall not be
offered for sale.

6.1.1.2 Design calculations in accordance with the require-
ments prescribed in Section VIII, Division 1 of the ASME
Boiler and Pressure Vessel Code.

6.1.1.3 Hydrostatic proof test of a representative production
sample to establish the maximum allowable pressure (PMA)
and maximum allowable temperature (TMA) rating as de-
scribed in 8.1.

6.1.1.4 Extensive and successful performance experience
under comparable service conditions with similarly propor-
tioned components of the same or similar material may be used
as a basis for rating provided all other provisions of this
specification are met.

6.2 Production Tests:

6.2.1 The manufacturer shall production test every steam
trap/drain as described in Section 8 by one of the following test
methods:

6.2.1.1 Hydrostatic—See 8.2.

6.2.1.2 Steam—See 8.3.

6.2.1.3 Air—See 8.4.

6.2.2 Samples of the traps/drains shall be visually examined
and dimensionally checked to ensure that the traps/drains
correspond to this specification and are marked in accordance
with Section 9.

6.2.3 Sample steam traps/drains shall be given an opera-
tional check steam test to ensure that they open to discharge
condensate and close satisfactorily in accordance with 8.5. This
test does not apply to labyrinth (orifice) steam traps/drains.

7. Performance Characteristics

7.1 A manufacturer may describe the operation of a particu-
lar type of steam trap or drain by referring to one or more of the
performance characteristics. When this is done, the associated
tests described in 8.6 must be performed on a representative
production sample. A brief explanation of the derivation of
each characteristic is given as follows. Further details on test
methods are specified in Section 8.

7.1.1 Certification of performance characteristics shall be
available if required by the purchaser (see 4.1.2).

7.2 Minimum Operating Pressure—The steam trap shall be
tested to deterrnine the minimum pressure (atmospheric or
above) at which correct opening and closing will occur.

7.3 Maximum Operating Pressure (PMO)}—The steam trap
shall be tested to determine the maximum pressure at which
correct opening and closing will oceur.

7.4 Maximum Operating Back Pressure (PMOB)-—The
steam ftrap shall be tested to determine the maximum pressure
permissible at the outlet of the device that allows correct
functioning,.

7.5 Air Venting Capability—The steam trap/drain shall be
tested to determine its ability to discharge air and other
noncondensable gases.

7.6 Operating Temperature (TO)—The steam trap/drain
shall be tested to determine the temperature at which the device
operates and, in particular, the temperature at which it passes
its specified capacity.
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7.7 Condensate Capacity (QH or QC)}—The steam trap/
drain shall be flow tested to determine its condensate capacity
throughout its operating pressure range.

7.8 Live Steam Loss—The steam trap shall be tested to
determine the amount of live steam lost through the trap.

8. Test Methods

8.1 Hydrostatic Proof Test—Establish the maximum allow-
able pressure (PMA) and temperature (TMA) rating using a
hydrostatic proof test of a representative production sample,
chosen in accordance with 6.1.1.3 and perform as follows:

PT
PMA = Iép(ﬁ

% specified minimum tensile strength
average tensile of test specimens of pressure retaining components

stress value at design temperature
stress value at test temperature

8.1.1 Determine stress values in accordance with Section
VIII, Division 1 of the ASME Boiler and Pressure Vessel Code
or ANSI B31.1.

8.1.2 Casting quality factor (f) shall be 1.0 for wrought
materials and 0.8 for castings.

8.1.3 Gasket leakage during test does not constitute failure
unless a result of rupture of a pressure containing part.

8.1.4 Do not exceed water temperature of 125°F (50°C)
during the test.

8.1.5 Retain certification of the hydrostatic proof test by the
manufacturer and make available upon request.

8.2 Hydrostatic Production Shell Test—Give steam traps/
drains a hydrostatic shell test at a pressure of 1.5 times its
maximum allowable pressure rating at 68°F (20°C).

8.2.1 Do not exceed water temperature of 125°F (50°C)
during the hydrostatic test.

8.2.2 The minimum duration of the shell test shall be as
follows:

Nominal Pipe Size Duration
s through 2 (8-50 mm) 158
214 through 8 (66-200 mm) 1 min
10 and over (250 mm) 3 min

8.2.2.1 Because of the complexity of product shape and
size, the duration of the hydrostatic test may vary, but in no
case shall this duration be less than that given in 8.2.2.

8.2.3 No visible leakage through pressure boundary walls or
structural damage shall be evident during the shell tests.

8.3 Steam Production Shell Test—Test steam traps and
drains no larger than 2-in. (50-mm) pipe size on saturated
steamn at their maximum operating pressure but not to exceed
250 psig (1820 kPa).

8.3.1 The minimum duration of the shell test shall be 15 s.

8.3.2 If this option is exercised, the manufacturer shall be
able to certify that a prototype from each production lot of the
same size steam trap/drain tested in this manner was subjected
to a hydrostatic shell test in accordance with 8.2,

8.3.3 Show no visible leakage or structural damage during
the shell tests.

8.4 Air Production Shell Test—Test traps and drains no
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larger than 2-in, (50-mm) pipe size for shell leaks on air at
ambient temperature and 80 psi (551 kPa).

8.4.1 The minimum duration of the shell test shall be 15 s.
8.4.2 If this option is exercised, the manufacturer shall be
able to certify that a prototype from each production lot of the
same size steam trap/drain tested in this manner was subjected
to a hydrostatic shell test in accordance with 8.2.

8.4.3 Visually detectable leakage through the pressure re-
taining walls is not acceptable.

8.5 Operational Check Steam Tesr—Feed the steam trap
with steam and introduce condensate intermittently. When only
steam is present, the steam trap shall close. On the introduction
of condensate, the steam trap shall open (the time taken will
vary as a function of the steam trap type). When the condensate
has been discharged, the steam trap shall close again when
steam enters the trap., The test is satisfied when at least one
complete cycle has been performed.

8.6 Performance Characteristics Tests:

8.6.1 Determination of Minimum Operating Pressure—
Carry out operational checks, as described in 8.5, while
successively reducing the test pressure until the steam trap fails
to open and close correctly. The minimum operating pressure is
the lowest test pressure at which correct operdtion is observed.

8.6.2 Determination of Maximum Operating Pressure—
Verify the maximum operating pressure of the steam trap by
carrying out operational checks, as described in 8.5, while
successively increasing the test pressure up to the steam trap’s
maximum operating pressure. The steam trap shall open and
close correctly throughout the test.

8.6.3 Determination of Maximum Operating Back
Pressure—Carry out operational checks, as described in 8.5,
with the outlet from the steam trap connected to a vessel in
which the pressure can be raised, independent of the test
pressure upstream of the steam trap. While maintaining a
reference pressure at the steam trap inlet, successively raise the
pressure at its outlet until the steam trap fails to open and close
correctly. The maximum operating back pressure is the highest
pressure applied to the steam trap outlet at which correct
operation is still observed.

8.6.4 Determination of Air Venting Capability—Introduce
air at a specified temperature into the trap or upstream piping.
Check the air venting capability by an air flow measurement
carried out at minimum and maximum operating pressure.
Record the temperature at the trap inlet.

8.6.5 Determination of Operating Temperature—Feed
steam into the steam trap to effect closure. Introduce conden-
sate, at saturation steam temperature, and, unless the steam trap
opens immediately, allow to cool slowly at the steam irap’s
inlet. The operating temperature is the temperature of the
condensate, measured at the inlet to the trap, at which the trap
opens sufficiently to pass its specified capacity.

8.6.6 Determination of Condensate Capacity—Determine
the capacity of the steam trap/drain by measuring the amount
of condensate that is discharged from the device under speci-
fied conditions of pressure, pressure differential, and conden-
sate temperature. Carry out the test with condensate at different
temperatures and at different pressure within the steam trap/
drain’s operating range in accordance with ANSIVASME PTC
39.1.

8.6.7 Determination of Live Steam Loss—Use several meth-
ads to determine the amount of live steam lost, if any, by the
steam trap/drain in accordance with ANSIVASME PTC 39.1.

9, Product Marking

9.1 Each steam trap/drain shall as a minimum be perma-
nently marked with the following information:

9.1.1 Manufacturer’s name or trademark,

9.1.2 Maximum operating pressure (PMO) or maximum
differential pressure (APMX) rating.

9.1.3 Maximum allowable pressure (PMA).

9.1.4 Indication of flow direction (arrow or word “inlet’’ or
“outlet,”’ or both),

9.1.5 ASTM designation of this specification.

9.2 Flanges, butt welding, threaded, or other ends comply-
ing with a standard listed in 5.2.1 may be marked in accordance
with the applicable requirements of MSS SP-25 for dimen-
sional identification purpose if desired.

9.3 Omission of Markings on Trap/Drain Body—On traps/
drains whose size or shape limit the markings, markings shall
be applied on an identification plate securely attached to the
body. In no case shall the markings be hidden by the fixing
elements of the steam trap.

9.4 Additional Markings—A manufacturer having complied
with the requirsments of Section 9 may include the following:

9.4.1 Mark any of the above mentioned items in more than

one place, for example, if any item is marked on the body, it

may also be repeated on an identification plate; or

9.4.2 Add any other markings, for example, catalog item
numbers, providing that there is no risk of confusion between
these markings and those mentioned in Section 9.

10. Quality Control

10.1 The trap/drain manufacturer shall maintain the quality
of the traps/drain that are designed, tested, and marked in
accordance with this specification. At no time shall a trap/drain
be sold with this specification designation that does not meet
the requirements herein.

11, Keywords

11.1 fluid discharge; steam drains; steam traps; valve

Tha American Soclety for Tasting and Materials takes no position respecting the validity of any patent rights asserted In connection
with any item mentioned in this standard, Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the tisk of Infringement of such rights, are entirely their own responsibiilty.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquartets. Your comments will receive careful consideration at a meeting of the responsible
tachnical committes, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Bar Harbor Drive, Wast Conshohocken, PA 18428,
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