NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

QHny) Designation: E 1473 — 94a (Reapproved 1998)

Standard Test Methods for

Chemical Analysis of Nickel, Cobalt, and High-Temperature

Alloys *

This standard is issued under the fixed designation E 1473; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope Manganese by the Metaperiodate Photometric Method (0.05 to
- - - .00 %)? 80 17
_1.1 These test me.thods describe the chemlc.al analys!s %ﬁybdenum by the lon Exchange—8-Hydroxyquinoline Gravi-
nickel, cobalt, and high-temperature alloys having chemical metric Method (1.5 to 30 %)? 119 to 126
Compositions within the following limits: M_olybdenum by the Photometric Met_hod (_0.01 to 1.50 %)? 88 to 99
. Nickel by the Dimethylglyoxime Gravimetric Method (0.1 to
Element Concentration Range, % 84.0 %)? 70 to 77
Aluminum 0.005to 7.00 Niobium by the lon Exchange—Cupferron Gravimetric Method
Beryllium 0.001to 0.05 (0.5 to 6.0 %) 135 to 142
Boron 0.001to 1.00 Silicon by the Gravimetric Method (0.05 to 5.00 %)? 27 to 33
Calcium 0.002 to 0.05 Sulfur by the Combustion-lodate Titration Method (0.006 to
Carbon 0.001to 1.10 0.1 %)? 18 to 26
Chromium 0.10 to 33.00 Tantalum by the lon Exchange—Pyrogallol Spectrophotometric
Cobalt 0.10 to 75.00 Method (0.03 to 1.0%) 143 to 151
Copper 0.01 to 35.00 Tin by the Solvent Extraction-Atomic Absorption Method (0.002
Iron 0.01 to 50.00 to 0.10 %)? 78 to 87
Lead 0.001to 0.01 . .
Magnesium 0.001to 0.05 1.3 Methods for the determination of several elements not
Manganese 0.01 to 3.0 included in these test methods can be found in Test Methods
Molybdenum 0.01 to 30.0
Niobium (Columbium) 001 to 60 E 30, E 76, and E 1019. _ o
Nickel 0.10 t0 98.0 1.4 Some of the concentration ranges given in 1.1 are too
g‘gg‘;%i’;ms 8-88; :g g-gg broad to be covered by a single method, and therefore, these
sulfur 0002 t0 010 test methods contain multiple methods for some elements. The
silicon 001 to 5.00 user must select the proper test method by matching the
Tantalum P information given in the scope and interference sections of
Titanium 001 to 500 each test method with the composition of the alloy to be
Tungsten 0.01 to 18.00 analyzed.
‘Z’;“cad'“m g-gél e g-gi 1.5 The values stated in Sl units are to be regarded as
Zirconium 001 to 250 standard. In some cases, exceptions allowed in Practice E 380

. . . . are also used.
1.2 The test methods in this standard are contained in the 1.6 This standard does not purport to address all of the

sections indicated as follows: safety concerns, if any, associated with its use. It is the

Sections responsibility of the user of this standard to establish appro-
Aluminum, Total by the 8-Quinolinol Gravimetric Method (0.20 to priate safety and health practices and determine the applica-
Ch7.00_%)2b e Atomic Absorption Method (0.018 o 1,00 86y 13(2) to fligg bility of regulatory limitations prior to useSpecific hazard
romium by the Atomic Absorption Method (0.018 to 1.00 %, to : . . . P P
Chromium by the Peroxydisulfate Oxidation—Titration Method State_ments are given in Section 7 and in SpeCIal caution and
(0.10 to 33.00 %)? 110 to 118 warning paragraphs throughout these test methods.
Cobalt by the lon-Exchange-Potentiometric Titration Method (2 to
75 %) 341041 2. Referenced Documents
Cobalt by the Nitroso-R-Salt Photometric Method (0.10 to
5.0 %)2 4210 51 2.1 ASTM Standards:
Copper by Neocuproine Photometric Method (0.010 to 10.00 %)> 52 to 61 D 1193 Speciﬁcation for Reagent Water

Iron by the Silver Reduction Titrimetric Method (1.0 to 50.0 %)? 127 to 134 E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specificatiéns
E 30 Test Methods for Chemical Analysis of Steel, Cast

1 These test methods are under the jurisdiction of ASTM Committee E-1 on______

Analytical Chemistry for Metals, Ores, and Related Material and are the direct 2 These test methods were extracted from Test Methods E 354 and the references
responsibility of Subcommittee E01.08 on Ni and Co and High-Temperature AIonsto Test Methods E 350. E 351 E 352. and E 353 contained therein
Current edition approved July 15, 1994. Published September 1994. Originally™ 2 5. 1B ook of AéTM Str;mdardd;ol 11.01 '

published as E 1473 — 92. Last previous edition E 1473 — 94. 4 Annual Book of ASTM Standardéol 14.02

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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Iron, Open-Hearth Iron, and Wrought Iron listed in the Apparatus section in each test method. In some
E 50 Practices for Apparatus, Reagents, and Safety Precacdases, reference may be made to Practices E 50.
tions for Chemical Analysis of Metals 4.2 Reagents
E 59 Practice for Sampling Steel and Iron for Determination 4.2.1 Purity of Reagents-Unless otherwise indicated, all
of Chemical Compositioh reagents used in these test methods shall conform to the
E 60 Practice for Photometric and Spectrophotometricspecifications of the Committee on Analytical Reagents of the
Methods for Chemical Analysis of Met&ls American Chemical Society where such specifications areav-
E 76 Test Methods for Chemical Analysis of Nickel-Copperailable® Other chemicals may be used, provided it is first
Alloys® ascertained that they are of sufficiently high purity to permit
E 173 Practice for Conducting Interlaboratory Studies oftheir use without adversely affecting the expected performance
Methods for Chemical Analysis of Met&ls of the determination, as indicated in the Precision and Bias

E 350 Test Methods for Chemical Analysis of Carbon Steelsection.
Low-Alloy Steel, Silicon Electrical Steel, Ingot Iron, and  4.2.2 Purity of Water—Unless otherwise indicated, refer-

Wrought Iror? ences to water shall be understood to mean reagent water as
E 351 Test Methods for Chemical Analysis of Cast Iron—defined by Type Il of Specification D 1193.
All Types® 4.3 Photometric Practice-Photometric practice prescribed

E 352 Test Methods for Chemical Analysis of Tool Steelsin these test methods shall conform to Practice E 60.
and Other Similar Medium- and High-Alloy Stegls .

E 353 Test Methods for Chemical Analysis of Stainless,5' Sampling
Heat-Resisting, Maraging, and Other Similar Chromium- 5.1 For procedures for sampling the material, reference
Nickel-lIron Alloys® shall be made to Method E 59.

E 354 Test Methods for Chemical Analysis of High- 6
Temperature, Electrical, Magnetic, and Other Similar Iron, values
Nickel, and Cobalt Alloy® _ _

E 380 Practice for Use of the International System of Units 6.1 These test methods have been evaluated using Practice

(SI) (the Modernized Metric Systerh) E 173 or ISO 5725. _
E 882 Guide for Accountability and Quality Control in the 6.2 Round calculated values to the desired number of places
Chemical Analysis Laboratofy as directed in 3.4 to 3.6 of Practice E 29.

E 1019 Test Methods for Determination of Carbon, Sulfur,7. Hazards
Nitrogen, and Oxygen in Steel and in Iron, Nickel, and
Cobalt Alloy$

E 1024 Guide for Chemical Analysis of Metals and Metal
Bearing Ores by Flame Atomic Absorption Spectropho-

Interlaboratory Studies and Rounding Calculated

7.1 For precautions to be observed in the use of certain
reagents and equipment in these test methods, refer to Practices

tometry? MANGANESE BY THE METAPERIODATE
E 1097 Guide for Direct Current Plasma Emission Spec- PHOTOMETRIC METHOD
trometry Analysi§
2.2 Other Document: 8. Scope

ISO 5725 Precision of Test Methods—Determination of 8.1 This test method covers the determination of manganese
Repeatability and Reproducibility for Inter-Laboratory in concentrations from 0.05 to 2.00 %.

Tests 9. Summary of Test Method

3. Significance and Use 9.1 Manganous ions are oxidized to permanganate ions by
3.1 These test methods for the chemical analysis of metalseatment with periodate. Tungsten when present at concentra-

and alloys are primarily intended as referee methods to tesions greater than 0.5 % is kept in solution with phosphoric

such materials for compliance with compositional specifica-acid. Solutions of the samples are fumed with perchloric acid

tions, particularly those under the jurisdiction of ASTM Com- so that the effect of periodate is limited to the oxidation of

mittee B-2 on Nonferrous Metals and Alloys. It is assumed thatnanganese. Photometric measurements are made at 545 nm.

all who use these test methods will be trained analysts capab!Le0 c ion R

of performing common laboratory procedures skillfully and =~ oncentration Range

safely. It is expected that work will be performed in a properly 10.1 The recommended concentration range is from 0.15 to

equipped laboratory under appropriate quality control practice8.8 mg of manganese per 50 mL of solution, using a 1-cm cell

such as those described in Guide E 882. (Note 1) and a spectrophotometer with a band width of 10 nm
. less.

4. Apparatus, Reagents, and Instrumental Practice oriess

4.1 Apparatus—Specialized apparatus requirements are ) ) ) ) o
8 Reagent Chemicals, American Chemical Society Specificatidmerican

Chemical Society, Washington, DC. For suggestions on the testing of reagents not

5 Annual Book of ASTM Standardgol 03.05. listed by the American Chemical Society, sAealar Standards for Laboratory

¢ Annual Book of ASTM Standardgol 03.06. Chemicals BDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeia

7 Available from American National Standards Institute, 11 West 42nd St., 13thand National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
Floor, New York, NY 10036. MD.
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Note 1—This test method has been written for cells having a 1-cmProceed as directed in 14.3.
light path and a “narrow-band” instrument. The concentration range 14.2 Reference SolutieaTransfer approximately 25 mL of
depends upon band width and spectral region used as well as cell optic?}ater to a 50-mL borosilicate glass volumetric flask. Proceed
path length. Cells having other dimensions may be used, provided suitab s directed in 14.3

adjustments can be made in the amounts of sample and reagents used. .
: P 9 14.3 Color Developmert-Add 10 mL of KIO, solution,

11. Stability of Color and heat the solutions at not less than 90°C for 20 to 30 min
11.1 The color is stable for at least 24 h. (Note 2). Cool, dilute to volume with pretreated water, and
mix.

12. Interferences . . - .
. . o . Note 2—Immersing the flasks in a boiling water bath is a preferred
12.1 Perchloric acid treatment, which is used in the procémeans of heating them for the specified period to ensure complete color

dure, yields solutions which can be highly colored due to thelevelopment.
presence of Cr (VI) ions. Although these ions and other colored 14.4 Photometry

ions in the sample solution undergo no further change in color ;4 4 ¢ Multiple-Cell Photometer-Measure the cell correc-
quality upon treatment with metaperiodate ion, the followingt .

X ) ion using the Reference Solution (14.2) in absorption cells
precautions must be observed when filter photometers are usxg?Q

| fil h ; ) b ith a 1-cm light path and using a light band centered at
Select a filter with maximum transmittance between 545 and o, qyimately 545 nm. Using the test cell, take the photometric

565 nm. The filter must transmit not more than 5 % of itSyo54ings of the calibration solutions versus the reference
maximum at a wavelength shorter than 530 nm. The bangolution (14.2)

width of the filter should be less than 30 nm when measured at 14 4 » Single-Cell PhotometerTransfer a suitable portion

50 % of its maximum transmittance. Similar restrictions applyof the reference solution (14.2) to an absorption cell with a

with respect to the wavelength region employed when othery o jight path and adjust the photometer to the initial setting,
wide-band” instruments are used.

using a light band centered at approximately 545 nm. While

122 The spectral 'Fra}nsmlttance curve (?f permanganate io aintaining this adjustment, take the photometric readings of
exhibits two useful minima, one at approximately 526 nm, an he calibration solutions.
the other at 545 nm. The latter is recommended when a 14.5 Calibration Curve—Plot the net photometric readings

‘narrow-band” spectr:ophotometgr Is used. f h 0of the calibration solutions against milligrams of manganese
12.3 Tungsten, when present in amounts of more than 0.5 @er 50 mL of solution.

interferes by producing a turbidity in the final solution. A
special procedure is provided for use with samples containings procedure
more than 0.5 % tungsten which eliminates the problem by

preventing the precipitation of the tungsten. 15.1 Test Solutions-Select and weigh a sample in accor-

dance with the following:

13. Reagents Tolerance in
. Manganese, Sample Sample Dilution,
13.1 Manganese, Standard Solutiofi mL = 0.032 mg % Weight, g Weight, mg mL
Mn)—Transfer the equivalent of 0.4000 g of assayed, high- o0.01t005 0.80 0.5 100
purity manganese (purity: 99.99 % minimum), to a 500-mL 045t 1.0 0.35 03 100

volumetric flask and dissolve in 20 mL of HNOy heating. 0851020 080 05 500

Cool, dilute to volume, and mix. Using a pipet, transfer 20 mL 15.1.1 For Samples Containing Not More Than 0.5 %
to a 500-mL volumetric flask, dilute to volume, and mix. Tungsten
13.2 Nitric-Phosphoric Acid Mixture-Cautiously, while 15.1.1.1 To dissolve samples that do not require HF, add 8
stirring, add 100 mL of HN@Qand 400 mL of HPO,to 400 mL  to 10 mL of HCI (1 + 1), and heat. Add HNQas needed to
of water. Cool, dilute to 1 L, and mix. Prepare fresh as needediasten dissolution, and then add 3 to 4 mL in excess. When
13.3 Potassium Metaperiodate Solutio(i7.5 g/L)—  dissolution is complete, cool, then add 10 mL of HGIO
Dissolve 7.5 g of potassium metaperiodate (i@ 200 mL ~ evaporate to fumes to oxidize chromium, if present, and to
of hot HNO4(1 + 1), add 400 mL of BPQ,, cool, dilute to 1 L, expel HCI. Continue fuming until salts begin to separate. Cool,
and mix. add 50 mL of water, and digest if necessary to dissolve the
13.4 Water, Pretreated with MetaperiodateAdd 20 mL of ~ salts. Cool and transfer the solution to a 100-mL volumetric
KIO, solution to 1 L of water, mix, heat at not less than 90°Cflask. Proceed to 15.1.3.
for 20 to 30 min, and cool. Use this water to dilute solutions to  15.1.1.2 For samples whose dissolution is hastened by HF,
volume that have been treated with KJ®olution to oxidize ~add 8to 10 mL of HCI (1 + 1), and heat. Add HN@nd a few
manganese, and thus avoid reduction of permanganate ions Byops of HF as needed to hasten dissolution, and then add 3 to
any reducing agents in the untreated wa@aution—Avoid 4 mL of HNO;. When dissolution is complete, cool, then add

the use of this water for other purposes. 10 mL of HCIQ,, evaporate to fumes to oxidize chromium, if
. o present, and to expel HCI. Continue fuming until salts begin to
14. Preparation of Calibration Curve separate. Cool, add 50 mL of water, digest if necessary to

14.1 Calibration Solutions—Using pipets, transfer 5, 10, dissolve the salts, cool, and transfer the solution to either a 100
15, 20, and 25 mL of manganese standard solution (br 500-mL volumetric flask as indicated in 15.1.5. Proceed to
mL = 0.032 mg Mn) to 50-mL borosilicate glass volumetric 15.1.3.
flasks, and, if necessary, dilute to approximately 25 mL. 15.1.2 For Samples Containing More Than 0.5 % Tungsten
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15.1.2.1 To dissolve samples that do not require HF, add 8A = manganese found in 50 mL of the final test solution,
to 10 mL of H;PQ,, 10 mL of HCIQ,, 5 to 6 mL of H,SO,, and mg,
3 to 4 mL of HNG,. Heat moderately until the sample is B = apparent manganese found in 50 mL of the final
decomposed, and then heat to copious white fumes for 10 to 12 background color solution, mg, and
min or until the chromium is oxidized and the HCl is expelled, C = sample weight represented in 50 mL of the final test

but avoid heating to fumes of SOCool, add 50 mL of water, solution, g.

and digest, if necessary, to dissolve the salts. Transfer the o .

solution to either a 100 or 500-mL volumetric flask as directedl?. Precision and Bias

in 15.1. Proceed to 15.1.3 17.1 Precision—Nine laboratories cooperated in testing this
15.1.2.2 For samples whose dissolution is hastened by HEest method and obtained the data summarized in Table 1.

Add 8 to 10 mL of HPQ,, 10 mL of HCIQ,, 5 to 6 mL of 17.2 Bias—No information on the accuracy of this test

H,SQ,, 3 to 4 mL of HNQ, and a few drops of HF. Heat method is known. The accuracy of this test method may be

moderately until the sample is decomposed, and then heat jpdged by comparing accepted reference values with the

copious white fumes for 10 to 12 min or until the chromium is corresponding arithmetic average obtained by interlaboratory

oxidized and the HCl is expelled, but avoid heating to fumes otesting.

SO,. Cool, add 50 mL of water, digest, if necessary, to dissolve

th%salts, cool, and transfer the solution to a 100 or 500-mL SULFUR BY THE COMBUSTION-IODATE

volumetric flask as directed in 15.1. Proceed to 15.1.3. TITRATION METHOD
15.1.2.3 Cool the solution, dilute to volume, and mix. Allow 18, Scope

insoluble matter to settle, or dry-filter through a coarse paper g 1 s test method covers the determination of sulfur in

:lr;gu%%sscard the first 15 to 20 mL of the filtrate, before tak'ngconcentrations from 0.006 o 0.1 %.

15.1.3 Using a pipet, transfer 20-mL aliquots to two 50-mL19. Summary of Test Method
borosilicate glass volumetric flasks; treat one as directed in 19 1 A major part of the sulfur in the sample is converted to
15.3 and the other as directed in 15.4.1. sulfur dioxide (SQ) by combustion in a stream of oxygen.
15.2 Reagent Blank SolutierCarry a reagent blank During the combustion, the SOs absorbed in an acidified
through the entire procedure using the same amounts of adtarch-iodide solution and titrated with potassium iodate solu-

reagents with the sample omitted. tion. The latter is standardized against steels of known sulfur
15.3 Color Developmert-Proceed as directed in 14.3. content to compensate for characteristics of a given apparatus
15.4 Reference Solutions and for day-to-day variation in the percentage of sulfur

15.4.1 Background Color Solution-To one of the sample recovered as SOCompensation is made for the blank due to
aliquots in a 50-mL volumetric flask, add 10 mL of nitric- accelerators and boats (or crucibles).
phosphoric acid mixture, and heat the solution at not less th
90°C for 20 to 30 min (Note 2). Cool, dilute to volume (Withago' Interferences o . ) .
untreated water), and mix. 20.1 The elements ordinarily present do not interfere if their
15.4.2 Reagent Blank Reference Solutiefiransfer the re- concentrations are under the maximum limits shown in 1.1.
agent blank solution (;5.2) to the same size volumetric _flask a51. Apparatus
used for the test solutions and transfer the same size aliquots a521 1A tus for Determinati f sulfur by Direct
used for the test solutions to two 50-mL volumetric flasks. b tpparz us otr l\(laerln;:r_]a Ili?n to' UEEB y birec
Treat one portion as directed in 15.3 and use as referenc%om ustioR-Apparatus No. In Fractices '
solution for test samples. Treat the other as directed in 15.4.3> Reagents

and use as reference solution for background color solutions. 22.1 Copper (Low-Sulfur) AcceleraterRectangular strips

15.5 Photometry-Establish the cell corrections with the ¢ ompystion boats used with a resistance furnace, or rings
reagent blank Reference solution to be used as a referenﬁ?r crucibles used with an induction furnace

solution for background color solutions. Take the photometric
readings of the background color solutions and the test
solutions versus the respective reagent blank reference solu-
tions as directed in 14.4

TABLE 1 Statistical Information—Manganese by the
Metaperiodate Photometric Method

Test Specimen Manganese  Repeatability ~ Reproducibility

) Found, % (Ry, E173) (R, E 173)
16. Calculation 1. Nickel alloy, 77Ni-20Cr 0.074 0.002 0.008
; ; ; (NIST 169, 0.073 Mn)

16.1 Convert the net photometric reading of the test solution High-temperature alloy 0.289 0,007 0,026
and of the background color solution to milligrams of manga-  ggni-14cr-7A1-6Mo
nese by means of the calibration curve. Calculate the percent of (NIST 1205, 0.29 Mn)
. 3. Cobalt alloy 41Co- 1.49 0.03 0.08
manganese as follows: PONL20Cr-ANOAW
Manganese, % (A — B)/(C X 10) 1) (NIST 168, 1.50 Mn)
4. Stainless steel 18Cr-9Ni 1.79 0.07 0.07
where: (NIST 101e, 1.77 Mn)
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22.2 Iron (Low-Sulfur) AcceleraterIron chips or iron 24.1.1 Adjust the temperature of the furnace to 1400 to
powder. 1425°C.

22.3 Potassium lodate Standard Solution(Approximate 24.1.2 Add 65 to 70 mL of HCI (1+99) and 2 mL of
sulfur equivalent= 0.1 mg S/mL)—Dissolve 0.2225 g of starch-iodide solution to the absorption vessel. Pass oxygen
potassium iodate (KI¢) in 900 mL of water containig1 g of  through the system at a constant rate which is the maximum
sodium hydroxide (NaOH) and dilute to 1 L. compatible with the particular absorption system used but not

22.4 Potassium lodate Standard Solutior-BApproximate  less than 1.0 L/min and not more than 1.5 L/min. Add KIO
sulfur equivalent= 0.02 mg S/mL). Transfer 200 mL of KO  Standard Solution from the buret until the intensity of the blue
Standard Solution A (Approximate sulfur equivalen0.1 mg  color is that which is to be taken as the end point of the final
S/mL) to a 1-L volumetric flask, dilute to volume, and mix. titration. Read the buret and record as the initial reading, and
refill the buret. Turn off the oxygen.

Note 3—The stated sulfur equivalents are based on complete conver- . . .
sion of sulfur to SQ; this is a phenomenon that seldom, if ever, occurs.f ”24'];'3 Select and weigh a sample in accordance with the
ollowing:

22.5 Starch-lodide Solution-Transfe 9 g of soluble (or T .
olerance in Sample

arrowroot) starch to a 50-mL beaker, add 5 to 10 mL of water, Sulfur, % Sample Weight, g Weight, mg
and stir until a smooth paste is obtained. Pour the mixture 0.005 t0 0.10 1.000 10
slowly into 500 mL of boiling water. Cool, add 15 g of 10002 P o0
potassium iodide (Kl), and stir until the Kl is dissolved. Dilute o )
to1L. Transfer the sample to a preignited combustion boat and

22.6 Tin (Low-Sulfur) Acceleratgrgranular. spread it in a layer of uniform thickness.

24.1.4 Cover the sample with 0.5 g of iron accelerator and
23. Calibration approximately 0.25 g of copper accelerator. Place a preignited
cover on the boat and introduce it into the center of the

23.1 Select aminimum of three standards (Note 6), two Wlthcombustion zone. Close the tube and allow the sample to heat

Sl.JIfur contents near the high and low limits of the range for_ %or 1.5 min. Start the flow of oxygen at the rate used in 24.1.2.
given sample weight (24.1.3) and also one near the median. 24.1.5 Titrate the evolved S@ontinuously with the appro-

322 ?;Iglt?]g Zt:gd?édwn;?);]fifsgzg:]aﬁdt’hi no(iﬁgfst\?vg’ by tak'rtgriate KIQ; Standard Solution at such a rate as to maintain as
P 9 ' nearly as possible the initial intensity of the blue color.

Note 4—The accuracy of this test method is dependent to a large exter€ontinue the flow of oxygen for 10 min, record the buret
upon the accuracy of the methods used to certify the sulfur concentratiorEading, and subtract the initial reading obtained in 24.1.2.
in the calibration standards. Drain the absorption vessel. If the net volume differs by more

23.2 For sulfur concentrations greater than 0.02 % use,KIOthan a factor of three from that required for the sample
Standard Solution A. For sulfur concentrations less tharPreviously analyzed, disregard the result and repeat the analy-
0.02 % use KIQ Standard Solution B. sis a sufficient number of times to stabilize the system before

23.3 Select the standard with the lowest sulfur concentratioRroceeding as directed in 23.1.
and make several determinations as directed in 24.1 or 24.2 24.2 Combustion with Induction Furnace

until the system is stabilized as shown by reproducible titra- 24.2.1 Turn on the power of the induction furnace and allow
tions. the electronic circuit to heat to operating temperature. Depress

23.4 Continue with multiple portions of each additional the starting button until the ammeter indicates that the current
standard, as directed in 24.1 or 24.2, running the standards if flowing through the induction coil.
ascending order of sulfur concentration. 24.2.2 Proceed as directed in 24.1.2.

23.5 Prepare a calibration curve by plotting the percentage 24.2.3 Proceed as directed in 24.1.3 substituting a crucible
of sulfur in each standard against the average of the millilitredor the combustion boat.
of KIO Standard Solution (or apparent percentage of sulfur for 24.2.4 Add 0.5 g of iron accelerator, 1.0 g of tin, and
“direct-reading” burets). Prepare a separate calibration curvapproximately 0.5 g of copper accelerator. Place a preignited
for each sample weight/sulfur range (24.1.3). cover on the crucible and introduce it into the center of the

23.6 Repeat the Ca”brationl)(when another K|Q Stan- combustion zone. Close the tube, start the flow of oxygen at the
dard Solution or another starch-iodide solution is usél, ( rate used in 24.2.2, turn on the power, and increase it to the
when a different lot of boats (or crucibles) is use®), When a ma>§imum at such a rate that spattering of the molten sample is
different lot of accelerator is used})(when a different cylinder ~avoided.
of oxygen is used,5) when the system has not been in use for 24.2.5 Proceed as directed in 24.1.5, but discontinue the
1 h, or less tha 1 h if the oxygen flow rate has not been flow of oxygen after 4 to 5 min or when the titration is
maintained during that periodswhen the system has been in complete. Turn off the power to the induction coil.
use continuously for 8 h,7§ when the opgrating temperature 25 Calculation
has been changed, ar®) (vhen a change in sample weight as

indicated in 24.1.3 is required. 25.1 Read the percentage of sulfur in the sample from the

appropriate curve plotted as directed in 23.5.

24. Procedure 26. Precision and Bias
24.1 Combustion with Resistance Furnace 26.1 Although samples covered by this test method with
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appropriate sulfur concentrations for evaluation of the test TABLE 3 Statistical Information—Silicon
method were not available, the precision data summarized in Silicon o ity Reproducibil
45.1 of Test Methods E 353 should appl Test Specimen Found, (PR R e
.1 of Test Methods should apply. " (R, E173) (R, E173)
26.2 Twenty-two laboratories cooperated in testing this test HCIO, Dehydration
method; six used resistance furnaces and reported eight setsiOiNi-base alloy 75Ni- _ 0.029 0.006 0.026
values (Note 5); sixteen used induction furnaces (Note 6). They12Cr-6Al-4Mo-2Cb-0.7Ti e TapT e
obtained the data summarized in Table 2 for Material 71 Nipase aioy 75Ni “0.033’ 0,007 0030
Although samples covered by this test method with sulfur  12cr-6Al-aMo-2Cb-0.7Ti
concentration near the lower limit of the scope were nof: Co-base alloy 66Co- 101 0.03 0.06

. . .. . . 28Cr-4W-1.5Ni
available for testing, the precision data obtained using the test pawe o

methods indicated in Table 2 should apply. None was available

to permit a test near the upper limit of the scope. is filtered, and the impure silica is ignited and weighted. The
silica is then volatilized with hydrofluoric acid. The residue is
ignited and weighed; the loss in weight represents silica.

Note 5—The recovery of sulfur as S@anged from 72 to 97 % with
an average value of 83 % based on calibration standards desidgnated

andd in Table 3. _29. Interferences
Note 6—The recovery of sulfur as S@anged from 80 to 96 % with

an average value of 88 % based on calibration standards desidnated 29-1.The eIements normally present do not interfere. When
andd in Table 3. boron is present in amounts greater than 0.1 %, the sample

26.3 Bias—No information on the accuracy of this test Solution requires special treatment with methy! alcol@ay-
method is known. The accuracy of this test method may bd0n: See Practices E 50) prior to acid dehydration. However,
judged by comparing accepted reference values with th&"Nce O boron steels were tested, this special treatment was not

corresponding arithmetic average obtained by interlaboratorfValuated.
testing. 30. Reagents
SILICON BY THE GRAVIMETRIC METHOD 30.1 The analyst should make certain by analyzing blanks

and other checks that possible silicon contamination of re-

27. Scope agents will not significantly bias the results.

27.1 This test method covers the determination of silicon in 30.2 Perchloric Acid
concentrations from 0.05 to 5.00 % in alloys containing not 30.2.1 Select a lot of HCIQthat contains not more than
more than 0.1 % boron. 0.0002 % silicon for the analysis of samples containing silicon
28. Summary of Test Method in _the range from 0.02 to_0..10 % and not more than 0.0004%

) ) ) o o silicon for samples containing more than 0.10 % by determin-

28.1 After dissolution of the sample, silicic acid is dehy-ing duplicate values for silicon as directed in 30.2.2 through
drated by fuming with sulfuric or perchloric acid. The solution 3g.2.7.

30.2.2 Transfer 15 mL of HCIg)Note 7) to each of two
400-mL beakers. To one of the beakers transfer an additional
Sullur pepeatabilty  Reproducibiity 50 mL of HCIO,. Using a pipet, transfer 20 mL of N&iO,

Test Material Found,

TABLE 2 Statistical Information—Sulfur

% (RLE173%)  (Ry E1737) solution (1 mL= 1.00 mg Si) to each of the beakers. Evaporate
Induction Furnace the solutions to fumes and heat for 15 to 20 min at such a rate
1 No. 1 E 352 0.006° 0.0016 0.0032 that HCIQ, refluxes on the sides of the beoakers. Cool suffi-
2. No. 2, E 352 0.0088 0.0013 0.0044 ciently, and add 100 mL of water (40 to 50°C).
3. No. 3, E 350 0.0148 0.0025 0.0029 »
4. No. 4, E 350 0.0168 0.0018 0.0024 Note 7—The 15-mL addition of HCIQ came from the same lot as the
5. No. 6, E 350 0.032¢ 0.0032 0.0049 one to be tested. Once a lot has been established as having less than
6. No. 7, E 350 0.141° 0.0066 0.0126 0.0002 % silicon, it should preferably be used for the 15-mL addition in
7. Stainless steel 13Cr-0.3Mo 0.2865 0.0135 0.0201 all Subsequent tests of other lots of acid.
(NIST 133a, 0.329S + NBS T ) )
10g, 0.109S: 0.286S) 30.2.3 Add paper pulp and filter immediately, using low-ash
Resistance Furnace 11-cm medium-porosity filter papers. Transfer the precipitates
1 No. 1 E352 0.0067 0.0014 0.0024 to the papers, and scrub the beakers thoroughly with a
2. No. 2, E 352 0.0097 0.0007 0.0020 rubber-tipped rod. Wash the papers and precipitates alternately
B . .
3. No. 3, E 350 0.014” 0.0014 0.0025 with 3 to 5-mL portions of hot HCI (1 + 19) and hot water, for
4. No. 4, E 350 0.015 0.0017 0.0029 | of 6 i Finall h th . ith
5. No. 6, E 350 0.032€ 0.0028 0.0041 a total o times. Finally wash the papers twice wit
6. No. 7, E 350 0.140° 0.0074 0.0111 H,SO,(1 + 49). Transfer the papers to platinum crucibles.
H E . .
7. Stainless steel 13Cr-0.3Mo 0.288 0.0123 0.0206 30.2.4 Dry the papers and heat at 600°C until the carbon is
(NIST 133a, 0.329S + NBS / o o
10, 0.109S: 0.2865) removed. Finally ignite at 1100 to 1150°C or to constant
“This test method was performed in accordance with the 1980 version of WEIght (at least 30 mln)' Coolin a desm_cator and WGIgh.
Practice E 173. 30.2.5 Add enough 80,(1 + 1) to moisten the Si9 and
BCalibration standards: See Footnote”, Table 5, Test Methods E 350. add 3 to 5 mL of HF. Evaporate to dryness and then heat at a
CCalibration standards: See Footnote?, Table 5, Test Methods E 350. d Vi . t iSO, i d. | ite f 15
OCalibration standards: See Footnote€, Table 5, Test Methods E 350. gr_a ually Increasing rate unti ﬁ 4 1S r_emove - ignite . or
Ecalibration standards: See Footnote®, Table 5, Test Methods E 350. min at 1100 to 1150°C, cool in a desiccator, and Welgh.
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30.2.6 Calculate the percentage of silicon as follows: specified in the table in 31.1. Remove and rinse the cover glass;

Slicon, % = [(A — B) — (C — D)] X 0.4674E x 100 (2) Substitute a ribbed cover glass.
31.5.2 Evaporate the solution to fumes and heat for 15 to 20

where: min at such a rate that the HC)J®@efluxes on the sides of the
A = initial weight of crucible plus impure SiDwhen 65  container. Cool sufficiently and add 100 mL of water (40 to
mL of HCIO, was taken, g, 50°C). Stir to dissolve the salts and heat to boiling. If the
B = final weight of crucible plus impurities when 65 mL of  sample solution contains more than 100 mg of chromium, add,
HCIO, was taken, g, _ B while stirring, 1 mL of tartaric acid solution for each 25 mg of
C = final weight of crucible plus impurities when 15 mL of  chromium.
HCIO, was taken, g, . - 31.6 Add paper pulp and filter immediately, on a low-ash
D = final weight of crucible plus impurities when 15 mL of  11_cm medium-porosity filter paper. Collect the filtrate in a
HCIO, was taken, g, 600-mL beaker. Transfer the precipitate to the paper, and scrub
E = nominal weight (80 g) of 50 mL of HCIQ the container thoroughly with a rubber-tipped rod. Wash the

~30.3 Sodium Silicate SolutierTransfer 11.0 g of sodium 56 and precipitate alternately with 3 to 5-mL portions of hot
silicate (N3SiO;-9H,0) to a 400-mL beaker. Add 150 mL of ) (1 + 19) and hot water until iron salts are removed but for
water and dissolve the salt. Filter through a medium paper, ot more than a total of ten washings. If 31.3 was followed,
collecting the filtrate in a 1-L volumetric flask, dilute to | 1sh the paper twice more with,80,(1 + 49), but do not
volume, and mix. Store in a polyethylene botile. Use thiSgg|iect these washings in the filtrate; discard the washings.

solution to determine the suitability of the HGJO Transfer the paper to a platinum crucible and reserve.
30.4 Tartaric Acid Solution(20.6 g/L)—Dissolve 20.6 g of 37 7 Add 15 mL of HNQ to the filtrate, stir, and evaporate
tartaric acid (GH¢Og) in water, dilute to 1 L, and filter. as directed either in 31.2 or 31.3, depending upon the dehy-

30.5 Water—Use freshly prepared Type Il water known 10 yating acid used. Filter immediately, using a low-ash 9-cm
be free of silicon. Water distilled from glass, demineralized iN100-porosity filter paper, and wash as directed in 50.4.
colgmns_containing silicon.cor.npounds, or stored for extended 31 g Transfer the paper and precipitate to the reserved
periods in glass, or combination thereof, has been known t9)a4inym crucible. Dry the papers and then heat the crucible at
pick up silicon. 600°C until the carbon is removed. Finally ignite at 1100 to
1150°C to constant weight (at least 30 min). Cool in a
31. Procedure desiccator and weigh.

31.1 Select and weigh a sample in accordance with the 31.9 Add enough E8O,(1 + 1) to moisten the impure SiD

following: and add 3 to 5 mL of HF. Evaporate to dryness and then heat
Tolerance Dehydrating Acid, mL at a gradually increasing rate untib8O, is removed. Ignite at
Siicon. % Vs:‘ig”hpt'eg V‘(/‘;;T‘;'fg Héfj%l . 1100 to 1150°C for 15 min, if the sample contains more than
0.05 t0 0.10 50 5 150 75 0.5 % tungsten, ignite at 750°C instead of 1100 to 1150°C after
0.10t0 1.0 4.0 4 100 60 volatilization of SiQ, cool in a desiccator, and weigh.
1.0to 2.0 3.0 3 100 50
201050 2.0 2 100 40 32. Calculation
Transfer it to a 400-mL beaker or a 300-mL porcelain 32.1 Calculate the percent of silicon as follows:
casserole. Proceed as directed in 31.2 or 31.3. Slicon, % = [((A — B) X 0.4674/C] X 100 3)
31.2 Proceed as directed in 31.4 if tungsten is greater than
0.5 %. where:
31.3 Proceed as directed in 31.2 or 31.5 if tungsten is les@ = initial weight of crucible and impure SiQg,
than 0.5 %. B = final weight of crucible and residue, g, and

31.4 Sulfuric Acid Dehydration c sample used, g.
31.4.1 Add amounts of HCI or HNO or mixtures and 33 preacision and Bias
dilutions of these acids, that are sufficient to dissolve the

sample; and then add the,$0,(1 + 4) as specified in 30.1 33.1 Eleven laboratories cooperated in testing this test
and cover. Heat until dissolution is complete. Remove andnethod and obtained the data summarized in Table 3. Asample

rinse the cover glass; substitute a ribbed cover glass. with silicon concentration near the upper limit of the scope was

31.4.2 Evaporate until salts begin to separate; at this poirﬂOt ava|l§1ble for testing. . : .
evaporate the solution rapidly to the first appearance of fumes 33.2 B|as—Np |nforma.t|on on the bias of this test T“e‘h"d IS
and fume strongly for 2 to 3 min. Cool sufficiently, and add 100KNOWn. The bias of this test method may be judged by
mL of water (40 to 50°C). Stir to dissolve the salts and heat, jcomparing accepted reference values with the corresponding

necessary, but do not boil. Proceed immediately as directed ffithmetic average obtained by interlaboratory testing.

31.6. COBALT BY THE ION-EXCHANGE-
31.5 Perchloric Acid Dehydration POTENTIOMETRIC
31.5.1 Add amounts of HCI or HNO or mixtures and TITRATION METHOD

dilutions of these acids, which are sufficient to dissolve the
sample, and cover. Heat until dissolution is complete. Addf34. Scope
HNO; to provide a total of 35 to 40 mL, followed by HCl@s 34.1 This test method covers the determination of cobalt in



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

iy £ 1473
concentrations from 2 to 75 %. through the column, with the hydrostatic head 100 mm above
the top of the resin bed, adjust the flow rate to not more than
35. Summary of Test Method 3.0 mL/min. Drain to 10 to 20 mm above the top of the resin

35.1 Cobalt is separated from interfering elements by seleded and then close the lower stopcock.
tl.ve e'!“glo_lr]':rom Ft;l)nlal’_llon-e_()j(_cha(ljnge Cﬁlum.n UISIng hydrochlﬁ- Note 8—The maximum limits of 0.125 g of cobalt and 0.500 g in the
rc _aC| " e cobalt Is oxidize _to t _e tr_lva_ent state W't_ sample solution take into account the exchange capacity of the resin, the
ferricyanide, and the excess ferricyanide is titrated potentiophysical dimensions of the column, and the volume of eluants.

metrically with cobalt solution. 38.4 Potassium Ferricyanide, Standard Solutidh

36. Interferences mL = 3.0 mg of Co):

36.1 The elements ordinarily present do not interfere if their 38.4.1 D|§solve 16'68. g of potassium fernc;yamde
concentrations are under the maximum limits shown in 1.1. (KgFe(CN)) in water and dilute to 1 L. Store the solution in a

dark-colored bottle. Standardize the solution each day before
37. Apparatus use as follows: Transfer from a 50-mL buret approximately 20
mL of K;Fe(CN), solution to a 400-mL beaker. Record the
Ruret reading to the nearest 0.01 mL. Add 25 mL of water, 10
L of ammonium citrate solution, and 25 mL of N&H. Cool
0 5to 10°C, and maintain this temperature during the titration.
ransfer the beaker to the potentiometric titration apparatus.
hile stirring, titrate the KFe(CN);, with the cobalt solution (1
mL = 1.5 mg Co) using a 50-mL buret. Titrate at a fairly rapid
rate until the end point is approached, and then add the titrant
in 1-drop increments through the end point. After the addition
38. Reagents of each increment, record the buret reading and voltage when

38.1 Ammonium Citrate Solutio(200 g/L)—Dissolve 200 equilibrium is reached. Estimate the buret reading at the end

g of di-ammonium hydrogen citrate in water and dilute to 1 L pointto the nearest 0.01 mL by mFerpoIann. .
38.2 Cobalt, Standard Solutiogd mL = 1.5 mg of Co)— 38.4.2 Calculate the cobalt equivalent as follows (Note 9):
Reagent No. 25B in Practices E 50. Cobalt equivalent, mg/in= (A X B)/C (4)
38.3 lon-Exchange Resif: _
) . where:
38.3.1 Use an anion exchange resin of the alkyl quaternar)A = cobalt standard solution required to titrate the potas-
ammonium type (chloride form) consisting of spherical beads sium ferricyanide solution, mL
having a nominal crosslinkage of 8 %, and 200 to 400 nominal cobalt standard solution r’ng/n’1L and
mesh size. To remove those beads greater than about 180 um g potassium ferricyanide s:olution ,mL.
diameter as well as the excessively fine beads, treat the resin as
follows: Transfer a supply of the resin to a beaker, cover with Note 9—.Dup|icate or triplicate. values should be .ot.Jtained for the
water, and allow sufficient time (at least 30 min) for the beadsf%)i;%wvalent. The values obtained should check within 1 to 2 parts per
to undergo maximum swelling. Place a No. 80 (180-um) '
screen, 150 mm in diameter_over a 2-L beaker. Prepare a th@g Procedure
slurry of the resin and pour it onto the screen. Wash the fine

bgads through the screen, using a small stream (.)f wate reater than 25 %; at higher concentrations use samples that
Discard the beads retained on the screen, perlodlcally, Iepresent between 100 and 125 mg of cobalt and weighed to
necessary, to avoid undue clogging of the openings. When ﬂ}%e nearest 0.1 mg. Transfer all of the sample to a 150-mL

bulk of the collected resin has settled, decant the water an -
transfer approximately 100 mL of resin to a 400-mL beaker.geaker' Add 20 mL of a mixture of 5 parts of HCl and 1 part

Add 200 mL of HCI (1 + 19), stir vigorously, allow the resin to of HNOy(Note 10). Cover the beaker and digest at 60 to 70°C

settle for 4 to 6 min, decant 150 to 175 mL of the Suspensionuntll the sample is decomposed. Rinse and remove the cover.

. . . Place a ribbed cover glass on the beaker and evaporate the
and discard. Repeat the treatme_nt with HCI (1 +19) tw'(.:esolution nearly to dryness, but do not bake. Cool, add 20 mL of
more, and reserve the coarser resin for the column preparatio

38.3.2 Prepare the column as follows: Place a 10 to 20-m i (7 +5), and digest at 60 to 70°C until salts are dissolved

layer of glass wool or poly(vinyl chloride) plastic fiber in the r?approxmately 10 min).

bottom of the column, and add a sufficient amount of the Note 10—Other ratios and concentrations of acids, with or without the

prepared resin to fill the Co|umn to a he|ght Of approximate'yaddition of 1 to 2 mL of HF, are used for the decomposition of special

140 mm. Place a 20-mm layer of glass wool or poly(vinyl 8rades of alloys. , _

chloride) plastic fiber at the top of the resin bed to protect it Some alloys are decomposed more readily by a mixture of 5 mL. of

. . . . . romine, 15 mL of HCI, and 1 to 2 drops of HF.

from being carried into suspension when the solutions are

added. While passing a minimum of 35 mL of HCI (7 + 5) 39.2 Cool to room temperature and transfer the solution to
the ion-exchange column. Place a beaker under the column and
open the lower stopcock. When the solution reaches a level 10

° Available from the Dow Chemical Co., Midland, MI. to 20 mm above the resin bed, rinse the original beaker with 5

37.1 lon-Exchange Columrapproximately 25 mm in diam-
eter and 300 mm long, tapered at one end, and provided wit
a stopcock to control the flow rate, and a second, lowe
stopcock to stop the flow. Apparatus No. 8 may be adapted t
this test method. A reservoir for the eluants may be added at t
top of the column.

37.2 Apparatus No. 3Bwith a platinum and a saturated
calomel electrode.

39.1 Transfer 0.50-g samples for cobalt concentrations not
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to 6 mL of HCI (7 + 5) and transfer the rinsings to the column. A = standard potassium ferricyanide solution, mL,
Repeat this at 2-min intervals until the beaker has been rinse® cobalt equivalent of the standard potassium ferricya-
four times. Wash the upper part of the column with HCI nide solution,

(7 + 5) 2 or3times and allow the level to drop to 10 to 20 mm C cobalt standard solution, mL,

above the resin bed each time. Maintain the flow rate at notD concentration of cobalt standard solution, mg/mL, and
more than 3.0 mL/min and add HCI (7 + 5) to the column E sample used, mg.

until a total of 175 to 185 mL of solution (sample solution and . .
washings) containing mainly chromium, manganese, andl- Precision and Bias

nickel is collected (Note 11). When the solution in the column 41.1 Ten laboratories cooperated in testing this test method
reaches a level 10 to 20 mm above the resin bed, discard tt@&nd obtained the data summarized in Table 4 for Specimens 4

eluate and then use a 400-mL beaker for the collection of théhrough 8. Although samples covered by this test method with
cobalt eluate. cobalt concentrations near the lower limit of the scope were not

available for testing, the precision data obtained for Specimens

Note 11—To prevent any loss of cobalt, the leading edge of the cobal : S :
band must not be allowed to proceed any farther than 25 mm from thT(:eI" 2, and 3 using the test method indicated in Table 4 should

bottom of the resin. Normally, when the cobalt has reached this point i,@pply. ) . ) )
the column, the chromium, manganese, and nickel have been removed.41.2 B_|aS—N0 information on the accuracy of this test
Elution can be stopped at this point, although the total volume collectednethod is known. The accuracy of this test method may be

may be less than 175 mL. judged by comparing accepted reference values with the
39.3 Add HCI (1 + 2) to the column and collect 165 to 175 corresponding arithmetic average obtained by interlaboratory

mL of the solution while maintaining the 3.0-mL/min flow rate. testing.
Reserve the solution. If the sample solution did not contain.ypA| T BY THE NITROSO-R-SALT PHOTOMETRIC
more than 0.200 g of iron, substitute a 250-mL beaker an
" . METHOD
precondition the column for the next sample as follows: Drain
the remaining solution in the column to 10 to 20 mm above the42, Scope
res!lnlboed, ggss 35 t? io le Of HCI (7 M 5) tgrougn the C.OIlf)mdn 42.1 This test method covers the determination of cobalt in
until 10 to 20 mm of the solution remains above the resin be 8oncentrations from 0.10 0 5.0 %.
then close the lower stopcock. If the sample solution containe
more than 0.200 g of iron, or if the column is not to be used43. Summary of Test Method
again within 3 h, discard the resin and recharge the column as 43 1 The sample solution is treated with zinc oxide to

directed in 38.3. remove iron, chromium, and vanadium. Nitroso-R-salt solution
39.4 Add 30 mL of HNQ and 15 mL of HCIQ to the i 54ded to a portion of the filtrate which has been buffered

solution from 39.3 and evaporate to fu_mes of HGIOool, add  ith sodium acetate to produce an orange-colored complex

25 to 35 mL of water, boil for 1 to 2 min, cool, and add 10 mL ith cobalt, The addition of nitric acid stabilizes the cobalt

of ammonium citrate solution. complex and also destroys certain interfering complexes.

39.5 Using a 50-mL buret, transfer to a 400-mL beaker & qtometric measurement is made at approximately 520 nm.
sufficient volume of KFe(CN) solution to oxidize the cobalt

and to provide an excess of about 5 to 8 mL. Record the buret4. Concentration Range

reading to the nearest 0.01 mL. Add 50 mL of )@H and cool 44.1 The recommended concentration range is from 0.005

to 5 to 10°C. Transfer the beaker to the potentiometric titrationg g 15 mg of cobalt per 50 mL of solution, using a 1-cm cell.
apparatus and maintain the 5 to 10°C temperature during the

titration.
39.6 While stirring, add the sample solution to the Solution"ght path. Cells having other dimensions may be used, provided suitable
' ! adjustments can be made in the amounts of sample and reagents used.

from 39.5, rinse the beaker with water, and add the rinsings to
the solution (Note 12). Using a 50-mL buret, titrate the excess
KsFe(CN) with the cobalt solution (1 ml= 1.5 mg Co), at a

Note 13—This test method has been written for cells having a 1-cm

TABLE 4 Statistical Information—Cobalt

fairly rapid rate until the end point is approached, and then add Test Specimen ;:gmt Repeatability  Reproducibility
the titrant in 1-drop increments through the end point. After the o  (RLELT3) (Re, E173)
addition of each increment, record the buret reading and "y, &35, 1.86 0.05 012
voltage when equilibrium is reached. Estimate the bureb. no. 2, E352 4.82 0.08 0.11
reading at the end point to the nearest 0.01 mL by interpolatior?. No- 3, E 352 8.46 0.03 0.07
4. High-temperature alloy 11.27 0.06 0.16
Note 12—For a successful titration, the sample solution must be addeg N??)Cr'13’ﬁ‘i'5’;4?';‘?vl\zlc(3b 1288 0.00 018
H . I-base alloy I- r . . .
to the excess e(CN); solution. (NIST 349, 13.95 Co)
. 6. High-temperature allo 19.54 0.08 0.10
40. Calculation 291Cr—20Fl)\li—4M0—3W ’
. 7. Co-base alloy 21Ni- 42.91 0.18 0.15
40.1 Calculate the percent of cobalt as follows: P0Cr 4MO-BW-3Ch (NBS,
Cobalt, %= [(AB — CD)/E] X 100 (5) 167, 42.90 Co)
8. Co-base alloy 28Cr- 60.10 0.19 0.31

where:

6Mo-3Ni
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45. Stability of Color 48.4 Photometry
45.1 The color is stable for at least 3 h. 48.4.1 Multiple-Cell Photometer-Measure the cell correc-
tion with water using absorption cells with a 1-cm light path
46. Interferences and using a light band centered at approximately 520 nm.

46.1 Nickel, manganese, and copper form complexes with/Sing the test cell, take the photometric readings of the
nitroso-R-salt that deplete the reagent and inhibit the formatio&@libration solutions versus the Reference Solution (48.2).
of the colored cobalt complex. A sufficient amount of nitroso- 48-4.2 Single-Cell PhotometerTransfer a suitable portion
R-salt is used to provide full color development with 0.15 mgof the reference solution (48.2) to an absorption cell with a
of cobalt in the presence of 41 mg of nickel, 1.5 mg of 1-Cm light path and adjust the photometer to the initial setting,
manganese, and 5 mg of copper, or 48 mg of nickel On|y_using a light band centered at approximately 520 nm. While
Colored complexes of nickel, manganese, and copper ardaintaining this adjustment, take the photometric readings of

destroyed by treating the hot solution with nitric acid. the calibration solutions. _ _
48.5 Calibration Curve—Plot the net photometric readings
47. Reagents of the calibration solutions against milligrams of cobalt per 50

47.1 Cobalt, Standard Solutiofl mL = 0.06 mg Co)—Dry ML of solution.
a weighing bottle and stopper in an oven at 130°C for 1 h, cookg. Procedure
in a desiccator, and weigh. Transfer approximately 0.789 g of 49 1 Test Solution

cobalt sulfate (CoS@*° that has been heated at 550°C for 1 h : , ,
to the weighing bottle. Dry the bottle and contents at 130°Cforfo49'1'1 Select and weigh a sample in accordance with the

1 h, cool in a desiccator, stopper the bottle, and weigh. The llowing: ,

difference in weight is the exact amount of CoS@ken. Sample Sample Weioht, of cmoie
Transfer the weighed CoSQo a 400-mL beaker, rinse the Cobalt, % Weight, g mg Solution, mL
weighing bottle with water, and transfer the rinsings to the 00110030 0.500 0.2 100
beaker. Add 150 mL of water and 10 mL of HCI, and heat to 8;53 I‘; 3;88 8:?;? 8:? 528
dissolve the salts. Cool, transfer to a 500-mL volumetric flask, 2.80to 5.00 0.150 0.1 500

dilute to volume, and mix. By means of a pipet, ransfer a qyanser it to a 100, 250, or 500-mL borosilicate glass
50-mL aliquot of this solution to a 500-mL volumetric flask, \,qjumetric flask.

dilute to volume, and mix. The exact concentration (in mg 49.1.2 Add 5 mL of a mixture of 1 volume of HNGnd 3
Co/mL) of the final solution is the exact weight of Co@ken 51 mes of HCI. Heat gently until the sample is dissolved. Boil

multipled by 0.076046. _ the solution until brown fumes have been expelled. Add 50 to
47.2 Nitroso-R Salt Solutiorf7.5 g/L)—Dissolve 1.50 g of g5 | of water and cool.

1-Nitroso-2-Naphthol-3,6-Disulfonic Acid Disodium Salt
(Nitroso-R Salt) in about 150 mL of water, filter, and dilute to Note 14—Other ratios and concentrations of acids, with or without the
200 mL. This solution is stable for 1 week. addition of 1 to 2 mL of HF, are used for the decomposition of special

- . A grades of alloys. If HF is used, the sample should be dissolved in a
4.7'3 Sodium Ac_etate Solutiqso0 g/L) DIS§OIVe 500 g of 150-mL beaker and the solution transferred to the specified volumetric
sodium acetate trihydrate (GBEOONa-3HO) in about 600 k.
mL of water, filter, and dilute to 1 L.

47.4 Zinc Oxide Suspensigii66 g/L)—Add 10 g of finely 49'1'3. Add ZnO suspension i.n portions of about5 mL until
chiced ine oide (2n0) 1o 60 . of water and shake 5 107 rectaed and o slgh excess of 210 i pesert
h hly. P fresh dalil . . . :
thoroughly. Prepare fresh daily as needed avoid a large excess (Note 15). Dilute to volume, and mix.
48. Preparation of Calibration Curve Allow the precipitate to settle; filter a portion of the solution
48.1 Calibration Solutions-Using pipets, transfer 2, 5, 10 through a dry, line (porosity) filter paper, and collect it in a dry,
15 20. and 25 mL of Cobalt Standard Soiution (1 m’LO 66 " 150-mL beaker after having discarded the first 10 to 20 mL.
mg Co) to six 100-mL volumetric flasks, dilute to volume, and Usmg_ a pipet, transfer 1_0 mL of the filtrate _to a 5_0-mL
mix. Using a pipet, transfer 10 mL of each solution to a 5O_m|_bor05|||cate glass volumetric flask. Proceed as directed in 48.3.
borosilicate glass volumetric flask. Proceed as directed in 48.3. Note 15—When sufficient ZnO has been added, further addition of the
48.2 Reference SolutieaTransfer 10 mL of water to a reagent causes the brown precipitate to appear lighter in color upon
50-mL volumetric flask. Proceed as directed in 48.3. thorough shaking. A sufficient excess is indicated by a slightly white and
48.3 Color Development-Add 5 mL of sodium acetate Miky supernatant liquid.
solution, and mix. Using a pipet, add 10 mL of nitroso-R-salt 49.2 Reference SolutierTransfer 10 mL of water to a
solution, and mix. Place the flask in a boiling water bath. After50-mL volumetric flask. Proceed as directed in 49.3.
6 to 10 min, add 5 mL of HNG(1 + 2), and mix. Continue the 49.3 Color Developmenrt-Proceed as directed in 48.3.
heating for 2 to 4 min. Cool the solution to room temperature, 49.4 Photometry—Take the photometric reading of the test
dilute to volume, and mix. solution as directed in 48.4.

50. Calculation

19 Cobalt sulfate (99.9 % min) prepared from the hexamine salt by G. Frederick 50-_1_ Convert the net photometric reading of _the t_eSt solution
Smith Chemical Co., Columbus, OH, is satisfactory for this purpose. to milligrams of cobalt by means of the calibration curve.
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Calculate the percentage of cobalt as follows: complex is stable for at least 1 week; however, because of the
Cobalt, %= A/(B X 10) ) Volatile nature of the solvent, itis advisable to take photometric
readings promptly.

where:
A = cobalt found in 50 mL of the final test solution, mg, 96. Interferences

and 56.1 The elements ordinarily present do not interfere if their
B = sample represented in 50 mL of the final test solution, concentrations are under the maximum limits shown in 1.1.

g.

57. Reagents

51. Precision and Bias 57.1 Chloroform (CHCL,).
51.1 Precisiort*—Eight laboratories cooperated in testing 57.2 Citric Acid Solution(300 g/L)—Reagent No. 129, but
this test method and obtained the data summarized in Tabledse 300 g instead of the specified weight.
for Specimens 1 and 4. Although samples covered by this test 57.3 Copper, Standard Solutiofl mL = 0.01 mg Cu)—
method with cobalt concentration near the extreme limits of th&ransfer 0.4000 g of copper (purity: 99.9 % minimum) to a
scope were not available for testing, the precision data obtaine260-mL Erlenmeyer flask, and dissolve in 20 mL of
for other types of alloys, using the test methods indicated irHNO,(1 + 1). Add 10 mL of HCIQ and evaporate to HCIQ
Table 5 should apply. fumes to expel HN@ Cool, add 100 mL of water, transfer to
51.2 Bias—No information on the accuracy of this test a 1-L volumetric flask, dilute to volume, and mix. Using a
method is known. The accuracy of this test method may beipet, transfer 25 mL to a 1-L volumetric flask, dilute to
judged by comparing accepted reference values with thgolume, and mix. Do not use a solution that has stood more
corresponding arithmetic average obtained by interlaboratorshan one week.

testing. 57.4 2,9-Dimethyl-1,10-Phenanthroline (Neocuproine) So-
lution (1 g/L)—Reagent No. 132 in Practices E 50.
COPPER BY THE NEOCUPROINE PHOTOMETRIC
METHOD Note 17—In addition to absolute ethanol, 95 % ethanol or denatured
No. 30 or 3A alcohol have been found suitable for preparing this solution.
52. Scope 57.5 Hydroxylamine Hydrochloride Solutiofl00 g/L)—
52.1 This test method covers the determination of copper ilReagent No. 131 in Practices E 50.
concentrations from 0.010 to 1.50 %. 57.6 Water—Use deionized water or water distilled in

all-glass or all-quartz apparatus.
53. Summary of Test Method

53.1 Copper is separated as cuprous copper from oth&3. Preparation of Calibration Curve
metals by extraction of the copper-neocuproine complex with 58.1 Calibration Solutions-Using pipets, transfer 5, 10,
chloroform. Photometric measurement is made at approxii5, 20, 25, and 30 mL of copper solution (1 nr+.0.01 mg Cu)

mately 455 nm. to 150-mL beakers, and dilute to 50 mL. Proceed as directed in
. 131.3.
54. Concentration Range 58.2 Reagent Blank SolutierTransfer 50 mL of water to a

54.1 The recommended concentration range is from 0.01 td50-mL beaker. Proceed as directed in 58.3.
0.30 mg of copper per 50 mL of solution, using a 1-cm cell.  58.3 Color Development

Note 16—This test method has been written for cells having a 1-cm 5831 Add 5 mL qf NI—iOH-HCI_squtlon and 10 mL of
light path. Cells having other dimensions may be used, provided suitabl€'tIC acid solution. Stir for 30 s. Using a pH meter (Note 46),

adjustments can be made in the amounts of sample and reagents useddjust the pH to 5.G- 1.0 with NH,OH (1 + 1). Add 10 mL
of neocuproine solution.

55. Stability of Color Nore 16 Test ) § tor hidhly colored solu
. . oTe 18—Test paper may be used, except for highly colored solutions,
55.1 The color develops within 5 min and the extra-Cthby affixing it to the inner wall of the beaker, and rinsing it with water

before removing it.

1 Supporting data are available from ASTM Headquarters. Request RR: E03- 58.3.2 Transfer the solution to a 125-mL conical separatory

1028. funnel, rinsing the beaker with 10 to 15 mL of water. Add 15
mL of CHCI; and shake for 30 s. Allow the phases to separate.
TABLE 5 Statistical Information—Cobalt Place a small roll of filter paper which has been washed with
Test Soecimen Cobalt Repeatability  Reproducibility CHCl;, in the stem of a small funnel. Drain the CHGhyer
P Found, % (R, E173) (Ro, E173) through the funnel into a 50-mL volumetric flask containing 6
1. Ni-base alloy, 36Ni (NIST 0.032 0.005 0.006 to 7 mL of ethanol. Add 10 mL of CHGIlto the separatory
) N12f;va°-305332 Co) 0,008 0,006 0013 funnel, extract as before, and drain the Ckl@ler through the
5 No. 3 E 353 0.173 0.011 0.026 funnel into the 50-mL volumetric flask. Repeat the extraction
4. Ni-base alloy, 17Cr-15Fe 0.468 0.020 0.028 just described. Wash the paper and the funnel with 4 to 5 mL
(NIST 161, 0.47 Co) of ethanol, and collect the washings in the volumetric flask.
5. No. 2, E 352 1.87 0.09 0.13 ilute t | ith ethanol. and mi
6. No. 3. E 352 194 008 017 Dilute to volume with ethanol, and mix.

58.4 Reference SolutierCHCl.
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58.5 Photometry entire procedure, using the same amounts of all reagents but
58.5.1 Multiple-Cell PhotometerMeasure the reagent with the sample omitted.
blank (which includes the cell correction) using absorption 59.3 Reference SolutierrCHCI,.
cells with a 1-cm light path and a light band centered at 59.4 Color Developmenrt-Proceed as directed in 58.3.
approximately 455 nm. Using the test cell, take the photometric 59.5 Photometry—Take the photometric reading of the test
readings of the calibration solutions. solution as directed in 58.5.
58.5.2 Single-Cell PhotometerTransfer a suitable portion .
of the reference solution to an absorption cell with a 1-cm Iight60' Calculation
path and adjust the photometer to the initial setting, using a 60.1 Convert the net photometric readings of the test solu-
light band centered at approximately 455 nm. While maintaintion and of the reagent blank solution to milligrams of copper
ing this adjustment, take the photometric readings of thddy means of the calibration curve. Calculate the percentage of
calibration solutions. copper as follows:
58.6 Calibration Curve—Plot the net photometric readings Copper, %= (A — B)/(C X 10) @)
of the calibration solutions against milligrams of copper per 50

mL of solution. where: _ _ _
A = copper found in 50 mL of the final test solution, mg,
59. Procedure B = copper found in 50 mL of the final reagent blank
59.1 Test Solution solution, mg, and _ _
C = sample represented in 50 mL of the final test solution,

59.1.1 Select a sample in accordance with the following: g

Tolerance in
Sample Sample Dilution, Aliquot P .
Copper, % Weight, g Weight, mg mL Volume, mL 61. Precision and Bias
8-‘1)3 EO 8-;2 i-gg 1-8 ;gg 58 61.1 Precision—Ten laboratories cooperated in testing this
020 1 0.50 100 05 250 15 test method and obtained the data summarized in Table 6.
0.40 to 1.00 0.50 05 250 15 Although samples only in the lower part of the scope of this
0.80 to 1.50 0.50 0.1 250 10 test method were available for testing, the precision data
1.40 to 3.00 1.00 0.1 1000 10 btained f . in th ind fth . th
280 to 5.00 0.60 o1 1000 10 obtained for specimens in the remainder of the scope using the
4.80 to 7.50 0.80 0.1 1000 5 test methods indicated should apply.
72510 10.00 0.60 01 1000 5 61.2 Bias—No information on the accuracy of this test
Transfer it to a 250-mL Erlenmeyer flask. method is known. The accuracy of this test method may be

59.1.1.1 Add amounts of HCI or HNQor mixtures and judged by comparing accepted reference values with the
dilutions of these acids, which are sufficient to dissolve thecorr.espondlng arithmetic average obtained by interlaboratory
sample (Note 19). Heat as required to hasten dissolution. Adisting.

HNO; to provide an excess of 3 to 4 mL, a sufficient amount
. o TOTAL ALUMINUM BY THE 8-QUINOLINOL
of HF to volatilize the silica, and 15 mL of HCIQ GRAVIMETRIC METHOD

Note 19—Some alloys are more readily decomposed by a mixture of 5
mL of bromine, 15 mL of HCI, and 1 to 2 drops of HF. 62. Scope

if present, is oxidized and the white HGJ®@apors are present aluminum in concentrations from 0.20 to 7.00 %.

only in the neck of the flask. Add, with care, 1.0 to 1.5 mL of

HCI allowing it to drain down the side of the flask. If there is 63. Summary _Of Tes.t Method L ) )
evidence of the volatilization of chromyl chloride, make 63.1 Following dissolution, gud-msolublg aluminum is
repeated additions of HCI, followed by fuming after eachseparated, fused, and recombined. Interfering elements are
addition, until most of the chromium has been removed.
Continue fuming the solution until the volume has been
reduced to about 10 mL. Cool, add 7 mL of water, and digest

TABLE 6 Statistical Information—Copper

Copper Repeat- Reproduc-

X i Test Specimen Found, ability, ibility,
if necessary to dissolve the salts. Cool to room temperature, % (R, E173) (R, E173)
add 1 mL of HCI, and transfer the solution (Note 20) t0 @ 1 ickel-base alloy, 57Ni-14Cr (NIST 0,006 0.001 0.004
volumetric flask that provides for the dilution specified in 349, 0.006 Cu)
59.1.1. Dilute to volume and mix 2. Nickel-base alloy, 77Ni-20Cr (NIST ~ 0.014 0.002 0.006
Bt ' 169, 0.015 Cu)
Note 20—If silver is present in the alloy it must be removed by 3- Cobalt-base alloy 41Co-20Ni (NIST  0.033 0.005 0.004

168, 0.035 Cu)
4. No. 5, E 352 0.078 0.005 0.010
5. No. 6, E 352 0.118 0.007 0.016

filtration at this point.

59.1.3 Allow insoluble matter to settle, or dry-filter through 6
a coarse paper and discard the first 15 to 20 mL of the filtrate‘;: mg 3: Eggg gégg g:gig g:gié
before taking the aliquot. Using a pipet, transfer a portion ass. No. 8, E 353 0.221 0.013 0.022
specified in 59.1.1 to a 150-mL beaker, and dilute to 50 mL. 9- No. 9, E353 0.361 0.015 0.036
Proceed as directed in 59.4. 2 N0 o B s g.08 9.0

11. No. 6, E 351 5.53 0.19 0.18
59.2 Reagent Blank-Carry a reagent blank through the
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removed by mercury-cathode, cupferron, and sodium hydrox- 67.3 Add 30 mL of HCl and 10 mL of HNQand digest at
ide separations. Aluminum quinolinate is precipitated anda low temperature until dissolution is complete. Add 30 mL of
weighed. HCIO,, heat to fumes, and continue fuming until chromium, if
present, is oxidized. If chromium is present, position the gas
64. Interferences generator containing boiling HCI (use a fresh portion of HCI
64.1 The elements ordinarily present do not interfere if theirfor each sample), so that the tube extends into the beaker and
concentrations are under the maximum limits shown in 1.1. the HCI gas is delivered 20 to 30 mm above the surface of the
fuming HCIQ,. Continue boiling the HCI and fuming the
65. Apparatus sample solution until there is no evidence of yellow chromyl
65.1 Filtering Crucible, medium-porosity fritted-glass, low chloride in the fumes. Remove the generator and continue
form, 30-mL capacity. fuming the solution until the volume is reduced to 10 mL.
65.2 Glasswareto prevent contamination of the sample, all Alternatively, volatilize the chromium as directed in 84.1.2.
glassware must be cleaned with hot HCI (1 + 1) before useRemove from the hot plate and cool. Add 25 mL of water to
65.3 HCl Gas Generator(Fig. 1)—A simple HCI gas dissolve the salts. If iron hydrolyzes, indicating that the sample
generator constructed from a stoppered wash bottle and glaggs fumed too long, add 1 to 2 mL of HCl and 5 mL HGIO

tubing. and again take to fumes. Dilute to 75 mL with water and boil
65.4 Mercury Cathode-Apparatus No. 10 B in Practices to remove chlorine.

E 50. _ _ 67.4 Filter through an 11-cm medium paper into a 400-mL
65.5 pH Meter—Apparatus No. 3 A in Practices E 50. beaker. Scrub and wipe the inside of the beaker with half a

66. Reagents sheet of filter paper. Add this paper to the funnel. Wash the
) ) ) _ original beaker, the paper, and the residue 2 or 3 times with hot
66.1 Ammonium Peroxydisulfate Solutiofl00 g/L)—  HclOo,(2 + 98) and then 3 or 4 times with hot water to ensure

Dissolve 20 g of ammonium peroxydisulfate ((NESzOs) in removal of HCIQ. Reserve the filtrate.

water and dilute to 200 mL. Do not use a solution that has 67.5 Transfer the paper to a platinum crucible, dry it, and

stood more than 8 h. then heat at about 600°C until the carbon has been removed.
66.2 Chloroform (CHCI,). . Finally ignite at 1100°C, cool, and add a few drops ¢S,
66.3 Cupferron Solution(60 g/L)—Reagent No. 115, in (1 4+ 7)and 4 to 5 mL of HF. Evaporate to dryness and heat at
Practices E .50' . . . a gradually increasing rate until the,80, has been removed.
66.4 8-Quinolinol Solution (25 g/L)—Dissolve 25 g of 56 add 26 3 g of sodium hydrogen sulfate, fuse, and heat
8-quinolinol in 50 mL of acetic acid, dilute to 300 mL with ;i 5 clear melt is obtained. Cool the crucible, transfer it to a
warm water, filter through a medium paper, and dilute to 1 L.ogq_m1 beaker, add 50 mL of water, and then digest until the
Store in an amber bottle away from direct sunlight. Do not Usgyeyt is dissolved. Remove and rinse the crucible with water.
a solution that has stood more than 1 month. . 67.6 If the solution is clear, add it to the filtrate reserved in
66.5 Sodium Hydrogen Sulfate, Fusdd mixture of 67.4. If the solution is turbid, filter through an 11-cm fine paper

N8;S,0; and NaHSQ). containing paper pulp into the beaker containing the reserved
66.6 Sodium Hydroxide Solutiof200 g/L)—Dissolve 100 g filtrate. W%sph Fhe gapF:ar 3 to 4 times with hotSO %3 + 97),
of sodium hydroxide (NaOH) in water in a platinum dish or in Discard the paper and residue 4

a plastic beaker, and dilute to 500 mL. Store in a polyethylene 67.7 Evaporate to approximately 100 mL, and cool. Trans-

bottle. ) .
66.7 Tartaric Acid Solution(200 g/L)—Dissolve 200 g of fer the solution to a mercury cathode cell. _Dllute_ to 150 to 200
: o . ; mL and electrolyze at 15 A (Note 21) until the iron has been
tartaric acid in 500 mL of water, filter through a medium paper, d thout i g h p
and dilute to 1 L. removed (Note 22). Without interrupting the current, tran.s er
the solution from the cell to a 400-mL beaker. Thoroughly rinse
67. Procedure the cell and electrodes several times with water and add the

67.1 Transfer a 1.000-g sample, weighed to the nearest O_rinsings to the solution.

mg, to a 600-mL beaker. Note 21—Contact between the mercury pool and the platinum cathode
67.2 Carry a reagent blank through the entire proceduremay be broken intermittently due to stirring the mercury too rapidly. Since
using the same amounts of all reagents but with the sampli&is will cause arcing which will result in the dissolution of some mercury
omitted. in the electrolyte, it should be avoided by adding more mercury to the cell,
using less current, or by proper adjustment of the cathode lead wire so that
contact will be ensured.

Note 22—The completeness of the removal of iron, which usually

(reilorocarbon Stopper ' J‘ requires 1 to 3 h, can be determined by the following test: Transfer 1 drop
‘ 8 om Glass Tubing of the electrolyte to a watchglass or spot test plate. Add 1 drop,84
00 or 1000-m1 % !“ (1 + 1), 1 drop of saturated potassium permanganate (KMsGlution,

()

lorence Flask

wich Insulated i and 1 drop of sodium thiocyanate (NaSCN) solution (500 g/L). When only
‘ a faint pink color is observed, the electrolysis may be considered
—— - LT complete.
\ / i 67.8 Filter the solution through a 12.5-cm medium paper
FIG. 1 HCI Gas Generator containing paper pulp (Note 23) into a 600-mL beaker, and
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wash 3 or 4 times with hot water. To the filtrate add 10 mL ofwash the precipitate 4 times with warm NBH (1 + 100).
H,SO,(1 + 1) and 10 mL of (NH),S,0O4 solution. Heat to Dry for 1.5 h at 135°C, cool, and weigh as aluminum
boiling and evaporate to about 75 mL. Cool in an ice bath toquinolinate.
below 10°C. .

Note 23—This filtration removes any mercurous chloride that may68. Calculation
have formed and any metallic mercury that may have been transferred 68.1 Calculate the percent of total aluminum as follows:
from the cell. Total aluminum, %= [((A — B) X 0.058%/C] X 100 (8)

67.9 Transfer the solution to a 250-mL conical separatory,ynere:
funnel, and without delay add 15 mL of cupferron solution. A = ajuminum quinolinate found, g,
Reserve the beaker. Shake for 30 s and allow the precipitate tg correction for blank, g, and
settle. Add 20 mL of CHGJ and shake for 1 min. Allow the C sample in final aliquot, g.
layers to separate. Draw off and discard the CHI@lyer. o _
Repeat the extraction [with 20-mL portions of CH@intil the ~ 69. Precision and Bias
extract is colorless. Transfer the aqueous solution to the 69.1 Precision—Eight laboratories cooperated in testing
reserved 600-mL beaker and evaporate to 35 to 40 mL. Add 2this test method using Test Specimens 3 and 6, nine using Test
mL of HNO;, cover with a ribbed cover glass, evaporate toSpecimens 4 and 5, with one laboratory reporting a second pair
fumes of HSQO,,] and cool. Dilute to 50 mL, heat to boiling, of values in each instance; the data are summarized in Table 7.
and cool. Although samples covered by this test method with aluminum

67.10 Transfer the solution to a platinum, quartz or high-concentrations at the upper limit and at the lower limit of the
silica glass, or poly(tetrafluoroethylene) beaker. Police thorscope were not available for testing, the precision data obtained
oughly (Note 24), rinse the beaker, and add the rinsings to thasing the test methods indicated in Table 7 should apply.
main solution. Neutralize to litmus with sodium hydroxide 69.2 Bias—No information on the accuracy of this test
(NaOH) solution (Note 25), and add a 10-mL excess. Add 1 mlmethod is known. The accuracy of this test method may be
of H,0,, digest near the boiling point for 5 to 7 min and finally judged by comparing accepted reference values with the
boil for 1 to 2 min to coagulate the manganese precipitate. Coaorresponding arithmetic average obtained by interlaboratory
and filter through a 12.5-cm medium paper containing papetesting.
pulp previously washed 3 times with hot dilute NaOH solution
(20 g/L), into a 600-mL beaker. Wash the paper and precipitate NICKEL BY THE DIMETHYLGLYOXIME
4 or 5 times with hot water. Immediately add HCI (1 + 1) to GRAVIMETRIC METHOD
the filtrate until acidic to litmus paper, and then add 3 to 4 mL
in excess.

70. Scope
70.1 This test method covers the determination of nickel in
Note 24—This step is necessary whether or not a precipitate is visiblecgncentrations from 0.1 to 84.0 %.

Note 25—Approximately 70 mL will be required.

67.11 If the aluminum concentration is less than 1.50 %,71' Summary of Test Method

proceed as directed in 67.12-67.14. If the aluminum concen- /1.1 Nickel dimethylglyoximate is precipitated by adding
tration is greater than 1.50 %, transfer the solution to a 250-m@n alcoholic solution of dimethylglyoxime to a solution of the
volumetric flask, dilute to volume, and mix. Select the properS@mple containing ammonium citrate. A second precipitation is

aliquot in accordance with the following: performed to purify the precipitate prior to drying and weigh-
Weight of Sample in Ing. . i
Aluminum, % Aliquot, mL Aliquot, g 71.2 Alternatively, nickel and manganese are separated
1.50 to 3.50 100 0.400 from the other alloying elements by anion exchange in hydro-
3.50 to 7.00 50 0.200

chloric acid to eliminate the need for the first precipitation with
Using a pipet, transfer it to a 600-mL beaker. Proceed aglimethylglyoxime. This separation must be used when cobalt
directed in 67.12-67.14. is present in concentrations greater than 0.5 % and may be used
67.12 Dilute to approximately 250 mL, and add 25 mL of for all other samples. Nickel dimethylglyoximate is precipi-
tartaric acid solution. Using a pH meter, adjust the pH to 8.Qated by adding dimethylglyoxime to the eluate; the precipitate
with NH,OH.

67.13 Add 10 mL of HO,(Note 26), heat to 55°C, and TABLE 7 Statistical Information—Aluminum
while stirring ad_d 15 mL of 8-quino|in0|_ solution. Add 5 mL of st Soecimen Aluminum _ Repeatability Reproducibility
NH,OH, and stir continuously for 1 min and then for 5 to 10 P Found, % (R, E 173) (Ry, E173)
s once a min for 9 more min while maintaining the temperatura. no. 1, £ 353 0.232 0.036 0.041
at 50 to 55°C. 2. No. 2, E 353 1.16 0.06 0.10
3. Nickel-base alloy 57Ni-14Cr 1.21 0.02 0.08
Note 26—Precipitate aluminum in only one sample at a time. A (NIST 349, 1.23 Al)
motor-driven stirrer operating continuously for 10 min may be used. 4. No. 4, E 350 Laa 0.07 0.16
5. Nickel-base alloy 2.88 0.06 0.12
67.14 Allow the solution to cool to room temperature. Filter ~ 19Cr-19Co-4Mo-3Ti
Nickel-base alloy 5.84 0.16 0.26

with suction, using a weighed, medium-porosity, fritted-glass™ 130r-4.5Mo-2.2Ch
crucible. Police the beaker, rinse with D)BH (1 + 100), and
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is filtered, dried, and weighed. 3.0 mL/min. Drain 10 to 20 mm above the top of the resin bed
and then close the lower stopcock.
72. Interferences 74.3 Dimethylglyoxime Solution in Alcoho{10 g/L)—

72.1 Cobalt, copper, and manganese are present in tleeagent No. 104 in Practices E 50.
divalent state and consume dimethylglyoxime, making it nec-
essary to add an excess of the precipitant over that required #. Procedure
precipitate nickel. When the anion-exchange separation is 75.1 Double Precipitation
used, manganese is present in the solution from which nickel is 75.1.1 Select and weigh a sample in accordance with the
precipitated, and an excess of the precipitant is required.  following:

Tolerance Sample

73. Apparatus Nickel, % Sample Weight, g Weight, mg
73.1 Anion-Exchange Columnapproximately 25 mm in 2-(1) h é-g i-g é-g
diameter and 300 mm long, tapered at one end, and provided 50 t0 10.0 05 02
with a stopcock to control the flow rate and a second, lower 10.0 to 20.0 0.25 0.1
stopcock to stop the flow. Apparatus No. 8 may be adapted to o0 o b
this test method. A reservoir for the eluants may be added at the o ' '
top of the column (see Practices E 50). Transfer it to a 600-mL beaker.
73.2 Filtering Crucibles fritted glass, 30-mL capacity, me-  79.1.2 Add 60 mL of HCI (1 + 1) and 10 mL of HNOHeat
dium porosity. to dissolve the sample and boil to expel oxides and nitrogen.
73.3 pH MeteFApparatus No. 3A in Practices E 50. Cool the solution and add 30 mL of HCAOHeat to Strong
fumes of HCIQ and continue fuming for 5 min. Cool, and
74. Reagents dilute to 100 mL with water.

74.1 Ammonium Citrate Solutio(200 g/L)—Dissolve 200 75.1.3 Filter the solution through an 11-cm coarse paper

g of diammonium hydrogen citrate [(NJ3HC4HsO,] in 600  into a 600-mL beaker. Transfer any insoluble matter to the
mL of water. Filter and dilute to 1 L. paper with hot HCI (5 +95). Wash the beaker and paper

74.2 Anion Exchange Resin alternately with hot HCI (5 + 95) and hot water until iron salts

74.2.1 Use an anion exchange resin of the alkyl quaternarj'® removed. Finally, wash the paper 3 times with 5-mL
ammonium type (chloride form) consisting of spherical beaddortions of hot water. Discard the residue. If the nickel
having a crosslinkage of 8 % and a 200 to 400 nominal mesfRoncentration is greater than ZQ %, transfer the filtrate from the
size!2 To remove those beads greater than 180 um in diametdeaker to a 200-mL volumetric flask, dilute to volume, and
as well as the excessively fine beads, treat the resin as follow8X. Using a pipet, transfer a 20-mL aliquot to a 600-mL
Transfer a supply of the resin to a beaker, cover with water, angeaker and add 10 mL of HCI. _
allow sufficient time (at least 30 min) for the beads to undergo 75-1.4 Add 200 mL of water and 20 mL of ammonium
maximum swelling. Place a No. 80 (180-um) screen, 150 mnfitrate solution. l_Js_,lng apH meter, f_:ldjust the pH to at least 7.5
in diameter over a 2-L beaker. Prepare a thin slurry of the residith NH,OH. Acidify the solution with HCI to pH 6.3+ 0.1.
and pour it onto the screen. Wash the fine beads through the 79-1.5 Add 10 mL of the dimethylglyoxime solution plus an
screen, using a small stream of water. Discard the pbeadgdditional 0.4 mL for each milligram of nickel, manganese,
retained on the screen, periodically, if necessary, to avoi§oPalt, and copper present. .
undue clogging of the openings. When the bulk of the collected 75-1.6 Using a pH meter, adjust the pH to 7:40.1 with
resin has settled, decant the water and transfer approximateyH4OH. Remove the electrode and rinse with water. Heat at 50
100 mL of resin to a 400-mL beaker. Add 200 mL of HC| t© 70°C for 30 min. Let stand for at leaé h at 20 t025°C.

(1 + 19), stir vigorously, allow the resin to settle for 4 to 6 min, _ />-1.7 Filter using a 12.5-cm coarse paper. Wash 5 to 7
decant 150 to 175 mL of the suspension, and discard. Repetfnes with cold water. Transfer the paper and precipitate to the
the treatment with HCI (1 + 19) twice more, and reserve thePriginal beaker. Moisten a small piece of filter paper, use it to
coarser resin for the column preparation. remove any precipitate adhering to the funnel, and place it in

74.2.2 Prepare the column as follows: Place a 10 to 20-mri1€ original beaker.
layer of glass wool or poly(vinyl chloride) plastic fiber in the ~ 75-1.8 Add 30 mL of HNQand 15 mL of HCIQ. Evapo-
bottom of the column and add a sufficient amount of thefate to strong fumes and continue fuming for 5 min. Cool and
prepared resin to fill the column to a height of approximately2dd 50 mL of water. _

140 mm. Place a 20-mm layer of glass wool or poly(vinyl 75.1.9 Filter through an _11-cm coarse paper into a 60(_)-mL
chloride) plastic fiber at the top of the resin bed to protect jto€aker. Wash the paper 5 times with HCI (5 + 95) and 3 times
from being carried into suspension when the solutions aravith water. D_|Iute the filtrate to 200 mL with water and proceed
added. While passing a minimum of 100 mL of HCI (3 + 1) &s directed in 75.3-75.7. .

through the column with the hydrostatic head 100 mm above 79-2 Anion-Exchange Separation

the top of the resin bed, adjust the flow rate to not more than 79.2.1 Proceed as directed in 75.1.1. _
75.2.2 Proceed as directed in 75.1.2, but dilute with only 50

mL of water.
12 Dowex 1, manufactured by the Dow Chemical Co., Midland, MI, has been 75.2.3 Filter the solut|on. Obtamed In 75-2-2 thrOUgh an
found satisfactory for this purpose. 11-cm coarse paper, collecting the filtrate in a 250-mL beaker.
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Transfer any insoluble matter to the paper with hot HCI Note 27—Heat the crucible at 150°C and cool in a desiccator before
(5 + 95). Wash the paper alternately with hot water and hot HCWeighing.
(5 + 95) until iron salts are removed. Finally, wash the paper 3 75.7 Dry at 150°C at lea$ h toconstant weight. Cool in a
times with 5-mL portions of hot water. Discard the residue. desiccator and weigh.
75.2.4 Carefully evaporate to dryness at moderate heat L96 Calculation
avoid spattering. Cool, add 10 mL of HCI, and evaporate to )
dryness. Cool, add 20 mL of HCI (3 + 1) and heat, ifnecessary, 76.1 Calculate the percent of nickel as follows:
to dissolve salts, but avoid loss of HCI by overheating or Nickel, % = [((A — B) X 0.2032/C] X 100 9)
prolonged heating.
where:

75.2.5 Precondition the ion-exchange column with 50 mLof , "~ : . -
HCI (3 + 1), and adjust the flow rate by means of the upperé _ xg:gm g; gﬂg:g::zrjdaﬁaempltate, 9
stopcock to not more than 3.0 mL/min. Allow the acid to drain C = sample represented in the final test solution, g.
to 10 to 20 mm from the top of the resin bed.

75.2.6 Place a clean 600-mL beaker under the ion-exchangé’- Precision and Bias
column and open the bottom stopcock. Transfer the solution 77.1 Precision—Ten laboratories cooperated in the testing
from 75.2.4 to the column. Allow the sample to drain to 5 to 100f this test method and obtained the data summarized in Table
mm from the top of the resin bed. Rinse the 250-mL beake8. Although a sample covered by this test method near the
with a 5-mL portion of HCI (3 + 1) and transfer the rinsing to lower end of the scope was not tested, the data obtained for
the column. When it has drained to 5 to 10 mm above the resiother types of alloys using the test methods indicated in Table
bed, add a second 5-mL rinse portion from the 250-mL beake8 should apply.

Repeat this operation 3 more times, and allow the level to drop 77.2 Bias—No information on the accuracy of this test
to 5 to 10 mm above the resin bed before adding the next. Adchethod is known. The accuracy of this test method may be
sufficient HCI (3 + 1) at the top of the column to collect a total judged by comparing accepted reference values with the
of 200 mL in the 600-mL beaker. Close the lower stopcock andorresponding arithmetic average obtained by interlaboratory
reserve the solution. testing.

75.2.7 Precondition the column for the next sample as
follows: Open the lower stopcock. Drain any remaining solu-
tion in the column to 5 to 10 mm from the top of the resin bed.
Add HCI (1 +19) in 50-mL increments until iron has been 78. Scope
eluted an_d the eluatg is visibly free of color (approximately 390 78.1 This test method covers the determination of tin in the
mL). Drain the solution to 5 to 10 mm from the top Qf the resin range from 0.002 to 0.10 %.
bed and close the lower stopcock. If the column is not to be
used immediately, cover and store. If another sample solutio9. Summary of Test Method
is to be put through the column, proceed as directed in 75.2.5. 79 1 Tin is extracted from a dilute hydrochloric acid solu-

75.2.8 Heat the solution reserved in 75.2.6 to boiling andion of the sample, containing ascorbic acid and potas-sium
evaporate to 60 mL to remove excess HCI. If the samplgodide, into a solution of trioctylphosphine oxide (TOPO) in
contains less than 20 % nickel, cool and dilute to 200 mL. Ifmethyl isobutyl ketone (MIBK). The MIBK extract is aspirated
the sample contains more than 20 % nickel, cool and transfer t@ito the nitrous oxide-acetylene flame. Spectral energy at 2863
a 200-mL volumetric flask. Add 20 mL of HCI, dilute to A from a tin hollow-cathode lamp or tin electrodeless dis-
volume, and mix. Using a pipet, transfer a 20-mL aliquot to acharge lamp is passed through the flame and the absorbance is
600-mL beaker, and dilute to 200 mL with water. measured.

75.3 Add 10 mL of ammonium citrate solution and 10 mL .
of HCI. Using a pH meter, adjust the pH to at least 7.5 with80- Concentration Range
NH,OH. Remove and rinse the electrodes with water, collect- 80.1 The recommended concentration range is from 4 to 40
ing the rinsings in the original beaker. pg of tin per millilitre in the final 10 mL of TOPO-MIBK

75.4 Add 2 mL of HCI and, while stirring the solution, add €Xtract.
10 mL of dimethylglyoxime solution plus an additional 0.4 mL

TIN BY THE SOLVENT EXTRACTION-ATOMIC
ABSORPTION METHOD

for each milligram of nickel present. If the separation was TABLE 8 Statistical Information—Nickel
made by anion-exchange, add an additional 0.4 mL for each Test Specimen FNiC‘;e'(y R;Peééti';igw Re’gfodEuigﬁgi“ty
™ oun
milligram of manganese present. % Ry ) R )
. . . 1. No. 1, E 352 0.135 0.012 0.015
75.5 Using a pH meter, adjust the pH to 740.1 with No. 2 E 353 181 009 009
NH,OH. Remove and rinse the electrode with water. Heat at 58. Nickel-chrome steel 16 Cr-4 4.22 0.06 0.06
to 70°C for 30 min and allow to stand for at l¢ash at 20 to Ni-3 Cu (NIST 345, 4.24 Ni)
° 4. Cobalt alloy 41 Co-20 Ni-20 20.26 0.23 0.23
25°C. Cr-4 Mo-4W (NIST 168,
75.6 With the aid of suction, filter using a weighed (Note =~ 20-25 Ni) _
ickel alloy 77 Ni-20 Cr (NBS 77.13 0.56 0.56

27) fritted glass crucible, wash the beaker and precipitate 6 N169] 77.26 Ni)
times with cold water.
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81. Interferences 84.3.2 Following the instrument manufacturer's specific

81.1 Copper, when present above 0.1 g, interferes bffirections, ignite the burner using the air-acetylene mode of
precipitating as cuprous iodide (Cul). This interference may b@pPeration. Inmediately after ignition, switch over to the nitrous
eliminated by incorporating a suitable copper separatioffXide-acetylene mode of operation and allow the burner to

scheme into the procedure prior to the solvent extraction step€ach thermal equilibrium while aspirating water. Cautiously
adjust the height of the red cone of the flame to approximately

82. Apparatus 12 mm by means of the fuel flow needle valve. Adjust the
82.1 Atomic Absorption Spectrophotometernpable of re- detector response to zero while aspirating water. Aspirate
solving the 2863 A line, equipped with a tin hollow-cathode Solution B (1 mL= 50 ug Sn) and adjust the height of the
lamp or tin electrodeless discharge lamp whose radiant enerdyurner to obtain maximum response from the detector system.
is modulated, with a detector system tuned to the sam®emove the capillary from the solution and allow air to
frequency and a premix nitrous oxide-acetylene burner. Thaspirate for 15 to 30 s. Aspirate MIBK for 30 s, then readjust
performance of the instrument must be such that the upper limthe detector response to zero, if necessary.
of the concentration range (40 pg/mL) produces an absorbance

£0.15 or hiah d liorati h deviation f Note 30—From this point on, only MIBK solutions should be aspirated
of 0.15 or higher, and a calibration curve whose deviation from, | 4| test and calibration solution measurements have been completed.

linearity is within the limits specified in 84.4. If the burner slot shows any sign of blockage, shut off the flame according
83. Reagents to the instrument manufacturer’s approved procedures, clean the slot, and

relight as in 84.3.1.
83.1 Ascorbic Acid . . . , ,
83.2 lodide-Ascorbic Acid SolutieaDissolve 30 g of po- 84.3.3 Aspirate the solution with the highest concentration

tassium iodide and 10 g of ascorbic acid in 60 mL of HCI (40 g Sn/mL) from the series prepared in 84.1 a sufficient
(1+5). Dilute to 100 mL with water and mix. Do not use a number of times to establish that the absorbance is not drifting.

solution that has stood more than one day. NoTe 31—Make certain that the capillary end does not enter the
83.3 Methyl Isobutyl Ketone (MIBK) aqueous (bottom) layer at any time.
83.4 Tin, Standard Solution A1( mL=1.0 mg Sn)— Note 32—Due to the small amount of extract available for making this

Dissolve 1.000 g of tin (purity: 99.9 % min) in 100 mL of HCI test, the number of readings and the time between readings must be kept

Cool, transfer to a 1-L volumetric flask, dilute to volume with to a minimum.
HCI (1 + 2), and mix. 84.3.4 Beginning with the calibration solution to which no

83.5 Tin, Standard Solution BL mL = 50.0 pg Sn)—Using tin was added, aspirate each calibration solution in turn and
a pipet, transfer a 10-mL aliquot of Solution A to a 200-mL record its absorbance. If the value for the solution with the
volumetric flask. Dilute to volume with HCI (1 + 2) and mix. highest concentration (40 pg Sn/mL) differs from the average

83.6 Trioctylphosphine Oxide (TOPO-MIBK) Solutigg0  Vvalues obtained in 84.3.3 by more than 0.03 multiplied by the
g/L)—Transfer 12.5 g of TOPO to a 250-mL volumetric flask. average of the values, repeat the measurement. If this value
Dilute to volume with MIBK and mix until dissolution is indicates a trend or drift, determine the cause (for example,
complete. deposit in the burner or clogged capillary), correct it, and

, o repeat the procedure in 84.3.1 through 84.3.4.
84. Preparation of Calibration Curve 84.3.5 Proceed immediately as directed in 85.3.

84.1 Calibration Solutions-Using pipets, transfer 0, 1, 2,  84.4 Calibration Curve—Plot the average net absorbance
4, 6, and 8 mL of Solution B (1 mk 50 pg Sn) to 100-mL  values against micrograms of tin per millilitre on rectangular
volumetric flasks. coordinate paper. Calculate the deviation from linearity of the

Note 28—\olumetric flasks with ground glass stoppers must be usedCUrve as follows:
84.2 Extraction Deviation from linearity= (A — B)/C (10)

84.2.1 Add 15 mL of HCI (1 + 1)3 g ofascorbic acid, and  \yhere:
mix. Add 15 mL of iodide-ascorbic acid solution, adjust the oA = apsorbance value for 40 Hg Sn/mL,
volume to approximately 50 mL, and mix. B = absorbance value for 30 pg Sn/mL, and
84.2.2 Using a pipet, add 10.0 mL of TOPO-MIBK solution, C = absorbance value for 10 pug Sn/mL.
stopper the flask, invert, and shake vigorously several times for |f the calculated value is less than 0.60, correct the indicated

a period of 1 min. Allow the phases to separate. Add water tgnalfunction or maladjustment of the instrument, or lamp and
bring the entire organic layer up into the neck portion of therepeat the calibration.

flask. Stopper, invert several times, and allow the phases to

separate. 85. Procedure
NoTe 29—Prepare the test solution and have it ready to aspirate 8_5-1 Reagent B"'_Jmk—ca”y a reagent blank through _the
immediately after aspirating the calibration solutions. entire procedure using the same amount of all reagents with the
84.3 Photometry sample omitted.

84.3.1 With a tin hollow-cathode lamp or electrodeless 82-2 Test Solution
discharge lamp in position, energized and stabilized, adjust the 8°-2-1 Select and weigh a sample (Note 33) to the nearest
wavelength setting to the location that gives the maximun?-> Mg in accordance with the following:
detector response in the immediate vicinity of 2863 A. Tin, % Sample Weight, g
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0.002 to 0.005 3.00 this test method and obtained the precision listed for No. 1, 2,
0.004 to 0.010 2.00 4, and 6 in Table 9. This test method differs only slightly from
8:822 §g 8:238 é:gg the test method for tin, Test Methods E 350, in that the reagents

) used for sample dissolution were slightly modified. The fact
Transfer it to a 400-mL poly(tetrafluoroethylene) beaker. in5t the precision obtained for No. 2, 4, and 6 of Table 9,

Note 33—Select a sample that will pass through a No. 20 (850-um)corresponds closely to that obtained for samples of similar tin
sieve. content in Test Methods E 350, suggests that the precision of

85.2.2 Add 100 mL of HCI, 20 drops of 30 %,8,, and 5  the two test methods is the same. .
drops of HF. Cover the beaker with a poly(tetrafluoroethylene) 87.2 Bias—No information on the accuracy of this test
cover and heat at a low temperature (approximately 90°C). Afrethod is available. The accuracy of a test method may be
20-min intervals, remove the cover with platinum-tipped tonggudged, however, by comparing accepted reference values with

and cautiously add an additional 20 drops of 30 %Ok  the arithmetic average obtained by interlaboratory testing. The
Repeat this step until dissolution is complete. values listed for these samples, while not certified, were

o obtained by other test methods and are believed to be substan-
Note 34—If silicon is above 0.5 %, use 10 to 12 drops of HF. If tially correct.

dissolution is very slow, add an additional 50 mL of HCI and heat at

approximately 90°C overnight. MOLYBDENUM BY THE PHOTOMETRIC METHOD
85.2.3 Remove the cover with platinum-tipped tongs and

cautiously rinse into the beaker with water. Cautiously evapoSo: SCOPe

rate the solution at a low temperature (approximately 90°C) to 88.1 This test method covers the determination of molyb-

15 mL. Rinse the sides of the beaker with water, add 20 mL oflenum in concentrations from 0.01 to 1.50 %.

HCI (1 + 1), and again evaporate to 15 mL. Rinse the sides oég Summary of Test Method

the beaker with about 5 mL of water and cool. o o
o _ 89.1 The test solution is treated with thiocyanate to develop
Note 35—If niobium, tantalum, tungsten, or certain other elements argy,o molybdenum and iron thiocyanate complexes. Molybde-
present in sufficiently high concentration, they will precipitate. Extractnum and iron are reduced with stannous chloride, and the

h I directed with minimal delay. . .
stien samples as diected W .mlmr_na e molybdenum complex is extracted with butyl acetate. Photo-
8524 Ad.j 3 g ofascorbic ‘?C_'d for a 1-g sample, pla_g of " metric measurement is made at approximately 475 nm.
ascorbic acid for each additiond g of sample. Swirl to

dissolve. Add 15 mL of the iodide-ascorbic acid solution. ~ 90. Concentration Range

85.2.5 Transfer the sample to a 100-mL volumetric flask and 99 1 The recommended concentration range is from 0.0003
adjust the volume to approximately 50 mL with water. Using aio 0.003 mg of molybdenum per millilitre of solution using a
pipet, transfer 10 mL of the TOPO-MIBK solution to the flask, 1.cm cell.
stopper, invert, and shake vigorously several times for 1 min. . ) .

85.2.6 Allow the phases to separate. Add water to bring the ':OTE r316€T"h'5hte$‘ meg‘Oddhas been W”“e’t‘) for CZ”S ha‘_’('jngda 1_'C[H
entire organic layer into the neck of the flask. Stopper, invertd"t Path. Cells having other dimensions may be used, provided suitable

- adjustments can be made in the amounts of sample and reagents used.
several times, and allow the phases to separate.

85.3 Photometry—Aspirate the top (MIBK) phase of the 91. Stability of Color
test solution and the reagent blank solution (Note 31) and 91.1 The color is stable for at least 2 h; however, photomet-

record the absorbance values. Take three readings of €agl readings should be taken promptly because of the volatile
solution (Note 32). Measure the absorbance of the Ca“brat'oﬂature of the solvent.

solution with the highest concentration of tin to check for drift
as in 84.3.4 and 84.3.5. 92. Interferences

86. Calculation 92.1 The elements ordinarily present do not interfere if their

86.1 Convert the average absorbance of the test and tH:é)ncentrations are under the maximum limits shown in 1.1.

reagent blank solutions to micrograms of tin per millilitre of

. . . . TABLE 9 Statistical Information—Tin
the final solution by means of the calibration curve. Calculate

. . ) Repeat- Repro-
the percent of tin as follows: Test Specimen Tin Fozund, abilty ducibility
Tin, % = [(D — E)/(F X 1000] (11) (Ry, E173) (R, E173)
1. Cobalt-alloy (49 Co-balance 0.0017 0.0002 0.0004
where: Fe), 0.001 Sn (not certified)
D = tin per mL of the final test solution, ug, 2. Nickel-base alloy (74 Ni-15 Cr), 0.0021 0.0005 0.0006
— ti : ; 0.002 Sn (not certified)
E = tin per mL of the final reagent blank solution, pg and , |~ 1 E 350 0.0034 0.0009 0.0014
F = sample used, g. 4. Nickel-base alloy (74 Ni-15 Cr),  0.0076 0.0013 0.0017
. . 3 0.008 Sn (not certified)
87. Precision and Bias' 5. No. 2, E 350 0.0079 0.0009 0.0014
87.1 Precision—Eleven laboratories cooperated in testing®. Nickel-base alloy (74 Ni-15 Cr),  0.015 0.002 0.003
0.017 Sn (not certified)
7. No. 4, E 350 0.031 0.003 0.004
13 Supporting data are available from ASTM Headquarters. Request RR: E038. No. 6, E 350 0.097 0.011 0.011
1022.
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93. Reagents each addition, 15 mL of NaSCN solution, 15 mL of SupCl
93.1 Butyl Acetate solution, and 25 mL of butyl acetate measured with a pipet.

_ o _ _ Stopper and shake vigorously for 2 min. Allow the phases to
Note 37—Operations with this chemical should be carried out awayseparate, remove the stopper, drain off, and discard the aqueous
from heat and open flame and are best done in a well-ventilated hoo?)hase Add to the funnel 50 mL of SO,(1 +6), 5 mL of
Avoid | d breathi f . : . A !
voic pro ?nge _rea mgo_ vapor ] o NaSCN solution, and 5 mL of SnCkolution. Replace the
93.2 Dissolving Solutior-While stirring, add 300 mL of  gigpper and shake vigorously for 2 min. Allow the phases to

HsPO, and 300 mlL of HNQ to 1400 mL of HCIQ. separate, remove the stopper, drain off, and discard the aqueous
93.3 Iron™*—Purity: 99.8 % minimum, molybdenum pnase. Drain enough of the butyl acetate layer through a funnel,
0.001 % maximum. containing a dry filter paper, to fill an absorption cell.

93.4 Iron Solution A(1 mL = 70 mg Fe)—Dissolve 25 g of _ _
ferric sulfate (F&(SO,)5-H,0) in 75 mL of hot water. Cool and Note 39—This funnel should be cleaned thoroughly after each filtra-
: tion to avoid development of a pink color that would contaminate the
add 10 mL of HSGO,. Cool, and dilute to 100 mL. filtrate.
93.5 Iron Solution B(1 mL = 0.84 mg Fe)—Add 12 mL of .
Iron Solution Ato 175 mL of HSO,(1 + 1), and diluteto 1 L. ~ 94.4 Reference SolutierButyl acetate.
93.6 Molybdenum, Standard Solution @ mL = 0.2 mg 94.5 Photometry
Mo)—Reagent No. 8A, or 8B in Practices E 50. 94.5.1 Multiple Cell Photometer-Measure the reagent
93.7 Molybdenum, Standard Solution @ mL = 0.1 mg blank (which includes the cell correction) using absorption
Mo)—Using a pipet, transfer 50 mL of molybdenum Solution cells with a 1-cm light path and a light band centered at
Ato a 100-mL volumetric flask, dilute to volume, and mix. ~approximately 475 nm. Using the test cell, take the photometric
93.8 Molybdenum, Standard Solution @ mL = 0.01 mg  readings of the calibration solutions. _ '
Mo)—Using a pipet, transfer 10 mL of Molybdenum Solution ~ 94.5.2 Single Cell PhotometerTransfer a suitable portion
A to a 200-mL volumetric flask, dilute to volume, and mix. ©f the reference solution to an absorption cell with a 1-cm light
93.9 Sodium Thiocyanate Solutigh00 g/L)—Reagent No. path and adjust the photometer to the initial setting, using a
137 in Practices E 50. light band centered at approximately 475 nm. While maintain-
93.10 Stannous Chloride Solutiof850 g/L)—Transfer 350 ing this adjustment, take the photometric readings of the
g of stannous chloride dihydrate (Sp@H,0) and 200 g of calibration solutions and the reagent blank.
tartaric acid to a 1-L beaker, add 400 mL of HCI (1 + 1), and 94.6 Calibration Curve—Plot the net photometric readings
heat at 60 to 70°C until dissolution is complete. Cool, andof the calibration solutions against milligrams of molybdenum
dilute to 1 L. Add several pieces of tin, and store in an air-tightper 25 mL of butyl acetate.

bottle.

_ o _ 95. Preparation of Calibration Curve for Concentrations
Note 38—This solution is used for color development in 94.3, 95.3, from 0.05 to 0.55 %

96.3, and 97.3. When an absorption cell is used sequentially for a number ) ) )
of photometric measurements, a white film of an insoluble tin compound 95.1 Calibration Solutions
may adhere to the inside of the cell and must be removed before further 95.1.1 Transfer 0.3 g of iron to each of four 250-mL
measurements are made. Erlenmeyer flasks. Using pipets, transfer 2, 5, 10, and 15 mL of
94. Preparation of Calibration Curve for Concentrations Xlgéyggergtﬂf ?jioslggl?/ri]nB sfc1>Ithilc_):n %r% dmgal\t/lﬁ)ntti(l)dtigicrllﬁtsigﬁ-is
from 0.01 to 0.05 % complete g
94.1 Calibration Solutions 95.1.2 Increase the temperature and evaporate to HCIO
94.1.1 Transfer 0.3 g of iron to each of four 250-mL fymes. Cool, add 50 mL of water and 70 mL 0f$0,(1 + 1).
Erlenmeyer flasks. Using pipets, transfer 2, 5, 10, and 15 mL ofjeat to boiling and cool in a water bath.

Molybdenum Solution C (1 ml= 0.01 mg Mo) to the flasks. 9513 Transfer to a 500-mL volumetric flask, dilute to

Add 30 mL of dissolving solution and heat until dissolution is volume, and mix. Proceed as directed in 95.3.

complete. 95.2 Reagent Blank SolutierTransfer 0.3 g of iron to a
94.1.2 Increase the temperature and evaporate to HCIG50.mL Erlenmeyer flask. Add 30 mL of dissolving solution

fumes. Cool, add 50 mL of water and 70 mL 0§$0,(1 +1).  and heat until dissolution is complete. Proceed as directed in

Heat to boiling and cool in a water bath. 95.1.2, 95.1.3, and 95.3.
94.1.3 Transfer to a 200-mL volumetric flask, dilute to g5 3 Color Developmert-Using a pipet, transfer 50 mL to
volume, and mix. Proceed as directed in 94.3. a 250-mL separatory funnel. Add in order, mixing for 15 s after

94.2 Reagent Blank SolutieaTransfer 0.3 g of iron to a gach addition, 15 mL of NaSCN solution, 15 mL of SgCl
250-mL Erlenmeyer flask. Add 30 mL of dissolving solution solution, and 50 mL of butyl acetate measured with a pipet.
and heat until dissolution is complete. Proceed as directed iQtopper and shake vigorously for 2 min. Allow the phases to
94.1.2,94.1.3, and 94.3. ) ) separate, remove the stopper, drain off, and discard the aqueous

94.3 Color Developmenrt-Using a pipet, transfer 100 mL to phase. Add to the funnel 50 mL of 8O,(1 + 6), 5 mL of
a 250-mL separatory funnel. Add in order, mixing for 15 s afterngscN solution, and 5 mL of SnChkolution. Replace the

stopper and shake vigorously for 2 min. Allow the phases to

14 Johnson-Matthey JMC 847 sponge iron has been found suitable for thi§eparate' r?move the stopper, drain off, and discard the aqueous
purpose. phase. Drain enough of the butyl acetate layer through a funnel
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containing a dry filter paper to fill an absorption cell. (See Notepath and adjust the photometer to the initial setting, using a
39.) light band centered at approximately 475 nm. While maintain-
95.4 Reference SolutienButyl acetate. ing this adjustment, take the photometric readings of the
95.5 Photometry calibration solutions and the reagent blank.

95.5.1 Multiple Cell PhotometerMeasure the reagent  96.6 Calibration Curve—Plot the net photometric readings
blank (which includes the cell correction) using absorptionof the calibration solutions against milligrams of molybdenum
cells with a 1-cm light path and a light band centered atper 100 mL of butyl acetate.
approximately 475 nm. Using the test cell, take the photometric
readings of the calibration solutions. 97. Procedure

95.5.2 Single Cell PhotometerTransfer a suitable portion  97.1 Test Solution

of the reference solution to an absorption cell with a 1-cm light 97.1.1 Transfer 0.3-g sample, weighed to the nearest 1 mg
path and adjust the photometer to the initial setting, using g a 250-mL Erlenmeyer flask. If the alloy contains tungsten,
light band centered at approximately 475 nm. While maintainadd 30 mL of dissolving acid. Add HCI, or HNQor mixtures
ing this adjustment, take the photometric readings of thend dilutions of these acids, or bromine and HCl in a ratio of
calibration solutions and the reagent blank. _ ~ 1:3 (plus a few drops of HF), and heat until dissolution is
95.6 Calibration Curve—Plot the net photometric readings complete.
of the calibration solutions against milligrams of molybdenum 97.1.2 Increase the temperature and heat to H®l@nes.
per 50 mL butyl acetate. Continue fuming until chromium, if present, is oxidized and
the white HCIQ, fumes are present only in the neck of the
flask. Add, with care, 1.0 to 1.5 mL of HCI, allowing it to drain
from 0.40 to 1.50 % N ’ ’ :
L 0_ down the side of the flask. If there is evidence of the
96.1 Calibration Solutions _ volatilization of chromyl chloride, make repeated additions of
96.1.1 Transfer 0.3 g of iron to each of five 250-mL ) followed by fuming after each addition, until most of the
Erlenmeyer flasks. Using pipets, trans_fer 5, 10, 15, 20, and 2gnrgmium has been volatilized. Continue fuming the solution
mL of Molybdenum Solution A (1 mL= 0.2 mg Mo) to the il the volume has been reduced to about 15 mL. Cool, add
flasks. Add 30 mL of dissolving solution and heat until 55 1 of water and 70 mL of BBO,(1 + 1), heat to boiling
dissolution is complete. and cool in a water bath. If the solution is not clear, filter the
96.1.2 Increase the temperature and evaporate t0 HCIQyq| ton through an 11-cm fine filter paper, collecting the

fumes. Cool, add 50 mL of water and 70 mL 0f$04(1 +1).  fiirate in a volumetric flask that provides for dilution in
Heat to boiling and cool in a water bath. , accordance with the guide given in 97.1.3. Wash the paper with
96.1.3 Transfer to a 500-mL volumetric flask, dilute to five 5-mL portions of HSO,(1 + 99) collecting these in the

volume, and mix. Proceed as directed in 96.3. same volumetric flask. Proceed as directed in 97.3. If the
96.2 Reagent Blank SolutierTransfer 0.3 g of iron to @ g ution is clear proceed to 97.1.3.

250-mL Erlenmeyer flask. Add 300 mL of dissolving solution g7 1 3 Transfer to a volumetric flask that provides for

and heat until dissolution is complete. Proceed as directed ig; tion in accordance with the following aliquot guide, dilute

96.1.2, 96.1.3, and 96.3. _ _ to volume and mix.
96.3 Color Developmenrt-Using a pipet, transfer 25 mL of

96. Preparation of Calibration Curve for Concentrations

. o . Weight of
Iron Solution B and 25 mL of the calibration solution to a Sa?:%e?n
250-mL separatory funnel. Add in order, mixing for 15 s after . Aliguot Iron Buty! Final Buty!
each addition, 15 mL of NaSCN solution, 15 mL of SpCl Dilution,  Volume,  Solution  Acetate,  Acetate
. . . olybdenum, % mL mL B, mL mL Solution, g
solution, and 100 mL of butyl acetate measured with a pipet. .01 t0 0.05 200 100 None 25 0.15
Stopper and shake vigorously for 2 min. Allow the phases to 0.0510 0.55 500 50 None 50 0.03
separate, remove the stopper, drain off, and discard the aqueou§#°®© 150 500 25 2 100 0.015

phase. Add to the funnel 50 mL of ,BO,(1 + 6), 5 mL of Proceed as directed in 97.3.

NaSCN solution, and 5 mL of SnChkolution. Replace the 97.2 Reagent Blank SolutierTransfer 0.3 g of iron to a
stopper and shake vigorously for 2 min. Allow the phases t®50-mL Erlenmeyer flask. Add 30 mL of dissolving solution
separate, remove the stopper, drain off, and discard the aqueoarsd heat until dissolution is complete. Proceed as directed in
phase. Drain enough of the butyl acetate layer through a funn@&7.1.2, 97.1.3, and 97.3, using the same dilution and aliquots
containing a dry filter paper to fill an absorption cell. (See Noteused for the test solution.

39) 97.3 Color Development-Using a pipet, transfer the appro-
96.4 Reference SolutierButyl acetate. priate aliquot to a 250-mL separatory funnel containing the
96.5 Photometry appropriate amount of iron solution for the specified aliquot.

96.5.1 Multiple Cell Photometer-Measure the reagent Add in order, mixing for 15 s after each addition, 15 mL of
blank (which includes the cell correction) using absorptionNaSCN solution, 15 mL of Sng¢kolution, and, measured with
cells with a 1-cm light path and a light band centered ata pipet, the amount of butyl acetate specified in the aliquot
approximately 475 nm. Using the test cell, take the photometriguide. Stopper the separatory funnel and shake vigorously for
readings of the calibration solutions. 2 min. Allow the phases to separate, remove the stopper, drain

96.5.2 Single-Cell PhotometerTransfer a suitable portion off, and discard the aqueous phase. Add to the funnel 50 mL of
of the reference solution to an absorption cell with a 1-cm lightH,SO,(1 + 6), 5 mL of NaSCN solution, and 5 mL of SnCl
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solution. Replace the stopper and shake vigorously 2 mirhollow-cathode lamp is passed through the flame, and the
Allow the phases to separate, drain off, and discard the aqueoadsorbance is measured. The spectrophotometer is calibrated
phase. Drain enough of the solvent layer through a funnelith solutions of known chromium concentrations.
containing a dry filter paper to fill an absorption cell. (See Note )
39) 102. Concentration Range
97.4 Reference SolutierButyl acetate. 102.1 The recommended concentration range is from 0.001
97.5 Photometry—Take the photometric reading of the test to 0.015 mg of chromium per millilitre of solution.
solution and of the reagent blank solution as directed in 97.5.
103. Interferences
103.1 Because iron acts as a depressant, the calibration
98.1 Convert the net photometric reading of the test solutiorsolutions must contain approximately the same concentration
to milligrams of molybdenum in the final solution by means of of iron as the test solutions.
the appropriate calibration curve. Calculate the percent of

98. Calculation

molybdenum as follows: 104. Apparatus
A 104.1 Atomic Absorption Spectrophotometezapable of
Molybdenum, %= g5 (12)  resolving the 3579-A line, equipped with a chromium hollow-
cathode lamp, and a laminar flow nitrous oxide burner. The
where: performance of the instrument must be such that it meets the

A = molybdenum, mg, found in 25, 50, or 100 mL, &s |imits defined in 106.3. If your instrument does not meet this
appropriate of butyl acetate, and the aliquot volume cyiteria, you cannot expect to obtain the precision and accuracy

used, and _ stated in this test method.
B = sample, g, represented in 25, 50, or 100 mL, as

appropriate, of butyl acetate and the aliquot used (see105. Reagents

aliquot guide 97.1.3). 105.1 Chromium Standard Solutiofi mL = 0.1 mg Cr)—
Transfer 2.8290 g of potassium dichromate,@0,) (NBS
o , 136 or equivalent) to an 800-mL borosilicate beaker, add 500
99.1 Precisiort*—No data are presently available to deter- | of water, and mix. When dissolution is complete, add 5 mL

mine the precision of this test method. However, the difference H,SO, and, while stirring, add 10 mL of $D,(30 %). Heat
between this test method and molybdenum Test Methodg; hear hoiling for 5 min to remove excess®. Cool, transfer
E 350, E 351, E 352, and E 353 are minor and will not affecthe solution to a 1-L volumetric flask, dilute to volume, and

the precision of the results (see Table 10). This fact suggesisy. Using a pipet, transfer 20 mL to a 200-mL volumetric
that the precision for these test methods is the same. flask, dilute to volume, and mix.
99.2 Bias—No data are presently available to determine the 105 2 |ron 26 Low Chromium—Cr < 0.0001 %.

99. Precision and Bias

bias of this test method. 105.3 Potassium Carbonate Soluti¢h0 g/L)—Dissolve 50
CHROMIUM BY THE ATOMIC ABSORPTION g of potassium carbonate §ROs) in water and dilute to 1 L.
METHOD Store the solution in a polyethylene bottle.
100. Scope 106. Preparation of Calibration Curves

. P 106.1 Calibration Solutions for Concentrations 0.005 to
miﬁ?r(\).i%l g:r']‘:': ;ﬁtsrtaﬁnz)itgcf)f Or%o(\)/eori;?g f (e;toegznnatlon of Chrof).lO %—To each of seven 250—mL_borosiIicate beakers, trans-
' ' ' fer 1.0 g of low-chromium iron weighed to the nearest 1 mg.
101. Summary of Test Method Add to each beaker 20 mL of HCIl and 10 mL of HN@nd
101.1 The sample is dissolved in mineral acids and theheat gently until dissolution is complete. Evaporate to dryness
residue fused, dissolved, and combined with the solubléy 2 hot plate and cool. Add 10 mL of HCl and warm to

: A . . . - _dissolve salts. Dilute to about 50 mL and transfer to 100-mL
portion. The sample solution is aspirated into a nitrous oxide-

. : volumetric flasks. Add 10 mL of KCO; solution to each of 7
acetylene flame of an atomic absorption spectrophotomete]‘rl.askS Using pipets, transfer 1, 3, 5, 7, 10, and 15 mL of
Spectral energy at approximately 3579 A from a Chromlumchromium standard solution to each flask respectively. Desig-
nate the seventh flask as zero chromium concentration. Dilute

to volume and mix.

5 Supporting data are available from ASTM Headquarters. Request RR: E03- 106.2 Calibration Solution for Concentrations 0.10 to
1023, 1.00 %—Transfe 2 g of low-chromium iron weighed to the
nearest 1 mg to a 250-mL borosilicate beaker. Add 20 mL of
HCI and 10 mL of HNQ. Warm as necessary to dissolve the

sample. Evaporate just to dryness on a hot plate and cool. Add

TABLE 10 Statistical Information—Molybdenum

Test Specimen Molybdenum Repeatability ~ Reproducibility

Found, % R, F173 R, E 173

1. No. 1, E 350 0.012 0.002 0.006

2. No. 3, E353 0.432 0.010 0.017

3. No. 4, E 353 1.34 0.032 0.092 16 Johnson-Matthey sponge iron or Spex iron has been found suitable for this

purpose.
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20 mL of HCI and warm to dissolve salts. Dilute to about 100 106.5 Calibration for Concentrations from 0.10 to
mL and add 20 mL of KCO; solution. Transfer to a 200-mL 1.00 %—Proceed as directed in 106.4.

vqlumetric flask, dilute to volume, and mix_. Transfer 10-mL 107 procedure

aliquots to each of seven 100-mL volumetric flasks and add 9 0 Soluti

mL of HCI to each flask. Using pipets, transfer 1, 3, 5, 7, 10, 107.1 Test Solution . . .

and 15 mL of chromium standard solution to each flask 107-1.1 Select and weigh a sample in accordance with the

respectively. Designate the seventh flask as zero chromiuf@!lowing:

i H i Tolerance Dilution HCI to be
concentration. Dilute to volume and mix. Sample in Sample After Dis-  Aliquot added Final
106.3 PhOtmetry . . ) Chromium, Weight, Weight, solution, Required, to Ali- Dilution,
106.3.1 With the chromium hollow-cathode lamp in posi- % g mg mL mL quot, mL  mL
H H HA ; 1 0.005-0.10 1 0.10 100 0 0 100
tion, energized and stabilized, adjust the wavelength to maxi 010100 N 0.10 100 10 9 100

mize the energy response of the 3579-A line. The wavelength _ N
setting in the vicinity of 4289 A may be used provided that the Transfer it to a 250-mL borosilicate beaker.
instrument meets the performance requirements. 107.1.2 Add 20 mL HCI, 10 mL HNQ and 5 drops of HF.
106.3.2 Light the burner, allow it to thermally equilibrate, Heat to dissolve. Remove from the hot plate and dilute to
and adjust the instrument to zero while aspirating water@pproximately 50 mL. Add a small amount of filter pulp and
Aspirate the chromium solution with the highest concentratiorfilter the solution through 11-cm fine filter paper into a 250-mL
from the series prepared as directed in 106.1, and adjust tiRorosilicate beaker. Wash the paper 5 times with HCI (1 + 99)
burner, nitrous oxide, and fuel pressures and flow rates tgnd reserve the filtrate. _
obtain maximum response. Whenever one or more of these 107.1.3 Transfer the paper and contents to a platinum
parameters are changed, recalibration is required. pruuble. Dry on a hot plate and transfer to a muffle furnace thgt
106.3.3 Aspirate the chromium solutions used in 106.3.2 tds less than 400°C. Gradually heat to 600°C and hold at this
assure that the absorbance reading is repeatable. Recordi@nperature for 1 h. Cool, add 0.5 g ot®O; and carefully
readings, and calculate the standard deviatignof the fuse over a free flame until a clear melt is obtained (see Note
readings as follows: 40). Cool and add 15 mL of water. Add HCI dropwise until
reaction ceases. Add 5 drops of HCI in excess and warm on a

=(A-B)X0. ; : ;
s=(A-B)x040 3 ot plate, if necessary, to obtain a clear solution.
where: ) Note 40—Fusion of the residue is made in order to include in the
A = highest of six values found, and sample solution any chromium that might exist in the sample in an acid
B = lowest of the six values fount. insoluble form.

106.3.4 Using water as a reference solution, and beginning 107.1.4 Transfer this solution to the filtrate from 107.1.2

with the solution to which no addition of chromium was madeand evaporate just to dryness. Add 10 mL HCI and warm to
in 106.1 an_d 106.2, aspirate each calibration solu_tlon IN WMissolve salts. Transfer quantitatively to a 100-mL volumetric
and record its absorbance. If the value for the solution with th‘?lask dilute to volume, and mix. For samples with expected

highest concentration differs from the average of 6 valueg o mium concentrations less than 0.10 %, proceed as directed

qalculated in 106.3.3 by more t.ha.m twice the standard deVi"’\h 107.3. For samples with expected chromium concentration
tion, or by more than 0.01 multiplied by the average of the 6 reater than 0.10 %, transfer by pipet 10 mL to a 100-mL

values, whichever is greater, repeat the measurement. If g, meqic flask, add 9 mL of HCI, dilute to volume, and mix.

problem is indicated, determine the cause, correct it, and repeat,7 o Prepare for each concentration range a reagent blank

106.3.1-106.3.4. . ; .
. . . . . by treating the same amount of all reagents as directed in
106.3.5 Proceed immediately as directed in Section 106.4107.1.1_107.1_4, including the low-chromium iron. Use re-

106.4 Calibration for Concentrations from 0.005 to ?gents from the same lots for blank and test solutions.
0.10 %—Plot the net absorbance values against milligrams of =, 4 3 Photometry—Using water as a reference solution

chlrotmltjhm ger_nl!lhllt;e onI.recta.rsguI]:':ltrhcoordmate F]falrljer' (_:al'aspirate and record the absorbance of the calibration, test, and
culate the deviation irom finearity of the curve as follows: reagent blank solutions. After each group of 4 or fewer test

Deviation from linearity= (C — D)/E (14)  solutions and reagent blank solutions has been aspirated, apply
the test using the standard solution as directed in 106.3.4,

\(I:Vhirezi\bsorbance value for 0.015 ma Cr/mL depending on the concentration range. If the value differs from
D = absorbance value for 0'010 mg Cr/mL’ and the average of the 6 values by more than twice the standard
E = absorbance value for 0.005 mg cr/mL. deviation,s, found in 106.3.3, or more than 0.01 multiplied by

If the calculated value is less than 0.60, make the propef€ average of 6 values used to calculatewhichever is
adjustments of instrument or hollow cathode lamp, and repeeﬂre"?‘ter.’ determine th? cause and repeat the calibration and
the calibration. The absorbance value @must be 0.200 or @sPiration of test solutions.
higher. 108. Calculation

108.1 Convert the absorbance of the test solution and the
17 The value 0.40, which is used to estimate the standard deviation from the rang%eagent blank '[_O mllllgrams of chromium per r_n|II|I|tre .Of th.e
of six values, was published by Dixon, W. J. and Massey, F.ldtrfoduction to inal test solution by means of th_e approp”ate calibration
Statistical Analysig McGraw-Hill, 1957, Table 8b, (1), p. 404. curve. Calculate the percent chromium as follows:
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nickel in the sample, %, and
109. Precision and Bias'8 D = sample weight, g. _
When the value exceeds 1.300, the end point must be

109.1 Precision—Nine laboratories cooperated in testing d ; ; ; ; ; ;
. . O : etermined potentiometrically if §Cr,O; is the back-titrant.
this test method and obtained the precision data summarized in P y 2=

Table 11. 113. Apparatus

109.2 Bias—The accuracy can be inferred from the data in 113.1 Apparatus for Potentiometric TitratiorsApparatus

Table 11 by comparing _the certifie_d vaIL!es for chromium WithNo. 3B (Practices E 50) with a saturated calomel reference and
the average value obtained by using this test method. platinum indicator electrode.

iy £ 1473
. (A-BXC elements are additive. If the numerical value of the following
Chromium, %= —xr~=p5— (15) . S .
WX'10 expression does not exceed 1.300, the indicator may be used:

where: (2.6A + 0.0 + 0.01C) D (16)
A = chrom!um per mL of final test solution, mg, . Where:
B i thom|um per mL of fmal_reagent blank solution, mg, A = tungsten in the sample, %,
C = final volume of test solution, and B — cooper in the sample. %
W = weight of sample in final volume of test solution, g. c - bp pe, o,

CHROMIUM BY THE PEROXYDISULFATE

OXIDATION—TITRATION METHOD 114. Reagents

114.1 Ammonium Peroxydisulfate SolutieiDissolve 15 g
110. Scope of ammonium peroxydisulfate [(NPLS,Og] in water and

110.1 This test method covers the determination of chrodilute to 100 mL. Do not use solutions that have stood for more

mium in concentrations from 0.10 to 33.00 %. than 24 h. _ _
114.2 Ferrous Ammonium Sulfate, Standard Soluti@05
111. Summary of Test Method N and 0.10N)—Reagent No. 5 (Practices E 50) but use 20 and

111.1 Chromium in an acid solution of the sample is40 9 .Of Fe(N'_J‘)Z(SO“)ZﬁHZO' respectjvely, in§tead qf the
oxidized to the hexavalent state with ammonium peroxydisuI-SpeC'f'Ed weight. Standardize the solution as directed in 115.1,

fate in the presence of silver nitrate catalyst. The sample is thet>-2 or 115.3 depe_nding upon the titration procedur(_e to be
titrated with excess ferrous ammonium sulfate to reduc@mployed' Use only if the solution has been standardized or

chromium and the excess back-titrated with either potassiurffStandardized within 24 h.

; : : 114.3 Potassium Dichromate, Standard Soluti¢@05 N
ermanganate or potassium dichromate depending upon the P
Bresencge or absen?:e of vanadium. P g up and 0.10N)—Reagent No. 10 (Practices E 50) but use 2.4518

and 4.9036 g of recrystallized Kr,0O,(NBS 136c¢) or equiva-
Note 41—In the dichromate titration, the vanadium is not oxidized |ent primary standard grade, instead of the Speciﬁed Weight.
along with the excess ferrous ions and, therefore, the volume of dichro- 114 4 potassium Permanganate Solutio®5 g/L)—

mate added reflects the total of vanadium and chromium and the,.
calculated value for percent Cr is high. In the permanganate titration, th;bISSOIVe 25 g of reagent grade KMp@ 200 mL of water,

V"V is oxidized to V, thereby compensating for the reduction of dilute to 1 L, and mix.

vanadium by ferrous sulfate in a previous step. 114.5 Potassium Permanganate, Standard Solut{0rO5N
and 0.10N)—Reagent No. 13 (Practices E 50) but use 1.6 and
112. Interferences 3.2 g of KMnQ,, respectively, instead of the specified weight.

112.1 The elements ordinarily present do not interfere ifStandardize as directed in 34.2 of Practices E 50 but use 0.1500
their concentrations are less than the maximum limits shown iy of sodium oxalate, (NBS 40 h) or equivalent primary
1.1. standard grade.

112.2 Each of the following elements, when present above 114.6 Silver Nitrate Solution(8 g/L)—Reagent No. 133
the indicated limit, imparts color to the solution so that (Practices E 50).
diphenylamine sulfonate indicator cannot be used when 114.7 Sodium Diphenylamine Sulfonate Indicator Solution
K,Cr,0O, is chosen as the back-titrant. The limits are: nickel(2.0 g/L)—Reagent No. 121 (Practices E 50).

1.300 g, copper 0.260 g, tungsten 0.005 g. The effects of the 114.8 1,10 Phenanthroline Ferrous Complex Indicator So-
lution (0.025M)—Reagent No. 122 (Practices E 50).

18 Supporting data are available from ASTM Headquarters. Request RR: EOBEL]'S' Standardization of Ferrous Ammonium Sulfate

1030. Solution
115.1 Against Potassium Permanganate Solution
TABLE 11 Statistical Information—Chromium 115.1.1 Transfer 180 mL of water, 12 mL of,80,(1 + 1),
Test Specimen Chromium _ Repeatability Reproducibility and 5 mL of HPQ, into a 500-mL Erlenmeyer flask. Add 20
Found, % (R, E173) (R, E173) mL of 0.05 or 0.10N Fe(NH,),(SO,), with either 0.05 or 0.10

1. 40 Ni 0.2 Si 0.5 Mn 0.02 C 0.072 0.007 0.009 N KMnO, solution (179.2) from a 25-mL buret and record the
) NiteflESSZ 0149 0.028 0.008 volume to the nearest 0.01 mL. Add 1 to 2 drops of 1,10
3 18 Ni 9 Co 5 Mo 05 Ti Steel 0961 0.036 0.093 phenanthroline indicator solution. Using a 25-mL buret, titrate

the ferrous ions with 0.058l KMnO, standard solution (179.5)

23



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

iy £ 1473

while swirling the flask. As the end point is approached, addhe maximum. This is a very close approximation of the second
KMnO, dropwise. Continue until the pink color changes toderivative of the volume versus change in voltage curve

clear green and persists for at least 60 s. corresponding to the maximum inflection if this curve was
115.1.2 Calculate the normality of the Fe(NkKSO,),  plotted. Sum the two voltage differences. Determine the ratio
solution as follows: of the first of these two differences to the sum and multiply 0.1
Normality = AB/C (17) mL by this ratio to obtain the volume to be z_i(_jded to the smalle_r
volume between the two incremental additions that the maxi-
where: _ _ mum change in voltage occurred. See the following example:
A = normallty of KMI’]O4 solution (114-5), Volume of 0.05 N Difference Before
B = KMnO, solution, mL, and K,Cr,0, Back Voltage, A Voltage, and After,
C = Fe(NH,)4(S0O,), solution, mL. Titrant, mL mv mv max
. . . . . 20.80 555
115.2 Against Potassium Dichromate Solution Using 20.90 570 50 50
Diphenylamine Sulfonate End Paint 21.00 620 100 20
115.2.1 Transfer 180 mL of water, 12 mL o£8I0,(1 + 1), ;1;8 ;Sg 80
and 5 mL of HPQ, into a 500-mL Erlenmeyer flask. Add 20 21.30 835
mL of 0.05 or 0.10N Fe(NH,),(SO,),(179.2) from a 25-mL 21.40 854

buret and record the volume to the nearest 0.01 mL. Add 2 \jaximum voltage change occurred between 21.00 and
drops of diphenylamine sulfonate indicator solution. Using @1 10 mL of K,Cr,0, solution. The changes in voltage were 50
25-mL buret, titrate the ferrous ions with either 0.05 or ONLO )/ pefore the maximum, 100 mV at the maximum, and 80 mV
K2Cr,0; solution, while swirling the flask. As the end point is fter the maximum. The two differences between the maximum
approached, add the,Kr,0; titrant dropwise. Continue until - ¢orresponding to before and after the maximum were 50 and 20
a blue color appears and persists for at least 30 s. Record thgy, respectively. Their sum equals 70 and the ratio of the first
buret reading to the nearest 0.01 mL. Refill the burets, add thg, the sum equals 50/70. Thus 50/70 multiplied by 0.1 mL must
same volume of Fe(Nk},(SO;), solution, and again titrate  pe addedto the smaller volume between the two increments

with either 0.05 or 0.1(N K,Cr,0; solution to the blue end \yhere the maximum change in voltage occurred. The end point
point. Subtract this volume of JCr,0, solution from the s 21.07 mL.

volume recorded for the first titration and record the difference 11532 Calculate the normality of the Fe(lKHSO,),
as the indicator blank. solution as follows:

115.2.2 Calculate the normality of the Fe(lKSO,),
solution as follows:

Normality = (0.05 or 0.1QA — B))/C (18) VAVher93

Normality = 0.05 or 0.104/B (19)

0.05 or 0.10N K,Cr,O; solution, mL, and

where: B Fe(NH,),(SO,), solution, mL.
A = 0.05 or 0.10 N KCr,O; solution used in the first
titration, mL, 116. Procedure
B = mL equivalent to the indicator blank, and 116.1 Select and weigh a sample in accordance with the
C = Fe(NH),(SO,), solution used in the first titration, . g P
mL following:
. . . . . . hromium, le Weight, I i [ lity of
115.3 Against Potassium Dichromate Using Potentio-metric ¢ m;;'um same egwe'g : T e@lﬁ;ﬁ? rsnzmpe NoTr.rE:rthtyso
End Point 0.10 to 0.50 3.50 2.0 0.05
: 0.40 to 1.00 2.00 1.0 0.05
115.3.1 Using a 25-_mL buret, transfer 20 mL of 0.05 or 0.10;5) - 1’60 105 03 0.05
N K,Cr,O; solution into a 600-mL beaker. Reserve the st 350 0.50 0.1 20.05
remaining 0.05 or 0.10! K,Cr,O, solution in the buret for the g-gg to ?21080 8'52;2 g-i g-gg
. . .00 to 14.00% . . .
back-titration. Add 150 mL of water, 10 mL of480, (1 +1), 1300 20.004 0.40 o1 010
and 5 mL of HPQO,. Insert the saturated calomel referenceis.oo to 30.00 0.20 0.1 0.10
electrode and the platinum indicator electrode into the beake?8-00 to 33.00% 0.15 01 0.10

ar)d. connect th.em to the pOtentlomete,r appgratus. While AUse 50-mL burets for this concentration range instead of the 25-mL burets
stirring the solution, add Fe(N)L,(SO,), until the dichromate  specified in the procedure.

ion yellow color disappears and then a slight excess. Record Transfer it to a 600-mL beaker.

the volume of the Fe(NEJ,(SO,), solution to the nearest 0.01  116.2 Add 80 mL of HSO,(1 +5) and 5 mL of HPO,.
mL. Back-titrate with the remaining 0.05 or 0.MK,Cr,O,  Cover the beaker with a ribbed cover glass and heat at 85 to
solution by adding the solution in 0.1-mL increments as the end.00°C until the sample is decomposed. Add sufficient HNO
point is approached. Record the voltage when equilibrium ismall increments to oxidize iron. Boil 2 min to expel oxides of
reached after each 0.1-mL increment. Inspect the data for thatrogen. Proceed as directed in 116.4.

maximum voltage change per 0.1-mL increment. Determine 116.3 If the alloy does not dissolve in the acids specified in
the voltage change for the 0.1-mL increments before and aftet16.2, add amounts of HCI or HNQor mixtures and dilutions
this maximum change. Determine the two differences betweeaf these acids, or bromine and HCI in a ratio of 1 to 3 plus a
the three voltage readings corresponding to the volume (0.Ifew drops of HF, which are sufficient to dissolve the sample.
mL) increment before the maximum, the maximum, and afteiWhen dissolution is complete, add 80 mL 0f$O,(1 + 5), 5
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mL of H;PQO,, and evaporate to light fumes. Rinse the coverdiphenylamine sulfonate indicator solution. Using another

walls of the beaker. Again evaporate to fumes and fume for 25-mL buret, back-titrate the excess ferrous ions with (05

min. Cool, add 100 mL of water, and heat at 85 to 100°C untilK,Cr,O; standard solution. Add the JCr,O, solution drop-

salts are dissolved. wise as the end point is approached. Continue the titration until
116.4 Dilute the solution to 150 mL, add paper pulp, anda blue color appears and persists for at least 30 s. Record the

filter through an 11-cm fine paper into a 500-mL Erlenmeyerburet reading to the nearest 0.01 mL.

flask or a 600-mL beaker if the potentiometric titration proce- 116.10 Titration with Potassium Dichromate and Potentio-

dure is to be used. Wash the residue 10 to 12 times with warrfetric End Point Detectiea-Stir the sample solution in the
water, and reserve the filtrate. 600-mL beaker with a magnetic stirrer and insert the saturated

116.5 Transfer the paper and residue to a platinum cruciblé;@lomel reference and platinum indicator electrodes. With the
char the paper, and ignite at 850 to 900°C for 15 min. Cool, ad§!€ctrodes connected to the potentiometer apparatus, add from
sufficient H,SO,(1 + 1) to moisten the residue, and then 3 to 58 25-mL buret the Fe(NJ),(SO;), solution while stirring until
mL of HF. Evaporate to dryness and heat at a graduallyn® Yellow color disappears. Then add 1 to 2 mL in excess and
increasing rate until 550, is removed. Fuse the residue with récord the buret reading to the nearest 0.01 mL. Using another
a minimum amount of either fused sodium hydrogen sulfate?>-mL buret add 0.0 K,Cr,0, standard solution in 0.1-mL
(sodium pyrosulfate—Nz$,0,) or potassium pyrosulfate Increments recording the voltage after equilibrium for each
(K,S,0,). Cool the crucible, place in a 250-mL beaker, andincrement. Inspect the data for the maximum voltage change
dissolve the melt in 20 mL of k80O,(1 + 10). Remove the between increments of standard dichromate solution (see

crucible, rinse with water, transfer the solution to the reserved15.3). Determine the voltage change for the increments before
filtrate (116.4), and dilute to 200 mL. and after the maximum change and interpolate the end point to

116.6 Add 5 mL of AgNQ solution and 20 mL of the nearest 0.01 mL as described in 115.3.
(NH,),S,04 solut.ion. If a begker is used, cover it v_vith .a.ribbed 117. Calculation
cover glass. Boil the solution 8 to 10 min, maintaining the
volume at 200 mL by additions of hot water. If the color due to  117.1 If KMnQ, was used, calculate the percentage of
permanganate ions does not develop, or develops but does rfétromium as follows:
persist, add 2 drops of KMn{solution (179.4), 5 mL more of Chromium, %= [(AB — CD) x 1.733/E (20)
AgNO; solution, 20 mL more of (NE),S,04 solution, and boil
for an additional 8 to 10 min. Add hot water to maintain the Where:
volume at 200 mL during this operation and the operations thafé
follow in 116.7.

Fe(NH,),(SO,), solution, mL,
normality of Fe(NH),(SQO,), solution,

. C KMnQO, solution used, mL,
116.7 Reduce the permanganate ions as follows: Add 5 mLp normaﬁty of the KMnQ solution, and

of HCI (1+3) and continue boiling for 10 min after the g sample taken, g.
disappearance of permanganate color. If the permanganate ions;17 o K,Cr,0, was used, calculate the percentage of
have not been completely reduced or if a precipitate of MnO chromium as follows:
is present, add 2 mL of HCI (1 + 3) and boil again for 10 min.
Repeat the addition of HCI and boiling until all manganese is
present as colorless manganous ions. Cool to room temperatukgnere:
and dilute to 200 mL. If vanadium is present or its absence has Fe(NH,),(S0O,), solution, mL,
not been confirmed, proceed as directed in 116.9. If vanadiunB normality of Fe(NH).(SQ,), solution,
is absent and the criteria of 116.2 are met, proceed as directe@ K,Cr,0O; solution, mL,
in 116.9. If vanadium is absent and the criteria of 116.2 are notD normality of K,Cr,O, solution, and
met, or if potentiometric titration is preferred and vanadium is E sample taken, g.
absent, proceed as directed in 116.10.
116.8 Titration With Potassium PermanganateVhile 118 Precision and Bias'®
swirling the flask, add 1 to 2 drops of 1,10 phenanthroline 118.1 Precision—Nine laboratories cooperated in testing
indicator solution and then add sufficient Fe(Ni{SO,), this test method and obtained the data summarized in Table 12.
solution to effect a change in color from clear green to pink.Although samples at the lower and midrange of the scope were
Add 1 to 2 mL more and record the buret reading to the nearestot tested, the precision data for other types of alloys using the
0.01 mL. Using a 25-mL buret, back-titrate the excess ferroutest methods indicated in Table 12 should apply.
ions with 0.05N KMnO, standard solution. Add KMng 118.2 Bias—No information on the accuracy of this test
dropwise as the end point is approached. Continue the titratiomethod is known. The accuracy of this test method may be
until the pink color has changed to clear green which persistgidged, however, by comparing accepted reference values with
for 60 s. Record the buret reading to the nearest 0.01 mL. the corresponding arithmetic average obtained by interlabora-
116.9 Titration with Potassium Dichromate to the Dipheny- tory testing (see Table 12).
lamine Sulfonate End PoirtWhile swirling the flask, add
Fe(NH,),(SO,), solution from a 25-mL buret until the disap-
pearance of the yellow color. Then add 1 to 2 mL in excess and 1o Supporting data are available from ASTM Headquarters. Request RR:E03-
record the buret reading to the nearest 0.01 mL. Add 2 drops ab3s.

Chromium, %= [(AB — CD) x 1.733/E (21)
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TABLE 12 Statistical Information—Chromium 123.5.1 Hydrofluoric  Acid/Hydrochloric Acid/Water
_ Chromium o ovabiity  Reproducibiity (4+1+95)—To 800 mL of water in a 1-L polyethylene
Test Specimen Fooljnd' (R, E173) (R, E 173) graduated cylinder, add 40 mL of HF and 10 mL of HCI; dilute
N 0:81 o o to 1 L and mix. Store'in an HF—resistant p!astic bqttle.
2 No 2 E 381 196 010 016 123.5.2 Hydrofluoric A0|d/Hydr<_)chIor|de Acid/Water
3. No. 3, E 352 3.68 0.16 0.48 (1+5+4)—To 300 mL of water in a 1-L polyethylene
4. High-Temperature Alloy 19.46 0.25 0.49 graduated cylinder, add 100 mL of HF and 500 mL of HCI,
‘fga;gg'g’y (NIST 349, dilute to 1 L and mix. Store in an HF-resistant plastic bottle.
5. High-Temperature Alloy 20.26 0.35 0.57 123.5.3 Hydrofluoric  Acid/Hydrochloric  Acid/Water
41Co, 20Ni, 20Cr (NIST (20 + 25 + 55)—To 500 mL of water in a 1-L polyethylene
168, 20.33C1) graduated cylinder, add 200 mL of HF and 250 mL of HCI,
dilute to 1 L and mix. Store in an HF-resistant plastic bottle.
123.5.4 Hydrofluoric Acid/Ammonium Chloride/Water
MOLYBDENUM BY THE ION EXCHANGE— (4 + 60 + 36)—To 600 mL of ammonium chloride solution
8-HYDROXYQUINOLINE GRAVIMETRIC METHOD (240 g/L) in a 1-L polyethylene graduated cylinder, add 40 mL
HF; dilute to 1 L and mix. Store in an HF-resistant plastic
119. Scope bottle. (This solution is 14.4 % in N}EI on a weight/volume
119.1 This test method covers the determination of molybbasis.)
denum in concentrations from 1.5 to 30 %. 123.5.5 Ammonium  Fluoride/Ammonium  Chloride
Solution—To 600 mL of ammonium chloride solution (240
120. Summary of Test Method g/L) in a 1-L polyethylene graduated cylinder, add 41 g of

120.1 Molybdenum is separated from interfering elementd\HaF. Add water to the 900-mL mark and stir to dissolve.
on an anion-exchange resin column using a sequence &ilute to 1L and mix. With narrow-range pH paper, verify that
hydrofluoric acid + hydrochloric acid (HF + HCI) eluent solu- the pH is between 5.6 and 5.8. If it is above this range, adjust
tions. The isolated molybdenum is precipitated withthe soluthn with dropvylse qddltlons c_)f HF; |f itis below this
8-hydroxyquinoline and weighed as the anhydrous complex.'@nge, adjust the solution with dropwise additions of JOH.

Store in an HF-resistant plastic bottle. (This solution is 14.4 %
121. Interferences in NH,Cl and 4.1 % in NHF on a weight/volume basis.)

121.1 All interfering elements which are normally present 123:6 8-Hydroxyquinoline Solutiot30 g/L)—Dissolve 30

are removed by the anion exchange separation. g of 8-hydroxyquinoline in 120 mL of glacial acetic acid
y g P (CH;COOH). Cautiously add water, with stirring to a total

122. Apparatus solution volume of 600 mL. Warm to 40°C. Add NBH

. 1 + 1) dropwise with stirring until a slight permanent pre-
122.1 lon Exchange Column, Polystyrefiapproximately éipitate) is f[())rmed. Carefullyg add glacigl Q%IOOH witr?

400 mm long and 25 mm in inside diameter, the bottom tapered.. . . o ; . :
) : stirring until the precipitate first dissolves. Dilute to 1 L.
to a 2-mm bore outlet, fitted with a hosecock or stopcock to .
123.7 lon-Exchange Resin

control the liquid flow. All parts of the apparatus must be . .
constructed of HF-resistant plastic, such as polytetrafluoroet- 123.7.1 Use an anion-exchange resin of the alkyl quaternary

. . ammonium type (chloride form) consisting of spherical beads
hylene, polyethylene, or poly(vinyl chioride) (Note 42). having a crogg—lirgkage of 8% eznd of 200%0 408 nominal U.S.

Note 42—The ion exchange column system must be carefully asmesh siz&! To remove those beads greater than about 180 um
sembled and checked to avoid possible leakage of solutions containirjg diameter, as well as the very small diameter beads, treat the
HF. resin as follows: Transfer a supply of the resin to a beaker,
123. Reagents cover with water, and allow at least 30 min for the beads to

) . . . undergo maximum swelling. Place a No. 80 (180-um) screen,

123.1 Ammonium Chloride Solutio240 g/L)—Dissolve 150 mm in diameter, over a 2-L beaker. Prepare a thin slurry of
240 g of ammonium chloride (NI€I) in 800 mL of water. e resin and pour it into the screen. Wash the fine beads
Warm to room temperature, dilute to 1 L, and mix. through the screen using a small stream of water. Discard the

123.2 Ammonium Fluoride(NH,F). beads retained on the screen periodically to avoid undue

123.3 Ammonium OxalatéNH,0COCOONHH,0). clogging of the openings. When the bulk of the resin has settled

123.4 EDTA Solution(10 g/L)—Dissolve 10 g of EDTA- i, the 2-| beaker, decant the water and transfer approximately
sodium salt in water. Dilute to 1 L and mix. 100 mL of resin to a 400-mL beaker. Add 200 mL of HCI

123.5 Eluent Solutions-Warning—See Note 43. (1 + 19) and stir vigorously. Allow the resin to settle for 4 to 6

Note 43—Warning: Hydrofluoric Acid causes serious burns which min, decant 150 to 175 mL of the suspension, and discard.
may not be immediately painful; read the paragraph about HF in theRepeat the treatment with HCI (1 + 19) twice more, and
Safety Precautions section of Practices E 50. reserve the coarser resin for the column preparation.

20 Columns available from Ledoux & Co., Inc., Teaneck, NJ have been found 2*AG1-X8, 200 to 400 mesh, chloride form, available from Bio-Rad Laborato-
satisfactory. ries, Richmond, CA, has been found satisfactory.
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123.7.2 Prepare the column as follows: Place a 10 to 20-mrAlF/HCl/water @ + 1 +95). Wash the paper well with HF/HCI/
layer of poly (vinyl chloride) plastic fib&F in the bottom of the ~ water @ + 1 +95). Cautiously, remove and discard paper (Note
column, and add a sufficient amount of the prepared resin to fili5).
the column to a height of approximately 150 to 175 mm. Place Note 45—If insoluble molybdenum compounds are suspected or

a 20-mm Ia_lyer of poly (vinyl Chlor'_de) plastlc_flber On_the FOP known to be present, halt the flow from the column when the washing of
of the resin surface to protect it from being carried intOthe paper is complete. Cautiously transfer the paper to a platinum crucible
suspension when the solutions are added. Add 100 to 125 mdnd ignite at 500°C (no higher) in a muffle furnace. Cool in a desiccator,
of HCI (3 + 1) to the column. When the solution level is 5 to 10 add 1 g anhydrous sodium carbonate powder,(\@) and fuse over a
mm above the top of the resin bed add 100 mL of HCI (1 + g)burner. Cool, add 20 mL water, and heat to dissolve the melt. Carefully
to the column. Repeat this cycle twice more and finally Wasff‘ddify with dropwise additions of HCI (1 + 4) until effervescence ceases
the resin bed with 200 mL HCI (1 + 3) turning off the stopcock plus 10 drops excess. Evaporate to dryness, cool, add 20 mL HF/HCI/

. . water @ + 1 +95), heat to dissolve, cool, and transfer this solution to the
when the solution level is 10 to 20 mm above the top of the,,;umn. Resume the 2-mL/min flow from the column.

resin bed. . .
; ; : s 124.5 Continue to add HF/HCl/watet ¢ 1 + 95)until 650
123.8 Sodium Hydroxide Solutioft00 g/L)—Dissolve 100 mL have been collected in the 800-mL plastic beaker (Note

g of sodium hydroxide (NaOH) in about 100 mL of water. . ; . .
When dissolution is complete, cool and dilute to 1 L. Store in0)- Drain the solution to the top of the resin bed. Cautiously
discard this solution.

a plastic bottle.
123.9 Sodium Hydroxide Solutiofl0 g/L)—Dissolve 10 g Note 46—This solution contains all the iron, chromium, nickel, cobalt,
of NaOH in about 100 mL of water. Cool and dilute to 1 L. aluminum, copper, and manganese.

Store in a plastic bottle. 124.6 Place an 800-mL plastic beaker under the column and
124. Procedure elute 500 mL of HF/HCl/water I(+5 + 4) at arate of 2

) mL/min. Drain the solution to the top of the resin bed.
124.1 Transfel g of sample weighed to the nearest 0.1 mgcautiously discard this solution (Note 47).

to a 200-mL polytetrafluoroethylene beaker marked at the _ _ _ o o

100-mL level on the outside. Add 10 mL of HE and cover with Note 4_7—Th|s solution contains all the tungsten, titanium, zirconium,

a polytetrafluoroethylene watchglass. Warm the solution wittf"d nafmium.

low heat and cautiously add HNOin 1-mL increments 124.7 Place an 800-mL polytetrafluoroethylene beaker un-

allowing the reaction to subside between additions. Higrer the column and elute the molybdenum with 500 mL of

chromium samples may also require cautious dropwise addHF/HCl/water (20 + 25 + 55) at a rate of 2 mL/min. Drain the

tions of HCI. When dissolution is complete, cool the beakersolution to the top of the resin bed. Proceed with this eluent

remove the cover with platinum-tipped tongs and cautioushysolution as described in 136.11.

rinse it into the solution with water. 124.8 Place an 800-mL plastic beaker under the column and
124.2 Over a steambath or other low-temperature arrangé!ute 300 mL of HF/NHCl/water (4 + 60 + 36) at a rate of 2

ment evaporate the solution to dryness. Cool, wash down th@L/min. Drain the solution to the top of the resin bed.

sides of the beaker with HCI (1 + 1) and again evaporate té>autiously discard this solution (Note 48).

dryness over low heat..CooI, add 5 mL HF and 25 mL water. \o.e 48—This solution contains all the niobium.

Warm over low heat until all salts are dissolved (Note 44). Cool

to room temperature and dilute to 100 mL with water. 124.9 Place an 800-mL plastic beaker under the column and

elute 350 mL of NHF/NH,CI solution at a rate of 2 mL/min.

Note 44—It may be necessary to add additional water and to stirDrain solution to the top of the resin bed. Cautiously discard
cautiously with a polytetrafluoroethylene stirring rod to completely this solution (Note 49).
dissolve all salts.

124.3 Drain the solution in the ion exchange column by
passing 100 mL of HF/HCl/water(+ 1 + 95)through it at a 124.10 Place an 800-mL plastic beaker under the column
rate of approximately 2 mL/min. Allow the solution to drain to and elute 100 mL of water, then 100 mL of HCI (1 +3),
the top of the resin bed. Collect the effluent in a plastic beakestopping the flow when the liquid level is 10 to 20 mm above
and discard it. the resin bed. Cautiously discard the solution. The column is

124.4 Place an 800-mL plastic beaker under the columnow ready to be stored for future use or to be preconditioned
Place a small plastic funnel holding a high-porosity hard-for another sample (124.3).
surface filter paper in the top of the column. Ensure that an air 124.11 To the eluent containing the molybdenum (from
seal does not form between the funnel and the columnl24.7) cautiously add 15 mL of$O,(1 + 1) and evaporate to
Cautiously filter the sample solution onto the column. Adjustlight fumes on a sandbath or other carefully controlled heat
the effluent flow to about 2 mL/min. Rinse the beaker with source. Warning—See Note 50.) Cool and cautiously rinse
HF/HCl/water @ + 1 + 95) transferring the washings to the into a 400-mL borosilicate glass beaker. Heat to low volume
paper. Cautiously police the beaker with a polytetrafluoroeth{about 10 mL), cool, add 2 mL of HNO and evaporate to
ylene policeman, if necessary, and rinse onto the paper withtrong fumes of SQ

Note 50—Warning: Ensure that the applied temperature does not

) ) . ) ) . exceed the softening point of polytetrafluoroethylene.
22 Dynel plastic wool available from Union Carbide Corp., Chemical Division,

Textile Fibers Dept., Needham Heights, MA, has been found satisfactory. 124.12 Cool to room temperature, dilute to about 30 mL

Note 49—This solution contains all the tantalum.
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with water, add 5 mL of HNQ and 5 mL of HCI. Cover and TABLE 13 Statistical Information—Molybdenum lon Exchange—
heat for 10 min. 8-Hydroxyquinoline Gravimetric Method

124.13 Dilute to 100 mL. Heat to boiling and while hot,
cautiously add NaOH solution (100 g/L) until litmus paper
moistened with the solution just turns blue, then add 10 ml_;- gglblésEe fji 430 21N ;-;‘g g-gzg g-‘z’gg
excess. Boil for 1 min. If a precipitate is present, filter through™ 20Cr_5w_3,3,'b_zpe_2,\,,n ' ' '
high-porosity, surface-hardened filter paper and wash the paper (NIST 167, 3.90 Mo-prov.)
thoroughly with warm NaOH solution (10 g/L). Discard the i: msz’seE jg‘; L6Cr5re. 13:22 gégg 8:515?1?
paper. If no precipitate is present, proceed directly to 124.14."  4y.ai. Ni (AMS 5388, 17

124.14 If the molybdenum content of the solution or filtrate ~ Mo—not certified)
obtained in 124.13 is known to be less than 125 mg proceed Fl‘ig(’(’;‘:h')l’gf’;”;‘sngi'/ligce 5270 121 2.34
124.15. If the molybdenum content of the solution or filtrate - — . - -
obtained in 124.13 is known to be greater than 125 mg, transf%,r;‘l’tl;ése :Eeit7§?ethod was performed in accordance with the 1980 version of
the solution to a 250-mL volumetric flask, cool to room
temperature, dilute to volume, and mix. Transfer a 100-mL ) )
aliquot by pipet to a 400-mL borosilicate beaker judged by _comparing _accepted refergnce va_Iues with the
(Precaution—Note 51). corresponding arithmetic average obtained by interlaboratory

testing.

Molybdenum Repeatability, ~Reproducibility,

Test Material Found, % (R,, E 17349 (R,, E 173%)

Note 51—Precaution: Minimize contact time of caustic solutions in
volumetric glassware; wash glassware thoroughly immediately after use. IRON BY THE SILVER REDUCTION

124.15 Adjust the volume of the solution in the 400-mL TITRIMETRIC METHOD
beaker to approximately 200 mL. Add 10 mL of EDTA solution
(10 g/L) ard 3 g ofammonium oxalate. Warm gently to obtain 127. Scope
a clear solution and cool to room temperature. Adjust the pHto 127.1 This test method covers the determination of iron in
4.0 using a pH meter and dropwise additions of HCI (1 + 1)concentrations from 1.0 to 50.0 %.
and NaOH solution (10 g/L).
124.16 Heat the solution to boiling, remove from heat andl28. Summary of Test Method
slowly add 20 mL of 8-hydroxyquinoline solution (30 g/L)  128.1 The sample is dissolved in HCl and Hj&hd fumed
while stirring. Heat at just below the boiling point for 10 min, in HCIO,. Iron is precipitated with NEOH in the presence of
stirring occasionally. ammonium peroxydisulfate. The precipitate is dissolved in
124.17 Filter through a tared medium-porosity fritted glassHCI. The resulting solution is adjusted to dilute acidity and
filtering crucible using gentle suction. Wash the contents of thgpassed through a silver reductor. After addition of a mixture of
beaker into the filtering crucible with hot water and wash theH,PO, and H,SO, and sodium diphenylaminesulfonate indi-
precipitate with additional hot water for a total volume of aboutcator the sample is titrated with standard potassium dichromate
100 mL. solution.

124.18 Dry the precipitate in a drying oven set at 125°C for
at least 4 h. Cool the filtering crucible for at legsh in a  129. Interferences
desiccator and weigh. 129.1 The elements normally present do not interfere if their
125. Calculation concentrations are less than the maximum amounts shown in

1.1.
125.1 Calculate the percent of molybdenum as follows:

Molybdenum, %= [(A — B) X C X 23.05/D (22)  130. Apparatus
130.1 Silver Reductor Column:

\Xheie:weight of crucible plus precipitate, g 130.1.1 PreparatiorJse a glass column (2-cm diameter and
B = weight of crucible, g T 25-cm length) fitted with a stopcock and a reservoir cup
C = aliquot factor (directC = 1, aliquot:C = 2.5), and (approximately 100-mL capacity). Lightly insert a glass wool
D = sample weight, g. plug above the stopper. Fill the column with a slurry of silver

o ) powder in HCI (1 + 11) and drain the acid solution to within 1
126. Precision and Bias cm of the top of the column to produce a silver metal column
126.1 Precision—Seven laboratories cooperated in testingof 17-cm length. Wash the column with 150 mL of HCI
this test method and obtained the data summarized in Table 1@ + 11), allowing the acid solution to drain at a rate of about
The unavailability of appropriate test specimens at the uppe30 mL/min. Store the column with 1 to 2 cm of HCI (1 + 11)
limit of the scope necessitated the inclusion of Test Material bove the top of the metal.
which is a different class of material. While the testing range 130.1.2 Regeneratior-When a dark grey area extends
exceeds the upper limit of the scope, the data for Test Materialown 10 cm from the top of the metal column, the column
5 suggests the precision at the upper limit of the scope imust be regenerated as follows. Pass 150 mL of
adequate. H,SO,(1 + 99) through the column at a rate of about 30
126.2 Bias—No information on the accuracy of this test mL/min. Leave 1 cm of solution above the metal. Lower two
method is known. The accuracy of this test method may beinc rods (15 cm long) attached to cotton strings until they
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contact the silver metal and let stand overnight. Pass 50 mL of Note 53—Several drops of hydrogen peroxide,@4), 30 %, added to
H,SO,(1 + 1) through the column. Remove the zinc rods. Paséhe hot HCI (1 + 3) in the funnel will aid in dissolving the precipitate if a
150 mL of HCI (1 + 11) through the column at a rate of 30 'ar9e amount of manganese is present.
mL/min. The column is now ready for reuse. Store the column 132.4 Dilute the solution to 150 mL. Add N@H cau-
with 1 to 2 cm of HCI (1 + 11) above the top of the metal. tiously, while stirring, until the precipitate redissolves slowly,
Note 52—If the flow from the column slows significantly in use or if then ag.d ﬁst mlé ".ilddltlofn?ll ']:MDZH a.nd 2d ?.Itamt?:omulzn
the liquid layer falls below the metal, the metal and glass wool must bepgroxy |su- a e: ol Carel; y for m'r_] an ',er rough a
removed and the column repacked. For this reason some laboratories mBjgh-porosity filter papet} wash 5 times with NHOH

find it convenient to maintain two silver reductor columns. (1 +50). Discard the filtrate.
132.5 Place the original beaker under the funnel and dis-
131. Reagents solve the precipitate in 50 mL hot HCI (1 + 3). Wash the paper
131.1 Ammonium Peroxydisulfat§(NH ,),S,0]. alternately with hot water and with hot HCI (1 + 3) until it is
131.2 Potassium Dichromate, Standard Soluti@10N)—  free of yellow iron color. Discard the paper.

Dissolve 4.9032 g of National Bureau of Standards standard 132.6 Boil the solution to reduce the volume to approxi-
potassium dichromate in water, transfer to a 1-L volumetriomately 10 mL. Cool, dilute to 100 mL with water. Place a

flask, dilute to volume, and mix. 600-mL beaker under the silver reductor column. Pass the
131.3 Silver Powder solution through the column at a rate of approximately 35
131.3.1 Use high-purity (99.9 % minimum purity) silver mL/min. Rinse the 400-mL beaker 3 times with HCI (1 + 11)

powder, 40 to 60 mesh. and add the rinsings to the column. Drain the solution to within

131.3.2 Alternate Dissolve 100 g of silver nitrate (AgNg) 1 cm of the top of the silver metal, then add 150 mL of HCI
in 400 mL of water in a 600-mL beaker. Add 10 mL of HNO (1 + 11) to the column, collecting all the eluent at approxi-
Place two zinc rods (15 cm in length) crosswise in the solutiormately 35 mL/min in the 600-mL beaker. Retain a 1-cm layer
and let stand overnight. Remove the rods, washing them intof HCI (1 + 11) above the silver.
the solution. Decant the supernatant solution and discard it. 132.7 Add 25 mL of the sulfuric acid-phosphoric acid
Add 400 mL H,SO,(1 + 99) to the precipitated silver metal, mixture to the 600-mL beaker, then add 5 to 6 drops of sodium
stir well, allow to settle, and discard the supernatant solutiondiphenylaminesulfonate indicator solution. Titrate immediately
Repeat the decantation until the supernatant solution is cleawnith potassium dichromate standard solution (ON)Oto a
The precipitated silver may be transferred to the glass columpermanent purple end point.
in this form, then washed with HCI (1 + 11), as described in

130.1.1. 133. Calculation
131.4 Sodium Diphenylaminesulfonate Indicator Solution 133.1 Calculate the percent of iron as follows:
(2 g/lL)—Dissolve 0.20 g of sodium diphenylaminesulfonate in Iron, %= [(0.55847 X (A)(B)] 23)

100 mL of water. Store in a dark glass bottle.
131.5 Sulfuric Acid—Phosphoric Acid MixtureAdd 150  where: .
mL of H5PO, to 400 mL of water, stirring well. Cool inawater A = KCr,0; standard solution (0.1008), mL, and
bath and cautiously add 150 mL of,80, while stirring well. B = sample taken, g.
Cool to room temperature and dilute to 1 L while Cautlously134. Precision and Bias

cooling and stirring. Cool again to room temperature. . . . . . .
131.6 Zinc Metal Rods(approximately 8 mm in diameter 134.1 Precision—Six laboratories cooperated in testing this

and 150 mm in length), 99.9 % purity. test method and obtained data summarized in Table 14. The
’ precision data demonstrates that this test method is applicable
132. Procedure between 0.5 to 53 % iron well within the stated concentration

132.1 Select a sample weight which is expected to contaif@nge, in the scope.
60 to 100 mg of iron (but not exceeding 3.0 g). Weigh the
sample to the nearest 0.2 mg and transfer it to @ 400-mL beaker. 2s\y, -iman No. 541 has been found acceptable.
Add 25 mL of HCI and 25 mL of HN@and heat to dissolve.

Add 4 drops of HF to remove SiO0Cool and cautiously add 20 TABLE 14 Statistical Information—Iron by the Silver Reduction

mL HCIO,. Heat to dense white fumes. Continue heating for 5 Titrimetric Method
min to fu“y oxidize (?hromium‘ . s | Certified, | Found % Repeatability, Reproducibility,
132.2 Cool and dilute to 200 mL with water. Add NEH ample % ronFound - p E 1734 (R,, E 173%)

slowly, while stirring, until the precipitate redissolves slowly, yist 169 054 0.54 0.0179 0.0186
then add 25 mL additional NJOH and 2 g ofammonium  NiBase

peroxydisulfate. Boil carefully for 2 min and filter through a §'51 % 219 219 0.0317 0.0331
high'porOSity filter paper, wash 5 times with WH (1 + 50) NIST 864 9.6 9.62 0.0289 0.0688
Discard the filtrate. Inconel 600

132.3 Place the original beaker under the funnel and dis}$' *°* 1501 15.00 0.1152 0.1260
solve the precipitate in 50 mL hot HCI (1 + 3). Wash the papefy st 34 533 53.25 0.1653 0.2952
alternately with hot water and with hot HCI (1 + 3) until it is A286
free of yellow iron color. Discard the paper. “This test was performed in accordance with the 1980 version of Practice E 173.
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134.2 Bias—No information on the accuracy of this test 139.5.2 Hydrofluoric Acid/Hydrochloric Acid/Water
method is known. The accuracy of this test method may b¢l + 5 +4)—To 300 mL of water in a 1-L polyethylene
judged by the agreement between the certified reference valugsaduated cylinder, add 100 mL of HF and 500 mL of HCI,;
and the corresponding arithmetic average obtained by intedilute to 1 L and mix. Store in an HF-resistant plastic bottle.

laboratory testing (see Table 14). 139.5.3 Hydrofluoric  Acid/Hydrochloric  Acid/Water
(20 + 25 + 55)—To 500 mL of water in a 1-L polyethylene
NIOBIUM BY THE ION EXCHANGE—CUPFERRON graduated cylinder, add 200 mL HF and 250 mL HCI; dilute to
GRAVIMETRIC METHOD 1 L and mix. Store in an HF-resistant plastic bottle.

139.5.4 Hydrofluoric Acid/Ammonium Chloride/Water

135. Scope (4 +60 + 36)—To 600 mL of ammonium chloride solution
135.1 This test method covers the determination of nIObIUI'T'(240 g/L) inal-L po|yethy|ene graduated Cy“nder, add 40 mL
(columbium) in concentrations from 0.5 to 6.0 %. HF; dilute to 1 L and mix. Store in an HF-resistant plastic
bottle. (This solution is 14.4 % in NXCI on a weight/volume

136. Summary of Test Method basis.)

136.1 Niobium is separated from interfering elements on an 139.5.5 Ammonium  Fluoride/Ammonium  Chloride
anion-exchange resin column using a sequence of HF+HQolution—To 600 mL of ammonium chloride solution (240
eluent solutions. The isolated niobium is precipitated withg/L) in a 1-L polyethylene graduated cylinder, add 41 g of
cupferron, ignited to the oxide, and weighed as,®b NH,F. Add water to the 900-mL mark and stir to dissolve.
Dilute to 1 L and mix. With narrow-range pH paper, verify that
137. Interferences the pH is between 5.6 and 5.8. If it is above this range, adjust

137.1 All interfering elements which are normally presentthe solution with dropwise additions of HF; if it is below this
are removed by the anion exchange separation. range, adjust the solution with dropwise additions of JOH.

Store in an HF-resistant plastic bottle. (This solution is 14.4 %
138. Apparatus in NH,Cl and 4.1 % in NHF on a weight/volume basis.)

138.1 lon Exchange Column, Polystyrerfé approximately 139.6 lon-Exchange Resin
400 mm long and 25 mm in inside diameter, the bottom tapered 139.6.1 Use an anion-exchange resin of the alkyl quaternary
to a 2-mm bore outlet, fitted with a hosecock or stopcock tcammonium type (chloride form) consisting of spherical beads
control the liquid flow. All parts of the apparatus must be having a cross-linkage of 8 % and of 200 to 400 nominal U.S.
constructed of HF-resistant plastic, such as polytetrafluoroetnesh siz&® To remove those beads greater than about 1800
hylene, polyethylene, or poly(vinyl chloride) (see 138.2). pum in diameter, as well as the very small diameter beads, treat

138.2 The ion exchange column system must be carefullyhe resin as follows: Transfer a supply of the resin to a beaker,
assembled and checked to avoid possible leakage of solutioe®ver with water, and allow at least 30 min N\Eil for the

containing HF. beads to undergo maximum swelling. Place a No. 80 (180-pum)
screen, 150 mm in diameter, over a 2-L beaker. Prepare a thin
139. Reagents slurry of the resin and pour it into the screen. Wash the fine

139.1 Ammonium Chloride Solution (240 giDissolve  beads through the screen using a small stream of water. Discard
240 g of ammonium chloride (N}CI) in 800 mL of water. the beads retained on the screen periodically to avoid undue

Warm to room temperature, dilute to 1 L and mix. clogging of the openings. When the bulk of the resin has settled
139.2 Ammonium Fluoride(NH,F). in the 2-L beaker, decant the water and transfer approximately
139.3 Boric Acid (N3BO,). 100 mL of resin to a 400-mL beaker. Add 200 mL of HCI

139.4 Cupferron Solutior-Dissolve 30 g of cupferron in (1 + 19) and stir vigorously. Allow the resin to settle for 4 to 6
400 mL of water. Dilute to 500 mL and filter through a min, decant 150 to 175 mL of the suspension, and discard.
medium-porosity filter paper. Store in a refrigerator. PrepardRepeat the treatment with HCIl (1 + 19) twice more, and
fresh weekly. reserve the coarser resin for the column preparation.

N o . . . 139.6.2 Prepare the column as follows: Place a 10 to 20-mm

oTE 54—\Narn|ng._Cupferro_n is a known carcinogen. Use protective la f plastic fibe® in the b f th | d add
equipment and work in an efficient exhaust hood. yerlo plastic fi In the bottom o t e CQ umn, and add a
. sufficient amount of the prepared resin to fill the column to a

139.5 Eluent Solutions height of approximately 150 to 175 mm. Place a 20-mm layer

Note 55—Warning: Hydrofluoric acid causes serious burns which of plastic fiber on the top of the resin surface to protect it from
may not be immediately painful; see the Safety Precautions section dheing carried into suspension when the solutions are added.
Practices E 50. Add 100 to 125 mL of HCI (3 + 1) to the column. When the

139.5.1 Hydrofluoric  Acid/Hydrochloric Acid/Water solution level is 5 to 10 mm above the top of the resin bed add
(4 +1+95)—To 800 mL of water in a 1-L polyethylene 100 mL of HCI (1 + 9) to the column. Repeat this cycle twice
graduated cylinder, add 40 mL of HF and 10 mL of HCI; dilute more and finally wash the resin bed with 200 mL HCI (1 + 3)
to 1 L and mix. Store in an HF-resistant plastic bottle.

25 AG1-X8, 200 to 400 mesh, chloride form, which is available from Bio-Rad
Laboratories, Richmond, CA, has been found satisfactory.
24 Columns available from Ledoux & Co., Inc., Teaneck, NJ have been found 2° SEF modacrylic fiber available from Monsanto Chemical Co., P.O. Box 2204,
satisfactory. Decatur, AL 35609-2204, has been found satisfactory.
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turning off the stopcock when the solution level is 10 to 20 mmmL/min. Drain the solution to the top of the resin bed.
above the top of the resin bed. Cautiously discard this solution (Note 59).
140. Procedure Note 59—This solution contains all the tungsten, titanium, zirconium,
) and hafnium.

140.1 Transfel g of sample weighed to the nearest 0.1 mg

to a 200-mL polytetrafluoroethylene beaker marked at the 140.7 Place an 800-mL polytetrafluoroethylene beaker un-
100-mL level on the outside. Add 10 mL of HF and cover with 467 the column and elute 500 mL of HF/HCl/water
a polytetrafluoroethylene watchglass. Warm the solution witf20 + 25 + 55) at a rate of 2 mL/min. Drain the solution to the
low heat and cautiously add HNOIn 1-mL increments top of the resin bed. Cautiously discard this solution (Note 60).
allowing the reaction to subside between additions. High- Nore 60—This solution contains all the molybdenum.

chromium samples may also require cautious dropwise addi- .
tions of HCI. When dissolution is complete, cool the beaker, 140.8 Place an 800-mL plastic beaker under the column and

- - ; - lute the niobium with 300 mL of HF/NECl/water
remove the cover with platinum-tipped tongs and cauuousl)}e . : :
rinse it into the solution with water. (4 + 60 + 36) at a rate of 2 mL/min. Drain the solution to the

140.2 Over a steam bath or other low-temperature arrang%’p of the resin bed. Proceed with this eluent as described in

: A1,
ment evaporate the solution to dryness. Cool, wash down th .
sides of the beaker with HCI (1 + 1) and again evaporate to 140.9 Place an 800-mL plastic beaker under the column and

dryness over low heat. Cool and add 5 mL of HF and 25 mL Oielute 350 mL of NHF/NH,CI solution at a rate of 2 mL/min.

water. Warm over low heat until all salts are dissolved (Notet[?]r.aIn slotlyt|onNtot thgltop of the resin bed. Cautiously discard
56). Cool to room temperature and dilute to 100 mL with water. is solution (Note 61).

Note 56—It may be necessary to add additional water and to stir Note 61—This solution contains all the tantalum.

cautiously with a polytetrafluoroethylene stirring rod to completely  140.10 Place an 800-mL plastic beaker under the column
dissolve all salts. and elute 100 mL of water, then 100 mL of HCI (1 + 3),
140.3 Drain the solution in the ion exchange column andstopping the flow when the liquid level is 10 to 20 mm above
pass 100 mL of HF/HCl/wated(+ 1 + 95)through it at a rate  the resin bed. Cautiously discard the solution. The column is
of approximately 2 mL/min. Allow the solution to drain to the now ready to be stored for future use or to be preconditioned
top of the resin bed. Collect the effluent in a plastic beaker andor another sample (see 140.3).
discard it. 140.11 Weigh 15 g of boric acid into a 250-mL beaker, add
140.4 Place an 800-mL plastic beaker under the columnl50 mL HCI (1 + 1), and heat to boiling. When dissolved, add
Place a small plastic funnel holding a high-porosity hard-the hot solution cautiously, with stirring, to the eluent contain-
surfaced filter paper in the top of the column. Ensure that an aing the niobium (from 140.8).
seal does not form between the funnel and the column. 140.12 Cool the solution in an icebath to approximately
Cautiously filter the sample solution onto the column. Adjust5°C. Add with stirring 15 mL of cold Cupferron solution for
the effluent flow to about 2 mL/min. Rinse the beaker witheach 10 mg of niobium expected to be present in the sample.
HF/HCl/water (4 + 1+ 95) transferring the washings to theFilter the precipitate using low-porosity filter paper and a
paper. Cautiously police the beaker with a polytetrafluoroethvacuum filtration apparatus. Police the beaker well and rinse
ylene policeman, if necessary, and rinse onto the paper witwith cold HCI (1 + 19). Wash the paper with cold HCI (1 + 19).
HF/HCl/water @ + 1 +95). Wash the paper well with HF/HCI/  140.13 Transfer the paper to a 600-mL borosilicate glass
water @ + 1 +95). Cautiously, remove and discard paper (Notebeaker. Add 100 mL of HNQ then 60 mL of HSO,(1 + 1),
57). then 10 mL of HCIQ. Boil to reduce volume to approximately

Note 57—If insoluble niobium compounds are suspected or known t050 mL, then heat strongly until organic material has been
be present, halt the flow from the column when the washing of the papefiestroyed and heavy fumes of HGl@re evolved. Cool to
is complete. Cautiously transfer the paper to a platinum crucible and ignitéoom temperature, add 2 drops HF, and heat to strong fumes of
at 1000°C in a muffle furnace. Cool in a desiccatord ddg anhydrous  HCIO,. Fume for 1 min.
sodium carbonate powder (M2O;) and fuse over a burner with a ~ 140.14 Cool to room temperature. Dilute to 250 mL with
platinum lid. Cool, add 20 mL of water, and heat to dissolve the meIt.Water and cool in an ice bath. Add, with stirring, 15 mL of cold

Carefully acidify with dropwise additions of HCI (1+4) until effervescence - -
ceases plus 10 drops excess. Evaporate to dryness, cool, add 20 prerron solution for each 10 mg of niobium expected to be

HF/HCl/water (4 +1 + 95), heat to dissolve, cool, and transfer this solutiorPT€S€Nt in the sample. F”t?r th? precipitate USinQ low-porosity
to the column. Resume the 2-mL/min flow from the column. filter paper and a vacuum filtration apparatus. Police the beaker

140.5 Continue to add HF/HCl/watet ¢ 1 + 95)until 650 well and rinse with cold HCI (1 + 19). Wash the paper with
mL have been collected in the 800-mL plastic beaker (NoteCOId HCI (1 +19). .
140.15 Transfer the paper to a large tared platinum or

58). Drain the solution to the top of the resin bed. Cautiously . . :
orcelain crucible. Press a small filter paper down over the

discard this solution. filter and precipitate and dry under a heat lamp in a hood for

Note 58—This solution contains all the iron, chromium, nickel, cobalt, approximately 2 h.

aluminum, copper, and manganese. 140.16 Char in a muffle furnace in a hood at 550°C, then
140.6 Place an 800-mL plastic beaker under the column andhise the temperature to 1000°C and ignite for 1 h. Cool in a
elute 500 mL of HF/HCl/water I(+ 5+ 4) at arate of 2  desiccator and weigh as Mbs.
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141. Calculation are removed by the anion exchange separation and the cupfer-

141.1 Calculate the percentage of niobium as follows: ~ on precipitation.

Niobium, %= [(A — B) X 69.904/C (24) 146. Apparatus

where: 146.1 lon Exchange Column, Polystyrerf€ approximately
A = weight of crucible plus oxide, g, 400 mm long and 25 mm in inside diameter, the bottom tapered
B = weight of crucible, g, and to a 2-mm bore outlet, fitted with a hosecock or stopcock to
C = sample weight, g. control the liquid flow. All parts of the apparatus must be

constructed of HF-resistant plastic, such as polytetrafluoroet-

ici i 7
142. Precision and Bias hylene, polyethylene, or poly(vinyl chloride) (Note 62).

142.1 Precision—Six laboratories participated in the testing )
of this test method, providing seven sets of data. The obtained NoTe 62—The ion exchange column system must be carefully as-
precision is summarized in Table 15. ls_|e|:mbled and checked to avoid possible leakage of solutions containing
142.2 Bias—The bias of this test method may be judged by
comparing accepted reference values with the corresponding47. Reagents

arithmetic average obtained by interlaboratory testing, such as 147 1 Ammonium Chloride Solutiof240 g/L)—Dissolve

the data listed in Table 15. 240 g of ammonium chloride (NAEI) in 800 mL of water.
TANTALUM BY THE ION EXCHANGE— Warm to room temperature, dilute to 1 L and mix.
PYROGALLOL SPECTROPHOTOMETRIC 147.2 Ammonium Fluoride(NH,F).
METHOD 147.3 Ammonium Oxalate Solutiqd0 g/L)—Dissolve 40 g
of ammonium oxalate (NJDCOCOONH) in 800 mL of
143. Scope warm water, dilute to 1 L, and mix.
143.1 This test method covers the determination of tantalum 147.4 Boric Acid (H3;BO5).
in concentrations from 0.03 to 1.0 %. 147.5 Cupferron Solution(60 g/L)—Dissolve 30 g cupfer-
ron in 400 mL of water. Dilute to 500 mL and filter through a
144. Summary of Test Method medium-porosity filter paper. Store in a refrigerator. Prepare

144.1 Tantalum is separated from interfering elements on afresh weekly (see Note 63).
anion-exchange resin column using a sequence of HF + HCl N 63—Warning: Cupferron is a known carcinogen. Use protective
. . . e - OTE . .
eluent solutions. Th.e |solate_d tgntalum is further_purlf!ed Wltheguipment and work in an effcient exhaust hood.
a cupferron separation. The ignited and fused residue is reacte ) _ ] ) )
with pyrogallol in the presence of ammonium oxalate and the 147.6 Eluent Solutions: Warning—Hydrofluoric acid

optical density of the solution is measured at 415 nm. causes serious burns which may not be immediately painful;
see the paragraph about HF in the Safety Precautions section of
145. Interferences Practices E 50.

145.1 All interfering elements which are normally present 147.6.1Hydrofluoric  Acid/Hydrochloric ~ Acid/Water
(4+1+95)—To 800 mL of water in a 1-L polyethylene gradu-

27 Supporting data are available from ASTM Headquarters. Request RR:EOl—ated cyllnder, add 40 mL of HF and 10 mL of HCI; dilute to 1

1014. L and mix. Store in HF-resistant plastic bottle.
147.6.2 Hydrofluoric  Acid/Hydrochloric  Acid/Water
TABLE 15 Statistical Information—Niobium (1+5+4)—To 300 mL of water in a 1-L polyethylene graduated
Niobum __Repeat Repro-  Number of cylindgr, add 100 mL of HF gnd 500 mL of HCI; dilute to 1 L
Test Material Found. o ability ducibility  Labora- and mix. Store in an HF-resistant plastic bottle.
(Ry, E173) (R, E173) tories 147.6.3 Hydrofluoric  Acid/Hydrochloric ~ Acid/Water
1. Nickel-base alloy (S3Ni, ~ 5.47 0.14 0.15 7 (20+25+55)—To 500 mL of water in a 1-L polyethylene
598 Nb cotmmied) graduated cylinder, add 200 mL HF and 250 mL HCI; dilute to
2. BCS 351 (53Ni, 18Cr, 5.20 0.36 0.36 7 1 L and mix. Store in an HF-resistant plastic bottle.
iﬁfe' 3'}]{!081“) (5.20 147.6.4 Hydrofluoric Acid/Ammonium Chloride/Water
3. BAM 9581 (heCo. 372 0.08 0.28 ; (4+60+36)—To 600 mL of ammonium chloride solution (240
21Cr, 20Ni, 4Mo, 4W, g/L in a 1-L polyethylene graduated cylinder, add 40 mL HF;
3F8’212M£515°t-(?'31 dilute to 1 L and mix. Store in an HF-resistant plastic bottle.
4. NIST SRM l'g;'(g'l‘*cg, 208 011 0.25 7 (This solution is 14.4 % in NIZCI_on a Weight_/volume basi_s.)
20Cr, 20Ni, 4Mo, 4W, 147.6.5 Ammonium  Fluoride/Ammonium  Chloride
E'Ze’cﬂfiﬁgi)s') (2.95 Solution—To 600 mL of ammonium chloride solution (240
5. NIST SRM 1203 (76Ni, 1.00 0.09 0.31 7 g/L) in a 1-L polyethylene graduated cylinder, add 41 g of
12Cr, 4Al, 3Mo, 1Ti, NH,F. Add water to the 900 mL mark and stir to dissolve.
1Si) (1.00Nb, certified)
6. NIST SRM 123 (70Fe, 0.46 0.08 0.15 6
18C_r! 11Ni) (0.433Nb, - O
certified) 28 Columns available from Ledoux & Co., Inc., Teaneck, NJ have been found
“Number of independent data sets. satisfactory.
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Dilute to a 1 L andmix. With narrow-range pH paper, verify bottom of the column, and add a sufficient amount of the
that the pH is between 147.6 and 147.8. If it is above this rangerepared resin to fill the column to a height of approximately
adjust the solution with drop-wise additions of HF; if it is 150 to 175 mm. Place a 20-mm layer of poly(vinyl chloride)
below this range, adjust the solution with dropwise additions oplastic fiber on the top of the resin surface to protect it from
NH,OH. Store in an HF-resistant plastic bottle. (This solutionbeing carried into suspension when the solutions are added.
is 14.4 % in NHCI and 4.1 % in NHF on a weight/volume Add 100 to 125 mL of HCI (3+1) to the column. When the
basis.) solution level is 5 to 10 mm above the top of the resin bed add

147.7 Potassium PyrosulfatéK,S,0,) 100 mL of HCI (1+9) to the column. Repeat this cycle twice

147.8 Pyrogallol Solutior—Dissolve 4.5 g of stannous more and finally wash the resin bed with 200 mL HCI (1+3)
chloride (SnCJ 2H,0) in 35 mL of HCI. Add 150 mL of hot turning off the stopcock when the solution level is 10 to 20 mm
water and 50 g of pyrogallol. Stir until dissolved, dilute to 250 above the top of the resin bed.
rlgrl_ep;l::g f\rl\éitﬁ rog r:jdajllé(?rug;r.ough low-porosity filter paper. 148. Preparation of Calibration Curve

147.9 Tantalum Standard Solutiofl mL = 0.1 mg Ta)— 148.1 Calibration Solutions
Weigh 0.1000 g of high purity tantalum metal to a 400-mL 148.1.1 Prepare six 600-mL borosilicate glass beakers, each
poly(tetrafluoroethylene) beaker. Add 20 mL HF, then, cau-ontaining 250 mL of HSO,(1+8). Using pipets, transfer 1.00,
tiously dropwise HNQ while warming gently, until dissolved. 2.00, 5.00, 10.00, 15.00, and 20.00 mL of tantalum standard
Cool to room temperature, transfer to a 1-L plastic volumetricsolution to the respective beakers. Add 2 mL of zirconium
flask; dilute to the mark and mix. Store in a plastic bottle. ~ carrier solution, stir, and cool in an icebath.

147.10 Zirconium Carrier Solution(1 mL =5 mg Zr)— 148.1.2 Add, with stirring, 15 mL of cold cupferron solu-
Weigh 0.27 g of zirconium oxide (Zr (purity:99.9 % min)  tion. Filter the precipitate using low-porosity filter paper and a
into a 250-mL borosilicate glass beaker. Add 30 mL ofvacuum filtration apparatus. Police the beaker well and rinse
H,SO,(1+1) and heat to fumes. Fume for several minutes. Coolvith cold HCI (1+19). Wash the paper with cold HCI (1+19).
to room temperature. If not completely dissolved, cautiously 148.1.3 Transfer the papers to 50-mL platinum or porcelain
add 1 mL of HCI and heat again to fumes; repeat untilcrucibles. Dry fo 1 h under a heat lamp in a hood. Char in a
dissolved. Cool to room temperature and cautiously dilute tanuffle furnace in a hood at 550°C. Raise the temperature to
40 mL with water. A more rapid alternate procedure is to weigh650°C and ignite for 2 h. Cool in a desiccator.

1.7663 g of zirconium oxychloride-8 hydrate (ZrQ@&H,0) 148.1.4 Add 2.0 g of potassium pyrosulfate and fuse over a
(purity:99.9 % min) into a 250-mL beaker, add 15 mL HCI to burner, swirling the crucible to ensure that all residue dis-
dissolve, transfer to a 100-mL volumetric flask and dilute to thesolves. Cool, transfer the crucibles to 150-mL beakers, add 50
mark and mix. mL of ammonium oxalate solution and heat to dissolve the

147.11 lon-Exchange Resin fused salt. Rinse the crucibles into the beakers with ammonium

147.11.1 Use an anion-exchange resin of the alkyl quateiexalate solution. Cool solutions to room temperature.
nary ammonium type (chloride form) consisting of spherical 148.2 Reagent Blank SolutierPrepare a 600-mL borosili-
beads having a cross-linkage of 8 % and of 200 to 400 nomindlate glass beaker containing 250 mL gf89,(1+8). Add 2 mL
U.S. mesh sizé® To remove those beads greater than abouf zirconium carrier solution, stir, cool in an icebath and treat
1800 pm in diameter, as well as the very small diameter bead8gs in 148.1.2-148.1.4.
treat the resin as follows: Transfer a supply of the resin to a 148.3 Color Development
beaker, cover with water, and allow at least 30 min for the 148.3.1 Transfer 20.00 mL of pyrogallol solution by means
beads to undergo maximum swelling. Place a No. 80 (180-unf a pipet to each of six, 100-mL volumetric flasks. Transfer the
screen, 150 mm in diameter, over a 2-L beaker. solutions from 148.1 and 148.2 into the respective flasks,

147.11.1.1 Prepare a thin slurry of the resin and pour it ontdinsing the beakers with ammonium oxalate solution into the
the screen. Wash the fine beads through the screen usingﬂ@SkS. Dilute each flask to the mark with ammonium oxalate
small stream of water. Discard the beads retained on the screéflution and mix.
periodically to avoid undue clogging of the openings. When 148.4 Photometry
the bulk of the resin has settled in the 2-L beaker, decant the 148.4.1 Multiple-Cell Photometer-Measure the cell cor-
water and transfer approximately 100 mL of resin to a 400-mLrection using water in the absorption cells with a 1-cm light
beaker. Add 200 mL of HCI (1+19) and stir vigorously. Allow path and using a light band centered at 415 nm. Wait 15 min for
the resin to settle for 4 to 6 min, decant 150 to 175 mL of thefull color development after final dilution, then using the test
suspension, and discard. Repeat the treatment with HCI (1+18gll, take absorbance readings of the reagent blank solution and
twice more, and reserve the coarser resin for the colum@f the calibration solutions versus water in the reference cell.
preparation. Readings shall be taken withil h of full color development.

147.11.2 Prepare the column as follows: Place a 10- to 148.4.2 Single-Cell PhotometerWait 15 min for full color
20-mm layer of poly(vinyl chloride) plastic fib& in the  development after final dilution, then with water in the absorp-

tion cell, with a 1-cm light path, adjust the photometer to the

- _ o , _ initial setting, using a light band centered at 415 nm. While
oo o, S b oo sty e o 8824 maintaining this acjustment, take the absorbance readings of

30 SEF mc;dacrylicfibér available from Monsanto Chemical Co., P.O. Box 2204,the reagent blank solution and of the calibration solutions.
Decatur, AL 35609-2204 has been found satisfactory. Readings should be taken withl h offull color development.
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148.5 Calibration Curve—Subtract the cell-corrected re- dilute 500 mL of HF/HCl/water (1+5+4) at a rate of 2 mL/min.
agent blank absorbance reading from each of the cell-correctddrain solution to the top of the resin bed. Cautiously discard
calibration solution absorbance readings. Plot these net absdhis solution (Note 67).
bance readings against milligrams of tantalum per 100 mL of
solution.

149. Procedure 149.7 Place an 800-mL polytetrafluoroethylene beaker un-

149.1 Transfel g of sample weighed to the nearest 0.1 mgder the column and elute 500 mL of HF/HCl/water (20+25+55)
of a 200-mL polytetrafluoroethylene beaker marked at the 10@t a rate of 2 mL/min. Drain solution to the top of the resin bed.
mL level of the outside. Add 10 mL of HF and cover with a Cautiously discard this solution (Note 68).
polytetrafluoroethylene watchglass. Warm the solution with
low heat and cautiously add HNOin 1-mL increments
allowing the reaction to subside between additions. High 149.8 Place an 800-mL plastic beaker under the column and
chromium samples may also require cautious dropwise addelute 300 mL of HF/NHCl/water (4+60+36) at a rate of 2
tions of HCI. When dissolution is complete, cool the beakermL/min. Drain solution to the top of the resin bed. Cautiously
remove the cover with platinum-tipped tongs and cautiouslydiscard this solution (Note 69).
rinse it into the solution with water.

149.2 Over a steambath or other low temperature arrange-
ment evaporate the solution to dryness. Cool, wash down the 149.9 Place an 800-mL plastic beaker under the column and
sides of the beaker with HCI (1+1) and again evaporate t@lute the tantalum with 350 mL of Nf#/NH,CI solution at a
dryness over low heat. Cool, add 5 mL HF and 25 mL waterrate of 2 mL/min. Drain solution to the top of the resin bed.
Warm over low heat until all salts are dissolved (Note 64). CoolProceed with this eluent solution as described in 149.11. Take
to room temperature and dilute to 100 mL with water. 350 mL of NH,F/NH,CI solution and proceed with it as a

NoTte 64—It may be necessary to add additional water and to stirblank’ as described in 149.11. .
cautiously with a polytetrafluoroethylene stirring rod to completely ~149-10 Place an 800-mL plastic beaker under the column
dissolve all salts. and elute 100 mL of water, then 100 mL of HCI (1 + 3);

149.3 Drain the solution in the ion exchange column byStoPPing the flow when the liquid level is 10 to 20 mm above
passing 100 mL of HF/HCI water (4+1+9) through it at a rateth€ resin bed. Cautiously discard the solution. The column is
of approximately 2 mL/min. Allow the solution to drain to the NOW ready to be stored for future use or to be preconditioned

top of the resin bed. Collect the effluent in a plastic beaker anfer @nother sample (see section 7.3 ).
discard it. 149.11 Weigh8 g of boric acid into a 250-mL beaker, add

149.4 Place an 800 mL plastic beaker under the columnt50 MLHCI(1+1) and heat to boiling. When dissolved, add the
Place a small plastic funnel holding a high-porosity hard-hot solution cautiously, with stirring, to the elgent contammg.
surface filter paper in the top of the column. Ensure that an aif€ tantalum (see 7.9). If the test sample is estimated to contain
seal does not form between the funnel and the column/®SS than 2 mg of tantalum, add 2 mL of zirconium carrier
Cautiously filter the sample solution onto the column. Adjustsolunon {:md proceed to 149.12. If the test sample is estimated
the effluent flow to about 2 mL/min. Rinse the beaker witht0 contain between 2 and 15 mg of tantalum, transfer the
HF/HCl/water (4+1+95) transferring the washings to the paperSa@mple to a 500-mL plastic volumetric flask, dilute to the mark
Cautiously police the beaker with a polytetrafluoroethyleng2nd mix. Transfer by means of a pipet 50.00 mL of this solution
policeman, if necessary, and rinse onto the paper with HF/HCIi0 @n 800-mL plastic beaker, add 2 mL of zirconium solution
water (4+1+95). Wash the paper well with HF/HCl/iwater @nd dilute to 500 mL. Prgcegd as d_escrlbed in 149.12.
(4+1+95) Cautious|y, remove and discard paper (Note 65) 149.12 COO| the Solut|0n In an |Cebath to apprOXImately

_ 5°C. Add, with stirring, 15 mL of cold cupferron solution.

Note 65—If insoluble tantalum compounds are suspect_ed or known tq=jjter the precipitate using low-porosity filter paper and a

be present, halt the flow from the column when the washing of the pap(tsglacuum filtration apparatus. Police the beaker well and rinse

is complete. Cautiously transfer the paper to a platinum crucible and ignite . .
at 1000°C in a muffle furnace. Cool in a desiccatord ddg anhydrous with cold HCI (1+19). Wash the paper with cold HCI (1+19).

sodium carbonate powder (M2O,) and fuse over a burner. Cool, add 20 ~ 149.13 Transfer the paper to a 50-mL platinum crucible.
mL water and heat to dissolve the melt. Carefully acidify with dropwise Dry for 1 h under a heat lamp in a hood. Char in a muffle

additions of HCI (1+4) until effervescence ceases plus 10 drops excesfiurnace in a hood at 550°C. Raise the temperature to 650°C and
Evaporate to dryness, cool, add 20 mL HF/HCl/water (4+1+95), heat tngnite for 2 h. Cool in a desiccator.

dissolve, cool, and transfer this solution to the column. Resume the 149.14 Add 2.0 9 of potassium pyrosulfate and fuse over a

mL/min flow from the column. burner, swirling the crucible to ensure that all the residue
149.5 Continue to add HF/HCl/water (4+1+95) until 650 di ! -

. . ssolves. Cool, transfer the crucible to a 150-mL beaker, add

mL have been collected in the 800 mL plastic beaker (Note 663,5I v uet

Note 67—This solution contains all the tungsten, titanium, zirconium
and hafnium.

Note 68—This solution contains all the molybdenum.

Note 69—This solution contains all the niobium.

. i : . : 50 mL of ammonium oxalate solution and heat to dissolve the
Dr_am SOI.Ut'On to the top of the resin bed. Cautiously discar used salt. Rinse crucible into the beaker with ammonium
this solution. oxalate solution. Cool solution to room temperature.

Note 66—This solution contains all the iron, chromium, nickel, cobalt, 149.15 Transfer 20.00 mL of pyrogallol solution by means
aluminum, copper, and manganese. of a pipe into a 100-mL volumetric flask. Add the sample
149.6 Place an 800-mL plastic beaker under the column anelxtract and rinse the beaker with ammonium oxalate solution
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iy £ 1473
into the flask. Dilute to the mark with ammonium oxalate where:
solution and mix. A = tantalum found in 100 mL of the final test solution,
149.16 Reagent Blank SolutierTreat the blank described mg,

. . : ) = aliquot factor (direct — 1.0; aliquot 10.0), and
in 149.9 exactly the samc=T as des.crlbed in 149.11-149.15.  ~ _ sample weight, g.

149.17 Photometry—_W@ut 15 min for full color develop- %51. Precision and Bia<
ment after the final dilution, then measure the absorbance o

the reagent blank and test solutions versus water in cell-blank 15_1'1 Precision—Si_x !aboratories participated in the testi_ng
corrected 1-cm cuvettes as directed in 148.4. of this method, providing seven sets of data. The obtained

precision is summarized in Table 16.

151.2 Bias—The bias of this test method may be judged by
150. Calculation comparing accepted reference values with the corresponding
rithmetic average obtained by interlaboratory testing, such as

150.1 Subtract the cell-corrected reagent blank (149.16 e data listed in Table 16.

absorbance from the cell-corrected test solution absorbance
and convert this net absorbance to milligrams of tantalum using®2- Keywords

the calibration curve. Calculate the percentage of tantalum as 152.1 atomic absorption; chemical analysis; gravimetric;
follows: ion exchange; photometric; titration

Tantalum, %= A X B/C X 10 25
(25) 31 Supporting data are available from ASTM Headquarters. Request RR:E01-

1014.

TABLE 16 Statistical Information—Tantalum

Test Material Tantalum Found, % Re‘éef;asb'_“gzgRl’ Repéog;jg'killgg)(&’ Number of Laboratories”

1. NIST SRM 168 (41Co, 20Cr, 20Ni, 4Mo, 4W, 3Fe, 0.94 0.18 0.21 7

2Mn, 1Si) (0.95Ta, certified)
2. NIST 1203 (76Ni, 12Cr, 4Al, 3Mo, 1Ti, 1Si) 0.35 0.10 0.10 7

(0.34Ta, certified)
3. BAM 328-1 (42Co, 21Cr, 20Ni, 4Mo, 4W, 2Fe, 0.17 0.04 0.08 7

1Mn, 1Si) (0.18Ta, certified)
4. NIST SRM 123 (70Fe, 18Cr, 11Ni) (0.027Ta, 0.028 0.007 0.009 5

certified)
5. Nickel-base alloy (53Ni, 19Cr, 18Fe, 3Mo, 1Ti) 0.010 0.006 0.008 4

(0.012Ta, estimated)

“ANumber of independent data sets.

The American 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 validity 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 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 known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States. Individual
reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at 610-832-9585
(phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (http://www.astm.org).
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