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INTERNATIONAL
Standard Test Methods for
Chemical Analysis of Nickel, Cobalt, and High-Temperature
1
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 Cobalt by the Nitroso-R-Salt Photometric Method (0.10 to

. . . 5.0 %) 42 to 51
1.1 These test methods describe the chemical analySIS ggpper by Neocuproine Photometric Method (0.010 to 10.00 %)?> 52 to 61

nickel, cobalt, and high-temperature alloys having chemicaion by the Silver Reduction Titrimetric Method (1.0 to 50.0 %)? 127 to 134

compositions within the following limits: Me;nggr;/e)sze by the Metaperiodate Photometric Method (0.05 to 61017
) .00 % 0
_ Element Concentration Range, % Molybdenum by the lon Exchange—8-Hydroxyquinoline Gravi-
Aluminum 0.005to 7.00 metric Method (1.5 to 30 %)? 119 to 126
Beryllium 0.001to 0.05 Molybdenum by the Photometric Method (0.01 to 1.50 %)? 88 to 99
Boron 0.001 to 1.00 Nickel by the Dimethylglyoxime Gravimetric Method (0.1 to
Calcium 0.002 to 0.05 84.0 %)? 70 to 77
Carbon 0.001to 1.10 Niobium by the lon Exchange—Cupferron Gravimetric Method
Chromium 0.10 to 33.00 (0.5 to 6.0 %) 135 to 142
Cobalt 0.10 to 75.00 Silicon by the Gravimetric Method (0.05 to 5.00 %)? 27 to0 33
Copper 0.01 to 35.00 Sulfur by the Combustion-lodate Titration Method (0.006 to
Iron 0.01 to 50.00 0.1 %)2 18 to 26
Lead 0.001to 0.01 Tantalum by the lon Exchange—Pyrogallol Spectrophotometric
Magnesium 0.001to 0.05 Method (0.03 to 1.0%) 143 to 151
Manganese 001 to 3.0 Tin by the Solvent Extraction-Atomic Absorption Method (0.002
Molybdenum 0.01 to 30.0 to 0.10 %) 78 to 87
Niobium (Columbium) 0.01 to 6.0 . .
Nickel 0.10 to 98.0 1.3 Methods for the determination of several elements not
gﬁéi%ilms 8-882 ;g g-gg included in these test methods can be found in Test Methods
Sulfur 0.002t0 0.10 E 30, E 76, and E 1019. _ _ _
Silicon 0.01 to 5.00 1.4 Some of the concentration ranges given in 1.1 are too
E;“ta'”m 8-883 h é"l)g broad to be covered by a single method, and therefore, these
Titanium 001 to 5.00 test methods contain multiple methods for some elemer_1ts. The
Tungsten 0.01 to 18.00 user must select the proper test method by matching the
\Z’f:lad'“m 8-8(1)1 o 3-5? information given in the scope and interference sections of
Zirconium 001 to 250 each test method with the composition of the alloy to be
. . . .. analyzed.
1.2 The test methods in this standard are contained in the Y

1.5 The values stated in Sl units are to be regarded as

sections indicated as follows: standard. In some cases, exceptions allowed in Practice E 380

Sections are also used.
Aluminum, Total by the 8-Quinolinol Gravimetric Method (0.20 to 1.6 This standard does not purport to address all of the
h7-00 %)2b ) . hod ( - 62 to 69 safety concerns, if any, associated with its use. It is the
Chromium by the Atomic Absorption Method (0.018 to 1.00 % 100 to 109 e . . _
Chromium by the Peroxydisulfate Oxidation—Titration Method re§p0n3|bll|ty of the user of thIS standard to e_Stab“Sh appro
(0.10 to 33.00 %)? 110 to 118 priate safety and health practices and determine the applica-
Cobalt by the lon-Exchange-Potentiometric Titration Method (2 to bi|ity of regulatory limitations prior to useSpecific hazard

2 . . . . . .
75 %) 34104l statements are given in Section 7 and in special caution and

warning paragraphs throughout these test methods.
1 These test methods are under the jurisdiction of ASTM Committee EO1 on
Analytical Chemistry for Metals, Ores, and Related Material and are the direct
responsibility of Subcommittee E01.08 on Ni and Co and High Temperature Alloys

Current edition approved October 1, 2003. Published October 2003. Originally 2 These test methods were extracted from Test Methods E 354 and the references
approved in 1992. Last previous edition approved in 1998 as E 1473 — 94 (1998)0 Test Methods E 350, E 351, E 352, and E 353 contained therein.
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2. Referenced Documents mittee B-2 on Nonferrous Metals and Alloys. It is assumed that
2.1 ASTM Standards: all who use these test methods will be trained analysts capable
D 1193 Specification for Reagent Water of perfor_ming common Iaborato_ry procedures s_kiIIfuIIy and
E 29 Practice for Using Significant Digits in Test Data to Safely. Itis expected that work will be performed in a properly

Determine Conformance with Specificatiéns equipped laboratory under appropriate quality control practices
E 30 Test Methods for Chemical Analysis of Steel, CastSuch as those described in Guide E 882.
Iron, Open-Hearth Iron, and Wrought Ifon 4. Apparatus, Reagents, and Instrumental Practice

E 50 Practices for Apparatus, Reagents, and Safety Precau—4 1A tus—Specialized i . ¢
tions for Chemical Analysis of Metdls .1 Apparatus—Specialized apparatus requirements are

E 59 Practice for Sampling Steel and Iron for DeterminationIISted in the Apparatus section in each test method. In some
of Chemical Compositich cases, reference may be made to Practices E 50.

. . . 4.2 Reagents
E 60 Practice for Photometric and Spectrophotometric . o
Methods for Chemical Analysis of Met&ls 4.2.1 Purity of Reagents-Unless otherwise indicated, all

. : el reagents used in these test methods shall conform to the
Epjﬁ)yz(?t Methods for Chemical Analysis of Nickel COpperspecifications of the Committee on Analytical Reagents of the

E 173 Practice for Conducting Interlaboratory Studies 01American Chemical Society where such specifications areav-
Methods for Chemical Analysis of Met&ls ailable® Other chemicals may be used, provided it is first

E 350 Test Methods for Chemical Analysis of Carbon Steelasc_ertaineq that they are of sufﬁ_ciently high purity to permit
Low-Alloy Steel, Silicon Electrical Steel, Ingot Iron, and their use without adversely affecting the expected performance

Wrought Iror? of the determination, as indicated in the Precision and Bias

E 351 Test Methods for Chemical Analysis of Iron—Section.
:’I?Typ:zé ethods for Chemical Analysis of Cast Iron 4.2.2 Purity of Water—Unless otherwise indicated, refer-

E 352 Test Methods for Chemical Analysis of Tool Steels€NCES to water shall be understood to mean reagent water as
and Other Similar Medium- and High-Alloy Stegls defined by Type .“ of Spgmflcanon D 1.193‘ . .

E 353 Test Methods for Chemical Analysis of Stainless, 4.3 Photometric Practice-Photometric practice prescribed
Heat-Resisting, Maraging, and Other Similar Chromium-I" these test methods shall conform to Practice E 60.
Nickel-Iron Alloys® 5. Sampling

E_I?’54 Test MeEtlhods_ f:)rMChemicaI 'g‘rgIKSiSS.Of.I Hilgh- 5.1 For procedures for sampling the material, reference
N?&Ziar:mr%obgﬁtxl?)ﬁ agnetic, and Other Similar Iron,gp 5| he made to Method E 59.

E 380 Practice for Use of the International System of Units6. Interlaboratory Studies and Rounding Calculated

(SI) (the Modernized Metric Systefh) Values
E 882 Guide for Accountability and Quality Control inthe 6.1 These test methods have been evaluated using Practice
Chemical Analysis Laboratofy E 173 or ISO 5725.

E 1019 Test Methods for Determination of Carbon, Sulfur, 62 Round calculated values to the desired number of places
Nitrogen, and Oxygen in Steel and in Iron, Nickel, and a5 directed in 3.4 to 3.6 of Practice E 29.
Cobalt Alloy$

E 1024 Guide for Chemical Analysis of Metals and Metal 7- Hazards
Bearing Ores by Flame Atomic Absorption Spectropho- 7.1 For precautions to be observed in the use of certain
tometny? reagents and equipment in these test methods, refer to Practices

E 1097 Guide for Direct Current Plasma Emission SpecE 50.
trometry Analysi§

2.2 Other Document:

ISO 5725 Precision of Test Methods—Determination of
Repeatability and Reproducibility for Inter-Laboratory 8. Scope

Tests 8.1 This test method covers the determination of manganese
3. Significance and Use in concentrations from 0.05 to 2.00 %.

MANGANESE BY THE METAPERIODATE
PHOTOMETRIC METHOD

3.1 These test methods for the chemical analysis of metal8. Summary of Test Method
and alloys are primarily intended as referee methods to test g ¢ Manganous ions are oxidized to permanganate ions by

such materials for compliance with compositional specificayeatment with periodate. Tungsten when present at concentra-
tions, particularly those under the jurisdiction of ASTM Com- 45 greater than 0.5 % is kept in solution with phosphoric

2 Annual Book of ASTM Standardéol 11.01. 8 Reagent Chemicals, American Chemical Society Specificatémerican

4 Annual Book of ASTM Standardgol 14.02. Chemical Society, Washington, DC. For suggestions on the testing of reagents not

5 Annual Book of ASTM Standardéol 03.05. listed by the American Chemical Society, s@ealar Standards for Laboratory

¢ Annual Book of ASTM Standardgol 03.06. Chemicals BDH Ltd., Poole, Dorset, U.K., and th@nited 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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acid. Solutions of the samples are fumed with perchloric acidor 20 to 30 min, and cool. Use this water to dilute solutions to
so that the effect of periodate is limited to the oxidation ofvolume that have been treated with KlGolution to oxidize
manganese. Photometric measurements are made at 545 nmanganese, and thus avoid reduction of permanganate ions by
} any reducing agents in the untreated wa@aution—Avoid
10. Concentration Range the use of this water for other purposes.
10.1 The recommended concentration range is from 0.15 to
0.8 mg of manganese per 50 mL of solution, using a 1-cm cell4. Preparation of Calibration Curve
(Note 1) and a spectrophotometer with a band width of 10 nm 14.1 Calibration Solutions-Using pipets, transfer 5, 10,
or less. 15, 20, and 25 mL of manganese standard solution (1
Note 1—This test method has been written for cells having a 1-cmmL =0.032 m_g Mn) to 50'm|,‘ borosilicate g!ass volumetric
light path and a “narrow-band” instrument. The concentration rangdlasks, and, if necessary, dilute to approximately 25 mL.
depends upon band width and spectral region used as well as cell opticRroceed as directed in 14.3.
path length. Cells having other dimensions may be used, provided suitable 14.2 Reference SolutieaTransfer approximately 25 mL of
adjustments can be made in the amounts of sample and reagents useduater to a 50-mL borosilicate glass volumetric flask. Proceed
- as directed in 14.3
11. Stability of Cglor 14.3 Color Development-Add 10 mL of KIO, solution,
11.1 The color is stable for at least 24 h. and heat the solutions at not less than 90°C for 20 to 30 min

12, Interferences (Note 2). Cool, dilute to volume with pretreated water, and
' mix.

12.1 Perchloric acid treatment, which is used in the proce-
dure, yields solutions which can be highly colored due to the Note 2—Immersing the flasks in a boiling water bath is a preferred
presence of Cr (V1) ions. Although these ions and other Coloregear;s of heating them for the specified period to ensure complete color
ions in the sample solution undergo no further change in color '° opment.
quality upon treatment with metaperiodate ion, the following 14.4 Photometry
precautions must be observed when filter photometers are used:14-4.1 Multiple-Cell Photometer-Measure the cell correc-
Select a filter with maximum transmittance between 545 andion using the Reference Solution (14.2) in absorption cells
565 nm. The filter must transmit not more than 5% of itsWith @ 1-cm light path and using a light band centered at
maximum at a wavelength shorter than 530 nm. The ban@ppr_oxmately 545 nm. Using the test cell, take the photometric
width of the filter should be less than 30 nm when measured d€@dings of the calibration solutions versus the reference
50 % of its maximum transmittance. Similar restrictions applySolution (14.2) . _
with respect to the wavelength region employed when other* 14.4.2 Single-Cell PhotometeFTransfer a su¢ab|e portion
wide-band” instruments are used. of the reference solution (14.2) to an absorption cell with a

12.2 The spectral transmittance curve of permanganate iorsCM light path and adjust the photometer to the initial setting,
exhibits two useful minima, one at approximately 526 nm, and'Sing & light band centered at approximately 545 nm. While
the other at 545 nm. The latter is recommended when #aintaining this adjustment, take the photometric readings of
“narrow-band” spectrophotometer is used. the calibration solutions. . _

12.3 Tungsten, when present in amounts of more than 0.5 % 14.5 Calibration Curve—Plot the net photometric readings
interferes by producing a turbidity in the final solution. A Of the calibration solutions against milligrams of manganese
special procedure is provided for use with samples containin§€r 50 mL of solution.
more than 0.5 % tungsten which eliminates the problem by,

preventing the precipitation of the tungsten. 15. Procedure
15.1 Test Solutions-Select and weigh a sample in accor-

13. Reagents dance with the following:

13.1 Manganese, Standard Solutioft mL =0.032 mg Tolerance in o
Mn)—Transfer the equivalent of 0.4000 g of assayed, high- Manganese. oample Sample Dilution,

4 . .. % eight, g Weight, mg mL

purity manganese (purity: 99.99 % minimum), to a 500-mL o110 05 0.80 05 100
volumetric flask and dissolve in 20 mL of HNGy heating. 04510 1.0 0.35 03 100
Cool, dilute to volume, and mix. Using a pipet, transfer 20 mL 985t 20 0.80 05 500
to a 500-mL volumetric flask, dilute to volume, and mix. 15.1.1 For Samples Containing Not More Than 0.5 %

13.2 Nitric-Phosphoric Acid Mixture-Cautiously, while  Tungsten
stirring, add 100 mL of HN@and 400 mL of HPQ, to 400 15.1.1.1 To dissolve samples that do not require HF, add 8
mL of water. Cool, dilute to 1 L, and mix. Prepare fresh asto 10 mL of HCI (1 + 1), and heat. Add HNCas needed to
needed. hasten dissolution, and then add 3 to 4 mL in excess. When

13.3 Potassium Metaperiodate Solutiof7.5 g/L)—  dissolution is complete, cool, then add 10 mL of HGIO
Dissolve 7.5 g of potassium metaperiodate (RI@ 200 mL  evaporate to fumes to oxidize chromium, if present, and to
of hot HNO,(1 + 1), add 400 mL of HPQ,, cool, diluteto 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
KlO, solution to 1 L of water, mix, heat at not less than 90°Cflask. Proceed to 15.1.3.
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15.1.1.2 For samples whose dissolution is hastened by HBplutions versus the respective reagent blank reference solu-
add 8 to 10 mL of HCI (1 + 1), and heat. Add HN@nd a few tions as directed in 14.4
drops of HF as needed to hasten dissolution, and then add 3 to
4 mL of HNO;. When dissolution is complete, cool, then add 16. Calculation

10 mL of HCIG,, evaporate to fumes to oxidize chromium, if 161 Convert the net photometric reading of the test solution
present, and to expel HCI. Continue fuming until salts begin toand of the background color solution to milligrams of manga-

separate. Cool, add 50 mL of water, digest if necessary t@ese by means of the calibration curve. Calculate the percent of
dissolve the salts, cool, and transfer the solution to either a 10§,anganese as follows:

or 500-mL volumetric flask as indicated in 15.1.5. Proceed to

15.1.3. Manganese, % (A — B)/(C X 10) Q)
15.1.2 For Samples Containing More Than 0.5 % Tungsten where:
15.1.2.1 To dissolve samples that do not require HF, add 88 = manganese found in 50 mL of the final test solution,
to 10 mL of H;P0O,, 10 mL of HCIQ,, 5 to 6 mL of H,SO,, and mg., ) ]
3 to 4 mL of HNO, 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 . )
solution to either a 100 or 500-mL volumetric flask as directed! /- 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 HF€St method and obtained the data summarized in Table 1.
Add 8 to 10 mL of HPQ,, 10 mL of HCIO,, 5 to 6 mL of 17.2 Bias—No information on the accuracy of this test
H,SO, 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 fgdged 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 ofeSting.

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

and discard the first 15 to 20 mL of the filtrate, before taking 18.1 Thi.s test method covers the determination of sulfur in
aliquots. concentrations from 0.006 to 0.1 %.

15.1.3 Using a pipet, transfer 20-mL aliquots to two 50-mL

borosilicate glass volumetric flasks; treat one as directed irt2- Summary of Test Method

15.3 and the other as directed in 15.4.1. 19.1 A major part of the sulfur in the sample is converted to
15.2 Reagent Blank SolutieaCarry a reagent blank sulfur dioxide (SQ) by combustion in a stream of oxygen.

through the entire procedure using the same amounts of dfUrng the combustion, the $As absorbed in an acidified
reagents with the sample omitted. starch-iodide solution and titrated with potassium iodate solu-

15.3 Color Development-Proceed as directed in 14.3. tion. The latter is standardized agair?st' steels of known sulfur
, 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 Solutier-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 than
90°C for 20 to 30 min (Note 2). Cool, dilute to volume (with

untreated water), and mix. TABLE 1 Statistical Information—Manganese by the
15.4.2 Reagent Blank Reference Solutiefiransfer the re- Metaperiodate Photometric Method
agent blank solution (15.2) to the same size volumetric flask as i Manganese  Repeatability  Reproducibility
: - , Test Specimen Found, %  (Ry, E173) (R E 173)
used for the test solutions and transfer the same size aliquots as_ : i v G
used for the test solutions to two 50-mL volumetric flasks.' N(ch\ﬁngaE% 27(')\‘7"322% 0.074 0.002 0.008
Treat one portion as directed in 15.3 and use as reference yigh-remperature alioy 0.289 0.007 0.026

solution for test samples. Treat the other as directed in 15.4.1 68Ni-14Cr-7A1-6Mo

; ; (NIST 1205, 0.29 Mn)
and use as reference solution for background color solutlonsgl Cobalt alloy 4100, 149 0.03 0.08

15.5 Photometry—Establish the cell corrections with the 20Ni-20Cr-4Mo-4W
reagent blank Reference solution to be used as a reference (NIST 168, 1.50 Mn)

lution for background color solutions. Take the photometric S Steel 18Croni - 179 007 007
solu g : p (NIST 101e, 1.77 Mn)

readings of the background color solutions and the test
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20. Interferences when a different lot of boats (or crucibles) is useg), When a

20.1 The elements ordinarily present do not interfere if theirdifferent lot of accelerator is usedi)(when a different cylinder

concentrations are under the maximum limits shown in 1.1. Of oxygen is used,§) when the system has not been in use for
1 h, or less tha 1 h if the oxygen flow rate has not been

21. Apparatus maintained during that periodg)when the system has been in
21.1 Apparatus for Determination of Sulfur by Direct use continuously for 8 h,7§f when the operating temperature
Combustior-Apparatus No. 13 in Practices E 50. has been changed, arf) (vhen a change in sample weight as

indicated in 24.1.3 is required.
22. Reagents
22.1 Copper (Low-Sulfur) AcceleraterRectangular strips 24. Procedure
for combustion boats used with a resistance furnace, or rings
for crucibles used with an induction furnace.
22.2 Iron (Low-Sulfur) AcceleraterIron chips or iron N
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 (KIQ) in 900 mL of water containig 1 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 Solution-BApproximate €SS 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 KIO Standard Solution from the buret until the intensity of the blue

Standard Solution A (Approximate sulfur equivalent = 0.1 mgcolor 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- 24 1 3 Select and weigh a sample in accordance with the
sion of sulfur to S@; this is a phenomenon that seldom, if ever, occurs'following'

24.1 Combustion with Resistance Furnace
24.1.1 Adjust the temperature of the furnace to 1400 to

22.5 Starch-lodide Solution-Transfe 9 g of soluble (or Tolerance 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 Q005 0 0.10 1.000 1.0
. L 0.10 to 0.25 0.500 0.5
slowly into 500 mL of boiling water. Cool, add 15 g of 0.25 10 0.60 0.250 05
potassium iodide (Kl), and stir until the Kl is dissolved. Dilute . )
to0 1 L. Transfer the sample to a preignited combustion boat and

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
23.1 Select a minimum of three standards (Note 6), two witrcover on the boat and introduce it into the center of the
sulfur contents near the high and low limits of the range for acombustion zone. Close the tube and allow the sample to heat
given sample weight (24.1.3) and also one near the mediaifor 1.5 min. Start the flow of oxygen at the rate used in 24.1.2.

The median standard may be simulated, if necessary, by taking 24.1.5 Titrate the evolved S@ontinuously with the appro-
one half the sample weight of each of the other two. priate KIO; Standard Solution at such a rate as to maintain as

Note 4—The accuracy of this test method is dependent to a large exterEearl.y as hpOS%ISIble fthe Inltlalflntircl)SIty_ of the dbluhe %Olor'
upon the accuracy of the methods used to certify the sulfur concentratio Om,'nue the flow o oxyggr)_ or ,mln’ rec_or t, e buret
in the calibration standards. reading, and subtract the initial reading obtained in 24.1.2.

23.2 For sulfur concentrations greater than 0.02 % us%KIODram the absorption vessel. If the net vqlume difiers by more
than a factor of three from that required for the sample

Standard Solution A. For sulfur concentrations less than " . .
0.02 % use KIQ Standard Solution B. previously analyzed, disregard the result and repeat the analy-

23.3 Select the standard with the lowest sulfur concentratioﬁIS a sufficient number of times to stabilize the system before

and make several determinations as directed in 24.1 or 24&roceed|ng as directed in 23.1.

until the system is stabilized as shown by reproducible titra- 24-2 Combustion with Induction Furnace
tions. 24.2.1 Turn on the power of the induction furnace and allow

23.4 Continue with multiple portions of each additional the electronic circuit to heat to operating temperature. Depress
standard, as directed in 24.1 or 24.2, running the standards [R€ Starting button until the ammeter indicates that the current
ascending order of sulfur concentration. is flowing through the induction coil.

23.5 Prepare a calibration curve by plotting the percentage 24.2.2 Proceed as directed in 24.1.2.
of sulfur in each standard against the average of the millilitres 24.2.3 Proceed as directed in 24.1.3 substituting a crucible
of KO, Standard Solution (or apparent percentage of sulfur fofor the combustion boat.

“direct-reading” burets). Prepare a separate calibration curve 24.2.4 Add 0.5 g of iron accelerator, 1.0 g of tin, and
for each sample weight/sulfur range (24.1.3). approximately 0.5 g of copper accelerator. Place a preignited

23.6 Repeat the calibrationi)(when another KIQ Stan-  cover on the crucible and introduce it into the center of the
dard Solution or another starch-iodide solution is us&l, ( combustion zone. Close the tube, start the flow of oxygen at the

22.6 Tin (Low-Sulfur) Acceleratgrgranular.
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rate used in 24.2.2, turn on the power, and increase it to the TABLE 3 Statistical Information—Silicon
maximum at such a rate that spattering of the molten sample is Silicon o bl ducibil
. Test Specimen Found epeatability  Reproducibility
avoided. v (RuE1T9) (R,, E 173)
. . . . 0
24.2.5 Proceed as directed in 24.1.5, but discontinue the HCIO, Dehydration
flow of oxygen after 4 to 5 min or when the titration is 1. Ni-base alloy 75Ni- 0.029 0.006 0.026
complete. Turn off the power to the induction coil. 12Cr-6Al-4M0-2Cb-0.7Ti :
H,SO, Dehydration
. 1. Ni-base alloy 75Ni- 0.030 0.007 0.030
25. Calculation 12Cr-6A1-4Mo-2Cb-0.7Ti
25.1 Read the percentage of sulfur in the sample from thé nggsjvs”fé'gfco' 101 0.03 0.06

appropriate curve plotted as directed in 23.5.

26. Precision and Bias

26.1 Although samples covered by this test method witfjudged by comparing accepted reference values with the
appropriate sulfur concentrations for evaluation of the testorresponding arithmetic average obtained by interlaboratory
method were not available, the precision data summarized itesting.

45.1 of Test Methods E 353 should apply.

26.2 Twenty-two laboratories cooperated in testing this test SILICON BY THE GRAVIMETRIC METHOD
method; six used resistance furnaces and reported eight sets of
values (Note 5); sixteen used induction furnaces (Note 6). The®7. Scope
obtained the data summarized in Table 2 for Material 7. 27.1 This test method covers the determination of silicon in
Although samples covered by this test method with sulfurconcentrations from 0.05 to 5.00 % in alloys containing not
concentration near the lower limit of the scope were notmore than 0.1 % boron.
available for testing, the precision data obtained using the test
methods indicated in Table 2 should apply. None was availableg. Summary of Test Method

to permit a test near the upper limit of the scope. 28.1 After dissolution of the sample, silicic acid is dehy-
Note 5—The recovery of sulfur as S@anged from 72 to 97 % with drated by fuming with sulfuric or perChloriC acid. The solution

an average value of 83 % based on calibration standards designated is filtered, and the impure silica is ignited and weighted. The

andd in Table 3. silica is then volatilized with hydrofluoric acid. The residue is

Note 6—The recovery of sulfur as S@anged from 80 to 96 % with  jgnjted and weighed; the loss in weight represents silica.
an average value of 88 % based on calibration standards designated

andd in Table 3.

26.3 Bias—No information on the accuracy of this test
method is known. The accuracy of this test method may b%

29. Interferences

29.1 The elements normally present do not interfere. When
oron is present in amounts greater than 0.1 %, the sample
solution requires special treatment with methyl alcolt@dy-

148LE S ihtisicah infRImaionmd vty tion: See Practices E 50) prior to acid dehydration. However,

Test Material F'Souu';”dr Repeatability ~ Reproducibility since no boron steels were tested, this special treatment was not
% ' (Ry, E173%) (R,, E 173%) evaluated.

Induction Furnace

30. Reagents

1. No. 1, E 352 0.0062 0.0016 0.0032 ) )

2. No. 2, E 352 0.0088 0.0013 0.0044 30.1 The analyst should make certain by analyzing blanks
i- EO- i' Eggg g-gigz g-ggig g-gggi and other checks that possible silicon contamination of re-
. 0. 4, . . . . - e .

5. No. 6 E 350 0.032¢ 0.0032 0.0049 agents will not significantly bias the results.

6. No. 7, E 350 0.141° 0.0066 0.0126 30.2 Perchloric Acid

7. Stainless steel 13Cr-0.3Vo  0.286° 0.0135 0.0201 30.2.1 Select a lot of HCIQthat contains not more than

(NIST 133a, 0.329S + NBS

10g, 0.109S: 0.2865) 0.0002 % silicon for the analysis of samples containing silicon

in the range from 0.02 to 0.10 % and not more than 0.0004 %
silicon for samples containing more than 0.10 % by determin-

Resistance Furnace

1. No. 1, E 352 0.0062 0.0014 0.0024 : . T . .
2. No. 2. E 352 0.0097 0.0007 0.0020 ing duplicate values for silicon as directed in 30.2.2 through
3. No. 3, E 350 0.0148 0.0014 0.0025 30.2.7.
4. No. 4, E 350 0.015% 0.0017 0.0029 30.2.2 Transfer 15 mL of HCIgNote 7) to each of two
> NS ESS 0.0327 0.0028 0.0041 400-mL beakers. To one of the beakers transfer an additional
6. No. 7, E 350 0.140° 0.0074 0.0111 SRR ) dait
7. Stainless steel 13Cr-0.3Mo 0.2885 0.0123 0.0206 50 mL of HCIO,. Using a pipet, transfer 20 mL of N&iO;
(NIST 133a, 0.329S + NBS solution (1 mL = 1.00 mg Si) to each of the beakers. Evaporate

10g, 0.109S: 0.286S)

the solutions to fumes and heat for 15 to 20 min at such a rate

AThis test method was performed in accordance with the 1980 version of :
Practice E 173 that HCIQ, refluxes on the sides of the beakers. Cool suffi

BCalibration standards: See Footnote?, Table 5, Test Methods E 350. ciently, and add 100 mL of water (40 to 50°C).

CCalibration standards: See Footnote®, Table 5, Test Methods E 350. .

Dcalibration standards: See Footnote€, Table 5, Test Methods E 350. Note 7—The 15-mL addition of HCIQ came from the same lot as the
Ecalibration standards: See Footnote?, Table 5, Test Methods E 350. one to be tested. Once a lot has been established as having less than
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0.0002 % silicon, it should preferably be used for the 15-mL addition in  31.4.1 Add amounts of HCI or HN{ or mixtures and
all subsequent tests of other lots of acid. dilutions of these acids, that are sufficient to dissolve the
30.2.3 Add paper pulp and filter immediately, using low-ashsample; and then add the,50,(1 + 4) as specified in 30.1,
11-cm medium-porosity filter papers. Transfer the precipitategnd cover. Heat until dissolution is complete. Remove and
to the papers, and scrub the beakers thoroughly with &nse the cover glass; substitute a ribbed cover glass.
rubber-tipped rod. Wash the papers and precipitates alternately31.4.2 Evaporate until salts begin to separate; at this point
with 3 to 5-mL portions of hot HCI (1 + 19) and hot water, for evaporate the solution rapidly to the first appearance of fumes
a total of 6 times. Finally wash the papers twice with and fume strongly for 2 to 3 min. Cool sufficiently, and add 100
H,SO,(1 + 49). Transfer the papers to platinum crucibles.  mL of water (40 to 50°C). Stir to dissolve the salts and heat, if
30.2.4 Dry the papers and heat at 600°C until the carbon isecessary, but do not boil. Proceed immediately as directed in
removed. Finally ignite at 1100 to 1150°C or to constant31.6.
weight (at least 30 min). Cool in a desiccator and weigh. 31.5 Perchloric Acid Dehydration
30.2.5 Add enough 80,(1 + 1) to moisten the Si9 and 31.5.1 Add amounts of HCI or HNO or mixtures and
add 3 to 5 mL of HF. Evaporate to dryness and then heat at dilutions of these acids, which are sufficient to dissolve the
gradually increasing rate untilJ30, is removed. Ignite for 15 sample, and cover. Heat until dissolution is complete. Add
min at 1100 to 1150°C, cool in a desiccator, and weigh. HNO; to provide a total of 35 to 40 mL, followed by HCl@s
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 HCJ®@efluxes on the sides of the
A = initial weight of crucible plus impure SiOwhen 65  container. Cool sufficiently and add 100 mL of water (40 to
mL of H_CIO4 was t_aken, g, N 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, . 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
b = mggwfgg glgﬁc'gle plus impurities when 15 mL of 17 cm medium-porosity filter paper. Collect the filtrate in a
4 ’ ) v ..
E = nominal weight (80 g) of 50 mL of HCIQ 600-mL beaker. Transfer the precipitate to the paper, and scrub

the container thoroughly with a rubber-tipped rod. Wash the
paper and precipitate alternately with 3 to 5-mL portions of hot
: . : HCI (1 + 19) and hot water until iron salts are removed but for
water and dissolve the salt. Filter through a medium PAPEL, ot more than a total of ten washings. If 31.3 was followed,

collecting the filtrate in a 1-L volumetric flask, dilute to wash the paper twice more with,HO,(L + 49), but do not

VO'U'T‘e- and mix. Store in a pquethylene bottle., Use thIScollect these washings in the filtrate; discard the washings.
solution to determine the suitability of the HGJO

i X ] . Transfer the paper to a platinum crucible and reserve.
¢ ?:04 Tar.téanc:%d S.olut|c:n(2%..|6 tg/ Ij[)_lDL'SSOhéef.ﬁo'G g of 31.7 Add 15 mL of HNQ to the filtrate, stir, and evaporate
arggrg:\;a\llmt (Quﬁ 6]2 n f\ll\lla eré n Z 'IE) o ilan tel ﬁr' to as directed either in 31.2 or 31.3, depending upon the dehy-
- Waler—Use Ireshly prepared 1ype I water known 1c drating acid used. Filter immediately, using a low-ash 9-cm
be free of silicon. Water distilled from glass, demineralized in

columns containing silicon compounds. or stored for e tende(%,Oo-porosity filter paper, and wash as directed in 50.4.
u ) Ining stlicon compounds, X 31.8 Transfer the paper and precipitate to the reserved
periods in glass, or combination thereof, has been known t

ok i Blatinum crucible. Dry the papers and then heat the crucible at
pick up sticon. 600°C until the carbon is removed. Finally ignite at 1100 to
1150°C to constant weight (at least 30 min). Cool in a
) ) ) desiccator and weigh.
31.1 Select and weigh a sample in accordance with the 371 9 aAqq enough EBO,(1 + 1) to moisten the impure SiO

30.3 Sodium Silicate SolutierTransfer 11.0 g of sodium
silicate (NgSiO5-9H,0) to a 400-mL beaker. Add 150 mL of

31. Procedure

following: and add 3 to 5 mL of HF. Evaporate to dryness and then heat
Sample Iflsear?:;li HD;Ohydfa“”Q Acid, mL at a gradually increasing rate untilL8iO, is removed. Ignite at
silicon, %  Weight, g Weight, mg (1+4) HCIo, 1100 to 1150°C for 15 min, if the sample contains more than
0.05 to 0.10 5.0 5 150 75 0.5 % tungsten, ignite at 750°C instead of 1100 to 1150°C after
01010 1.0 40 4 100 60 volatilization of SiQ,, cool in a desiccator, and weigh.
1.0to 2.0 3.0 3 100 50
2.0t05.0 2.0 2 100 40

Transfer it to a 400-mL beaker or a 300-mL porcelain32' Calculation

casserole. Proceed as directed in 31.2 or 31.3. 32.1 Calculate the percent of silicon as follows:
31.2 Proceed as directed in 31.4 if tungsten is greater than Silicon, % = [((A — B) X 0.4674/C] X 100 (3)
0.5 %.
31.3 Proceed as directed in 31.2 or 31.5 if tungsten is les§Vhere:
than 0.5 %. g
31.4 Sulfuric Acid Dehydration

initial weight of crucible and impure SiQg,
final weight of crucible and residue, g, and
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C = sample used, g. slurry of the resin and pour it onto the screen. Wash the fine
beads through the screen, using a small stream of water.
33. Precision and Bias Discard the beads retained on the screen, periodically, if

33.1 Eleven laboratories cooperated in testing this tesecessary, to avoid undue clogging of the openings. When the
method and obtained the data summarized in Table 3. Asamppylk of the collected resin has settled, decant the water and
with silicon concentration near the upper limit of the scope wadransfer approximately 100 mL of resin to a 400-mL beaker.
not available for testing. Add 200 mL of HCI (1 + 19), stir vigorously, allow the resin to

33.2 Bias—No information on the bias of this test method is Settle for 4 to 6 min, decant 150 to 175 mL of the suspension,
known. The bias of this test method may be judged byand discard. Repeat the treatment with HCI (1 +19) twice
comparing accepted reference values with the correspondirf§ore. and reserve the coarser resin for the column preparation.

arithmetic average obtained by interlaboratory testing. 38.3.2 Prepare the column as follows: Place a 10 to 20-mm
layer of glass wool or poly(vinyl chloride) plastic fiber in the
COBALT BY THE ION-EXCHANGE- bottom of the column, and add a sufficient amount of the
POTENTIOMETRIC prepared resin to fill the column to a height of approximately
TITRATION METHOD 140 mm. Place a 20-mm layer of glass wool or poly(vinyl
chloride) plastic fiber at the top of the resin bed to protect it
34. Scope from being carried into suspension when the solutions are
34.1 This test method covers the determination of cobalt iradded. While passing a minimum of 35 mL of HCI (7 + 5)
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 seletsed and then close the lower stopcock.
tive elution from an anion-exchange column using hydrochlo- i - .
. . . L . - Note 8—The maximum limits of 0.125 g of cobalt and 0.500 g in the
e .aCId' .The cobalt is oxidized .to th.e tr.lval.em state W't_h 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 Solutidfh

36. Interferences mL = 3.0 mg of Co):

36.1 The elements ordinarily present do not interfere if tneir 38.4.1 Dissolve 16.68 g of potassium ferricyanide

concentrations are under the maximum limits shown in 1.1. (KsFe€(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
37.1 lon-Exchange Columrapproximately 25 mm in diam- ML of K3Fe(CN); solution to a 400-mL beaker. Record the
eter and 300 mm long, tapered at one end, and provided witAuret reading to the nearest 0.01 mL. Add 25 mL of water, 10

a stopcock to control the flow rate, and a second, lowefL of ammonium citrate solution, and 25 mL of N&H. Cool
stopcock to stop the flow. Apparatus No. 8 may be adapted tf9 5 to 10°C, and maintain this temperature during the titration.
this test method. A reservoir for the eluants may be added at thEransfer the beaker to the potentiometric titration apparatus.

top of the column. While stirring, titrate the KFe(CN); with the cobalt solution (1
37.2 Apparatus No. 3Bwith a platinum and a saturated mL = 1.5 mg Co) using a 50-mL buret. Titrate at a fairly rapid
calomel electrode. 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 Solutiot200 g/L)—Dissolve 200 quilibrium is reached. Estimatel the burelt reading at the end
g of di-ammonium hydrogen citrate in water and dilute to 1 L.POint to the nearest 0.01 mL by interpolation.

38.2 Cobalt, Standard Solutiofl 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:

38.3.1 Use an anion exchange resin of the alkyl quaternaryVhere:
ammonium type (chloride form) consisting of spherical beads
having a nominal crosslinkage of 8 %, and 200 to 400 nominal
mesh size. To remove those beads greater than about 180 um
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—Duplicate or triplicate values should be obtained for the
water, and allow sufficient time (at least 30 min) for the beadsrobalt equivalent. The values obtained should check within 1 to 2 parts per
to undergo maximum swelling. Place a No. 80 (180-pm)thousand.
screen, 150 mm in diameter over a 2-L beaker. Prepare a th'@9 p

. Procedure

cobalt standard solution required to titrate the potas-
sium ferricyanide solution, mL,

cobalt standard solution, mg/mL, and

potassium ferricyanide solution, mL.

[ 39.1 Transfer 0.50-g samples for cobalt concentrations not
° Available from the Dow Chemical Co., Midland, MI. greater than 25 %; at higher concentrations use samples that
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represent between 100 and 125 mg of cobalt and weighed to 5 to 10°C. Transfer the beaker to the potentiometric titration
the nearest 0.1 mg. Transfer all of the sample to a 150-mlapparatus and maintain the 5 to 10°C temperature during the
beaker. Add 20 mL of a mixture of 5 parts of HCIl and 1 parttitration.

of HNO;(Note 10). Cover the beaker and digest at 60 to 70°C 39.6 While stirring, add the sample solution to the solution
until the sample is decomposed. Rinse and remove the covéfom 39.5, rinse the beaker with water, and add the rinsings to
Place a ribbed cover glass on the beaker and evaporate tkife solution (Note 12). Using a 50-mL buret, titrate the excess
solution nearly to dryness, but do not bake. Cool, add 20 mL oK ,Fe(CN) with the cobalt solution (1 mL = 1.5 mg Co), at a
HCI (7 + 5), and digest at 60 to 70°C until salts are dissolvedairly rapid rate until the end point is approached, and then add
(approximately 10 min). the titrant in 1-drop increments through the end point. After the
addition of each increment, record the buret reading and
voltage when equilibrium is reached. Estimate the buret
reading at the end point to the nearest 0.01 mL by interpolation.

Note 10—Other ratios and concentrations of acids, with or without the
addition of 1 to 2 mL of HF, are used for the decomposition of special
grades of alloys.

Some alloys are decomposed more readily by a mixture of 5 mL of Nore 12 For a successful titration, the sample solution must be added
bromine, 15 mL of HCI, and 1 to 2 drops of HF. to the excess Fe(CN), solution.

39.2 Cool to room temperature and transfer the solution to
the ion-exchange column. Place a beaker under the column aﬁl&)'
open the lower stopcock. When the solution reaches a level 10 40.1 Calculate the percent of cobalt as follows:
to 20 mm above the resin bed, rinse the original beaker with 5 Cobalt, %= [(AB — CD)/E] X 100 ©)
to 6 mL of HCI (7 + 5) and transfer the rinsings to the column.
Repeat this at 2-min intervals until the beaker has been rinseavhere:
four times. Wash the upper part of the column with HCI A = standard potassium ferricyanide solution, mL,

(7 + 5) 2 or 3 times and allow the level to drop to 10 to 20 mm B cpbalt eqqlvalent of the standard potassium ferricya-

above the resin bed each time. Maintain the flow rate at not nide solution, ,

more than 3.0 mL/min and add HCI (7 4919 fhe olymn D ggggletnstﬁggﬁrgf?:c())lllajglct)g’tamnlc_i’ard solution, mg/mL, and

until a total of 175 to 185 mL of solution (sample solution and sample used, mg » Mg/me,

washings) containing mainly chromium, manganese, andE ' '

nickel is collected (Note 11). When the solution in the column

reaches a level 10 to 20 mm above the resin bed, discard the”

eluate and then use a 400-mL beaker for the collection of the 41.1 Ten laboratories cooperated in testing this test method

cobalt eluate. and obtained the data summarized in Table 4 for Specimens 4
through 8. Although samples covered by this test method with

Note 11—To prevent any loss of cobalt, the leading edge of the cobalgghalt concentrations near the lower limit of the scope were not
band must not be allowed to proceed any farther than 25 mm from the 4jjapje for testing, the precision data obtained for Specimens

r%, 2, and 3 using the test method indicated in Table 4 should

Calculation

Precision and Bias

bottom of the resin. Normally, when the cobalt has reached this point i
the column, the chromium, manganese, and nickel have been removed!

Elution can be stopped at this point, although the total volume coIIecte@pply'

may be less than 175 mL. 41.2 Bias—No information on the accuracy of this test

39.3 Add HCI (1 + 2)to the column and collect 165 to 175 method is known. The accuracy of this test method may be

) . o . udged by comparing accepted reference values with the
mL of the solution while maintaining the 3.0-mL/min flow rate. . . . ) .
Reserve the solution. If the samgle solution did not contai corresponding arithmetic average obtained by interlaboratory

more than 0.200 g of iron, substitute a 250-mL beaker an:sestmg.

precondition the column for the next sample as follows: Drain
the remaining solution in the column to 10 to 20 mm above the

. TABLE 4 Statistical Inf ion—Cobal
resin bed, pass 35 to 50 mL of HCI (7 + 5) through the column tatistical Information—Cobalt

. . . . Cobalt - -
until 10 to 20 mm of the solution remains above the resin bed, Test Specimen ol Repeatabiliy  Reproducibility
then close the lower stopcock. If the sample solution contained % (RuEL73) (R, E173)
more than 0.200 g of iron, or if the column is not to be usedi. no. 1, £ 352 1.86 0.05 0.12
again within 3 h, discard the resin and recharge the column & No. 2, E 352 4.82 0.08 0.11
directed in 38.3 3. No. 3, E352 8.46 0.03 0.07

T 4. High-temperature alloy 11.27 0.06 0.16
39.4 Add 30 mL of HNQ and 15 mL of HCIQ to the 20Cr-13Ni-5Mo-2W-1Cb
solution from 39.3 and evaporate to fumes of HGIOool, add > Néﬁzsffi';’ylsggglcgr 1388 0.09 018
25 to 35 mL of water, boil for 1 to 2 min, cool, and add 10 mL 6. High-temperature alloy 19.54 0.08 0.10
of ammonium citrate solution. 21Cr-20Ni-4Mo-3W
. 7. Co-base alloy 21Ni- 42.91 0.18 0.15
39.5 Using a 50-mL buret, transfer to a 400-mL beaker a 20cr-amo-5w-3ch (NBS,
sufficient volume of KFe(CN}); solution to oxidize the cobalt 167, 42.90 Co)
8, Co-base alloy 28Cr- 60.10 0.19 0.31

and to provide an excess of about 5 to 8 mL. Record the buret 7,0 5y
reading to the nearest 0.01 mL. Add 50 mL of j@®H and cool
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COBALT BY THE NITROSO-R-SALT PHOTOMETRIC 47.2 Nitroso-R Salt Solutioif7.5 g/L)—Dissolve 1.50 g of
METHOD 1-Nitroso-2-Naphthol-3,6-Disulfonic Acid Disodium Salt
(Nitroso-R Salt) in about 150 mL of water, filter, and dilute to
42. Scope 200 mL. This solution is stable for 1 week.
42.1 This test method covers the determination of cobalt in 47-3 Sodium Acetate Solutigs00 g/L)—Dissolve 500 g of
concentrations from 0.10 to 5.0 %. sodium acetate trihydrate (GEOONa-3HO) in about 600
mL of water, filter, and dilute to 1 L.
43. Summary of Test Method 47.4 Zinc Oxide Suspensigii66 g/L)—Add 10 g of finely

L . . . divided zinc oxide (ZnO) to 60 mL of water and shake
43.1 The sample solution is treated with zinc oxide tothoroughly. Prepare fresh daily as needed.

remove iron, chromium, and vanadium. Nitroso-R-salt solution
is added to a portion of the filtrate which has been buffered48 Preparation of Calibration Curve
with sodium acetate to produce an orange-colored complex ] ] ] ] )

with cobalt. The addition of nitric acid stabilizes the cobalt 48.1 Calibration Solutions-Using pipets, transfer 2, 5, 10,
complex and also destroys certain interfering complexesl®: 20, and 25 mL of Cobalt Standard Solution (1 mL = 0.06

Photometric measurement is made at approximately 520 nmMg C0) to six 100-mL volumetric flasks, dilute to volume, and
mix. Using a pipet, transfer 10 mL of each solution to a 50-mL

44. Concentration Range borosilicate glass volumetric flask. Proceed as directed in 48.3.

44.1 The recommended concentration range is from 0.00%0‘_1:]'5 \I?O?L?;z?ﬁg fzzllftlg:;iggj f:é ji(r)eg(eLd?Il ng t:;er to a

to 0.15 mg of cobalt per 50 mL of solution, using a 1-cm cell. 48.3 Color Development-Add 5 mL of sodium acetate

Note 13—This test method has been written for cells having a 1-cmsolution, and mix. Using a pipet, add 10 mL of nitroso-R-salt
light path. Cells having other dimensions may be used, provided suitablgolution, and mix. Place the flask in a boiling water bath. After
adjustments can be made in the amounts of sample and reagents used; tg 10 min, add 5 mL of HNQ1 + 2), and mix. Continue the

45. Stability of Color hgating for 2 to 4 min. C_ool the solution to room temperature,
i dilute to volume, and mix.
45.1 The color is stable for at least 3 h. 48.4 Photometry

48.4.1 Multiple-Cell PhotometerMeasure the cell correc-
46. Interferences tion with water using absorption cells with a 1-cm light path
46.1 Nickel, manganese, and copper form complexes wittand using a light band centered at approximately 520 nm.
nitroso-R-salt that deplete the reagent and inhibit the formatiowsing the test cell, take the photometric readings of the
of the colored cobalt complex. A sufficient amount of nitroso- calibration solutions versus the Reference Solution (48.2).
R-salt is used to provide full color development with 0.15 mg 48.4.2 Single-Cell PhotometerTransfer a suitable portion
of cobalt in the presence of 41 mg of nickel, 1.5 mg of of the reference solution (48.2) to an absorption cell with a
manganese, and 5 mg of copper, or 48 mg of nickel onlyl-cm light path and adjust the photometer to the initial setting,
Colored complexes of nickel, manganese, and copper angsing a light band centered at approximately 520 nm. While

destroyed by treating the hot solution with nitric acid. maintaining this adjustment, take the photometric readings of
the calibration solutions.
47. Reagents 48.5 Calibration Curve—Plot the net photometric readings

47.1 Cobalt, Standard Solutiofl. mL = 0.06 mg Co)—Dry of the calibration solutions against milligrams of cobalt per 50
a weighing bottle and stopper in an oven at 130°C for 1 h, coomL of solution.
in a desiccator, and weigh. Transfer approximately 0.789 g of
cobalt sulfate (CoS'° that has been heated at 550°C for 1 h49. Procedure
to the weighing bottle. Dry the bottle and contents at 130°C for 49.1 Test Solution
1 h, cool in a desiccator, stopper the bottle, and weigh. The 49.1.1 Select and weigh a sample in accordance with the
difference in weight is the exact amount of CoS@ken. following:

Transfer the weighed CoSQo a 400-mL beaker, rinse the Tolerance in Volume
weighing bottle with water, and transfer the rinsings to the Sample Sample Weight, of Sample
beaker. Add 150 mL of water and 10 mL of HCI, and heatto %" % et 9 mg solution, mt
dissolve the salts. Cool, transfer to a 500-mL volumetric flask, o250 1.00 0.375 02 250
dilute to volume, and mix. By means of a pipet, transfer a  0.90 to 3.00 0.125 0.1 250

50-mL aliquot of this solution to a 500-mL volumetric flask, 280500 0-150 01 500

dilute to volume, and mix. The exact concentration (in mg Transfer it to a 100, 250, or 500-mL borosilicate glass

Co/mL) of the final solution is the exact weight of Cog@ken  volumetric flask.

multipled by 0.076046. 49.1.2 Add 5 mL of a mixture of 1 volume of HNCand 3
volumes of HCI. Heat gently until the sample is dissolved. Boil
the solution until brown fumes have been expelled. Add 50 to

55 mL of water and cool.
10 Cobalt sulfate (99.9 % min) prepared from the hexamine salt by G. Frederick

Smith Chemical Co., Columbus, OH, is satisfactory for this purpose. Note 14—Other ratios and concentrations of acids, with or without the
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addition of 1 to 2 mL of HF, are used for the decomposition of special 51.2 Bias—No information on the accuracy of this test
grades of alloys. If HF is used, the sample should be dissolved in gnethod is known. The accuracy of this test method may be
150-mL beaker and the solution transferred to the specified V°|umetrifudged by comparing accepted reference values with the

flask. o _ _corresponding arithmetic average obtained by interlaboratory
49.1.3 Add ZnO suspension in portions of about 5 mL untiltesting.

the iron is precipitated and a slight excess of ZnO is present.

Shake thoroughly after each addition of the precipitant and COPPER BY THE NEOCUPROINE PHOTOMETRIC

avoid a large excess (Note 15). Dilute to volume, and mix. METHOD

Allow the precipitate to settle; filter a portion of the solution

through a dry, line (porosity) filter paper, and collectitin a dry,52. Scope

159—mL begker after having discarded the first 10 to 20 mL. 52.1 This test method covers the determination of copper in
Using a pipet, transfer 10 mL of the filtrate to a 50-mL concentrations from 0.010 to 1.50 %.

borosilicate glass volumetric flask. Proceed as directed in 48.3.

Note 15—When sufficient ZnO has been added, further addition of the53. Summary of Test Method

reagent causes the brown precipitate to appear lighter in color upon g3 1 Copper is separated as cuprous copper from other
thorough shaking. A sufficient excess is indicated by a slightly white an%etals by extraction of the copper-neocuproine complex with

milky supernatant liquid. . . .
) chloroform. Photometric measurement is made at approxi-
49.2 Reference SolutierTransfer 10 mL of water to a mately 455 nm.

50-mL volumetric flask. Proceed as directed in 49.3.
49.3 Color Developmert-Proceed as directed in 48.3. 54. Concentration Range
49.4 Photometry—Take the photometric reading of the test

solution as directed in 48.4. 54.1 The recommended concentration range is from 0.01 to

0.30 mg of copper per 50 mL of solution, using a 1-cm cell.

50. Calculation NoTe 16—This test method has been written for cells having a 1-cm

50.1 Convert the net photometric reading of the test solutiofight path. Cells having other dimensions may be used, provided suitable
to milligrams of cobalt by means of the calibration curve adjustments can be made in the amounts of sample and reagents used.

Calculate the percentage of cobalt as follows: 55. Stability of Color
Cobalt, %= A/(B X 10) (6) 55.1 The color develops within 5 min and the extracted
where: complex is stable for at least 1 week; however, because of the
A = cobalt found in 50 mL of the final test solution mg volatile nature of the solvent, it is advisable to take photometric
and "7 readings promptly.
B = sample represented in 50 mL of the final test solution,
g. 56. Interferences

56.1 The elements ordinarily present do not interfere if their
51. Precision and Bias concentrations are under the maximum limits shown in 1.1.

51.1 Precisiort®—Eight laboratories cooperated in testing
this test method and obtained the data summarized in Table%/- Réagents
for Specimens 1 and 4. Although samples covered by this test 57.1 Chloroform (CHCLy).
method with cobalt concentration near the extreme limits of the 57.2 Citric Acid Solution(300 g/L)—Reagent No. 129, but
scope were not available for testing, the precision data obtainadse 300 g instead of the specified weight.
for other types of alloys, using the test methods indicated in 57.3 Copper, Standard Solutioffl mL =0.01 mg Cu)—
Table 5 should apply. Transfer 0.4000 g of copper (purity: 99.9 % minimum) to a
250-mL Erlenmeyer flask, and dissolve in 20 mL of
HNO4(1 + 1). Add 10 mL of HCIQ and evaporate to HCID
E—— fumes to expel HN@ Cool, add 100 mL of water, transfer to
1 Supporting data are available from ASTM International Headquarters. Requesy 1-L volumetric flask, dilute to volume, and mix. Using a
RR: E03-1028. pipet, transfer 25 mL to a 1-L volumetric flask, dilute to
volume, and mix. Do not use a solution that has stood more

TABLE 5 Statistical Information—Cobalt than one week.

Test Specimen Cobalt Repeatability  Reproducibility 57.4 2,9-Dimethyl-1,10-Phenanthroline (Neocuproine) So-
Found, % (R, E 173) (R, E 173) - . .
lution (1 g/L)—Reagent No. 132 in Practices E 50.

1. Ni-base alloy, 36Ni (NIST 0.032 0.005 0.006

126D, 0.032 Co) NoTe 17—In addition to absolute ethanol, 95 % ethanol or denatured
2. No. 2, E 353 0.094 0.006 0.013 No. 30 or 3A alcohol have been found suitable for preparing this solution.
3. No. 3, E 353 0.173 0.011 0.026 ] ) )
4. Ni-base alloy, 17Cr-15Fe 0.468 0.020 0.028 57.5 Hydroxylamine Hydrochloride Solutiofl00 g/L)—
. N(N'ZSTElgsléO-47 Co) o7 0.00 013 Reagent No. 131 in Practices E 50.
o e 3 E 352 194 008 017 57.6 Water—Use deionized water or water distilled in

all-glass or all-quartz apparatus.
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