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Standard Test Methods for
Chemical Analysis of Carbon Steel, Low-Alloy Steel, Silicon
Electrical Steel, Ingot Iron, and Wrought lIron  *

This standard is issued under the fixed designation E 350; 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 epsilone] indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

€' Note—Editorial changes were made in November 2000.

1. Scope Aluminum, Total, by the 8-Quinolinol Photometric Method (0.003

. . to 0.20 %)
1.1 These test methods cover the chemical analySIS %uminum, Total or Acid-Soluble, by the Atomic Absorption

carbon steels, low-alloy steels, silicon electrical steels, ingot method (0.005 to 0.20 %)
iron, and Wrought iron having chemical Compositions within Antimony by the Brilliant Green Photometric Method (0.0002 to

: Cita- 0.030 %)
the fOHOWIng limits: Bismuth by the Atomic Absorption Method (0.02 to 0.25 %)
Element Concentration Range, % Boron by the Distillation-Curcumin Photometric Method (0.0003

Aluminum 0.001 to 1.50 to 0.006 %)
Antimony 0.002 to 0.03 Calcium by the Direct-Current Argon Plasma Optical Emission
Arsenic 0.0005 to 0.10 Spectroscopy Method (0.0005 to 0.010 %)
Bismuth 0.005 to 0.50 Carbon, Total, by the Combustion Gravimetric Method (0.05 to
Boron 0.0005 to 0.02 1.80 %)—Discontinued 1995
Calcium 0.0005 to 0.01 Cerium and Lanthanum by the D-C Plasma Optical Emission
Cerium 0.005 to 0.50 Method (0.003 to 0.50 % Cerium, 0.001 to 0.30 % Lanthanum)
Chromium 0.005 to 3.99 Chromium by the Atomic Absorption Method (0.006 to 1.00 %)
Cobalt 0.01 to0.30 Chromium by the Peroxydisulfate Oxidation-Titration Method
Columbium (Niobium) 0.002 to 0.20 (0.05 to 3.99 %)
Copper 0.005 to 1.50 Cobalt by the Nitroso-R Salt Photometric Method (0.01 to
Lanthanum 0.001 to 0.30 0.30 %)
Lead 0.001 to 0.50 Copper by the Atomic Absorption Method (0.004 to 0.5 %)
Manganese 0.01 to 2.50 Copper by the Neocuproine Photometric Method (0.005 to
Molybdenum 0.002 to 1.50 1.50 %)
Nickel 0.005 to 5.00 Lead by the lon-Exchange—Atomic Absorption Method (0.001 to
Nitrogen 0.0005 to 0.04 0.50 %)
Oxygen 0.0001 to 0.03 Manganese by the Atomic Absorption Method (0.005 to 2.0 %)
Phosphorus 0.001 to 0.25 Manganese by the Metaperiodate Photometric Method (0.01 to
Selenium 0.001 to 0.50 2.5 %)
Silicon 0.001 to 5.00 Manganese by the Peroxydisulfate-Arsenite Titrimetric Method
Sulfur 0.001 to 0.60 (0.10 to 2.50 %)
Tin 0.002 to 0.10 Molybdenum by the Thiocyanate Photometric Method (0.01 to
Titanium 0.002 to 0.60 1.50 %)
Tungsten 0.005 to 0.10 Nickel by the Atomic Absorption Method (0.003 to 0.5 %)
Vanadium 0.005 to 0.50 Nickel by the Dimethylglyoxime Gravimetric Method (0.1 to
Zirconium 0.005 to 0.15 5.00 %)

Nickel by the lon-Exchange-Atomic—Absorption Method (0.005
1.2 The test methods in this standard are contained in theto 1.00 %)
sections indicated as follows: Phosphorus by the Alkalimetric Method (0.02 to 0.25 %)
Phosphorus by the Molybdenum Blue Photometric Method (0.003
Sections to 0.09 %)
Silicon by the Molybdenum Blue Photometric Method (0.01 to
Aluminum, Total, by the 8-Quinolinol Gravimetric Method (0.20 0.06 %)
to 1.5 %) 124-131 Silicon by the Gravimetric Titration Method (0.01 to 3.5 %)
Sulfur by the Combustion-lodate Titration Method (0.005 to
0.3 %)
Tin by the Sulfide-lodometric Titration Method (0.01 to 0.1 %)
Tin by the Solvent Extraction-Atomic Absorption Method (0.002
1 These test methods are under the jurisdiction of ASTM Committee E01 on to 0.10 %)
Analytical Chemistry for Metals, Ores, and Related Materials and are the directfitanium, Total, by the Diantipyrylmethane Spectrophotometric
responsibility of Subcommittee E01.01 on Iron, Steel, and Ferroalloys. Method (0.025 t0 0.30 %)
Current edition approved Jan. 15, 1995, Published March 1995. OriginallyVanadium by the Atomic Absorption Method (0.006 to 0.15 %)
published as E 350 — 68. Last previous edition E 350 — 94.
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1.3 Test methods for the determination of several elements E 1024 Guide for Chemical Analysis of Metals and Metal-
not included in this standard can be found in Test Methods E 30 Bearing Ores by Flame Atomic Absorption Spectropho-
and Test Methods E 1019. tometry

1.4 Some of the concentration ranges given in 1.1 are too E 1097 Guide for Direct Current Plasma Emission Spec-
broad to be covered by a single test method and therefore this trometry Analysi$
standard contains multiple test methods for some elements. E 1806 Practice for Sampling Steel and Iron for Determi-
The user must select the proper test method by matching the nation of Chemical Compositién
information given in the Scope and Interference sections of 2.2 1SO Standard:
each test method with the composition of the alloy to be I1SO 5725 Precision of Test Methods—Determination of
analyzed. Repeatability and Reproducibility for Inter-Laboratory

1.5 The values stated in Sl units are to be regarded as Test§
standard. In some cases, exceptions allowed in Practice E 380
are also used. 3. Significance and Use

1.6 This standard does not purport to address all of the 3.1 These test methods for the chemical analysis of metals
safety concerns, if any, associated with its use. It is theand alloys are primarily intended as referee methods to test
responsibility of the user of this standard to establish approsuch materials for compliance with compositional specifica-
priate safety and health practices and determine the applications, particularly those under the jurisdiction of ASTM Com-
bility of regulatory limitations prior to useSpecific hazards mittees A-1 on Steel, Stainless Steel, and Related Alloys and
statements are given in Section 5 and in special “Warning’A-4 on Iron Castings. It is assumed that all who use these test
paragraphs throughout these test methods. methods will be trained analysts capable of performing com-
mon laboratory procedures skillfully and safely. It is expected

2. Referenced Documents
that work will be performed in a properly equipped laboratory

2.1 ASTM Standards: : : ;
. under appropriate quality control practices such as those
D 1193 Specification for Reagent Water describegpin pGuide 2882y P
E 29 Practice for Using Significant Digits in Test Data to '
Determine Conformance with Specificatidns 4. Apparatus, Reagents, and Instrumental Practices

E 30 Test Methods for Chemical Analysis of Steel, Cast 4.1 Apparatus—Specialized apparatus requirements are

Iron, Opep Hearth Iron, and Wrought Irbn listed in the “Apparatus” Section in each test method. In some
E 50 Practices for Apparatus, Reagents, and Safety PrecagélseS reference may be made to Practices E 50

tions for Chemical Analysis of Metals 4.2 Reagents

EIVIthhZZjasthIgrethoermizg(l)tAorT;Ttgiz, ;nhcjle%ﬁ):ctrophotometnc 4.2.1 Purity of Reagents-Unless otherwise indicated, all
Y reagents used in these test methods shall conform to the reagent

E&Z;;@%?%gz;q?:cg?il:g;gslgie&ae?glrsatory Studies Ofgrade specifications of the American Chemical Socié@ther

E 319 Practice for the Evaluation of Single-Pan Mechanicaf:hemlc"jlIS may be used, provided it is first ascertained that they
are of sufficiently high purity to permit their use without

Balance3 ; ,
. . adversely affecting the expected performance of the determi-
EA?’IIS'}'y:)—:z’E Methods for Chemical Analysis of Cast Iron_nation, as indicated in the Precision and Bias section.

4.2.2 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood to mean reagent water as
defined by Type Il of Specification D 1193.

E 352 Test Methods for Chemical Analysis of Tool Steels
and Other Similiar Medium- and High-Alloy Steéls

E 353 Test Methods for Chemical Analysis of Stainless,
Heat-Resisting, Maraging, and Other Similar Chromium-g  47ards
Nickel-Iron Alloys®

E 354 Test Methods for Chemical Analysis of High- 5.1 For precautions to be observed in the use of certain

Temperature, Electrical, Magnetic, and Other Similar Iron reagents and equipment in these test methods, refer to Practices

Nickel, and Cobalt Alloy3 E 50.
E 380 Practice for Use of the International System of Units6
(SI) (the Modernized Metric Systern) ' _ _
E 882 Guide for Accountability and Quality Control in the -1 For procedures for sampling the material, reference
Chemical Analysis Laboratofy shall be made to Practice E 1806.
E 1019 Test Methods for Determination of Carbon, Sulfur,
Nitrogen, Oxygen, and Hydrogen in Steel and in Iron,

Nickel, and Cobalt Alloy3 8 Annual Book of ASTM Standagdgol 03.06.
° Available from American National Standards Institute, 11 West 42nd St., 13th

Floor, New York, NY 10036.

Sampling

2 Annual Book of ASTM Standardéol 11.01. 1°Reagent Chemicals, American Chemical Society Specificatmerican

3 Annual Book of ASTM Standardgol 14.02. Chemical Society, Washington, DC. For suggestions on the testing of reagents not
4 Discontinued 1995; se€994 Annual Book of ASTM Standardel 03.05. listed by the American Chemical Society, s@aalar Standards for Laboratory

5 Annual Book of ASTM Standardgol 03.05. Chemicals BDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeia

8 Discontinued 1998; se£997 Annual Book of ASTM Standaydel 03.05. and National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville,

7 Discontinued 1997; see IEEEE/ASTM S| 10-Standard , Vol 14.04. MD.
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7. Interlaboratory Studies and Rounding Calculated volumetric flask and dissolve in 20 mL of HNy heating.
Values Cool, dilute to volume, and mix. Using a pipet, transfer 20 mL
7.1 These test methods have been evaluated using Practit@ 500-mL volumetric flask, dilute to volume, and mix.

E 173 or ISO 5725. 13.2 Nitric-Phosphoric Acid Mixture— Cautiously, while

7.2 Calculated values shall be rounded to the desired nunstirring, add 100 mL of HN@and 400 mL of H;PO, to 400
ber of places in accordance with 3.4 to 3.6 of Practice E 29.mL of water. Cool, dilute to 1 L, and mix. Prepare fresh as

needed.
MANGANESE BY THE METAPERIODATE 13.3 Potassium Metaperiodate Solutioi7.5 g/L)—
PHOTOMETRIC METHOD Dissolve 7.5 g of potassium metaperiodate (KI@ 200 mL
8. Scope gggortnli—)|(N03(l+l), add 400 mL of HPQ,, cool, dilute to 1 L,

8.1 This test method covers the determination of manganese 13.4 Water, Pretreated with MetaperiodateAdd 20 mL of

in concentrations from 0.01 to 2.5 %. KlO, solution to 1 L of water, mix, heat at not less than 90°C
9. Summary of Test Method for 20 to 30 min, and cool. Use this water to dilute solutions to

. - . volume that have been treated with K|®olution to oxidize
9.1 Manganous ions are oxidized to permanganate ions

. . . X . anganese, and thus avoid reduction of permanganate ions by
reaction with metaperiodate ions. Solutions of the samples ar,

. ; ; . §ny reducing agents in the untreated wataution—Avoid
fumed with perchloric acid so that the effect of metaperiodatg; & \;se of this water for other pUpOSeS.

ion is limited to the oxidation of manganese. Photometric

measurement is made at approximately 545 nm. 14. Preparation of Calibration Curve

10. Concentration Range 14.1 Calibration Solutions-Using pipets, transfer 5, 10,

10.1 The recommended concentration range is from 0.15 t45, 20, and 25 mL of manganese standard solution (1
0.8 mg of manganese per 50 mL of solution, using a 1-cm celmL =0.032 mg Mn) to 50-mL borosilicate glass volumetric
(Note 1) and a spectrophotometer with a band width of 10 nnilasks, and, if necessary, dilute to approximately 25 mL.
or less. Proceed as directed in 14.3.

14.2 Reference SolutierTransfer approximately 25 mL of

Note 1—This test method has been written for cells having a 1—cmW ter t 50-mL borosilicate gl volumetric flask. Pr d
light path and a “narrow-band” instrument. The concentration range aterto a orosiiicate glass volumetric flask. Frocee

depends upon band width and spectral region used as well as cell opticaf directed in 14.3.
path length. Cells having other dimensions may be used, provided suitable 14.3 Color Developmert-Add 10 mL of KIO, solution,
adjustments can be made in the amounts of sample and reagents usegnd heat the solutions at not less than 90°C for 20 to 30 min

11. Stability of Color (Note 2). Cool, dilute to volume with pretreated water, and

mix.
11.1 The color is stable for at least 24 h.
Note 2—Immersing the flasks in a boiling water bath is a preferred
12. Interferences means of heating them for the specified period to ensure complete color

12.1 The elements ordinarily present do not interfere. Pefd€velopment
chloric acid treatment, which is used in the procedure, yields 14.4 Photometry

solutions which can be highly colored due to the presence of Cr 14.4.1 Multiple-Cell PhotometerMeasure the cell correc-

(V1) ions. Although these ions and other colored ions in thetion using the Reference Solution (14.2) in absorption cells
sample solution undergo no further change in color qualitywith a 1-cm light path and using a light band centered at
upon treatment with metaperiodate ion, the following precauapproximately 545 nm. Using the test cell, take the photometric

tions must be observed when filter photometers are used: Selagladings of the calibration solutions versus the reference
a filter with maximum transmittance between 545 and 565 nmgg|ution (14.2).

The filter must transmit not more th& % of itsmaximum at 14.4.2 Single-Cell PhotometerTransfer a suitable portion

a wavelength shorter than 530 nm. The band width of tohe filtebf the reference solution (14.2) to an absorption cell with a
should be less than 30 nm when measured at 50 % of it§_cr |ight path and adjust the photometer to the initial setting,
maximum transmittance. Similar restrictions apply with ré-ysing a light band centered at approximately 545 nm. While

spect to the wavelength region employed when other *widemaintaining this adjustment, take the photometric readings of
band” instruments are used. the calibration solutions.

12.2 The spectral transmittance curve of permanganate ions
exhibits two useful minima, one at approximately 526 nm, andof
the other at 545 nm. The latter is recommended when
“narrow-band” spectrophotometer is used.

14.5 Calibration Curve—Plot the net photometric readings
the calibration solutions against milligrams of manganese
‘Ber 50 mL of solution.

13. Reagents 15. Procedure

13.1 Manganese, Standard Solutiqd mL =0.032 mg 15.1 Test Solution
Mn)—Transfer the equivalent of 0.4000 g of assayed, high- 15.1.1 Select and weigh a sample in accordance with the
purity manganese (purity: 99.99 % minimum), to a 500-mLfollowing:
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Sample Tolerance in Aliquot readings of the Background Color Solutions and the test
Mang;nese, Weight, Sample Weight, DilutiLom VoluEﬂe, solutions versus the respective Reagent Blank Reference So-
( g mg m m . : .
0.01 10 0.5 0.80 0.5 100 20 lutions in accordance with 14.4.
0.451to0 1.0 0.35 0.3 100 20 .
0.85 10 2.0 0.80 05 500 20 16. Calculation
1.95t0 2.5 0.80 0.5 500 10

16.1 Convert the net photometric reading of the test solution
Transfer the sample to a 100 or 500-mL borosilicate glassind of the background color solution to milligrams of manga-
volumetric flask in accordance with the above table or to anese by means of the calibration curve. Calculate the percent of

300-mL Erlenmeyer flask if HF is to be used in samplemanganese as follows:

dissolution. Manganese, % (A — B)/(C X 10) (1)
15.1.2 To dissolve samples that do not require HF, add 8 to

10 mL of HCI (1+1), and heat. Add HNCas needed to hasten Where: . _ .

dissolution, and then add 3 to 4 mL in excess. When dissolutionf® = manganese found in 50 mL of the final test solution,

is complete, cool, then add 10 mL of HCJOevaporate to mg, ) )
fumes to oxidize chromium, if present, and to expel HCl. B = apparent manganese found in 50 mL of the final
Continue fuming until salts begin to separate. Cool, add 50 mL background color solution, mg, and ,
of water, and digest if necessary to dissolve the salts. Cool an§ = Sa@mple represented in 50 mL of the final test solution,

transfer the solution to either a 100 or 500-mL volumetric flask g.
as indicated in 16.1.1. Proceed to 16.1.4. 17. Precision and Bias

15.1.3 For samples whose dissolution is hastened by HF, 17.1 Precision—Nine laboratories cooperated in testing this
treat them in a 300-mL Erlenmeyer flask by adding 8 to 10 mI‘test method and obtained the data summarized in Table 1.

of HCI (1+1), and heating. Add HN¢and a few drops of HF &Ithough a sample covered by this test method with manga-

as needed to hasten dissolution, and then add 3 to 4 mL nese concentration of approximately 2.5 % was not available
HNO,. When dissolution is complete, cool, then add 10 mL of o PP y 2o w0 L '
the precision data for this concentration should be similar to

HCIO,, evaporate to fumes to oxidize chromium, if present,those obtained for Material 7.

and to expel HCI. Continue fuming until salts begin to separate. 17.2 Bias—No information on the accuracy of this test

Cool, add 50 mL of water, digest if necessary to dissolve themethod is known. The accuracy of this test method mav be
salts, cool, and transfer the solution to either a 100 or 500-mL . y ay
volumetric flask as indicated in 15.1.1. judged by comparing accepted reference values with the

) . corresponding arithmetic average obtained by interlaborator
15.1.4 Cool the solution to room temperature, dilute to P g 9 y y

volume, and mix. Allow insoluble matter to settle, or dryfilter testing.
through a coarse paper and discard the first 15 to 20 mL of the PHOSPHORUS BY THE MOLYBDENUM BLUE
filtrate, before taking aliquots. PHOTOMETRIC METHOD
15.1.5 Using a pipet, transfer 10 to 20-mL aliquots, in
accordance with 15.1.1, to two 50-mL borosilicate glassl8: Scope
volumetric flasks. Treat one portion in accordance with 15.3. 18.1 This test method covers the determination of phospho-
Treat the other portion in accordance with 15.4.1. rus in concentrations from 0.003 to 0.09 %.
15.2 Reagent Blank SolutieaCarry a reagent blank  18.2 The upper limit of the scope has been set at 0.09 %
through the entire procedure using the same amounts of aflecause sufficient numbers of test materials containing higher

reagents with the sample omitted. phosphorus contents were unavailable for testing in accordance
15.3 Color Developmenrt-Proceed in accordance with 14.3. With Practice E 173. However, recognizing that the chemical
15.4 Reference Solutions principles used in this test method are capable of handling

15.4.1 Background Color Solutioa-To one of the sample higher concentrations, the test mgthod includes a calibrgtion
aliquots in a 50-mL volumetric flask, add 10 mL of nitric- Procedure up to 0.25 %. Users of this test method are cautioned
phosphoric acid mixture, and heat the solution at not less thafiat its use above 0.09 % is not supported by interlaboratory
90°C for 20 to 30 min (Note 2). Cool, dilute to volume (with €Stng.
untreated water), and mix.

15.4.2 Reagent Blank Reference SolutienTransfer the
reagent blank solution (15.2) to the same size volumetric flask
as used for the test solutions and transfer the same size aliquots
as used for the test solutions to two 50-mL volumetric flasks.

TABLE 1 Statistical Information—Manganese—Metaperiodate
Photometric Method

Repeat-  Reproduci-
ability bility
(Ry, E173) (R,, E 173)

Manganese

Test Material Found, %

Treat one portion as directed in 15.3 and use as referenae aioy steel (BCS 252, 0.016 Mn) 0.022 0.004 0.006

solution for test samples. Treat the other in accordance with. Alloy steel (BCS 255/1 0.16 Mn) 0.161 0.004 0.010

: Low-alloy steel (NBS 72f, 0.545 Mn) 0.551 0.010 0.020

15.4.1 and use as reference solution for Background Colof Low-alloy steel (NBS 139a, 0.780 0.780 0.009 0.030
Solutions. Mn)

15.5 Photometry—Establish the cell corrections with the > Alloy steel (NBS, 159, 0.807 Mn) 0.819 0.010 0.034

t blank reference solution to be used as a referen8e 2P0 steel (NS 13f 0.859 M) 0892 001 0027

reagen &€\ ow-alloy steel (NBS 100b, 1.89 Mn)  1.91 0.02 0.04

solution for background color solutions. Take the photometric
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19. Summary of Test Method mg P) to a 500-mL volumetric flask, add 50 mL of

19.1 The sample is dissolved in mixed acids and théiClO4(1+5), dilute to volume, and mix.
solution is fumed with perchloric acid. Ammonium molybdate 24.7 Sodium Sulfite Solutio(i00 g/L)—Dissolve 100 g of
is added to react with the phosphorus to form the heteropolgodium sulfite (NgSO 5) in water, dilute to 1 L, and mix.
phosphomolybdate. This species is then reduced with hydr5. Preparation of Calibration Curve for Concentrations
zine sulfate to form the molybdenum blue complex. Photomet-  from 0.005 to 0.05 mg/100 mL
ric measurement is made at 650 nm or 825 nm, depending Upon s 1 calibration Solutions-Using pipets, transfer 5, 10,

the concentration. 15, 25, and 50 mL of Phosphorus Standard Solution B (1
20. Concentration Range mL =0.01 mg P) to 100-mL volumetric flasks. Add 20 mL of

. . Clo,, dilute to volume, and mix. Using a pipet, transfer 10
20.1 The recommended concentration range is from 0.00 L of each solution to a 100-mL borosilicate glass volumetric

to 0.05 mg of phosphorus per 100 mL of solution Whenflask. Proceed in accordance with 25.3.

measured at 825 nm and from 0.05 to 0.3 mg of phosphorus PEr o5 5 Reagent Blank-Transfer 12 mL of HCIQ(1+5) to a
100 mL of solution when measured at 650 nm, using a LC"lOO-fnL borosilicate glass volumetric flask

cell. 25.3 Color Development

Note 3—This test method has been written for cells having a 1-cm  25.3.1 Add 15 mL of N&SG, solution, boil gently for 30 s,
light path. Cells having other dimensions may be used, provided suitablgnd add 50 mL of ammonium molybdate-hydrazine sulfate
adjustments can be made in the amounts of sample and reagents usedyq|tion that has been prepared within the hour.
21. Stability of Color 25.3.2 Heat the solutions at not less than 90°C for 20 min,

. uickly cool, dilute to volume, and mix.
21.1 The molybdenum blue complex is stable for at least 2q Y

h. Note 4—Immersing the flasks in a boiling water bath is the preferred
means of heating them for complete color development.

22. Interferences 25.4 Reference SolutierWater.
22.1 None of the elements usually present interfere except 25.5 Photometry
arsenic, which is removed by volatilization as the bromide. 25.5.1 Multiple-Cell PhotometerMeasure the reagent
23 Apparatus blank (which includes the cell correction) versus the reference
- APP ) solution (25.4) using absorption cells with a 1-cm light path
23.1 Glassware must be phosphorus- and arsenic-free. Balhg using a light band centered at approximately 825 nm.
the glassware with hydrochloric acid and rinse with waterysing the test cell, take the photometric readings of the
before use. It is recommended that the glassware used for thig,libration solutions versus the reference solution.
determination be reserved for this use only. Many detergents 75 5 2 Single-Cell PhotometerTransfer a suitable portion
contain phosphorus and must not be used for cleaning pupf the reference solution (25.4) to an absorption cell with a
poses. 1-cm light path and adjust the photometer to the initial setting
24. Reagents using a light band centered at approximately 825 nm. While

. . . maintaining this adjustment, take the photometric readings of
24.1 Ammonium Molybdate Solutiq20 g/L)—Cautiously, g ) b g

. o ; the reagent blank solution and of the calibration solutions.
while stirring and cooling, add 300 mL OfZ.BO“ to 500 mL of 25.6 Calibration Curve—Plot the net photometric readings
water and cool. Add 20 9 of ammonium heptamqubdateof the calibration solutions against milligrams of phosphorus
(NH )sM0;0 ,,-4 H,0), cautiously dilute to 1 L, and mix. per 100 mL of solution.

24.2 Ammonium Molybdate-Hydrazine Sulfate Solution i o )

Dilute 250 mL of the ammonium molybdate solution to 600 26. Preparation of Calibration Curve for Concentrations

mL, add 100 mL of the hydrazine sulfate solution, dilute to 1 from 0.05 to 0.30 mg/100 mL

L, and mix. Do not use a solution that has stood for more than 26.1 Calibration Solutions-Using pipets, transfer 5, 10,
1h. 15, 20, 25, and 30 mL of Phosphorus Standard Solution C (1

24.3 Hydrazine Sulfate Solutio(L.5 g/L)—Dissolve 1.5 g mL =0.10 mg P) to 100-mL volumetric flasks. Add 20 mL of
of hydrazine sulfate ((NH),-H,SQO,) in water, dilute to 1 L, HCIO 4, dilute to volume, and mix. Using a pipet, transfer 10
and mix. Discard any unused solution after 24 h. mL of each solution to a 100-mL borosilicate glass volumetric

24.4 Phosphorus Standard Solution & mL=1.0 mg flask.

P)—Transfer 2.292 g of anhydrous disodium hydrogen phos- 26.2 Reagent Blank-Proceed in accordance with 25.2.
phate (NaHPQ,), previously dried to constant weight at 26.3 Color Development-Proceed in accordance with 25.3.
105°C, to a 500-mL volumetric flask; dissolve in about 100 mL  26.4 Reference SolutierWater.

of water, dilute to volume, and mix. 26.5 Photometry

24.5 Phosphorus Standard Solution @ mL =0.01 mg 26.5.1 Multiple-Cell Photometer-Measure the reagent
P)—Using a pipet, transfer 10 mL of Solution A (1 mL = 1.0 blank (which includes the cell correction) versus the reference
mg P) to a 1-L volumetric flask, add 50 mL of HCJQ+5),  solution (26.4) using absorption cells with a 1-cm light path
dilute to volume, and mix. and a light band centered at approximately 650 nm. Using the

24.6 Phosphorus Standard Solution @ mL=0.10 mg test cell, take the photometric readings of the calibration
P)—Using a pipet, transfer 50 mL of Solution A (1 mL = 1.0 solutions versus the reference solution.
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26.5.2 Single-Cell PhotometerTransfer a suitable portion A

phosphorus found in 100 mL of the final test solution,

of the reference solution (26.4) to an absorption cell with a mg,

1-cm light path and adjust the photometer to the initial settingB = phosphorus found in 100 mL of the final reagent blank
using a light band (no change) centered at approximately 650 solution, mg, and

nm. While maintaining this adjustment, take the photometricC = sample represented in 100 mL of the final test solu-
readings of the reagent blank solution and of the calibration tion, g.

solutions.

. . ) . 29. Precision and Bias
26.6 Calibration Curve—Plot the net photometric readings

of the calibration solutions against milligrams of phosphorus 29-1 Precision—Nine laboratories cooperated in testing this

per 100 mL of solution test method and obtained the data summarized in Table 2.
' 29.2 Bias—No information on the accuracy of this test
27. Procedure method is known. The accuracy of this test method may be

judged by comparing accepted reference values with the

27.1 Test Solution _ corresponding arithmetic average obtained by interlaboratory
27.1.1 Transfer a 1.0-g sample, weighed to the nearest Ogasting.

mg, to a 250-mL Erlenmeyer flask.
27.1.2 Add 15 mL of a freshly prepared mixture of 1 .SULFUR BY THE.GRAVIMETRIC METHOD

volume of HNQ and 3 volumes of HC|’ SIOle and in small ThIIS test methOd, Wh|.Ch COlr]SlSteq of Sections 30 through 36

portions. When the reaction has ceased, add 10 mL of KCIoof this standard, was discontinued in 1988.

and evaporate to fumes. Remove the flask immediately to SULFUR BY THE COMBUSTION-IODATE

avoid undue loss of HCIQ) cool, and add 20 mL of HBr (1+4). TITRATION METHOD

Evaporate the solution to copious white fumes and then,

without delay, fume strongly enough to cause the white fumeg7 Scope

to clear the neck of the flask, and continue at this rate for 1 min. 37.1 This test method covers the determination of sulfur in
27.1.3 Cool the solution, add 60 mL of HCJ@1+5), and .4 centrations from 0.005 to 0.3 %.

swirl to dissolve the salts. Transfer to a 100-mL volumetric 37 5 The upper limit of the scope has been set at 0.3 %

flask, cool, dilute to volume, and mix. Allow insoluble matter .5 se sufficient numbers of test materials containing higher

to settle or dry filter the solution. Using a pipet, transfer 10-mLg 5 contents were unavailable for testing in accordance with
portions to two 100-mL borosilicate glass volumetric flasks;p actice E 173. However, recognizing that the chemical prin-

treat one in accordance with 27.3 and the other in accordan(‘cqlmes used in this test method are capable of handling higher
with 27.4.2. _ concentrations, the test method includes a calibration proce-
27.2 Reagent Blank SolutierCarry a reagent blank gyre up to 0.6 %. Users of this test method are cautioned that

through the entire procedure using the same amount of afls yse above 0.3 % is not supported by interlaboratory testing.
reagents with the sample omitted.

27.3 Color Development-Proceed with one of the 10-mL 38, Summary of Test Method

portions obtained in 27.1.3, in accordance with 25.3. 38.1 A major part of the sulfur in the sample is converted to
27.4 Reference Solutions: sulfur dioxide (SQ) by combustion in a stream of oxygen.
27.4.1 Water—Use this as the reference solution for the During the combustion, the SQs absorbed in an acidified

reagent blank solution. starch-iodide solution and titrated with potassium iodate solu-

27.4.2 Background Color Reference Solutiehdd 15 mL  tion. The latter is standardized against steels of known sulfur
of Na,SO; solution to the second 10-mL portion obtained in content to compensate for characteristics of a given apparatus
27.1.3. Boil gently for 30 s, add 50 mL ofJ80,(3+37), cool, and for day-to-day variation in the percentage of sulfur
dilute to volume, and mix. Use this as the reference solution forecovered as SO Compensation is made for the blank due to
the test solution. accelerators and boats (or crucibles).

27.5 Photometry—Take the photometric readings of the
reagent blank solution and of the test solution (using the39. Interferences
respective reference solutions) in accordance with 25.5 or 26.5 39.1 The elements ordinarily present do not interfere if their
depending upon the estimated concentration of phosphorus gPncentrations are under the maximum limits shown in 1.1.

the sample.
40. Apparatus

28. Calculation TABLE 2 Statistical Information—Phosphorus—Molybdenum
28.1 Convert the net photometric reading of the test solution Blue Photometric Method

and of the reagent blank solution to milligrams of phosphorus Phhos' Ri{’liat' ;‘ePg’l‘
by means of the appropriate calibration curve. Calculate the Test Material v a(,';,'y o (R
) 1 y (R,
percent of phosphorus as follows: % E 173) E 173)
Phosphorus, %= (A — B)/(C X 10) 2 1. Ingot iron (NBS 55e, 0.003 P) 0.002 0.001 0.002
2. Carbon steel (NBS 12g, 0.014 P) 0.014 0.002 0.003
where: 3. Carbon steel (NBS 10g, 0.086 P) 0.084 0.006 0.009
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40.1 Apparatus for Determination of Sulfur by Direct maintained during that periodg)when the system has been in

Combustion-Apparatus No. 13, Practices E 50. use continuously for 8 h,7§ when the operating temperature
has been changed, ar®) (when a change in sample weight in
41. Reagents accordance with 43.1.3 is required.

41.1 Copper (Low-Sulfu) Accelerator—Rectangular strips
for combustion boats used with a resistance furnace, or ringé3. Procedure

for crucibles used with an induction furnace. 43.1 Combustion with Resistance Furnace
41.2 Iron (Low-Sulfu) Accelerator—on chips or iron 43.1.1 Adjust the temperature of the furnace to 1400 to
powder. 1425°C.

41.3 Potassium lodate Standard Solution(Approximate 43.1.2 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 containip 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

41.4 Potassium lodate Standard Solution 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 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 5—The stated sulfur equivalents are based on complete conver- 43.1.3 Select and weigh a sample in accordance with the
sion of sulfur to S@; this is a phenomenon that seldom, if ever, occurs. o

following:
41.5 Starch-lodide SolutionFransfe 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 0005t 0.10 1.000 10
slowly into 500 mL of boiling water. Cool, add 15 g of 8:;(5) Eg 8;23 gjggg 8;2
potassium iodide (Kl), and stir until the Kl is dissolved. Dilute . .
to 1 L. Transfer the sample to a preignited combustion boat and

spread it in a layer of uniform thickness.

43.1.4 Cover the sample with 0.5 g of iron accelerator and
42 Calibration approximately 0.25 g of copper accelerator. Place a preignited
feover on the boat and introduce it into the center of the
combustion zone. Close the tube and allow the sample to heat
or 1.5 min. Start the flow of oxygen at the rate used in 43.1.2.

' 43.1.5 Titrate the evolved S@ontinuously with the appro-
iate KIO, standard solution at such a rate as to maintain as
nearly as possible the initial intensity of the blue color.

Note 6—The accuracy of this test method is dependent to a large exterContinue the flow of oxygen for 10 min, record the buret
upon the accuracy of the methods used to certify the sulfur concentratiorbading, and subtract the initial reading obtained in 43.1.2.
in the calibration standards. Drain the absorption vessel. If the net volume differs by more

42.2 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 than 0.02 %reviously analyzed, disregard the result and repeat the analy-
use KlO 4 Standard Solution B. sis a sufficient number of times to stabilize the system before

42.3 Select the standard with the lowest sulfur concentratioproceeding in accordance with 44.1.
and make several determinations in accordance with 43.1 or 43.2 Combustion with Induction Furnace
43.2 until the system is stabilized as shown by reproducible 43.2.1 Turn on the power of the induction furnace and allow
titrations. the electronic circuit to heat to operating temperature. Depress

42.4 Continue with multiple portions of each additional the starting button until the ammeter indicates that the current
standard, in accordance with 43.1 or 43.2, running the staris flowing through the induction coil.
dards in ascending order of sulfur concentration. 43.2.2 Proceed in accordance with 43.1.2.

42.5 Prepare a calibration curve by plotting the percentage of 43.2.3 Proceed in accordance with 43.1.3 substituting a
sulfur in each standard against the average of the millilitres o€rucible for the combustion boat.

KIO, Standard Solution (or apparent percentage of sulfur for 43.2.4 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 (43.1.3). cover on the crucible and introduce it into the center of the

42.6 Repeat the calibrationt)(when another KiQstandard combustion zone. Close the tube, start the flow of oxygen at the
solution or another starch-iodide solution is uset),when a  rate used in 43.2.2, turn on the power, and increase it to the
different lot of boats (or crucibles) is use@) (vhen a different  maximum at such a rate that spattering of the molten sample is
lot of accelerator is used4) when a different cylinder of avoided.
oxygen is used,5) when the system has not been in use for 1 43.2.5 Proceed in accordance with 43.1.5, but discontinue
h, or less tha 1 h if the oxygen flow rate has not been the flow of oxygen after 4 to 5 min or when the titration is

41.6Tin (Low-Sulfu) Accelerator granular.

42.1 Select a minimum of three standards (Note 6), two wit
sulfur contents near the high and low limits of the range for
given sample weight (43.1.3) and also one near the media
The median standard may be simulated, if necessary, by takin
one half the sample weight of each of the other two.
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complete. Turn off the power to the induction coil. corresponding arithmetic average obtained by interlaboratory
testing.
44. Calculation

44.1 Read the percentage of sulfur in the sample from the

appropriate curve plotted in accordance with 42.5.

SILICON BY THE GRAVIMETRIC METHOD

46. Reagents

45. Precision and Bias _ _ 46.1 This test method covers the determination of silicon in
45.1Precision—wenty-two laboratories cooperated in test- concentrations from 0.05 to 3.5 %.

ing this test method; six used resistance furnaces and reportedsg 2 The upper limit of the scope has been set at 3.5 %
eight sets of values (Note 7); sixteen used induction furnacegecause test materials containing higher silicon contents were
(Note 8). They obtained the data summarized in Table 3 foynavailable for testing in accordance with Practice E 173.
Specimens 3 through 7. Although samples covered by this tegjowever, recognizing that the chemical principles used in this
method with sulfur concentration near the lower limit and theiest method are capable of handling higher concentrations, the

median of the scope were not available for testing, theest method should be expandable to at least 5 %. Users of this
precision data obtained using the test methods indicated st method are cautioned that its use above 3.5 % is not

Table 3 should apply. None was available to permit a test neajypported by interlaboratory testing.

the upper limit of the scope.

Note 7—The recovery of sulfur as S@anged from 72 to 97 % with
an average value of 83 % based on calibration standards desigha@ed
andD in Table 3.

Note 8—The recovery of sulfur as S@anged from 80 to 96 % with
an average value of 88 % based on calibration standards desid}ated
andD in Table 3.

45.2 Bias—No information on the accuracy of this test

47. Summary of Test Method

47.1 After dissolution of the sample, silicic acid is dehy-
drated by fuming with sulfuric or perchloric acid. The solution
is filtered, and the impure silica is ignited and weighed. The
silica is then volatilized with hydrofluoric acid. The residue is
ignited and weighed; the loss in weight represents silica.

method is known. The accuracy of this test method may b&sg. Interferences
judged by comparing accepted reference values with the 48.1 The elements normally present do not interfere if their

TABLE 3 Statistical Information—Sulfur—Combustion-lodate
Titration Method

Repeat- Repro-

Sulfur L -

Test Material Found, ability ducibil-

% (Ry, ity (Ra,

E 173) E 173)

Induction Furnace

1. No. 1, E 352 0.006 0.002 0.003

2. No. 2, E 352 0.008% 0.001 0.004

3. Low-alloy steel (NBS 11 Ib, 0.0144 0.003 0.003

0.015S)

4. Carbon steel (NBS 13f, 0.016S) 0.016% 0.002 0.002

5. Carbon steel (NBS 152, 0.027S) 0.026° 0.003 0.004

6. Carbon steel (NBS 16d, 0.033 S) 0.0328 0.003 0.005

7. Carbon steel (NBS 129b + 8i 0.141¢ 0.007 0.013
(Mixed), 0.144 S)

8. No. 7, E353 0.286° 0.014 0.020

Resistance Furnace

1. No. 1, E 352 0.006" 0.001 0.002

2. No. 2, E352 0.009% 0.001 0.002

3. Low-alloy steel (NBS 11 Ib, 0.0144 0.001 0.003

0.015S)

4. Carbon steel (NBS 13f, 0.016S) 0.015% 0.002 0.003

5. Carbon steel (NBS 152, 0.027S) 0.0278 0.004 0.004

6. Carbon steel (NBS 16d, 0.033S) 0.0328 0.003 0.004

7. Carbon steel (NBS 129b + 8i 0.140¢ 0.007 0.011
(Mixed), 0.144S)

8. No. 7, E 353 0.288° 0.012 0.021

A Calibration Standards: NBS 169, Ni-Base Alloy, 002S; NBS 125a, 0.013S;
NBS 32e, 1.2 Ni-0.7 Cr, 0.021S.

B Calibration Standards: NBS 32e, 1.2 Ni-0.7 Cr, 0.021S; NBS 8i, Low-Alloy
Steel, 0.064S; NBS 10g, Low-Alloy Steel, 0.109S.

€ Calibration Standards: NBS 10g, Carbon Steel, 0.109S, NBS 32¢, 1.2 Ni-0.7
Cr, 0.021S + NBS 133a, 13 Cr-0.3 Mo, 0.326S: 0.174S; NBS 129b, Low-Alloy
Steel, 0.221S.

P Calibration Standards: NBS 129b, Low-Alloy Steel, 0.221S; NBS 129b,
Low-Alloy Steel, 0.221S + NBS 133a, 13 Cr-0.3 Mo, 0.329S: 0.273S; NBS 133a,
13 Cr-0.3 Mo, 0.329S.

concentrations are under the maximum limits shown in 1.1.

49. Reagents

49.1 The analyst should make certain by analyzing blanks
and other checks that possible silicon contamination of re-
agents will not significantly bias the results.

49.2 Perchloric Acid

49.2.1 Select a lot of HCIQthat contains not more than
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-
ing duplicate values for silicon in accordance with
49.2.2-49.2.6.

49.2.2 Transfer 15 mL of HCIgNote 9) to each of two
400-mL beakers. To one of the beakers transfer an additional
50 mL of HCIQ,. Using a pipet, transfer 20 mL of N&iO 5
solution (1 mL = 1.00 mg Si) to each of the beakers. Evaporate
the solutions to fumes and heat for 15 to 20 min at such a rate
that HCIQ, refluxes on the sides of the beakers. Cool suffi-
ciently, and add 100 mL of water (40 to 50°C).

Note 9—The 15-mL addition of HCIQcan be from the same lot as the
one to be tested. Once a lot has been established as having less than 0.0002
% silicon, it should preferably be used for the 15-mL addition in all
subsequent tests of other lots of acid.

49.2.3 Add paper pulp and filter immediately, using lowash
11-cm medium-porosity filter papers. Transfer the precipitates
to the papers, and scrub the beakers thoroughly with a
rubber-tipped rod. Wash the papers and precipitates alternately
with 3 to 5-mL portions of hot HCI (1+19) and hot water, for
a total of 6 times. Finally wash the papers twice with
H,SO,(1+49). Transfer the papers to platinum crucibles.

49.2.4 Dry the papers and heat at 600°C until the carbon is
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removed. Finally ignite at 1100 to 1150°C or to constantsample, and cover. Heat until dissolution is complete. Add
weight (at least 30 min). Cool in a desiccator and weigh.  HNO; to provide a total of 35 to 40 mL, followed by HC}@s
49.2.5 Add enough 80,(1+1) to moisten the SiQ, and  specified in the table in 50.1. Remove and rinse the cover glass;
add 3 to 5 mL of HF. Evaporate to dryness and then heat at substitute a ribbed cover glass.
gradually increasing rate untilJ30, is removed. Ignite for 15 50.3.2 Evaporate the solution to fumes and heat for 15 to 20
min at 1100 to 1150°C, cool in a desiccator, and weigh. min at such a rate that the HC)J®@efluxes on the sides of the
49.2.6 Calculate the percent of silicon as follows: container. Cool sufficiently and add 100 mL of water (40 to
Slicon, % = [(A — B) — (C — D)] X 0.4674E X 100 @A) 50°C). Stir tp dissolv_e the salts and heat to boiling. If the
sample solution contains more than 100 mg of chromium, add,

where: while stirring, 1 mL of tartaric acid solution for each 25 mg of
A = initial weight of crucible plus impure SiOwhen 65  chromium.
mL of HCIO, was taken, g, 50.4 Add paper pulp and filter immediately, on a low-ash
B = final weight of crucible plus impurities when 65 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
C = initial weight of crucible plus impure SiOwhen 15  the container thoroughly with a rubber-tipped rod. Wash the
mL of HCIO, was taken, g, - paper and precipitate alternately with 3 to 5-mL portions of hot
D = final weight of crucible plus impurities when 15 mL of | (1+19) and hot water until iron salts are removed but for
HCIO, was taken, g, and not more than a total of ten washings. If 50.3 was followed,
E = nominal weight (80 g) of 50 mL of HCI® wash the paper twice more with,80,(1+49), but do not

~49.3 Sodium Silicate SolutionFransfer 11.0 g of sodium = ¢o|ject these washings in the filtrate; discard the washings.
silicate (NgSiO;-9H,0) to a 400-mL beaker. Add 150 mL of Transfer the paper to a platinum crucible and reserve.
water and dissolve the salt. Filter through a medium paper, 505 Add 15 mL of HNQ to the filtrate, stir, and evaporate
collecting the filtrate in a 1-L volumetric flask, dilute to ;4 gccordance with either 50.2 or 50.3, depending upon the
volume, and mix. Store in a polyethylene bottle. Use thisyenydrating acid used. Filter immediately, using a low-ash,

solution to determine the suitability of the HGJO 9-cm-100-porosity filter paper, and wash in accordance with
49.4 Tartaric Acid Solution(20.6 g/L)—Dissolve 20.6 g of gg 4.
tartaric acid (GH ¢Oe) in water, dilute to 1 L, and filter. 50.6 Transfer the paper and precipitate to the reserved

49.5Water—Use freshly prepared Type Il water known to be pjatinum crucible. Dry the papers and then heat the crucible at
free of silicon. Water distilled from glass, demineralized in gop°C until the carbon is removed. Finally ignite at 1100 to

columns containing silicon compounds, or stored for extended150°C to constant weight (at least 30 min). Cool in a
periods in glass, or combination thereof, has been known tgesjccator and weigh.

pick up silicon. 50.7 Add enough k50,(1+1) to moisten the impure SiD
and add 3 to 5 mL of HF. Evaporate to dryness and then heat
50. Procedure at a gradually increasing rate untib80, is removed. Ignite at

f ”50-% Select and weigh a sample in accordance with thgj00 to 1150°C for 15 min, cool in a desiccator, and weigh.
ollowing:

Tolerance in Dehydrating Acid, mL 51. Calculation
Sample Sample A .
silicon, % Weight, g Weight, mg H,SO,(1+4)  HCIO, 51.1 Calculate the percent of silicon as follows:
0.05 10 0.10 5.0 5 150 75 Slicon, % = [((A — B) X 0.4674/C] X 100 4
0.10 to 1.0 4.0 4 100 60
1.0 to 2.0 3.0 3 100 50 .
2.0 to5.0 2.0 2 100 40 where:

initial weight of crucible and impure SiQg,
final weight of crucible and residue, g, and
sample used, g.

Transfer the sample to a 400-mL beaker or a 300-mLB
porcelain casserole. Proceed in accordance with 50.2 or 50.3C
50.2 Sulfuric Acid Dehydration
50.2.1 Add amounts of HCI or HNO or mixtures and 52. Precision and Bias
dilutions of these acids, that are sufficient to dissolve the 52.1 Precision—Eleven laboratories cooperated in testing
sample; and then add the&0,(1+4) as specified in 50.1, and this test method and obtained the data summarized in Table 4.
cover. Heat until dissolution is complete. Remove and rinse the 52.2Bias—No information on the bias of this test method is
cover glass; substitute a ribbed cover glass. known. The bias of this test method may be judged by
50.2.2 Evaporate until salts begin to separate; at this pointomparing accepted reference values with the corresponding
evaporate the solution rapidly to the first appearance of fumearithmetic average obtained by interlaboratory testing.
and fume strongly for 2 to 3 min. Cool sufficiently, and add 100
mL of water (40 to 50°C). Stir to dissolve the salts and heat, ifCOBALT BY THE NITROSO-R-SALT PHOTOMETRIC

necessary, but do not boil. Proceed immediately in accordance
with 50.4. METHOD
50.3 Perchloric Acid Dehydration
50.3.1 Add amounts of HCI or HNQ or mixtures and 53. Scope
dilutions of these acids, which are sufficient to dissolve the 53.1 This test method covers the determination of cobalt in
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TABLE 4 Statistical Information—Silicon—Gravimetric Method cobalt sulfate (CoS* that has been heated at 550°C for 1 h
siicon  RePeat-  Repro- to the weighing bottle. Dry the bottle and contents at 130°C for
Test Material Found, bty ducibi- 1 h, cool in a desiccator, stopper the bottle, and weigh. The
0 (Ry, ity (R,, . . . )
% E 173) E 173) difference in weight is the exact amount of CoSQaken.

Transfer the weighed CoSQo a 400-mL beaker, rinse the

HCIO, Dehydrati e . . ..
o ey weighing bottle with water, and transfer the rinsings to the

> Catbon steel (NBS 14, 0.126 S) Pt e beaker. Add 150 mL of water and 10 mL of HCI, and heat to

3. Carbon steel (NBS 19g, 0.186 Si) 0.186 0.011 0.010 dissolve the salts. Cool, transfer to a 500-mL volumetric flask,

g- f:\;/bglfl‘:tesiér‘&% éze?éf%g;?’sn 8-;2(7) 8-811 8-81; dilute to volume, and mix. By means of a pipet, transfer a

o Catbon deol (NBS 20f, 0.299 Si) 0300 0012 0016 50-mL aliquot of this solution to a 500-mL volumetric flask,

7. Electrical steel (NBS 125a, 3.32 Si) 3.33 0.07 0.07 dilute to volume, and mix. The exact concentration (in milli-
H,SO, Dehydration grams of cobalt per millilitre) of the final solution is the exact

1. Carbon steel 0046 0009 0,013 weight of CoSQ taken multiplied by 0.076046.

2. Carbon steel (NBS 14d, 0.126 Si) 0.128 0.016 0.016 58.2 Nitroso-R Salt Solutior§7.5 g/L)—Dissolve 1.50 g of

i- gg:gg: ztzg: Esgg gg 8-123 23 8122 8-83‘7‘ 8-812 1-nitroso-2-naphthol-3,6-disulfonic acid disodium salt

5. Low-alloy steel (NBS 32e, 0.278 Si) 0282 0015 0024 (nitroso-R salt) in about 150 mL of water, filter, and dilute to

6. Carbon steel (NBS 20f, 0.299 Si) 0.302 0.015 0.015 200 mL. This solution is stable for 1 week.

7. Electrical steel (NBS 125, 3.32 Si) 333 0.05 0.05 58.3Sodium Acetate Solutiqi®00 g/L)—Dissolve 500 g of

sodium acetate trihydrate (CECOONa-3HO) in about 600
mL of water, filter, and dilute to 1 L.

58.4 Zinc Oxide Suspensiofi66 g/L)—Add 10 g of finely
divided zinc oxide (ZnO) to 60 mL of water and shake
thoroughly. Prepare fresh daily as needed.

concentrations from 0.01 to 0.30 %.

54. Summary of Test Method

54.1 The sample solution is treated with zinc oxide to59. Preparation of Calibration Curve

remove iron, chromium, and vanadium. Nitroso-R-salt solution 59.1 Calibration Solutions-Ysing pipets, transfer 2, 5, 10,
is added to a portion of the filtrate which has been bufferedl5, 20, and 25 mL of cobalt standard solution (1 mL = 0.06 mg
with sodium acetate to produce an orange-colored complego) to six 100-mL volumetric flasks, dilute to volume, and
with cobalt. The addition of nitric acid stabilizes the cobalt mix. Using a pipet, transfer 10 mL of each solution to a 50-mL
complex and also destroys certain interfering complexeshorosilicate glass volumetric flask. Proceed in acordance with
Photometric measurement is made at approximately 520 nm59.3.

59.2 Reference SolutionFransfer 10 mL of water to a
55. Concentration Range 50-mL volumetric flask. Proceed in accordance with 59.3.

55.1 The recommended concentration range is from 0.005 to 59-3 Color Development-Add 5 mL of sodium acetate
0.15 mg of cobalt per 50 mL of solution, using a 1-cm cell. Solution, and mix. Using a pipet, add 10 mL of nitroso-R-salt
solution, and mix. Place the flask in a boiling water bath. After

Note 10—This test method has been written for cells having a 1-cmg to 10 min, add 5 mL of HNQ1+2), and mix. Continue the

light path. Cells having other dimensions may be used, provided suitablﬁeating for 2 to 4 min. Cool the solution to room temperature,
adjustments can be made in the amounts of sample and reagents usedyj| te to volume. and mix.

59.4 Photometry
59.4.1 Multiple-Cell Photometer-Measure the cell correc-
56. Stability of Color tion with water using absorption cells with a 1-cm light path
56.1 The color is stable for at least 3 h. and using a light band centered at approximately 520 nm.

Using the test cell, take the photometric readings of the
calibration solutions versus the reference solution (59.2).
59.4.2 Single-Cell PhotometerFransfer a suitable portion
the reference solution (59.2) to an absorption cell with a
Q-cm light path and adjust the photometer to the initial setting,
) ) . using a light band centered at approximately 520 nm. While
R-salt Is u_sed to provide full color developm_ent with 0.15 mgmaintaining this adjustment, take the photometric readings of
of cobalt in the presence of 41 mg of nickel, 1.5 mg ofthe calibration solutions.

manganese, and 5 mg of copper, or 48 mg of nickel only. 59.5 Calibration Curve—Plot the net photometric readings

Colored complexe_s of nickel, manganese, :_;md COPPEr al&t the calibration solutions against milligrams of cobalt per 50
destroyed by treating the hot solution with nitric acid. mL of solution

57. Interferences

57.1 Nickel, manganese, and copper form complexes Wit%f
nitroso-R-salt that deplete the reagent and inhibit the formatio
of the colored cobalt complex. A sufficient amount of nitroso-

58. Reagents

58.1Cobalt, Standard Solutioft mL = 0.06 mg Co)—Dry
?We|gh|_ng bottle and stppper In-an oven at ]_-300(: for 1 h, cool Cobalt sulfate (99.9 % minimum) prepared from the hexamine salt by G.
in a desiccator, and weigh. Transfer approximately 0.789 g Ofrederick Smith Chemical Co., Columbus, OH, is satisfactory for this purpose.

60. Procedure

10
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60.1 Test Solution NITROGEN BY THE DISTILLATION-PHOTOMETRIC
60.1.1 Transfer a 0.50-g sample, weighed to the nearest 0.2
mg, to a 100-mL borosilicate glass volumetric flask. Add 5 mL METHOD

of a mixture of 1 volume of HN@and 3 volumes of HCI. Heat  (Thjs test method, which consisted of Sections 63 through 75
gently until the sample is dissolved. Boil the solution until of this standard, was discontinued in 1988.)
brown fumes have been expelled. Cool, add 50 to 55 mL of
water, and cool again. TOTAL ALUMINUM BY THE 8-QUINOLINOL
60.1.2 Add ZnO suspension in portions of about 5 mL until PHOTOMETRIC METHOD
the iron is precipitated and a slight excess of ZnO is present.
Shake thoroughly after each addition of the precipitant and,g Scope

avoid a large excess (Note 11). Dilute to volume, and mix. 76 1 This test method covers the determination of total
Allow the precipitate to settle; filter a portion of the solution 5 minum in concentrations from 0.003 to 0.20 %. It is not
through a dry, fine-porosity filter paper and collect it in a dry, applicable to silicon electrical steel.

150-mL beaker after having discarded the first 10 to 20 mL.
Using a pipet, transfer 10 mL of the filtrate to a 50-mL 44 Summary of Test Method

borosilicate glass volumetric flask. Proceed as in accordance ;7 | Interfering elements are removed by means of mercury-

with 60.3. cathode, cupferron, and sodium hydroxide separations. Alumi-
Note 11—When sufiicient ZnO has been added, further addition of thenum quinolinate is formed and is extracted with chloroform

reagent causes the brown precipitate to appear lighter in color upoand determined photometrically. Photometric measurement is
thorough shaking. A sufficient excess is indicated by a slightly white andmade at approximately 395 nm.
milky supernatant liquid.

60.2 Reference SolutionFransfer 10 mL of water to a 78. Concentration Range

50-mL volumetric flask. Proceed in accordance with 60.3. 78.1 The recommended concentration range is from 0.015 to
60.3Color DevelopmentProceed in accordance with 59.3. 0.10 mg of aluminum per 25 mL of solution using a 1-cm cell.
60.4 Photometry—Fake the photometric reading of the test

ion i i N 12—This procedure has been written for cells having a 1-cm light
solution in accordance with 59.4. OTE P g g

path. Cells having other dimensions may be used, provided suitable
) adjustments can be made in the amounts of sample and reagents used.
61. Calculation

61.1 Convert the net photometric reading of the test solution
to milligrams of cobalt by means of the calibration curve. .o Stability of Color

Calculate the percent of cobalt as follows: 79.1 The color is relatively stable, but readings should be

Cobalt, %= A/(B X 10) (5)  made within 5 min.
where:
A = cobalt found in 50 mL of the final test solution, mg, 80. Interfgrences . . . .
and 80.1 This test method is not applicable to silicon electrical
B = sample represented in 50 mL of the final test solution, steel. None of the elements usually present in the other ferrous
g. materials interfere if their concentrations are under the maxi-

mum limits shown in 1.1.

62. Precision and Bias*?

62.1 Nine laboratories cooperated in testing this test methofi1: APParatus o
and obtained the data summarized in Table 5. 81.1 Glassware—Fo0 prevent contamination of the sample,

all glassware must be cleaned with hot HCI (1+1) before use.

TABLE 5 Statistical Information—Cobalt—Nitroso-R-Salt It is recommended that a set of glassware be reserved for the
Photometric Method determination of aluminum at concentrations below 0.01 %.
Cobait  REPeat-  Repro- 81.2 Mercury Cathode-Apparatus No. 10B.
Test Material Found,  2Piity  ducibil 81.3SpectrophotometerAspectrophotometer, rather than a
% E(f71§,) ',t;yl(%)’ filter photometer, is recommended because of the increased
1. Carbon steel (NIST 19g, 0.012 Co) 0.011 0.005 0.007 sensitivity that it provides.
2. Low-alloy steel (NIST 461, 0.26 Co) 0.253 0006  0.024

82. Reagents

62.2 Bias—No information on the accuracy of this test _82.1Aluminum, Standard Solutiafi mL = 0.005 mg Al)—
method is known. The accuracy of this test method may bdransfer 0.4396 g of potassium aluminum sulfate
judged by comparing accepted reference values with th€K,Al(SO,),-24H0) to a 250-mL volumetric flask, dissolve

corresponding arithmetic average obtained by interlaboratori water, add 15 mL of HCI (1+1), dilute to volume, and mix.
testing. Using a pipet, transfer 50 mL to a 1-L volumetric flask, dilute

to volume, and mix. Store the solution in a polyethylene bottle.
12 Supporting data are available from ASTM Headquarters. Request RR:E03- 82.2Ammonium Acetate SOIU“QQSO g/L)_D|SSOIVe 90 g
1024. of ammonium acetate in water and dilute to 500 mL.
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82.3 Ammonium Peroxydisulfate Solutiofi00 g/L)—  of the reagent blank solution.
Dissolve 20 g of ammonium peroxydisulfate ((Ws5,0g) in 83.5.2Single-Cell PhotometerFransfer a suitable portion
water and dilute to 200 mL. of the reference solution to an absorption cell with a 1-cm light
82.4 Chloroform (CHCIy). path and adjust the photometer to the initial setting, using a
82.5 Cupferron Solution60 g/L)—Reagent No. 115. light band centered at approximately 395 nm. While maintain-

82.6 8-Quinolinol Solution (50 g/L)—Dissolve 25 g of ing this adjustment, take the photometric readings of the
8-quinolinol in 60 mL of acetic acid, dilute to 300 mL with calibration solutions and of the reagent blank solution.
warm water, filter through a medium filter paper, and dilute to 83.6 Calibration Curve—Plot the net photometric readings
500 mL. Store in an amber bottle away from direct sunlight. Doof the calibration solutions against milligrams of aluminum per
not use a solution that is more than one month old. 25 mL of solution.

82.7 Sodium Cyanidé100 g/L)—Dissolve 100 g of sodium
cyanide (NaCN) in a polyethylene bottle with water and dilute84. Procedure
tolL. 84.1Test Solution

Note 13—Warning: The preparation, storage, and use of NaCN solu- 84.1.1 Sele,Ct a sample_ W(?Ighed to the nearest 1 mg in
tion require care and attention. Avoid inhalation of fumes and exposure ofCcordance with the following:

the skin to the chemical and its solutionBrecaution—Work in a Aluminum, % Sample Weight, g
well-ventilated hood. Refer to the Safety Precautions section of Practices 0.003 to 0.10 2.00
E 50. Because of the strongly alkaline properties of NaCN solution, 0.08 10020 1.00
contact with glass may result in appreciable aluminum contamination of Transfer the sample to a 500-mL, wide-mouth Erlenmeyer
the reagent. flask

82.8Sodium Hydrogen Sulfate, Fusgdmixture of N3S,0;, 84.1.2 Add 30 mL of HCl and 10 mL of HNQ and digest
and NaHSQ). at a low temperature until dissolution is complete. Add 30 mL

82.9_Sodium Hydroxide Soll_JtiO@OO g/L)—Di;soIve 100 g  of HCIO,, heat to fumes, and continue fuming until chromium,
of sodium hydroxide (NaOH) in water in a platinum dish or in if present, is oxidized and the white HG)®apors are present
a plastic beaker and dilute to 500 mL. Store the solution in @nly in the neck of the flask. Add, with care, 1.0 to 1.5 mL of

polyethylene bottle. HCI allowing it to drain down the side of the flask. If there is
_ o evidence of the volatilization of chromyl chloride, make
83. Preparation of Calibration Curve repeated additions of HCI, followed by fuming after each

83.1 Calibration Solutions-Ysing pipets, transfer 2, 5, 10, addition, until most of the chromium has been removed.
15, and 20 mL of aluminum solution (1 mL = 0.005 mg Al) to Continue fuming the solution until the volume is reduced to 10
250-mL beakers containing 40 mL of water and 2 mL of HCImL. Remove from the hot plate and cool. Add 25 mL of water
(1+1). Proceed in accordance with 83.4. to dissolve the salts. If iron hydrolyzes, indicating that the

83.2 Reference SolutionGHCl,. sample was fumed too long, add 1 to 2 mL of HCl and 5 mL

83.3Reagent BlankJransfer 40 mL of water and 2 mL of of HCIO, and again take to fumes. Dilute to 75 mL with water

HCI (1+1) to a 250-mL beaker and proceed in accordance witland boil to remove chlorine.

83.4. 84.1.3 Filter through an 11-cm medium filter paper into a
83.4 Color Development 400-mL beaker. Wash the paper and residue two or three times
83.4.1 Treat the solutions singly as follows: Add 1 mL of with hot HCIO,(2+98) and then several times with hot water to

ammonium acetate solution and 10 mL of NaCN solutionensure removal of HCIQ Reserve the filtrate.

(Warning: Precaution—Note 13). Using a pH meter, adjust  84.1.4 Transfer the paper to a platinum crucible, dry the
the pH to 9.0= 0.2 with NH,OH or HCI (1+1). paper and residue, and then heat at about 600°C until the
83.4.2 Transfer the solution to a 125-mL conical separatorgarbon is removed. Finally ignite at 1100°C to remove volatile

funnel. Add 1 mL of 8-quinolinol solution and mix. Add 10 mL oxides. Cool, and add a few drops 0f$0,(1+1), followed by

of CHCI; and shake vigorously for 20 s. Allow the phases to4 to 5 mL of HF. Evaporate to dryness, and then heat at a

separate and drain the CHGlayer into a dry, 50-mL beaker. gradually increasing rate until the 580, is removed. Cool,

Add 10 mL of CHC} to the separatory funnel and extract asadd 2 to 3 g ofsodium hydrogen sulfate, fuse and heat until a

before. Combine the two extracts. Sprinkle 0.5 g of anhydrouslear melt is obtained. Cool the crucible, transfer it to a 250-mL

sodium sulfate (Ng§8O,) over the surface of the CHCéxtract ~ beaker, add 50 mL of water, and then digest until the melt is

in the beaker and then decant the Ckl@ito a 25-mL dissolved. Remove and rinse the crucible with water.
volumetric flask. Rinse the beaker with 3 to 5 mL of CH&hd 84.1.5 If the solution is clear, add it to the filtrate reserved in
transfer to the 25-mL volumetric flask, taking care to avoid84.1.3. If the solution is turbid, filter through an 11-cm medium
transferring any Ns850O,. Dilute to volume with CHCJ, and filter paper containing paper pulp into the beaker containing the

mix. reserved filtrate. Wash the paper three or four times with hot
83.5Photometry H,S0,(3+97). Discard the paper and residue.

83.5.1 Multiple-Cell Photometer-Measure the cell correc-  84.1.6 Transfer the solution to the mercury cathode cell.
tion using absorption cells with a 1-cm light path and a lightDilute to 150 to 200 mL and electrolyze at 15 A until the iron
band centered at approximately 395 nm. Using the test cells removed (Note 14). Without interrupting the current, transfer
take the photometric readings of the calibration solutions anthe solution from the cell to a 400-mL beaker. Thoroughly rinse

12



iy E 350

the cell and electrodes several times with water and add theith 83.5.
rinsings to the solution.

) : 85. Calculation
Note 14—The completeness of the removal of iron, which usually 851 C t th t phot tri di f the test
requires 1 to 3 h, can easily be determined by the following test: Transfer : onver € net pholometric readings o e tes

1 drop of the electrolyte to a cover glass or spot test plate. Add 1 drop of0lution and of the reagent blank solution to milligrams of
H,SO ,(1+1), 1 drop of saturated potassium permanganate (K)nO aluminum by means of the calibration curve. Calculate the

solution, and 1 drop of sodium thiocyanate (NaCNS) solution (500 g/L).percentage of total aluminum as follows:
When only a faint pink color is observed, the electrolysis may be . e (A
considered to be complete. Aluminum, %= (A = B)/(C X 10) (6)

84.1.7 Filter the solution through a 12.5-cm medium filter where: _ _ _ _
paper containing paper pulp (Note 15) into a 600-mL beakerA = aluminum found in 25 mL of the final test solution,

and wash 3 or 4 times with hot water. To the filtrate add 10 mL mg, ) .

of H,SO, (1+1) and 10 mL of (NH),S,0g solution. Heat to B = aluminum found in 25 mL of the final reagent blank

boiling, and evaporate to about 75 mL. Cool in an ice bath to solution, mg, and _ _

about 5°C. C = sample represented in 25 mL of the final test solution,
g.

Note 15—This filtration removes any mercurous chloride that may
have formed and any metallic mercury that may have been transferred

f th 1. isi
rom the ce 86. Precision

84.1.8 Transfer the solution to a 250-mL conical separatory 86.1 Samples covered by this test method were not tested.
funnel, and without delay, add 15 mL of cupferron solution. However, the precision data obtained for other types of alloys,

Reserve the beaker. Shake for 30 s and allow the precipitate {@&ing the methods indicated in Table 6, should apply.
settle. Add 20 mL of CHGJ and shake for 1 min. Allow the

layers to separate. Draw off and discard the CH@ler. COPPER BY THE SULFIDE PRECIPITATION-
Repeat the extractions until the extract is colorless. Transfer the ELECTRODEPOSITION GRAVIMETRIC METHOD
aqueous solution to the reserved 600-mL beaker and evaporate(This test method, which consisted of Sections 87 through 94
to 35 to 40 mL. Add 25 mL of HN@ cover with a ribbed cover  of this standard, was discontinued in 1989.)
glass, evaporate to fumes o£800,, and cool. Dilute to 50 to
100 mL, heat to boiling, and cool. TIN BY THE SULFIDE-IODOMETRIC TITRATION

84.1.9 Transfer the solution to a platinum, quartz, or high- METHOD
silica glass, or tetrafluoroethylene beaker. Neutralize to litmus
with NaOH solution and add 10 mL in excess. Add 1 mL of 95. Scope
H,O, and digest near boiling for 5 to 7 min to coagulate the 95.1 This test method covers the determination of tin in
manganese precipitate. Cool, and filter through a 12.5-cmoncentrations from 0.01 to 0.1 %.
medium filter paper, previously washed with hot dilute NaOH
solution (20 g/L), into a 400-mL beaker. Wash the paper an®6. Summary of Test Method
precipitate 4 or 5 times with hot water. Immediately add HClto 96.1 Tin is precipitated as the sulfide from dilute acid
the filtrate until acid to litmus paper. Transfer the acidifiedcontaining chloride and nitrate ions. After dissolution of the
filtrate to a 200-mL volumetric flask, dilute to volume, and precipitate, iron is added and tin is separated from copper by

mix. double precipitation with ammonium hydroxide. This precipi-
84.1.10 Transfer an aliquot to a 250-mL beaker, selecting thtate is dissolved in hydrochloric acid, and the tin is reduced
size in accordance with the following: with lead and titrated with standard iodate solution in an inert
Equivalent atmosphere. Starch is used to indicate the end point.
Aliguot Volume, mL ~ Sample Weight
Aluminum, % Sample Weight, g in Aliquot, mg
0.003 to 0.02 2.00 50 500 97. Interferences . . . . .
0.01 to0.04 2.00 25 250 97.1 The elements ordinarily present do not interfere if their
0.02 to0 0.1 2.00 10 100 concentrations are under the maximum limits shown in 1.1.
0.08 to 0.2 1.00 10 50

Adjust the volume to 50 mL. Proceed in accordance with98. Apparatus

84.3.
84.2 Reagent Blank_g.arry a reagent blank through the TABLE 6 Statistical Information—Aluminum—38-Quinolinol
entire procedure using the same amounts of all reagents with Photometric Method
the sample omitted. Transfer an aliquot of the same volume as Aluminum Repeat- Repro-
that taken from the test solution, to a 250-mL beaker, and Test Material Found, az.?my ﬂ;’i‘f;"'
adjust the volume to 50 mL. Proceed in accordance with 84.3. % E 171'3) E 1732)'
84.3Color Development-RProceed in accordance with 83.4. 1 no. 1, E 353 0.004 0.001 0.003
84.4 Reference Solution€HCl,. 2. No. 2, E 353 0.045 0.006 0.010
84.5 Photometry—Fake the photometric readings of the ij E‘; 25222 8:223 8:824 8:829

reagent blank solution and of the test solution in accordance
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98.1Apparatus for Reduction of Tin-Apparatus 7A or 7B. wash each paper with about ten 5-mL portions of hot HCI
If Apparatus 7B is used, extend the g@elivery tube to within ~ (2+98).

2.5 cm of the bottom of the flask. 100.4 Add NHOH (1+1) until neutral to litmus paper to
precipitate iron, tin, chromium, etc., and then add 1 to 2 mL in
99. Reagents excess. Add paper pulp, and heat the solution to boiling to

99.1 Ammonium Sulfate-Hydrogen Sulfide Solution—coagulate the precipitate. Filter using a coarse filter paper and
Dissolve 50 g of ammonium sulfate ((NJ3SO,) in about 800 wash 5 to 10 times with hot N}DH (1+99). Discard the
mL of H,SO,(1+99), dilute to 1 L with HSO,(1+99), and filtrate.
saturate with hydrogen sulfide £H). 100.5 Pass 10 mL of hot HCI (1+1) in increments through

99.2 Antimony Trichloride Solutiof20 g/L)—Dissolve 2 g  the paper, collecting the solution in a 500-mL Erlenmeyer
of antimony trichloride (SbG) in 50 mL of HCI, and dilute to  flask. Wash the paper alternately with hot water and small
100 mL. increments of hot HCI (1+1) until 20 mL of the latter has been

99.3Ferric Chloride Solution(2 g Fe/L)—Dissolve 10 g of used. Finally, wash the paper with about ten 5-mL portions of
ferric chloride hexahydrate (FeGI6H,0) in about 800 mL of  hot HCI (2+98).

HCI (1 +99) and dilute to 1 L with HCI (1+99). 100.6 Add 20 mL of HCI and dilute the solution to about 300
99.4 Potassium lodate, Standard Solution(1 = mL.Add 1 mL of SbC} solution and 10 g of test lead. Stopper
mL = approximately 0.0005 g Sn—For samples containing nothe flask with the 3-hole stopper containing the condenser, the
more than 0.10 % Sn)—Dissolve 0.300 g of potassium iodatgjlass rod, and the carbon dioxide inlet tube. Start the flow of

(KIO3) in 200 mL of water containig 1 g ofsodium hydroxide  carbon dioxide, boil the solution gently until the iron is
(NaOH) and add 10 g of potassium iodide (KI). Dilute to 1 L, reduced, and continue boiling for 30 to 40 min.

and mix. Determine the tin equivalent of the solution as 100.7 Replace the glass rod with a thermometer, increase the
follows: _ _ . flow rate of the carbon dioxide to prevent air from entering the

99.4.1 Using a pipet, transfer 10 mL of the tin solution (1f|ask, and cool the solution to about 8°C by immersing the flask
mL = 0.001 g Sn) to a 500-mL Erlenmeyer flask, add 10 mL ofi, jce water.

FeCl, solution, 120 mL of HCI (1+1), and proceed as directed
in 100.6-100.8. Determine a blank using the same amounts ofNote 16—If Apparatus 7A is used, ignore the reference to the flow of

all reagents with tin omitted. Calculate the tin equivalent of thecarbon dioxide in 100.6 and 100.7. When reduction is complete, dip the
; . . : . end of the siphon into a saturated solution of sodium hydrogen carbonate
potassium iodate solution as follows:

(NaHCO,) and cool the solution in the flask to about 8°C by immersing

Tin equivalent, g Sn/ml= A/(B — C) (7) it in ice water.
where: 100.8 Remove the thermometer and, using a pipet, add 5 mL
A = tin titrated g. of starch solution through the open hole. Insert the tip of a
B = KIO, solution required to titrate the tin, mL, and 25-mL buret containing the appropriate K{Golution and
C = KIO, solution required to titrate the blank, mL. titrate the supernatant solution until a faint blue color is

99.5 Potassium lodate, Standard Solution(1  Produced. Swirl the flask to bring the lead chloride into
mL = approximately 0.0015 g Sh—For samples containing nofuspension, let it settle, and again titrate to the end point. Bring
less than 0.10% Sn)—Dissolve 0.900 g of Ky@ 200 mL of the lead chloride into suspension again, and let it settle; when
water containig 1 g ofNaOH and add 10 g of KI. Dilute to 1 the faint blue color is unaffected by this procedure the titration
L. Determine the tin equivalent of the solution in accordanceof the tin is complete.

with 99.4 but use 25 mL of the tin solution (1 mL =0.001 g Note 17—If Apparatus 7A is used, remove the stopper and the siphon

Sn). ] and replace immediately with a two-hole stopper with a,@€livery tube
99.6 Starch Solution(10 g/L)—Reagent No. 110. through which CQ is flowing; adjust the delivery tube so that it extends
99.7 Test Lead gra_nular_ to within 2.5 cm of the bottom of the flask. Add starch solution, insert the

99.8Tin, Standard Solutiofl mL = 0.001 g Sn)—Reagent burettip in the other hole, and proceed in accordance with 100.8.
No. 19.

100. Procedure 101. Calculation
100.1 For the range from 0.01 to 0.05 % tin, transfer a 10-g 101.1 Calculate the percent of tin as follows:
sample, weighed to the nearest 10 mg, to each of two 1-L

Erlenmeyer flasks; use a single 10-g sample for the range from Tin, % = [((A — B) X C)/D] X 100 8
0.05 to 0.10 %. where:

100.2 When two 10-g samples are used, proceed in accorA = KIO , solution required to titrate the tin in the sample,
dance with 100.3-100.8. When a single 10-g sample is used, mL,
proceed in accordance with 100.5-100.8. B KIO4 solution required to titrate the blank, mL,

100.3 Dissolve the precipitates by passing 100 mL of hotC
HCI (1+1) in increments through each of the two papers, D
collecting the solutions in a single 800-mL beaker. Wash each
paper alternately with hot water and small increments of hofl02. Precision
HCI (1+1) until 20 mL of the latter has been used. Finally, 102.1 Five to seven laboratories cooperated in testing this

tin equivalent of the KIQ; solution, and
sample used, g.
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test method, three of them submitting one additional set oéthylene bottles. Acidic solutions may remain in contact with glassware
data, all of which are summarized in Table 7. for as long & 2 h without becoming contaminated with silica.
108.2Platinum Crucibles8 and 25-mL capacity.
108.3Filter Holder and Filter Membranes47-mm diam-
eter cellulose disks having a 0.5-um average pore diameter.

SILICON BY THE MOLYBDENUM BLUE
PHOTOMETRIC METHOD

103. Scope 109. Reagents
103.1 This test method covers the determination of siliconin 109.1 Ammonium Molybdate Solutigii00 g/L)—Dissolve
concentrations from 0.01 to 0.06 %. 100 g of ammonium heptamolybdate tetrahydrate
((NH )M0;0,,-4H ;0) in 500 mL of water, dilute to 1 L, and
104. Summary of Test Method transfer to a polyethylene bottle. Allow the reagent to stand for

104.1 The sample is carefully dissolved in dilute acid toat least 1 day, filter, and store in a polyethylene bottle.
avoid the formation of polymeric forms of silicic acid. Silica 109 .2 Ascorbic Acid Solutior(40 g/L)—Dissolve 4.0 g of
present in the sample is separated, along with other acigscorbic acid in water, dilute to 100 mL, and transfer promptly
insolubles, and fused in sodium carbonate. After leaching, thgy 5 polyethylene bottle. Do not use a solution that has stood
oxides of silicon are in the form of orthosilicic acid, which is for more than 1 day.

combined with the original sample solution. Ammonium mo- 19 3pisilled Water—Do not use water that has been stored
lybdate is added to form the molybdosilicate complex, which i, 4 glass container.

reduced with ascorbic acid to form the blue complex. Photo- ;49 4 yalic Acid Solution(80 g/L)—Dissolve 80 g of
metric measurement is made at approximately 810 nm againa '

f lution that tes for back d col kalic acid dihydrate in 800 mL of water, dilute to 1 L, filter if
a reterence solution that compensates for background co Or'necessary, and transfer promptly to a polyethylene bottle.

105. Concentration Range 109.5 Silicon, Standard Solution AL mL =0.4 mg Si)—
i . . Transfer 0.8557 g of silicon dioxide (S (purity: 71.5 %

105.1 The recommended concentration range is from 0.02 t%. . . . N i
0.12 mg of silicon per 100 mL of solution, using a 1-cm cell |n!mum), pr_ewously dried fD.l h at150°C, to a 25 r_nL

' ' " platinum crucible. Ad 8 g ofsodium carbonate (NEO;), mix

Note 18—This procedure has been written for cells having a 1-cm lightwell, heat to obtain a clear melt, and cool. Place the crucible in
path. Cells having other dimensions may be used, provided suitablg poly(tetrafluoroethylene) beaker, add 100 mL of water, and
adjustments can be made in the amounts of sample and reagents usethagt at approximately 90°C to dissolve the melt. Using a plastic
rod, remove and rinse the crucible with water, and cool.
Transfer the solution to a 1-L volumetric flask, dilute to

106. Stability of Color volume, and mix. Transfer promptly to a polyethylene bottle. If
106.1 The color develops in 30 min, and is stable for at leas8iO, of the designated purity is not available, proceed in
1h. accordance with 109.5.1.
109.5.1 Using a pipet, transfer 25-mL portions of silicon
107. Interferences Solution A to 400-mL beakers. Add 50 mL of HCJQvhich

107.1 The formation of molybdophosphate, molybdoarseneontains less than 0.0002 % silicon (see Section 49). Evaporate
ate, and molybdovanadate complexes is prevented by thge solutions to fumes and heat at such a rate for 15 to 20 min

addition of oxalic acid and by maintaining high acidity. that HCIQ, refluxes on the sides of the beakers. Cool suffi-
ciently, and add 100 mL of water (40 to 50°C). Proceed in
108. Apparatus accordance with 49.2.2-49.2.6 of these test methods.
108.1 Polyethylene Reagent Bottles and 150-mL Poly(tet- 109.5.2 Calculate the silicon concentration of standard
rafluoroethylene) Beakers Solution A as follows:
Note 19—Neutral or alkaline solutions should not remain in contact Silicon, mg/nL = [(A — B) X 0.4675X 1000)/25 9)

with glassware longer than necessary; such solutions may be prepared in

glass volumetric flasks, provided they are transferred promptly to poly-where:
A = initial weight of crucible and impure SiQg, and
B = final weight of crucible and residue, g.

TABLE 7 Statistical Inform?\;igtr;;c;l'in—lodimetric Titration 109.6 Silicon, Standard Solution BL mL = 0.04 mg Si)—
Using a pipet, transfer 50 mL of silicon Solution Ato a 500-mL

Tin  Number of 'zf)ﬁ’lﬁ;t Efgg’l volumetric flask, dilute to volume, and mix. Transfer promptly
Test Material Found,  Labora- R, ity (Ry. to a polyethylene bottle.
% tories (R Y (R
E 173) E 173)
1. Low-alloy steel (NBS 0.011 5 0.002 0.003 110. Preparation of Calibration Curve
N fgj\;_;‘lgilstse’g 0011 . 0.002 0.004 110.1Calibration Solutions - N
3. Low-alloy steel (NBS 0.028 5 0.002 0.001 110.1.1 Transfer 2.000 g of iron (purity: 71.8 % minimum,
. i523v I?-mt S'I‘) 0,087 . 0,009 0,010 silicon: 0.001 maximum) to each of seven 150-mL poly(tet-
. Low-alloy stee . . . . .
5. Low-carbon steel 0.113 7 0.009 0.020 rafluoroethylene) beakers. Using a pipet (Note 20), add 25 mL

of H,SO,(3+20), cover the beaker with a plastic cover, and

15



iy E 350

heat at 90°C until dissolution is complete. obtained, and cool. Place the crucible in the beaker containing
Note 20—The amount of K50,(3+20) added is critical. This amount thhe reseg\éfdcfl!?ate' Add 40 mL.IthwateI’,I C.ng.r thel b%aker’ and
of acid will minimize the formation of polymeric forms of silicic acid, eat at , It necessary, until the melt is dissolved.

which require excessive time to react with ammonium molybdate. _111-1-5 Using a plastic rod, remove the crucible and rinse
110.1.2 Adi 1 g of potassium nitrate (KNQ and 50 mL of with 10 mL of water. Adl 1 g of KNG;, mark the beaker at the

) : ; liquid level, and boil to remove oxides of nitrogen for 5 to 8
water. Marl_< the be?'“” at this yolumt_e. B.O'.I for 5 to 8 min to min while maintaining the volume by additions of water from
remove oxides of nitrogen, while maintaining the volume by

additions of water from a wash bottle. Cool, and transfer thea wash bottle. Cool, transfer the solution to a 200-mL volu-

solutions to 200-mL volumetric flasks. metric flask, dilute to volume, and mix.

. . 111.1.6 Using a pipet, promptly transfer 20-mL portions to
110.1.3 Using pipets, transfer 5, 10, 15, 20, 25, and 30 m ) .
of silicon Solution B (1 mL = 0.04 mg Si) to the flasks, dilute ITwo 100-mL volumetric flasks, add 50 mL of water, and treat

. . .~ one in accordance with 111.3 and the other in accordance with
to volume, and mix. Do not allow these solutions to remain in

the glassware for more than 1 h 111.5. ;
110.1.4 Using a pipet transfer' 20 mL of each solution to 111.2 Reagent Blank Solqu_nGarry a reagent blank
lOO-m.L.volumetric flasl’< and dilute to 70 mL. Proceed in"’khrough the entire procedure using the same amounts of all
X ' ' reagents with the sample omitted.
accordance with 110.3.
110.2 Reference SolutionBilute the remaining seventh  Note 21—The N3CO; must be fused in a platinum crucible in
solution, prepared in accordance with 121.1.2, to volume, an@reparing this solution.
mix. Using a pipet, transfer 20 mL to a 100-mL volumetric 111.3 Color Development-Proceed in accordance with
flask, and dilute to 70 mL. Proceed in accordance with 110.3110.3.
110.3Color Development 111.4Background Color Reference Solutioite-the other
110.3.1 Add 10 mL of ammonium molybdate solution. After portion obtained in 111.1.6, add in order, and with swirling
20 min, add in order, and with swirling after each addition, 5after each addition (Note 22), 5 mL of,H0O, (1+1), 10 mL of
mL of H,SO ,(1+1), 5 mL of oxalic acid solution, and 5 mL of ammonium molybdate solution, 5 mL of oxalic acid solution,
ascorbic acid solution. Dilute to volume, and mix. and 5 mL of ascorbic acid solution. Dilute to volume, and mix.
110.3.2 Allow the solutions to stand for 30 min at 25°C, andAllow the solution to stand for 30 min.

proceed in accordance with 110.4. Note 22—The addition of HSO,(1+1) before the ammonium molyb-
110.4Photometry date prevents the formation of the colored complex.

110.4.1Multiple-Cell Photometer-Measure the cell correc- . .
- - : : ) : : 111.5 Photometry—Fake the photometric readings of the
tion using absorption cells with a 1-cm light path and a IIghtreagent blank solution and of the test solution (using the

band centered at approximately 810 nm. Using the test celr, tive backaround color referen lutions and determin-
take the photometric readings of the calibration solutions. respective background color reterence sofutions a etern
ing the cell correction with each of them) in accordance with

110.4.2Single-Cell PhotometerFransfer a suitable portion 114
of the reference solution to an absorption cell with a 1-cm Iight1 o
path and adjust the photometer to the initial setting, using 312 Calculation

light band centered at approximately 810 nm. While maintain- 112.1 Convert the net photometric readings of the test

ing this adjustment, take the photometric readings of the ; . o
calibration solutions. Solution and of the reagent blank solution to milligrams of

110.5Calibration Curve—Plot the net photometric readings silicon by means of the calibration curve. Calculate the percent

P . . o i of silicon as follows:
of the calibration solutions against milligrams of silicon per
100 mL of solution. Silicon, % = (A — B)/(C X D) (10)

111 P d where:
- Frocedure A silicon found in 100 mL of the final test solution, mg,
111.1Test Solution _ B = silicon found in 100 mL of the final reagent blank
111.1.1 Transfer a 2.00-g sample, weighed to the nearest 1 solution, mg, and

mg, to a 150-mL poly(tetrafluoroethylene) beaker. Using ac = sample represented in 100 mL of the final test solu-

pipet (Note 20), add 25 mL of }$0,(3+20), cover the beaker tion, g.
with a plastic cover, and heat at 90°C until dissolution is
complete. 113. Precision

~111.1.2 Filter on a membrane filter, and wash three to five 113.1 Eight laboratories cooperated in testing this test
times with 5-mL portions of hot water. Transfer the filtrate andmethod and obtained the data summarized in Table 8.

the washings to the original poly(tetrafluoroethylene) beaker,

and reserve. Wash the filter with two 5-mL portions of

methanoL and discard these Washings_ COPPER BY THE NEOCUPROINE PHOTOMETRIC
111.1.3 Transfer the paper to an 8-mL platinum crucible, dry METHOD

the paper, and then heat at about 600°C until the carbon is

removed. Ignite the crucible and contents at 980°C for 1 h. 114. Scope
111.1.4 Add 100 mg of N&EO;, heat until a clear melt is 114.1 This test method covers the determination of copper in
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TABLE 8 Statistical Information—Silicon—Molybdenum Blue 120.1 Calibration Solutions_using pipets, transfer 5, 10,
Photometric Method 15, 20, 25, and 30 mL of copper solution (1 mL = 0.01 mg Cu)
silicon  epeat- Repro- to 150-mL beakers, and dilute to 50 mL. Proceed in accordance
Test Material Found, al(a;llty ﬁ;c(lgl- with 120.3.
1 2 .
% E173) E173) 120.2Reagent Blank SolutionFransfer 50 mL of water to

1. Low-alloy steel (NBS 10g, 0.020 Si) 0.021 0.003 0.016 a 150-mL beaker. Proceed in accordance with 120.3.
2. Low-alloy steel 0.031 0.003 0.011 120.3Color Deve|opmem
3. Low-alloy steel (NBS 170a, 0.036 Si) 0.037 0.005 0.012

120.3.1 Add 5 mL of NHOH-HCI solution and 10 mL of

. 0 citric acid solution. Stir for 30 s. Using a pH meter (Note 25),
concentrations from 0.005 to 1.50 %. adjust the pH to 5.0= 1.0 with NH,OH (1+1). Add 10 mL of

neocuproine solution.
115. Summary of Test Method

115.1 Copper is Separated as cuprous copper from OtherNOTE.ZSI—TeSt paper may be used, except for hig_hly_coI(_)req solutions,
metals by extraction of the copper-neocuproine complex wit y affixing it tp the inner wall of the beaker, and rinsing it with water
chloroform. Photometric measurement is made at approxi2¢'re removing it

mately 455 nm. 120.3.2 Transfer the solution to a 125-mL conical separatory
funnel, rinsing the beaker with 10 to 15 mL of water. Add 15
116. Concentration Range mL of CHCI; and shake for 30 s. Allow the phases to separate.

116.1 The recommended concentration range is from 0.01 tBlace a small roll of filter paper which has been washed with
0.30 mg of copper per 50 mL of solution, using a 1-cm cell. CHCl;, in the stem of a small funnel. Drain the CHG&yer

through the funnel into a 50-mL volumetric flask containing 6
Note 23—This test method has been written for cells having a 1-cm g 9

light path. Cells having other dimensions may be used, provided suitabljﬁo 7 mL of ethanol. Add 10 mL .Of CHGlto the separatory
adjustments can be made in the amounts of sample and reagents usedUNnel, extract as before, and drain the Cki@yer through the
funnel into the 50-mL volumetric flask. Repeat the extraction

just described. Wash the paper and the funnel with 4 to 5 mL

of ethanol, and collect the washings in the volumetric flask.

dDilute to volume with ethanol, and mix.

120.4Reference SolutionGHCls.

120.5Photometry

120.5.1 Multiple-Cell Photometer-Measure the reagent

blank (which includes the cell correction) using absorption

118. Interferences cells with a 1l-cm light p_ath and a light band centered gt

118.1 The elements ordinarily present do not interfere if the“approxmately 455 nm. Using the test cell, take the photometric

concentrations are under the maximum limits shown in 1.1. readings Of_ the calibration solutions. . .
120.5.2Single-Cell PhotometerFransfer a suitable portion

117. Stability of Color

117.1 The color develops within 5 min and the extracte
complex is stable for at least 1 week; however, because of the
volatile nature of the solvent, it is advisable to take photometric
readings promptly.

119. Reagents of the reference solution to an absorption cell with a 1-cm light
119.1Chloroform(CHCI ,). path and adjust the photometer to the initial setting, using a
119.2Citric Acid Solution(300 g/L)—Reagent No. 129, but light band centered at approximately 455 nm. While maintain-

use 300 g instead of the specified weight. ing this adjustment, take the photometric readings of the

119.3 Copper, Standard Solutiofl mL = 0.01 mg Cu)— calibration solutions. _ _
Transfer 0.4000 g of copper (purity: 99.9 % minimum) to a 120.6(3_aI|br_at|on quve—PIop the net photometric readings
250-mL Erlenmeyer flask, and dissolve in 20 mL of of the cal|br'at|on solutions against milligrams of copper per 50
HNO4(1+1). Add 10 mL of HCIQ and evaporate to HClp ML of solution.
fumes to expel HNQ Cool, add 100 mL of water, transfer to
a 1-L volumetric flask, dilute to volume, and mix. Using a 121. Procedure
pipet, transfer 25 mL to a 1-L volumetric flask, dilute to 121.1Test Solution
volume, and mix. Do not use a solution that has stood more 121.1.1 Select a sample in accordance with the following:

than one week. Sample Tolerance in o Aliquot
119.42,9-Dimethyl-1,10-Phenanthroline (Neocuproine) So- ~ oper. Weight, Sample - Dilution, - Volume,
R % g Weight, mg mL mL
lution (1 g/L)—Reagent No. 132. 0.005 to 0.15 1.00 1.0 100 20
- 0.10 to 0.25 1.00 1.0 250 30
Note 24—In addition to absolute ethanol, 95 % ethanol or denatured .0 10050 1.00 05 250 15
No. 30 or 3A alcohol have been found suitable for preparing this solution. 0.40 to 1.00 0.50 0.5 250 15
119.5Hydroxylamine Hydrochloride Solutiofi00 g/ L)— 080 10 1.50 050 01 250 10
Reagent No. 131. Transfer the sample to a 250-mL Erlenmeyer flask.
119.6 Water—Jse deionized water or water distilled in  121.1.2 Add amounts of HCI or HNQ or mixtures and
all-glass or all-quartz apparatus. dilutions of these acids, which are sufficient to dissolve the
sample. Heat until dissolution is complete. Add HN®
120. Preparation of Calibration Curve provide a total of at least 5 mL. Add 15 mL of HCJ@nd a
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sufficient amount of HF to volatilize the silica. TABLE 9 Statistical Information—Copper—Neocuproine
121.1.3 Heat to fumes, and continue fuming until chromium, Photometric Method

if present, is oxidized and the white HCJ®@apors are present c Repeat-  Repro-
; . _ OPPET o hility ducibil-
only in the neck of the flask. Add, with care, 1.0 to 1.5 mL of Test Material Found, R ity (R,
HCI allowing it to drain down the side of the flask. If there is % E 173) E 173)
evidence of the volatilization of chromyl chloride, make 1 no. 1, 354 0006 0001 0.004
repeated additions of HCI, followed by fuming after eachz2. No. 2, E354 0.014 0.002 0.006
i+ ; i 3. Carbon steel (NBS 152a, 0.023 Cu) 0.021 0.004 0.010
addlt_lon, unt|l_ most of the_ chrom_lum has been removed.4. Low-alloy steel (NBS 12h, 0.073 Cu) 0.074 0.009 0.010
Continue fuming the solution until the volume has b_eens Low-alloy steel (NBS 19g, 0.093 Cu) 0.092 0.007 0.005
reduced to about 10 mL. Cool, add 7 mL of water, and digesé. Low-alloy steel (NBS 364, 0.114 Cu) 0.110 0.004 0.011
if necessary to dissolve the salts. Cool to room temperature; Jow-aloy steel 0750 0023 0.046

. > No. 5, E351 1.51 0.04 0.05
add 1 mL of HCI, and transfer the solution (Note 26) to a -

volumetric flask that provides for the dilution in accordance
with 121.1.1. Dilute to volume and mix.

silicon electrical steel.

Note 26—If silver is present in the alloy it must be removed by
filtration at this point. 125. Summary of Test Methods

121.1.4 Allow insoluble matter to settle, or dry-filter through  125.1 Following dissolution, acid-insoluble aluminum is
a coarse paper and discard the first 15 to 20 mL of the filtratéeparated, fused, and recombined. Interfering elements are
before taking the aliquot. Using a pipet, transfer a portion agemoved by mercury-cathode, cupferron, and sodium hydrox-
specified in 121.1.1 to a 150-mL beaker, and dilute to 50 mLide separations. Aluminum quinolinate is precipitated and
Proceed as directed in 121.4. weighed.

121.2 Reagent Blank-Garry a reagent blank through the
entire procedure, using the same amounts of all reagents b&£6. Interferences

with the sample omitted. 126.1 This test method is not applicable to silicon electrical
121.3Reference SolutionGHCL.. steel. The elements ordinarily present in the other ferrous
121.4 Color DevelopmentProceed in accordance with Materials do not interfere if their concentrations are under the
159.3. maximum limits shown in 1.1.
121.5Photometry—Fake the photometric reading of the test
solution in accordance with 120.5. 127. Apparatus _ . o
127.1 Filtering Crucible medium-porosity fritted-glass,
122. Calculation low-form, 30-mL capacity.

122.1 Convert the net photometric readings of the test 127.2Glasswareto prevent cpntamination of the sample, all
solution and of the reagent blank solution to milligrams of9l@ssware must be cleaned with hot HCI (1+1) before use.
copper by means of the calibration curve. Calculate the percent 127-3 HCl Gas Generator(Fig. 1)—A simple HCI gas

of copper as follows: generator constructed from a stoppered wash bottle and glass
tubing.
Copper, %= (A~ BJ(C > 10 (11) 127.4Mercury Cathode-Apparatus No. 10 B.
where: 127.5pH Meter—Apparatus No. 3 A.
A copper found in 50 mL of the final test solution, mg,

B copper found in 50 mL of the final reagent blank 128. Reagents
solution, mg, and 128.1 Ammonium Peroxydisulfate Solutiofl00 g/L)—
C = sample represented in 50 mL of the final test solution, Dissolve 20 g of ammonium peroxydisulfate ((W55,0g) in
g. water and dilute to 200 mL. Do not use a solution that has
stood more than 8 h.
123. Precision 128.2 Chloroform (CHCIy).

123.1 Ten laboratories cooperated in testing this test method 128.3 Cupferron Solution(60 g/L)—Reagent No. 115.
and obtained the data summarized in Table 9. Although 128.4 8-Quinolinol Solution(25 g/L)—Dissolve 25 g of
samples covered by this test method with copper concentr@-quinolinol in 50 mL of acetic acid, dilute to 300 mL with
tions near the lower and upper limits of the scope were not

available for testing, the precision data obtained for the other e
specimens by the methods indicated should apply. T S— spoperH(—‘_‘v? '
| fr— 8 mu Glass Tubing
TOTAL ALUMINUM BY THE 8-QUINOLINOL 0 or 10001 !
GRAVIMETRIC METHOD it / d
|
124. Scope km ) B
124.1 This test method covers the determination of total bop0 e
aluminum in concentrations from 0.20 to 1.5 % except in FIG. 1 HCI Gas Generator
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warm water, filter through a medium paper, and dilute to 1 L.fer the solution to a mercury cathode cell. Dilute to 150 to 200
Store in an amber bottle away from direct sunlight. Do not usenL and electrolyze at 15 A (Note 27) until the iron has been

a solution that has stood more than 1 month. removed (Note 28). Without interrupting the current, transfer
128.5 Sodium Hydrogen Sulfate, Fusg@ mixture of the solution from the cell to a 400-mL beaker. Thoroughly rinse
Na,S,0; and NaHSQ). the cell and electrodes several times with water and add the

128.6Sodium Hydroxide Solutiof200 g/L)—Dissolve 100 rinsings to the solution.

g of sodium hydroxide (NaOH) in water in a platinum dish or Note 27—Contact between the mercury pool and the platinum cathode

in a plastic beaker, and dilute to 500 mL. Store in a polyethmay be broken intermittently due to stirring the mercury too rapidly. Since
ylene bottle. this will cause arcing which will result in the dissolution of some mercury

128.7 Tartaric Acid Solution(200 g/L)—Dissolve 200 g of inthe electrolyte, it should be avoided by adding more mercury to the cell,

tartaric acid in 500 mL of water, filter through a medium paper using less current, or by proper adjustment of the cathode lead wire so that
and dilute to 1 L ' ‘contact will be ensured.

Note 28—The completeness of the removal of iron, which usually
129. Procedure requires 1 to 3 h, can be determined by the following test: Transfer 1 drop
: of the electrolyte to a watch glass or spot test plate. Add 1 drop of
129.1 Transfer a 1.000-g sample, weighed to the nearest OrLs0,(1+1), 1 drop of saturated potassium permanganate (KMnO
mg, to a 600-mL beaker. solution, and 1 drop of sodium thiocyanate (NaSCN) solution (500 g/L).
129.2 Carry a reagent blank through the entire proceduré’,\’heﬂ only a faint pink color is observed, the electrolysis may be
using the same amounts of all reagents but with the samplgPnsidered complete.
omitted. 129.8 Filter the solution through a 12.5-cm medium paper
129.3 Add 30 mL of HCI and 10 mL of HNQand digest at ~ containing paper pulp (Note 29) into a 600-mL beaker, and
a low temperature until dissolution is complete. Add 30 mL ofwash 3 or 4 times with hot water. To the filtrate add 10 mL of
HCIO,, heat to fumes, and continue fuming until chromium, if H,;SO, (1+1) and 10 mL of (NH),S,Og solution. Heat to
present, is oxidized. If chromium is present, position the ga®oiling and evaporate to about 75 mL. Cool in an ice bath to
generator containing boiling HCI (use a fresh portion of HCIbelow 10°C.
for each Sample),_so that the tube extends into the beaker andNOTE 29—This filtration removes any mercurous chloride that may
the HCl gas is delivered 20 to 30 mm above the surface of th@aye formed and any metallic mercury that may have been transferred
fuming HCIQ,. Continue boiling the HCI and fuming the from the cell.
sample solution until there is no evidence of yellow chromyl
chloride in the fumes. Remove the generator and continu?u
fuming the solution until the volume is reduced to 10 mL.
Alternatively, volatilize the chromium as directed in 84‘1‘2'settle. Add 20 mL of CHGJ and shake for 1 min. Allow the
Remove from the hot plate and cool. Add 25 mL of water tolayers to separate. Draw off and discard the CHQayer.
eRepeat the extraction [with 20-mL portions of CHQUntil the
. ) . .extract is colorless. Transfer the aqueous solution to the
and again take to fumes. Dilute to 75 mL with water and bo'lreserved 600-mL beaker and evaporatqe to 35 to 40 mL. Add 25

to remove chiorine. mL of HNO;, cover with a ribbed cover glass, evaporate to

129.4 Filter through an 11-cm medium paper into & 400-Mlg, eg of SO ,,] and cool. Dilute to 50 mL, heat to boiling,
beaker. Scrub and wipe the inside of the beaker with half &4 cool.

sheet of filter paper. Add this paper to the funnel. Wash the 129.10 Transfer the solution to a platinum, quartz or high-

origlinalzbeaker, tcrilehpaper, and the resinehz or 3 times with hQfijica glass, or poly(tetrafluoroethylene) beaker. Police thor-
HCIO( |+9fS) aln then 3 or f]' tlmes with hot water to ensure, qp1v (Note 30), rinse the beaker, and add the rinsings to the
removal of HCIQ. Reserve the filtrate. main solution. Neutralize to litmus with sodium hydroxide

129.5 Transfer the paper to a platinum crucible, dry it, a”d(NaOH) solution (Note 31), and add a 10-mL excess. Add 1
then heat at about 600°C until the carbon has been removeg,| of H,0,, digest near the boiling point for 5 to 7 min, and

Finally ignite at 1100°C, cool, and add a few drops Offinally poil for 1 to 2 min to coagulate the manganese
H,SO,(1+1) and 4 to 5 mL of HF. Evaporate to dryness andpyecipitate. Cool, and filter through a 12.5-cm medium paper
heat at a gradually increasing rate until theS&, has been containing paper pulp previously washed 3 times with hot
removed. Cool, add 23 g ofsodium hydrogen sulfate, fused, gjjyte NaOH solution (20 g/L), into a 600-mL beaker. Wash the
and heat until a clear melt is obtained. Cool the cruuble,paper and precipitate 4 or 5 times with hot water. Immediately

transfer it to a 250-mL beaker, add 50 mL of water, and theryqq Hc| (1+1) to the filtrate until acidic to litmus paper, and
digest until the melt is dissolved. Remove and rinse thnen add 3 to 4 mL in excess.

crucible with water.

129.6 If the solution is clear, add it to the filtrate reserved in Note 30—This step is necessary whether or not a precipitate is visible.
129.4. If the solution is turbid, filter through an 11-cm fine Note 31—Approximately 70 mL will be required.
paper containing paper pulp into the beaker containing the 129.11 Dilute to approximately 250 mL, and add 25 mL of
reserved filtrate. Wash the paper 3 or 4 times with hotartaric acid solution. Using a pH meter, adjust the pH to 8.0
H,S0,(3+97). Discard the paper and residue. with NH,OH.

129.7 Evaporate to approximately 100 mL, and cool. Trans- 129.12 Add 10 mL of HO,(Note 32), heat to 55°C, and

129.9 Transfer the solution to a 250-mL conical separatory
nnel, and without delay add 15 mL of cupferron solution.
Reserve the beaker. Shake for 30 s and allow the precipitate to

was fumed too long, add 1 to 2 mL of HCl and 5 mL of HGIO
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while stirring add 15 mL of 8-quinolinol solution. Add 5 mL of  134.1 The recommended concentration range is from 0.002
NH,OH, and stir continuously for 1 min and then for 5 to 10 to 0.030 mg of lead per millilitre of solution.
s once a minute for 9 more min while maintaining the
temperature at 50 to 55°C. 135. Interferences
Note 32—Precipitate aluminum in only one sample at a time. A 135.1 All interfering elements normally present are removed

motor-driven stirrer operating continuously for 10 min may be used. by the ion-exchange separation.
129.13 Allow the solution to cool to room temperature. Filter 136. Apparatus

with suction, using a weighed, medium-porosity, fritted-glass 135 1" Atomic Absorpti
. . . . . \ ption Spectrophotometazapable of
crucible. Police the beaker, rinse with MBH (1+100), and  oq1ying the 2170 Aine, equipped with a neon-filled hollow-

wash the precipitate 4 times with warm NBH (1+100). Dry  a4ho4e tube whose radiant energy is modulated, with a

for 1.5 h at 135°C, cool, and weigh as aluminum quinolinate.yeector system tuned to the same frequency, and with a premix

air-acetylene burner. The performance of the instrument must

be such that the upper limit of the concentration range (0.030

mg/mL) produces an absorbance of 0.300 or higher, and a

Total aluminum, %= [((A — B) X 0.0587%/C] X 100 (12)  calibration curve whose deviation from linearity is within the
limits in accordance with 149.3.

130. Calculation
130.1 Calculate the percent of total aluminum as follows:

VAVheie:aluminum uinolinate found 136.2 lon-Exchange Columnapproximately 25 mm in
B = correction ?or blank, g, and 9 diameter and 300 mm long, tapered at one end, and provided
C = sample used, g. v with a stopcock or other means to stop the flow. Apparatus No.

8 may be adapted to this test method.

131. Precision??
131.1 Nine laboratories cooperated in testing this test-3/- Reagents .
method, with one laboratory reporting a second pair of values; +5/-1l0n-Exchange Resin _
the data are summarized in Table 10. Although samples 137.1.1 Use an anion-exchange resin of the alkyl quaternary

covered by this test method with aluminum concentrations ne?mmonium type (chloride form) consisting of spherical beads
. | " A :
the lower limit and in the middle range of the scope were nof'2Ving & nominal cross-linkagé & % and 100 to 200 nominal

: - . - : esh sizé?3

ﬁqvgp]%%ls ;‘r?(;itcezzist'gggihtf}gbﬁgeiglgﬂoi?éaa%%t@!ned using the test 137.1.2 Transfer a supply of the resin (Note 33) to a beaker,

cover with water, and allow at least 30 min for the beads to

LEAD BY THE ION-EXCHANGE—ATOMIC undergo maximum swelling. Place a No. 60 (250-um) screen,

ABSORPTION METHOD 150 mm in diameter, over a 2-L beaker. Prepare a thin slurry of

the resin and pour a portion of it onto the screen. Wash the fine

132. Scope beads through the screen using a small stream of water.

132.1 This test method covers the determination of lead iffFontinue adding small portions of the resin to the screen and

concentrations from 0.001 to 0.50 %. washing with a small stream of water until all of the resin has
been screened. Discard the large resin beads retained on the

133. Summary of Test Method screen periodically, if necessary to avoid undue clogging of the

133.1 A hydrochloric acid solution of the sample is passed’P€NNIS:
through an ion-exchange column to separate the lead from Note 33—One pound of resin (45 % moisture) provides enough
most of the other elements, including iron. After elution of material for approximately 5 ion-exchange columns.
lead, the solution is aspirated into an air-acetylene flame. 137.1.3 Allow the bulk of the collected resin to settle for 4
Spectral energy at 2170 fiom a lead hollow-cathode tube is o 6 min and then decant the excess water. Add 1 L of water,
passed through the flame, and the absorbance is measured. T vigorously, allow the resin to settle for 4 to 6 min, decant
spectrophotometer is calibrated with known concentrations 0§oo to 950 mL of the suspension, and discard. Repeat the

lead. treatment twice more, and reserve the coarser resin for the
) column preparation.
134. Concentration Range 137.1.4 Prepare the column (Note 34) as follows: Place a 10
to 20-mm layer of glass wool or poly (vinyl chloride) plastic
TABLE 10 Statistical Information—Aluminum—Quinolinol fiber in the bottom of the column, and add sufficient prepared
Gravimetric Method resin to fill the column to a height of approximately 140 mm.
Alumi-  Repeat-  Repro- Place a 20-mm layer of glass wool or poly (vinyl chloride)
Test Material Fomy az'?"lty ﬁ;’c('g! plastic fiber at the top of the resin bed to protect it from being
% E173) E173) carried into suspension when the solution is added. Add 150
1 No. L E 353 0232 0036 004l mL of HCI to the column, and when the solution level is 10 to
2. No. 2, E 353 1.16 0.06 0.10
3. No. 3, E 354 1.21 0.02 0.08 -
4. Nitralloy-type steel 1.44 0.07 0.16 13 Dowex 1, manufactured by The Dow Chemical Co., Midland, MI, has been

found satisfactory for this purpose.
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20 mm above the resin bed, add a minimum of 50 mL of HClmeasurement. If this value indicates a trend or drift, determine
(1+11) to the column. Drain to 10 to 20 mm above the top ofthe cause (for example, deposits in the burner or clogged
the resin bed and close the stopcock. capillary), correct it; and repeat 138.2.1-138.2.4.

) 138.2.5 Proceed immediately as directed in 139.3.
Note 34—If necessary, prepare at least 4 columns, as this number or . .
more of test solutions can be conveniently processed simultaneously 138.3 Calibration Curve—Plot the absorbance values

through the ion-exchange separation. against milligrams of lead per millilitre. Calculate the deviation
137.2 Lead, Standard Solutiofl mL=0.1 mg Pb)— oM linearity of the curve as follows:
Transfer 0.2500 g of lead (purity: 99.9 % minimum) to a Deviation from linearity= (C — D)/E (14)

250-mL borosilicate glass volumetric flask. Add 10 mL of
HNO3(1+1) and heat gently. When dissolution is complete,
cool to room temperature, dilute to volume, and mix. Using aynere:
pipet, transfer 20 mL to a 200-mL volumetric flask, dilute to ¢
volume, and mix. D

E

absorbance value for 0.03 mg Pb/mL,
absorbance value for 0.025 mg Pb/mL, and
absorbance value for 0.005 mg Pb/mL.

138. Preparation of Calibration Curves

138.1Calibration Solutions-Ysing pipets, transfer 2, 5, 10, If the calculated value is less than 0.60, correct the indicated
15, 20, 25, and 30 mL of lead solution (1 mL = 0.1 mg Pb) tomalfunction or maladjustment of the instrument or hollow-
100-mL volumetric flasks, add 2 mL HNQdilute to volume, cathode tube and repeat the calibration.
and mix. Do not use solutions that have stood more than two
weeks. 139. Procedure

Note 35—Prepare the test solution (139.1) and the reagent blank 139.1Test Solution . . .
solution (139.2), and have them ready to aspirate immediately after 139.1.1 Select and weigh a sample in accordance with the

aspirating the calibration solutions. following:
138.2 Photometry Sample Tolerance in Dilution (after
’ - . " Weight, Sample Weight, tion),
138.2.1 With the lead hollow-cathode tube in position, Lead, % S g separation)
energized, and stabilized, locate the wavelength setting that 0.0004 to 0.006 5.00 5 10
H i i 3 0.005 to 0.015 5.00 5 25
gives maximum response to radlqnt energy at 2170 A N 0010 100030 200 . =
138.2.2 Light the burner, allow it to reach thermal equilib- 025 1 0.060 500 5 100
rium, and adjust the instrument to zero while aspirating water. 0.050 to0.12 2.50 2 100
Aspirate the lead solution with the highest concentration from 029 10924 o 2 o

the series prepared in accordance with 138.1, and adjust the 20
height of the burner, the air and fuel pressures and flow rates, Transfer the sample to a 600-mL beaker.
the aspiration rate of the solution, and the position of the 139.1.2 Add 40 mL of HCl and 10 mL of HNOcover the

capillary to obtain maximum response. Adjust the slit settingoeaker, and heat as required until action ceases. Substitute a
and the gain to obtain optimum signal-to-noise ratio. ribbed cover glass, and evaporate the solution to dryness. Add

o ) 40 mL of HCI (1+1) and digest until soluble salts are dissolved.
Note 36—Recalibration is required whenever these parameters are 139.1.3 Dilute to 50 mL and filter through a medium paper
changed. . o 9 P p
) . . ~into a 250-mL Erlenmeyer flask. Wash the paper and residue
138.2.3 Aspirate the lead solution used in 138.2.2 a sufficienjjternately 3 or 4 times with 3 to 5-mL portions of hot HCI
number of times to establish that the absorbance reading is npf+9) and hot water. Evaporate the filtrate to a volume between
drifting. Record six readings, and calculate the standards and 20 mL. Cool, pour the solution into a 25-mL graduated

deviation,s, of the readings as follows: cylinder without rinsing, and note the volume. Return the
s=(A—B)Xx0.40 (13)  solution to the flask and rinse the cylinder with a volume of
water equivalent to 5 times the noted volume. Add the rinsings
where: , to the solution in the flask.
A = highest of the six values found, and

B = lowest of the six values fouri 139.1.4 Place a beaker under'the ion-exchange column and

N ) o . .. open the stopcock. Transfer portions of the sample solution to

138.2.4 Beginning with the calibration solution containing the column. When the solution has been transferred and has

the lowest concentration of lead, aspirate each caIibratimarained to a level 10 to 20 mm above the resin bed. rinse the
solution in turn and record its absorbance. If the value for thqIask with 8 to 10 mL of HCI (1+11). Add these rinsinés to the

solution_with the highest concentration differs from the average.oiimn in such a manner as to Wash the upper part of the
of the six val_ue§ recorded in 138.2.3 by more _th_an twice th‘?:olumn at the same time. Allow the solution to reach a level of

standard dewatlor_a or by more_than O'Ql multiplied by the 10 to 20 mm above the resin bed and then repeat the rinsing of
average of the six values, whichever is greater, repeat tht‘ﬁe flask and upper part of the column twice more. Add 80 mL
more of HCI (1+11) to the column. Allow the solution to reach

14 The value 0.40, which is used to estimate the standard deviation from the rang%I level of 10 to 20 mm above the resin bed, close the SIODCOCK’

of six values, is derived from Dixon, W. J., and Massey, F.Idtroduction to and discard the eluate.
Statistical AnalysisMcGraw-Hill, New York, NY, 1957, p. 404, Table 8b (1). 139.1.5 Open the stopcock, add 75 mL of concentrated HCI
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to the column, and collect the eluate in a 150-mL beaker. Wherp = sample used, g.
the solution level has reached 10 to 20 mm above the resin bed,
close the stopcock and place a 250-mL beaker under th€41. Precision!®

column. Open the stopcock, mix the solution in the 150-mL 141.1 Nine laboratories cooperated in testing this test
beaker, and add it to the column (Note 37). When the solutiomnethod and obtaining the data for Material 7 summarized in
level is 10 to 20 mm above the top of the resin bed, rinse theable 11. Although samples covered by this test method with
150-mL beaker 2 or 3 times with 5-mL portions of HCl and add|ead concentrations near the lower limit or at the middle range
the rinsings to the column. Continue to add HCI to the columrof the scope were not available for testing, the precision data
until 150 mL of eluate has been collected. Reserve the 250-mbbtained for other types of alloys using the methods indicated
beaker. in Table 11 should apply.

Note 37—This is required in order to remove the residual iron present ANTIMONY BY THE BRILLIANT GREEN
after the first pass through the column. PHOTOMETRIC METHOD

139.1.6 Precondition the column for the next test solution as
follows: Drain the remaining solution in the column to 10 to 20 142. Scope
mm above the resin bed, pass 100 mL of water, 200 mL of 142.1 This test method covers the determination of antimony
HNO4(1+9), 100 mL of water, 150 mL of HCI, and a minimum in concentrations from 0.0002 to 0.030 %.
of 50 mL of HCI (1+11) through the column. Drain to 10 to 20
mm above the top of the resin bed and close the stopcock. 143. Summary of Test Method

139.1.7 Cover the 250-mL beaker reserved in 139.1.5 with a 143.1 After dissolution of the sample and removal of nitric
ribbed cover glass and evaporate the solution to drynes&cid with hydrochloric acid, excess chlorine and nitric oxides
Dissolve the residue with 0.5 mL of HN@nd 5 mL of water. ~ are destroyed with urea. Iron, tin, and arsenic are complexed
Digest 2 to 3 min, cool, and transfer to a volumetric flask,With sodium pyrophosphate. The antimony-brilliant green
selecting the size in accordance with the dilution specified irffomplex is extracted with toluene. Photometric measurement is
139.1.1 (Note 38). Cool, dilute to volume, and mix. made at approximately 645 nm.

Note 38—Use a 10-mL volumetric flask for the reagent blank. 144. Concentration Range

139.2 Reagent Blank-Carry a reagent blank through the 144.1 The recommended concentration range ie from 0.002
entire procedure, using the same amounts of all reagents b 0-025 mg of antimony per 25 mL of solution, using a 1-cm
with the sample omitted; take the reagents from the same lofell-
as used to prepare the test solution. Note 40—This procedure has been written for cells having a 1-cm light

139.3Photometry-Aspirate the test solution and the reagentpath. Cells having other dimensions may be used, provided suitable
blank solution, and record the absorbance values. Measure tR@lUstments can be made in the amounts of sample and reagents used.
absorbance of the calibration solution with the highest concen-
tration of lead. If the value differs from the average of the six
values recorded in 138.2.3 by more than twice the standar#i45. Stability of Color
deviation,s, or by more than 0.01 multiplied by the average of 145.1 The color is stable for at least 1 h.
the six values, whichever is greater, repeat the measurement. If
this value indicates a trend or drift, determine the cause, corred®6. Interferences
it, repeat the calibration procedure, and recheck the readings of 146.1 Gold and thallium interfere.
the test solution (or solutions).

) ) 147. Reagents
o e o s o e o e s, 1471 Anlimony, Standard Solution 4L L =0.100 mg
this test for drift ’ 8b)—Transfer 0.1000 g of antimony (purity: 99.9 % minimum)
to a 400-mL beaker. Add 5 mL of 4$0 , and dissolve the

140. Calculation TABLE 11 Statistical Information—Lead—Ilon-Exchange-Atomic
140.1 Convert the absorbance of the test solution and of the Absorption Method
reagent blank to milligrams of lead per millilitre of final Lead Repeat- Repro-
solution by means of the calibration curve. Calculate the Test Material Found, a?g'w ﬁ;‘c('g"‘
1 2y
percent of lead as follows: % E 173) E 173)
Lead, %= [((A X B) — (C X 10))/(D X 10)] (15) 1. No.1,E353 0.0004 0.0002 0.0003
2. No. 2, E353 0.0010 0.0001 0.0005
where: 3. No. 3, E 353 00029  0.0004 0.0004
— HTRA : : 4. No. 4, E 353 0.0063 0.0009 0.0010
A = lead per millilitre of the final test solution, mg, 5 No. 5 E 353 0.0126 0.0012 0023
B = final test solution, mL, 6. No.6,E353 0.106 0.023 0.031
C = lead per millilitre of the final reagent blank solution, 7. Lead-bearing steel (NBS 130, 0.217 0.010 0.049
mg, and 0.204 Pb)
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antimony by fuming. Cool, dilute to 300 mL with HCI, and light band centered at approximately 645 nm. While maintain-
transfer the solution to a 1-L volumetric flask using HCI as theing this adjustment, take the photometric readings of the
wash solution. Cool, dilute to volume with HCI, and mix. calibration solutions.

147.2 Antimony, Standard Solution B mL =0.0025 mg 148.6Calibration Curve—Plot the net photometric readings
Sb)—Using a pipet, transfer 25 mL of antimony Solution A (1 of the calibration solutions against milligrams of antimony per
mL = 0.100 mg Sb) to a I-L volumetric flask, dilute to volume 25 mL of solution.
with HCI, and mix.

147 .3Brilliant Green — Tartaric Acid ReagentFransfer 100  149. Procedure
g of tartaric acid and 1.00 g of brilliant gre®nto a mortar. 149.1Test Solution
Grind until a blended mixture is obtained. 149.1.1 Select and weigh a sample in accordance with the

147.4Sodium Pyrophosphate Soluti¢t00 g/L)—Dissolve  following:
100 g of sodium pyrophosphate decahydrate ,®@,-10

) ’ Tolerance in Aliquot
H,0) in about 900 mL of water and dilute to 1 L. Sample Sample Dilution, ~ Volume,
147 .5Toluene. Antimony, % Weight, g Weight, mg mL mL
147.6Urea Solution(100 g/L)—Dissolve 10 g of urea in 100 8:88% §§ 8:8823 3;23 1;8
mL of water. Do not use a solution that is more than one day 0.0020 to 0.0100 0.250 0.5
old. 0.0050 to 0.0250 1.000 0.5 100 10
0.0100 to 0.0500 0.500 0.5 100 10
148. Preparation of Calibration Curve Transfer the sample to a 400-mL beaker.
148.1Calibration Solutions 149.1.2 Add 20 mL of HCl and 10 mL of HNODo not use

148.1.1 Using pipets, transfer 1, 3, 5, 7, 9, and 10 mL ofa cover glass. Heat gently to dissolve (Note 42). When
antimony Solution B (1 mL =0.0025 mg Sb) to six 400-mL dissolution is complete, reduce the volume to approximately 3
beakers. mL by heating rapidly on a hot plate at 300 to 325°C. Wash the

148.1.2 Dilute to 20 mL with HCI and add 10 mL of HNO  sides of the beaker with 4 mL of HCI and again rapidly reduce
Do not use a cover glass. Heat rapidly to reduce the volume tthe volume to approximately 3 mL. Add 30 mL of HCI and
approximately 3 mL (Note 41) (hot-plate temperature, 300 tccool to less than 10°C in an ice bath. If dilution is required, as
325°C). Wash the sides of the beaker with 4 mL of HCI andindicated in 149.1, transfer the solution to a 100-mL volumetric
again rapidly reduce volume to approximately 3 mL. Add 30flask. Dilute to volume with HCI and mix. Using a pipet,
mL of HCI and cool to less than 10°C in an ice bath. transfer 10 mL to a 400-mL beaker and add 30 mL of HCI.

Note 41—The photometry must be completed withi h after this step Cool to less than 10°C in an ice bath.

is begun. Note 42—The determination must be completed withi h after
148.2Reagent Blank-Add 5 mL of HCI to a 400-mL beaker dissolution of sample.

and proceed in accordance with 148.1.2. 149.2 Reagent Blank-Garry a reagent blank through the
148.3Color Development entire procedure, using the same amounts of all reagents but
148.3.1 Using a pipet, transfer 25 mL of toluene to a 500-mLwith the sample omitted.

separatory funnel. 149.3 Color DevelopmentProceed in accordance with

148.3.2 To the 400-mL beakers from 148.1.2, add 125 mL ofi48.3.
water, swirl once, and add 7 mL of urea solution. Remove 149 4Reference SolutionTeluene.
residual chlorine in the atmosphere above the solution in the 149 5 Photometry-Fake the photometric readings of the

beaker by blowing into the beaker. Swirl for 30 s. Add 200 ML gaqent blank solution and test solutions in accordance with
of Na,P,0; solution and approximately 0.25 g of the brilliant 1455

green-tartaric acid reagent and immediately transfer to the
500-mL separatory funnel containing the toluene. Shake Vig15q calculation
orously for 1 min and allow the layers to separate. Discard the
aqueous layer and drain the toluene into a dry 50-mL beakeg

148.4Reference SolutionFeluene.

148.5Photometry

148.5.1 Multiple-Cell Photometer-Measure the reagent _
blank (which includes the cell correction) using absorption Antimony, %= (A — B)/(C X 10) (16)
cells with a 1-cm light path and a light band centered at,,qre-

approximately 645 nm. Using the test cell, take the photometricy antimony found in 25 mL of the final test solution, mg,

readings of the calibration solutions. _ ~ B = antimony found in 25 mL of the final reagent blank
148.5.2Single-Cell PhotometerFansfer a suitable portion solution, mg, and

of the reference solution to an absorption cell with a 1-cm light sample represented in 25 mL of the final test solution,
path and adjust the photometer to the initial setting, using a g.

150.1 Convert the net photometric readings of the test
olution and of the reagent blank solution to milligrams of
antimony by means of the calibration curve. Calculate the
percent of antimony as follows:

T
15 Brilliant Green from J. T. Baker, 1170 Clifton Ave., Clifton, NJ 07013, has 121 Precision _ . . .
been found satisfactory for this purpose. 151.1 Nine laboratories cooperated in testing this test
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method. The data are summarized in Table 12. 157.6 Molybdenum, Standard Solution @ mL =0.2 mg
MOLYBDENUM BY THE THIOCYANATE Mo), Reagent No. 8A or 8B, .
PHOTOMETRIC METHOD 157.7 Molybdenum, Standard Solution @ mL = 0.1 mg

Mo)—Using a pipet, transfer 50 mL of molybdenum Solution
A to a 100-mL volumetric flask, dilute to volume, and mix.
157.8 Molybdenum, Standard Solution @ mL =0.01 mg
0)—Using a pipet, transfer 10 mL of molybdenum Solution
A to a 200-mL volumetric flask, dilute to volume, and mix.

153. Summary of Test Method 131757.980d|um Thiocyanate Soluti¢h00 g/L), Reagent No.

153.1 The test solution is treated with thiocyanate to develop 157.10Stannous Chloride Solutio@50 g/L)—Transfer 350

the molybdenum and iron thiocyanate complexes. Molybde- of stannous chloride dihydrate (SnE2H,0) and 200 g of

num and iron are reduced with stannous chloride, and th i )
molybdenum complex is extracted with butyl acetate. Pho'[ofjartalrIC acid to a 1-1 beaker, add 400 mL of HCl (1+1), and

: : . heat at 60 to 70°C until dissolution is complete. Cool, and
metric m rement is m t roximately 475 nm. . . oo T
etric measurement is made at approximately 475 dilute to 1 L. Add several pieces of metallic tin and store in a

stoppered bottle.

152. Scope
152.1 This test method covers the determination of m°|yb'|\/|
denum in concentrations from 0.01 to 1.50 %.

154. Concentration Range
154.1 The recommended concentration range is from O.OOOJ’_:'»

to 0.003 mg of molybdenum per millilitre of solution using a 58. Preparation of Caglbratlon Curve for Concentrations
1-cm cell. from 0.01 to 0.05 %

158.1 Calibration Solutions
Note 43—This test method has been written for cells having a 1-cm 158 1.1 Transfer 0.3 g of iron to each of four 300-mL
Iight path. Cells having otht_er dimensions may be used, provided SUitabIFrlenmeyer flasks. Using pipets, transfer 2, 5, 10, and 15 mL of
adjustments can be made in the amounts of sample and reagents use fholybdenum Solution C (1 mL =0.01 mg Mo) to the flasks.
Add 30 mL of dissolving solution and heat until dissolution is
- complete.
155. Stability of Color 158.1.2 Increase the temperature and evaporate to HCIO
155.1 The color is stable for at least 2 h; however, photofymes. Cool, add 50 mL of water and 70 mL 0§$0,(1+1).
metric readings should be taken promptly because of thejeat to boiling and cool in a water bath.
volatile nature of the solvent. 158.1.3 Transfer to a 200-mL volumetric flask, dilute to
volume, and mix. Proceed as directed in 196.3.

156. Interferences . . .. 158.2Reagent Blank Solutionfransfer 0.3 g of iron to a
156.1 The elements ordinarily present do not interfere if3ng 1 Erlenmeyer flask. Add 30 mL of dissolving solution
their concentrations are under the maximum limits shown i,y heat until dissolution is complete. Proceed as directed in

1L 158.1.2, 158.1.3, and 158.3

158.3Color Developmentdsing a pipet, transfer 100 mL
to a 250-mL separatory funnel. Add in order, mixing for 15 s
after each addition, 15 mL of NaSCN solution, 15 mL of SnCl
solution, and 25 mL of butyl acetate measured with a pipet.
Stopper and shake vigorously for 2 min. Allow the phases to
separate, remove the stopper, and drain off and discard the
aqueous phase. Add to the funnel 50 mL 0f$0,(1+6), 5 mL
of NaSCN solution, and 5 mL of SnGlsolution. Replace the
stopper and shake vigorously for 2 min. Allow the phases to
separate, remove the stopper, and drain off and discard the
aqueous phase. Drain enough of the butyl acetate layer through
a funnel containing a dry filter paper to fill an absorption cell.

157. Reagents

157.1Butyl Acetate.

157.2 Dissolving Solution-While stirring, add 300 mL of
H;PO, and 300 mL of HNQ to 1400 mL of HCIQ,.

157.3lron (purity: 99.8 % minimum) molybdenum 0.001 %
maximum.

157.4lron Solution A(1 mL = 70 mg Fe)—Dissolve 25 g of
ferric sulfate (Fg(SO ,)3-9H,0) in 75 mL of hot water. Cool
and add 10 mL of BSO,. Cool, and dilute to 100 mL.

157.5Iron Solution B(1 mL =0.84 mg Fe)—Add 12 mL of
iron Solution A to 175 mL of HSO ,(1+1), and dilute to 1 L.

TABLE 12 Statistical Information—Antimony—aBrilliant Green 158.4Reference SolutionButyl acetate.
Photometric Method 158.5Photometry
, Repeata-  Repro- 158.5.1 Multiple-Cell Photometer-Measure the reagent
Test Material Antimony bility ducibil- . . . . .
est Material Found, % (R, ity (R, blank (which includes the cell correction) using absorption
E173) E173) cells with a 1-cm light path and a light band centered at
1. Low-alloy steel (1.8 Cr, 3.5 Ni, 0.5 0.0005  0.0001  0.0002 approximately 475 nm. Using the test cell, take the photometric
, O'V'& 0515 Vg < 00015 00002 0.0003 readings of the calibration solutions.
. - thi NBS 55 .001 . . . . .
3. Lc?vTau:; seel ( K 00020 00002  0.0006 158.5.2Single-Cell PhotometerFransfer a suitable portion
4. Low-alloy steel 0.0019  0.0001  0.0003 of the reference solution to an absorption cell with a 1-cm light
5. Low-alloy steel (BCS 326, 0.005 Sb) 0.0050  0.0006  0.0008 path and adjust the photometer to the initial setting, using a
6. Low-alloy steel (BCS 329, 0.018 Sb) 0.0183  0.0019  0.0019 liaht band d . v 475 Whil S
7. Low-alloy steel (BCS 382, 0.026 Sb) 0.0259  0.0011  0.0019 Ight band centered at approximately nm. lle maintain-

ing this adjustment, take the photometric readings of the
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calibration solutions and the reagent blank. dissolution is complete.

158.6Calibration Curve—Plot the net photometric readings  160.1.2 Increase the temperature and evaporate to HCIO
of the calibration solutions against milligrams of molybdenumfumes. Cool, and add 50 mL of water and 70 mL of
per 25 mL of butyl acetate. H,SO,(1+1). Heat to boiling and cool in a water bath.

) o ) 160.1.3 Transfer to a 500-mL volumetric flask, dilute to
159. Preparation of Calibration Curve for Concentrations volume, and mix. Proceed in accordance with 160.3.

from 0.05 to 0.50 % 160.2 Reagent Blank SolutionFransfer 0.3 g of iron to a
159.1Calibration Solutions 300-mL Erlenmeyer flask. Add 30 mL of dissolving solution

159.1.1 Transfer 0.3 g of iron to each of four 300-mL ang heat until dissolution is complete. Proceed in accordance
Erlenmeyer flasks. Using pipets, transfer 2, 5, 10, and 15 mL afyith 160.1.2, 160.1.3, and 160.3.

molybdenum Solution B (1 mL=0.1 mg Mo) to the flasks.
Add 30 mL of dissolving solution and heat until dissolution is ;. ;.. solution B and 25 mL of the calibration solution to a

complete. 250-mL separatory funnel. Add in order, mixing for 15 s after
159.1.2 Increase the temperature and evaporate to HCIQ 5. addition, 15 mL of NaSCN solution, 15 mL of SpCl

fumes. Cool, add 50 mL of water and 70 mL 0§$0,(1+1).  soution, and 100 mL of butyl acetate measured with a pipet.

Heat to boiling and cool in a water bath. _ Stopper and shake vigorously for 2 min. Allow the phases to
159.1.3 Transfer to a 500-mL volumetric flask, dilute to geparate, remove the stopper, and drain off and discard the

volume, and mix. Proceed in accordance with 159.3. aqueous phase. Add to the funnel 50 mL gS8@), (1+6), 5 mL
159.2Reagent Blank SolutionFransfer 0.3 g of iron to a of NaSCN solution, and 5 mL of Sngsolution. Replace the

300-mL Erlenmeyer flask. Add 30 mL of dissolving solution stopper and shake vigorously for 2 min. Allow the phases to

and heat until dissolution is complete. Proceed in accordancgeparate, remove the stopper, and drain off and discard the

with 159.1.2, 159.1.3, and 159.3. aqueous phase. Drain enough of the butyl acetate layer through
159.3Color Development-dsing a pipet, transfer 50 mL to  a funnel containing a dry filter paper to fill an absorption cell.

a 250-mL separatory funnel. Add in order, mixing for 15 s after 160 4 Reference SolutionButyl acetate.

each addition, 15 mL of NaSCN solution, 15 mL of SpCl 160.5Photometry

solution, and 50 mL of butyl acetate measured with a pipet. 160.5.1 Multiple-Cell Photometer-Measure the reagent

Stopper and shake vigorously for 2 min. Allow the phases t S : . X
. : ank (which includes the cell correction) using absorption
separate, remove the stopper, and drain off and discard tﬁgéells with a 1-cm light path and a light band centered at

aqueous phase. Add to the funnel 50 mL of$0,(1+6), 5 mL . : X
o?NaSCI\FI) solution. and 5 mL of Snglsolﬁition‘l(Rep)lace the approximately 475 nm. Using the test cell, take the photometric
' ) Jeadings of the calibration solutions.

stopper and shake vigorously for 2 min. Allow the phases t ) _ )
separate, remove the stopper, and drain off and discard the 160.5.2Single-Cell .PhotometerIFFang,fer asu¢able portion
aqueous phase. Drain enough of the butyl acetate layer throu(_% the reference solution to an absorption cell with a 1-cm light

a funnel containing a dry filter paper to fill an absorption cell.Path and adjust the photometer to the initial setting, using a
159.4Reference SolutionButyl acetate. light band centered at approximately 475 nm. While maintain-

159.5Photometry ing this adjustment, take the photometric readings of the

159.5.1 Multiple-Cell Photometer-Measure the reagent calibration _SOIUt_'O”S and the reagent blank. ) )
blank (which includes the cell correction) using absorption 160.6Calibration Curve—Plot the net photometric readings

cells with a 1-cm light path and a light band centered a0f the calibration solutions against milligrams of molybdenum
approximately 475 nm. Using the test cell, take the photometri@€! 100 mL of butyl acetate.
readings of the calibration solutions.
159.5.2Single-Cell PhotometerFransfer a suitable portion 161. Procedure )
of the reference solution to an absorption cell with a 1-cm light 161.1Test Solution
path and adjust the photometer to the initial setting, using a 161.1.1 Transfer a 0.3-g sample, weighed to the nearest 1
light band centered at approximately 475 nm. While maintaing, to a 300-mL Erlenmeyer flask. Add 30 mL of dissolving
ing this adjustment, take the photometric readings of thesolution, and heat until dissolution is complete.
calibration solutions and the reagent blank. 161.1.2 Increase the temperature and heat to H@i@es.
159.6Calibration Curve—Plot the net photometric readings Continue fuming until chromium, if present, is oxidized and
of the calibration solutions against milligrams of molybdenumthe white HCIO, fumes are present only in the neck of the
per 50 mL of butyl acetate. 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 evidence of the
160. Preparation of Calibration Curve for Concentrations volatilization of chromyl chloride, make repeated additions of
from 0.40 to 1.50 % HCI, followed by fuming after each addition, until most of the
160.1Calibration Solutions chromium has been volatilized. Continue fuming the solution
160.1.1 Transfer 0.3 g of iron to each of five 300-mL until the volume has been reduced to about 15 mL. Cool, add
Erlenmeyer flasks. Using pipets, transfer 5, 10, 15, 20, and 2580 mL of water and 70 mL of 560 ,(1+1), heat to boiling, and
mL of molybdenum Solution A (1 mL =0.2 mg Mo) to the cool in a water bath.
flasks. Add 30 mL of dissolving solution and heat until 161.1.3 Transfer to a volumetric flask that provides for

160.3Color Developmentdsing a pipet, transfer 25 mL of
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dilution in accordance with the following aliquot guide, dilute TABLE 13 Statistical Information—Molybdenum—Thiocyanate

to volume. and mix. Photometric Method

Molybdenum, % Dilution, mL Aliquot Volume, mL Molyb-  Repeat-  Repro-

0.01 to 0.05 200 100 Test Material denum ability QUC|b|I-

0.05 to 0.55 500 50 Found, (Ry, ity (Rz,

0.40 to 1.50 500 25 % E173)  E173)

. . 1. Plain carbon steel (NBS 14e, 0.013 Mo) 0.012 0.001 0.005

Proceed in accordance with 161.3. _ 2. Low alloy steel, 1 Cr-0.30c 0050  0.001 0.003
161.2 Reagent Blank SolutionFransfer 0.3 g of iron to a 3. Low-alloy steel 1.75 Ni 0.163 0.012 0.03
300-mL Erlenmeyer flask. Add 30 mL of dissolving solution 4 Low-alloy steel (NBS 364, 0.49 Mo) 0.51 0.02 0.06

g . . . 5. Low-alloy steel (NBS 36b, 0.996 Mo 1.03 0.04 0.07
and heat until dissolution is complete. Proceed in accordancg Low_a”oz steel,(1.3c—1.8 S5 Ni ) 150 005 008

with 161.1.2, 161.1.3, and 161.3, using the same dilution antd
aliquots used for the test solution.
161.3 Color Developmentdsing a pipet, transfer the ap-
propriate aliquot to a 250-mL separatory funnel containing the
appropriate amount of iron solution for the specified aliquot.165. Summary of Test Methods
Add in order, mixing for 15 s after each addition, 15 mL of 165.1 Manganese ions in a sulfuric-phosphoric-nitric acid
NaSCN solution, 15 mL of SnGkolution, and, measured with medium, or in this medium with perchloric acid present, are
a pipet, the amount of butyl acetate specified in the aliquobxidized to permanganic acid by ammonium peroxydisulfate in
guide. Stopper the separatory funnel and shake vigorously fdhe presence of silver ions. The permanganic acid is titrated
2 min. Allow the phases to separate, remove the stopper, anwiith standard sodium arsenite solution.
drain off and discard the aqueous phase. Add to the funnel 50
mL of H ,SO,(1+6), 5 mL of NaSCN solution, and 5 mL of 166. Interferences
SnCl_ solution. Replace the stopper and shake vigorously for 2 166.1 Elements ordinarily present do not interfere if their
min. Allow the phases to separate, and drain off and discard theoncentrations are under the maximum limits shown in 1.1.
aqueous phase. Drain enough of the solvent layer through @hromium obscures the end point when more than 5 mg is
funnel containing a dry filter paper to fill an absorption cell. present. If the sample contains between 5 and 15 mg of
161.4Reference SolutionButyl acetate. chromium, the color is compensated for by the addition of
161.5Photometry—Fake the photometric reading of the test potassium dichromate solution to the solution used for stan-
solution and of the reagent blank solution in accordance wittdardization. When the sample contains more than 15 mg of
160.5. chromium, it is necessary to remove it by volatilization as
chromyl chloride or by precipitation with zinc oxide.

162. Calculation

162.1 Convert the net photometric reading of the tesfl67. Apparatus
solution to milligrams of molybdenum in the final solution by  167.1Platinum Cones.
means of the appropriate calibration curve. Calculate the
percent of molybdenum as follows:

Molybdenum, %= A/(B X 10) a7y 168. Reagents _ _
168.1 Ammonium Peroxydisulfate Solutiof250 g/L)—
where: Dissolve 25 g of ammonium peroxydisulfite [(NHS,Og] in
A = molybdenum found in 25, 50, or 100 mL, as appro- water and dilute to 100 mL. Do not use a solution that has
priate, of butyl acetate, mg, and stood more than 1 day.
B = sample represented in 25, 50, or 100 mL, as appropri- 1682 Iron, Low in Manganesedse iron with maximum
ate, of butyl acetate, g, (see aliquot guide 199.1.3). manganese concentration not greater than 0.002 %.
Weight of Sample in 168.3 Manganese, Standard Solution (A mL =0.0008 g
Irom Solution B, mL Butyl Acetate, mL F'”a'sgﬂtt{('):"gta‘e Mn)—Transfer an amount of high-purity manganese of known
None 25 0.15 assay, equivalent to 1.6000 g of manganese, weighed to the
Ngge lgg S'st nearest 0.1 mg, to a 250-mL beaker. Add 20 mL of HRI31)

and heat gently to dissolve the metal and expel oxides of
nitrogen. Cool, transfer to a 2-L volumetric flask, dilute to

163. Precision*? volume, and mix.
163.1 Eleven laboratories cooperated in testing this test 168.4 Manganese, Standard Solution (B8 mL = 0.0004 g
method and obtained the data summarized in Table 13. Mn)—Using a pipet, transfer 50 mL of manganese Solution A
(1 mL =0.0008 g Mn) to a 100-mL volumetric flask, dilute to
MANGANESE BY THE PEROXYDISULFATE- volume, and mix.
ARSENITE TITRIMETRIC METHOD 168.5Mixed Acids—Slowly add 100 mL of HSO, to 525
mL of water while stirring. Cool, add 125 mL of JRO, and
164. Scope 250 mL of HNG;,, and mix.
164.1 This test method covers the determination of manga- 168.6 Potassium Dichromate Solutiofl mL =0.001 g
nese in concentrations from 0.10 to 2.50 %. Cr)—Dissolve 2.830 g of potassium dichromate,(%,0-) in
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water, transfer to a 1-L volumetric flask, dilute to volume, and 169.2.2 Add 30 mL of mixed acids. Heat until dissolution is

mix. complete, adding a few drops of HF if necessary, and boil to
168.7 Silver Nitrate Solution8 g/L), Reagent No. 133. expel oxides of nitrogen. Dilute to 250 mL and proceed in
168.8Sodium Arsenite Solution @0 g/L)—Dissolve 20 g accordance with 169.1.4 and 169.1.5.

of sodium arsenite (NaAsQin water, and dilute to 1 L. 169.2.3 For standardization, transfer approximately the same

168.9Sodium Arsenite Standard Solution(BmL = 0.0005 weight of iron, within 50 mg, as the weight of iron in the
g Mn)—Dilute 100 mL of sodium arsenite Solution A (20 g/L) sample solution to a 500-mL Erlenmeyer flask. Add 30 mL of
to 1 L, and filter if not clear. Saturate the solution with carbonmixed acids. Heat until dissolution is complete, and boil to
dioxide. Standardize in accordance with 169.1.3-169.1.6. expel oxides of nitrogen. Using a pipet, transfer a portion of
168.10Zinc Oxide Suspensiaii65 g/L), Reagent No. 111. either (or both) manganese Solution A (1 mL = 0.0008 g Mn)
or B (1 mL=0.0004 g Mn) to the iron solution; use the

169. Procedure nominal amount that will cause the volume of titrant for
169.1 For Samples Containing Less Than 5 mg of Chro-standardization and for the sample solution to agree within 2
mium mL. Add an amount of potassium dichromate solution (1

169.1.1 Select a sample in accordance with the followingmL = 0.001 g Cr) that will provide a chromium content within
weigh it to the nearest 0.5 mg, and transfer to a 500-mL20 % of that of the sample solution. Dilute to 250 mL and

Erlenmeyer flask (Note 44). proceed in accordance with 169.1.4-169.1.6.
Manganese, % Sample Weight, g 169.3 For Samples Containing More Than 15 mg of
0.1t020 1.00 Chromium—Proceed in accordance with 169.3.1 if chromium
19to 25 0.60

is to be volatilized as chromyl chloride, or as directed in

Note 44—If more than 0.020 g of manganese is present, somel69.3.2 if it is to be removed by precipitation with zinc oxide.
manganese may precipitate as manganese dioxide during oxidation with 169.3.1Removal of Chromium by Volatilization as Chromyl
ammonium peroxydisulfate, causing low results. Chloride

169.1.2 Add 30 mL of mixed acids. Heat until dissolution is I : ,

. . . Note 45—The volatilization of chromium as chromyl chloride may be
complete_, addlng a few drOPS of HF if necessary, and bo”_tcbsed for all compositions covered by this test method.
expel oxides of nitrogen. Dilute to 250 mL and proceed in . .
169.3.1.1 Proceed in accordance with 169.1.1.

accordance with 169.1.4 and 169.1.5. .
169.1.3 For standardization, transfer to a 500-mL Erlenm- 169-3.1.2Add 15 mL of HCl and 5 mL of HNOHeat until

eyer flask approximately the same weight of iron, within 50t Sample has been decomposed, adding a few drops of HF if
mg, as the weight of iron in the sample solution. Add 30 mL ofnecgssary..Add 20 mL .Of lephegt to fumes, and.contlnue
mixed acids. Heat until dissolution is complete, and boil tof!Ming until the chromium is oxidized and the white HGIO
expel oxides of nitrogen. Using a pipet, transfer a portion ofvapors are present only in the neck of the flask. Add, with care,

either (or both) manganese Solution A (1 mL = 0.0008 g Mn)l'o to 1.5 mL of HCI, allowing it to drain down the side of the
or B (1 mL=0.0004 g Mn) to the iron solution; use the flask. Make repeated additions of HCI, followed by fuming

nominal amount that will cause the volume of titrant for &1t€r each addition, un_tiI most of the c.hromium has been
standardization and for the sample solution to agree within 6M0ved. Continue fuming until salts begin to separate. Cool,
mL. Dilute to 250 mL and proceed in accordance with ¢autiously add 30 mL of the mixed acids, dilute to 250 mL with
169.1.4-169.1.6. hot water, and boil for 2 min. Proceed in accordance with

169.1.4 Add 10 mL of AgNQ solution and 15 mL of (NH 169.1.4and 169.1.5. .
4),S,04 solution to the sample solution and the standardization 169'3'1_':?1 Fcf)r_ stanq?‘r@zatlon, transfer qpproxmatgly the
solution. Heat the solutions to boiling, and boil briskly for 60 S&Me weight of iron, within 50 mg, as the weight of iron in the
t0 90 s. Cool to 5 to 10°C in an ice bath. sample to a 500-mL ErIe_nmeyer flask. _Add 15 mL of HCI qnd
169.1.5 Using a 50-mL buret, titrate each solution rapidly5_m|‘ of HNO,. Hea’g until the sample is decomposed. Us”?g
with the sodium arsenite solution (1 mL = 0.0005 g Mn) to apipet, transfer a portion of either (or both) manganese Solution

clear, yellow end point that does not change with the additioﬁA(1 mL = 0.0008 g Mn) or B (1 mL = 0.0004 g Mn) to the iron

of more arsenite solution. Calculate the manganese concentrﬁgluuon’ use of the nominal amount that will cause the volume

tion of the sample as directed in Section 170 using thé)f titrant for standardization and for the sample solution to
manganese equivalent found in 169.1.6. agree within 2 mL. Add 10 mL of HCIQ heat to fumes, and

169.1.6 Calculate the manganese equivalent of the sodiuﬁpminue fuming until salts pegin to separate_. Cool, cautiously
arsenite solution as follows: 9 d add 30 mL of mixed acids, dilute to 250 mL with hot water, and
' boil for 2 min. Proceed in accordance with 169.1.4-169.1.6.

Manganese equivalent, gim= A/B (18) 169.3.2Removal of Chromium by Precipitation With Zinc
where: Oxide
A = manganese present in the standardization solution, g, Nore 46—The zinc oxide procedure is used to separate chromium,
and' ) iron, titanium, zirconium, tungsten, most of the molybdenum, and other
B = sodium arsenite solution, mL, required to titrate the elements from manganese. Cobalt, nickel, and part of the copper accom-
manganese in the standardization solution. pany manganese in the filtrate. This separation may be used for all
169.2For Samples Containing 5 to 15 mg of Chromium  ¢ompositions covered by this test method.
169.2.1 Proceed in accordance with 169.1.1. 169.3.2.1 Proceed in accordance with 169.1.1.
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169.3.2.2 To decompose the samp|e, add 25 mL £SC|)-| TABLE 14 Statistical Information—Manganese
4(1+5) and, when the reaction ceases, 5 mL HNOr, Test Manganese Repeatability Reproducibility
alternatively, decompose in 60 mL of HNQ@+1). Heat gently Material Found, % (R, E179) (Re, E173)
until the sample and carbides have been decomposed (NOBES 255/1(0.16) 0.162 0.009 0.012
47), boil to expel oxides of nitrogen, cool, and dilute to 100152 15%%58%5)’) O ous P oo
mL. NBS 100b(1.89) 1.89 0.018 0.049

Note 47—If the sample is not decomposed by HNOr H,SO ,,

dissolve it in 15 mL of HCI plus 10 mL of HNQ adding a few drops of . . .
HF if necessary. Heat to decompose, then add 10 mL of HCH#dd heat 171.2Bias—Based on the data available from the interlabo-

until chromium has been oxidized and carbides decomposed. Cool, dilutory test of this test method, there is no indication of bias.

to 100 mL, add enough }@, to reduce chromium, boil to remove excess
peroxide, cool, and proceéd as directed in 169.3.2.3. PHOSPHORUS BY THE ALKALIMETRIC METHOD

169.3.2.3 Nearly neutralize the solution with \MPH, but do
not precipitate hydroxides. Add ZnO suspension in portions of
about 5 mL until the iron is precipitated and a slight excess 01172' Scope_ S
ZnO is present. Shake thoroughly after each addition of the 172'1. This test mgthod covers the deteromlnauon of phos-
precipitant and avoid a large excess (Note 48). Allow thephorus in concentrations from 0.02 to 0.25 %.
precipitate to settle. With the aid of suction, filter the solution
through a coarse 15-cm paper supported on a cone. Transfer th
filtrate from the suction flask to a 600-mL beaker. Wash the]
precipitate thoroughly with cold water. Add 30 mL of the Yy
mixed acids to the filtrate and reserve the filtrate.

g3. Summary of Test Methods

173.1 Phosphorus is separated as ammonium phosphomo-
bdate. The precipitate is dissolved in standard NaOH solu-
tion, and the excess NaOH is titrated with standard HNO

Note 48—When sufficient ZnO has been added, further addition of thel74. Interferences
reagent causes the brown precipitate to appear lighter in color upon 174.1 To avoid retardation of the formation of the precipitate
th_orough shaking. A sgfﬁment excess is indicated by a slightly white andand its contamination by vanadium, the latter is reduced to the
milky supernatant liquid. quadrivalent state and the precipitation is performed at 10 to
169.3.2.4 Transfer the filter paper containing the ZnO20°C.
precipitate to the 500-mL Erlenmeyer flask, and add 25 mL of 174.2 To eliminate interference of silicon, HF is added
H,SO, (1+5). Macerate the paper and dilute the solution toduring dissolution of samples containing silicon in concentra-
about 100 mL. Repeat the ZnO separation, proceeding itions greater than 0.5 %.
accordance with 169.3.2.3, and transfer the filtrate from the 174.3 The interference of arsenic, which is insignificant at
suction flask to the filtrate reserved in 169.3.2.3. Boil, dilute tolevels as high as 0.1 %, may be avoided by precipitating the
250 mL, and proceed in accordance with 169.1.4 and 169.1.hosphorus at 10 to 20°C and increasing the time allotted for
169.3.2.5 For standardization, using a pipet transfer @he precipitate to form.
portion of either (or both) manganese Solution A (1
mL =0.0008 g Mn) or B (1 mL =0.0004 g Mn) to 30 mL of 175. Apparatus
mixed acids; use the nominal amount that will cause the 175.1Funnel, Hirsch Porcelain56-mm plate diameter and
volume of titrant for standardization and for the sample94-mm top diameter. Place a 5.5-cm fine qualitative, smooth-
solution to agree within 2 mL. Boil to expel oxides of nitrogen, surface filter paper over the perforated filter plate. Place an
and dilute to 250 mL with water. Proceed in accordance withl1-cm fine qualitative, rough-surface filter paper on the funnel,

169.1.4-169.1.6. moisten it with KNG, solution, and then press it gently into the
funnel so that its center lies flat against the first paper. Fold the
170. Calculation edge of the paper in a fluted manner and press it against the
170.1 Calculate the percent of manganese as follows: zides of theffur?n?l. Add enough filter paper pulp to cover the
0 at center of the filter paper.
Manganese, % (A x B)/C] x 100 (19) 175.2 Funnel, Glass, 6Q°fitted with a 25-mm diameter
where: perforated porcelain filtering disk. Place a 5.5-cm fine paper,
A = sodium arsenite solution required to titrate the man-over the perforated plate. Place an 11-cm fine paper, on the
ganese in the sample, mL, funnel, moisten it with KNQ solution, and then press it gently

B = manganese equivalent of the sodium arsenite solutiorinto the funnel so that its center lies flat against the first paper.
as determined in the appropriate standardization solu+old the edge of the paper in a fluted manner and press it
tion, and against the sides of the funnel. Add enough filter paper pulp to

C = sample used, g. cover the flat center of the filter paper.

171. Precision and Bias'? 176. Reagents

171.1 Precision—ive laboratories cooperated in this test 176.1 Ammonium Molybdate Solution (AcidicReagent
method and the data for the four test specimens covered by thio. 102. Filter just prior to use.
test method are presented in Table 14. 176.2Ferrous Sulfate Solutiof100 g/L)—Dissolve 100 g of
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ferrous sulfate heptahydrate (Fes@H,0) in 1 L of 177.4 Add HSO, dropwise until the precipitate dissolves,
H,S0O,(5+95). and boil 3 min to expel oxides of nitrogen. Adjust the volume
176.3 Nitric Acid, Standard (1 mL = approximately to 100 mL, remove from the hot plate, and allow the solution
0.00013 g P)—Transfer 6.3 mL of HNQo a 1-L volumetric  to cool slightly. Filter, if necessary, through an 11-cm coarse
flask containing 500 mL of water. Dilute to volume and mix. paper into a 300-mL Erlenmeyer flask, and wash the flask and
Standardize the solution as follows: Using a pipet, transfer 26he paper several times with hot water. Discard the precipitate.
mL of NaOH standard solution (1 mL = approximately Evaporate the solution to 100 mL, and cool to room tempera-
0.00013 g P), described in 176.7, to a 125-mL Erlenmeyeture. While swirling the flask, slowly add 20 mL of N@H for
flask. Add 3 drops of phenolphthalein indicator solution anda 1.0-g sample, or 17 mL of NJ®H for a 2.0-g sample, so that
titrate with the HNO; until 1 drop causes the pink color to no precipitate forms (Note 49). Adjust the temperature to 45°C.

disappear. Calculate the phosphorus equivalent as follows: Note 49—The quantities of NEDH specified should result in a pH of

P hosphorus equivalent, g P/mt A X B/C (20) 0.1 to 0.6 after the addition of the N®H and a pH of 0.2 after the
addition of ammonium molybdate solution to the flask. Care must be
where: exercised in the dissolution step to prevent excessive loss of acid. An
A = NaOH solution, mL excessive amount of NJOH will precipitate iron as ferric hydroxide.
B = phosphorus equivalent of the NaOH solution, and  Failure to carefully control the acidity will retard the precipitation of the
C = HNO 5 solution, mL. ammonium phosphomolybdate.
176.4 Phenolphthalein Indicator SolutionReagent No. 177.5 Add 40 mL of ammonium molybdate solution, stopper
117. the flask, and shake 10 min on a mechanical shaker. If the

176.5Potassium Nitrate Solutiofl0 g/L)—Dissolve 10g vanadium concentration is less than 0.1 %, allow the precipi-
of potassium nitrate (KNQ) in water, dilute to 1 L, and mix. tate to settle at least 20 min at room temperature; for samples

176.6 Potassium Permanganate Solutiof25 g/L)—  containing higher concentrations of vanadium, cool the solu-
Dissolve 25 g of potassium permanganate (KMn@ water,  tion to 10 to 20°C, add 5 mL of ferrous sulfate solution and 2
dilute to 1 L, and mix. to 3 drops of HSO;, and allow the precipitate to settle at least

176.7 Sodium Hydroxide, Standard Solutiofl 20 min at 10 to 20°C.

mL = approximately 0.00013 g P)— Transfer 4.0 g of sodium 177.6 Filter the solution with the aid of suction using a

hydroxide (NaOH) to a 1-L volumetric flask, and dissolve in Hirsch porcelain crucible (175.1) or a glass funnel fitted with a

freshly boiled water that has been cooled to room temperatur@erforated porcelain filtering disk (175.2). Rinse the flask 3 to

Dilute to volume with the boiled water and mix. Standardize5 times with a total volume of approximately 40 mL of KNO

the solution as follows: Transfer to a 300-mL Erlenmeyer flasks solution, transferring all the precipitate to the filter. Wash the

0.5000 g of the National Institute of Standards and Technologyilter paper 12 to 15 times with a total volume of approximately

standard sample of potassium acid phthalate (KH©O,) 100 mL of KNG; solution (Note 50). Discard the filtrate.

previously dried for 2 h at 105°C. Add 100 mL of freshly . . N

boiled water that has been cooled to room temperature and §N.O.TE.50—Ana|yStS not _havmg experience vv_|th this test method should
familiarize themselves with the proper washing technique. Blanks ob-

drops of phenolphthalein indicator solution. Swirl to disSOIVeaineq by this test method as written should not be measurable provided
the_salt. Titrate with the NaOH solution untll_ 1 drop producesthe reagents are of the quality specified in Practices E 50.
a pink color. Calcglate the phosphorus equivalent as follows: 177.7 Return the precipitate and the filter papers to the flask,
Phosphorus equivalent,Rf mL = A X 0.001347B X 0.2042 and add 50 to 75 mL of freshly boiled water that has been
21)  cooled to room temperature. Shake the flask to break up the

where: filter paper. Using a 25-mL buret, add enough NaOH standard

A = potassium acid phthalate, g, and solution to dissolve the precipitate. Stopper the flask and let

B = NaOH solution, mL. stand, shaking or swirling the flask occasionally, until a change

in color from yellow to white or almost white is noted; then add

177. Procedure 2 mL in excess. Add 3 drops of phenolphthalein indicator
177.1 Select and weigh a sample to the nearest 5 mg igolution, and shake. Record the buret reading.

accordance with the following: 177.8 Remove and rinse the stopper. Dilute the solution to

Phosphorus, % Sample Weight, g 150 mL with freshly boiled water that has been cooled to room

0.01 to 0.10 2.0 temperature, and add 3 drops of phenolphthalein indicator

0.1010 0.25 10 solution. Using a 25-mL buret, titrate the excess NaOH with

Transfer the sample to a 300-mL Erlenmeyer flask. the standard HNQuntil 1 drop causes the disappearance of the

177.2 Carry a reagent blank through the entire procedurink color. Record the buret reading.
using the same amounts of all reagents, with the sample

omitted. 178. Calculation
177.3 Add 100 mL of HNQ1+3), and if the silicon 178.1 Calculate the percent of phosphorus as follows:
concentration is greater than 0.5 % add 3 to 5 drops of HF. Heat Phosphorus, % (AB — CD) — (EB — FD)/G X 100 (22)

to hasten dissolution. When the sample is decomposed, ad\(/jvhere'
KMnO, solution dropwise, while heating the solution, until a e .
permanent, brown precipitate forms. Boil the solution 3 min. A = NaOH solution used for the sample, mL, (177.7),
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B = phosphorus equiva|ent of the NaOH solution, 184.1 Ammonium Citrate SO'UtiOF(ZOO g/L)—DissoIve
C = HNO; solution required by the sample, mL (177.8), 200 g of diammonium hydrogen citrate [(NFHCgH5O,] in

D = phosphorus equivalent of the HN®olution, 600 mL of water. Filter and dilute to 1 L.

E = NaOH solution used for the blank, 184.2 Dimethylglyoxime Solution in Alcohd10 g/L)—
F = HNOs; solution required by the blank, and Reagent No. 104.

G = sample used, g.

185. Procedure

e 185.1 Select and weigh a sample in accordance with the
179. Precision following.

179.1 Nine laboratories cooperated in testing this test T .
olerance in Sample

method and obtained the data summarized in Table 15.  Nickel % Sample Weight, g Weight, mg
0.1t0 1.0 3.00 1.0
1.0to 5.0 1.00 0.5
TABLE 15 Statistical Information—Phosphorus—Alkalimetric 185.2 Transfer the sample to a 600-mL beaker. Add 60 mL
Method - B :
T — of HCI (1+1) and 10 mL of HNQ. Heat to dissolve the sample
i Phosphorus  abili ducibil- and to expel oxides of nitrogen. Cool the solution and add 30
Test Material P ty . .
Found, % (Ra, ity (Ro, mL of HCIO,. Heat to strong fumes of HC|Qand continue
E1rs) E179) fuming for 5 min.
;- mg ; Eggg 881; 8-88411 8-883 185.3 Cool, dilute to 100 mL, and filter through an 11-cm
3. No. 3. E 353 0.024 0,003 0011 coarse paper into a 600-mL beaker. Transfer any insoluble
4. No. 4, E 353 0.024 0.003 0.009 matter to the paper with hot HCI (5+95). Wash the beaker and
5. Carbon steel (NBS 19g, 0.046 P) 0.045 0.003 0.009 ; il i
5. Wrought Iron 0274 0017 0017 paper alternately with hot HCI (5+95) and hot water until iron

salts are removed. Finally wash the paper 3 times with 5-mL
portions of hot water. Discard the residue.

185.4 Add 100 mL of water and 20 mL of ammonium citrate
Although samples at the lower end of the scope were nogg|ytion to the filtrate. Using a pH meter, adjust the pH to at

tested, the precision data obtained for other types of alloygast 7.5 with NH,OH. Acidify the solution with HCI to pH 6.3
using the test methods indicated in Table 15 should apply. + g 1.

185.5 Add 10 mL of dimethylglyoxime solution plus an
additional 0.4 mL for each milligram of cobalt, copper,
manganese, and nickel present.

185.6 Using a pH meter, adjust the pH to 24€.1. Remove

180. Scope o __and rinse electrodes with water. Heat at 50 to 70°C for 30 min.
180.1 This test method covers the determination of nickel iN et stand for at ledsA h at 20 t025°C.

concentrations from 0.1 to 5.00 %.

NICKEL BY THE DIMETHYLGLYOXIME
GRAVIMETRIC METHOD

185.7 Filter using a 12.5-cm coarse paper. Wash 5 to 7 times
with cold water. Transfer the paper and precipitate to the

\ . . . . . original beaker. Remove any precipitate adhering to the funnel
181.1 N[ckel dmethylg’lyoxmate |s.pre0|p|tated py adding with a small piece of moistened filter paper and place it in the
an alcoholic solution of dimethylglyoxime to a solution of the original beaker

sample Containing ammoniu_m_citrate._Aseconq precipitati_on IS" 185 8 Add 30 mL of HNQ and 15 mL of HCIQ, evaporate
ipl)%rformed to purify the precipitate prior to drying and Welgh'to strong fumes of HCIQ and continue fuming for 5 min.
' 185.9 Cool, add 50 mL of water, and filter through an 11-cm
182. Interferences coarse paper if necessary. Wash the paper 5 .times with HCI
182.1 Cobalt, copper, and manganese are present in tifg+92) and 3 times with water. Discard the residue.
divalent state and consume dimethylglyoxime, making it nec- 185.10 Add 10 mL of ammonium citrate solution and 10 mL

essary to add an excess of the precipitant over that required & HCI- Using a pH meter, adjust the pH to at least 7.5 with

181. Summary of Test Method

precipitate nickel. NH,OH. Withdraw the electrodes and rinse them with water,
collecting the rinsings in the beaker.
183. Apparatus 185.11 Add 2 mL of HCI and dilute to 200 mL with water.
183.1 Filtering Crucibles, fritted-glass, 30-mL, medium While stirring, add 10 mL of dimethylglyoxime solution plus
porosity. an additional 0.4 mL for each milligram of nickel present.
183.2pH Meter—Apparatus No. 3A. 185.12 Using a pH meter, adjust the pH to 7:40.1 with
NH ,OH. Remove and rinse the electrodes with water. Heat at
184. Reagents 50 to 70°C for 30 min, and allow to stand for at ledsh at 20
to 25°C.

185.13 With the aid of suction, filter using a weighed (Note
16 Supporting data are available from ASTM Headquarters. Request RR:E0351) fritted glass crucible. Wash the beaker and precipitate 6
1002. times with cold water.
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Note 51—Heat the crucible at 150°C, and cool in a desiccator before 192.1 Atomic Absorption Spectrophotomet@apable of

weighing. resolving the 2320 Aline, equipped with a nickel hollow-
185.14 Dry at 150°C at lea8 h toconstant weight. Cool in  cathode tube whose radiation is modulated with a detector
a desiccator, and weigh. system tuned to the same frequency and with a premix
air-acetylene burner. The performance of the instrument must
186. Calculation be such that the upper limit of the concentration range (0.015
186.1 Calculate the percent of nickel as follows: mg/mL) produces an absorbance of 0.350 or higher, and a
Nickel, %= (A — B) X 0.2032C X 100 (23) gal!bratlon curve Whosg deviation from linearity is within the
limits in accordance with 194.3.
where: 192.2 Anion-Exchange Columrgpproximately 25 mm in
A = weight of crucible and precipitate, g, diameter and 300 mm long, tapered at one end, and provided
B = weight of crucible, g and with a stopcock to control the flow rate, and a second, lower
C = sample taken, g. stopcock to stop the flow. Apparatus No. 8 may be adapted to

this test method. A reservoir for the eluants may be added at the
top of the column. However, the eluants must be added to the

187. Precision*? column in accordance with 195.1.3.
187.1 Eight laboratories cooperated in testing this test

method and obtained the data summarized in Table 16193. Reagents

Although a sample covered by this test method near the lower 193.1 Anion Exchange Resin

end of the scope was not tested, the data obtained for other193.1.1 Use an anion-exchange resin of the alkyl quaternary
types of alloys using the methods indicated in Table 16 shouldmmonium type (chloride form) consisting of spherical beads

apply. having a cross-linkagef®@ % and 200 to 400 nominal mesh
NICKEL BY THE ION EXCHANGE-ATOMIC size!” To remove those beads greater than about 180-um in
ABSORPTION METHOD diameter as well as the excessively fine beads, treat the resin as

follows: Transfer a supply of the resin to a beaker, cover with
188. Scope water, and allow at least 30 min for the beads to undergo
: pe L . . maximum swelling. Place a No. 80 (180-um) screen, 150 mm
188.1 This test method covers the determination of nickel in di beak hin s th .
concentrations from 0.005 to 1.00 % In diameter, over a 2-L beaker. Prepare a thin slurry of the resin
' ' ' and pour it onto the screen. Wash the fine beads through the
189. Summary of Test Method scre_endusmgr]] a small str_e?jr_n ﬁf Water._lest:jard Ithe _beadfs
189.1 Nickel is separated from interfering elements byretame on the screen periodically to avoid undue clogging o
' the openings. When the bulk of the resin has settled in the 2-L

elu_tlon from an anion exch_ange c;olumn_ using a h.ydmChlor'coeaker, decant the water and transfer approximately 100 mL of
acid solution. The eluate is aspirated into the air-acetylene

flame. Spectral energy at 2320ffm a nickel hollow-cathode oo to @ 400-mL beaker. Add 200 mL of HCI (1+19) and stir

. vigorously, allow the resin to settle for 4 to 6 min, decant 150
tube is passed through the flame and the absorbance t'o§175 mL of the suspension, and discard. Repeat the treatment

measured._ The sp_ectrophotometer is calibrated with knOW\r/]vith HCI (1+19) twice more, and reserve the coarser resin for
concentrations of nickel. :
the column preparation.

193.1.2 Prepare the column as follows: Place a 10 to 20-mm
yer of glass wool or poly (vinyl chloride) plastic fiber in the
ottom of the column, and add a sufficient amount of the

prepared resin to fill the column to a height of approximately
191 Interferences 140 mm. Plac_e a 20-mm layer pf glass wool or poly (vmyl
191.1 The elements ordinarily present do not interfere ifChlo.”de.) plastic f|ber_at top of resin bed.to protect it from being

§ . carried into suspension when the solutions are added. Add 100

tlhtlalr concentrations are under the maximum limits shown Ny 125 mL of HCI (3+1) to the column and, when the solution
- level is 10 to 20 mm above the top of the resin bed, close the
lower stopcock.
193.2 Nickel, Standard Solutio{l mL=0.1 mg Ni)—

190. Concentration Range
190.1 The recommended concentration range is from 0.00
to 0.010 mg of nickel per millilitre of solution.

192. Apparatus

TABLE 16 Statistical Informatior_l—Nickel—Dimethylglyoxime Transfe 1 g of nickel (purity: 99 % minimum) to a 400-mL
Gravimetric Method beaker. Add 50 mL of HNQ(1+1), cover and heat gently until
Nickel Reg?ﬁat' g‘ep{;’l' dissolution is complete. Remove the cover and evaporate to
. aoili ucioil- . . .
Test Material Found, (thy ity (R, dryness slowly to prevent loss by spattering. Cool, rinse sides
0, ! ! .
& E173)  E173) of beaker with water, add 10 mL HCI, and evaporate to
1. No. 1, E 351 0.115 0.006 0.006 dryness. Perform the rinse and evaporation procedure twice.
2. Carbon steel (NBS 20f, 0.243 Ni) 0.233 0.017 0.018 Cool, add 50 mL of HCI (1+1). Warm gently to dissolve salts
3. Low-alloy steel (NBS 32e, 1.19 Ni) 1.18 0.03 0.04
4. Ni-Mo Steel 4 Ni-0.3 Mo (NBS 33d, 3.57 0.11 0.07
3.58 % Ni)

17 Produced by the Dow Chemical Co., Midland, MI.
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and dilute to 300 mL with water. Transfer the solutiontoa 1-L p = absorbance value for 0.010 mg Ni/mL, and

volumetric flask, dilute to volume with water, and mix. Using E = absorbance value for 0.005 mg Ni/mL.

a pipet, transfer 20 mL to a 200-mL volumetric flask (Note 52).  |f the calculated value is less than 0.60, correct the indicated
Dilute to volume with water, and mix. malfunction or maladjustment of instrument or hollow-cathode

Note 52—Prepare the dilute nickel standard solution immediatelytube and repeat the calibration.
before preparation of the calibration solution described in 243.1 to
maintain proper concentration. 195. Procedure
195.1Test Solution

195.1.1 Select and weigh a sample in accordance with the

194. Preparation of Calibration Curve following:

194.1 Calibration Solutions-Jsing pipets, transfer 0, 1, 3, Dilution (12(1:)' i Final
5, 7, 10, and 15 mL of nickel solution (1 mL =0.1 mg Ni) to Tolerance  After Aliquot  Final Dilu-  Dilu-
100-mL volumetric flasks. Add 20 mL of HCI (1+1), dilute to Nig/ke', \Afa_mhptle \}\r; Sirpple ?eparaL RequiLredv tioth tioth

- . H (] eignt, g eignt, mg on, m m m m
volume with water, and mix. Do not use solutions that have, .. 10 01 e 0 5 o5
stood more than 2 h. 0.025

194.2 Photometry 0.020 to 1.0 0.1 100 0 20 100

194_.2.1 With the__nickel hollow-cathode tube in posit_ion,olf(',lg, 10 01 100 20 15 100
energized and stabilized, locate the wavelength setting in theo.so
vicinity of 2320 A that gives the maximum response of theo-“loog’ 10 01 100 10 20 100

detector system.

194.2.2 Light the burner, allow it to reach thermal equilib- Transfer the sample to a 400-mL beaker.
rium, and adjust the instrument to zero while aspirating water. 195.1.2Add 25 mL HNQ(1+4). Cover the beaker and warm
Aspirate the nickel solution with the highest concentrationdently to dissolve. Rinse the sides of the beaker with water.
from the series prepared in accordance with 194.1 and adjuédd 10 drops of HF, 5 mL of HCI, and 15 mL of HCIO
the height of the burner, the air and fuel pressures and theffvaporate to dryness, carefully and with moderate heat to
flow rates, the aspiration rate of the solution, and the positioVoid spattering. Cool, rinse sides of beaker with water, add 10

of the capillary to obtain maximum response. mL of HCI, and evaporate to dryness carefully and with
moderate heat. Cool, add 20 mL of HCI (3+1), warm gently to

Note 53—Recalibration is required whenever these parameters argissolve salts. and cool to room temperature
changed. ! ’

- ; . . Note 54—If precipitation remains after recommended procedures,
194.2.3 Aspirate the nickel solution used in 194.2.2 Hilter the solution through glass wool placed in a funnel of the ion

SUfﬁQie”t_ number Pf times to e;tablish that the absorbanc@xchamge column. Add all the rinsings and the eluant through this funnel
reading is not drifting. Record six readings and calculate theo the column.

standard deviatiors, of the reading as follows: 195.1.3 Place a clean 400-mL beaker under the ion-exchange

s=(A—B)x0.40 (24)  column. Transfer the solution obtained in 195.1.2 to the
column and open the lower stopcock. When the solution

VAVheLe:highest of the six values found. and reaches a level of 10 to 20 mm above the resin bed, rinse the
B = lowest of the six values founld" original beaker with 5 to 6 mL of HCI (3+1) and transfer the

194.2.4 Beginning with the solution to which no nickel was rinsings to the column. Repeat this at 2-min intervals until the
o Beaker has been rinsed four times. Wash the upper part of the

added in 194.1, aspirate each calibration solution in turn an i )
record its absorbance. If the value for the solution with thecolumn with HCI (3+1) 2 or 3 times and allow the level to drop

highest concentration differs from the average of six valuejo 10 to 20 mm above the resin bed each time. Maintain the

recorded in 194.2.3 by more than twice the standard deviatio I,OW rate at not more than 3 mL/min and add HCI (3+1) to th?
s, or by more than 0.01 multiplied by the average of the SiXcolumn until a total of 200 mL has been collected. Reserve this

values, whichever is greater, repeat the measurement. If th%oluuon. . .
value indicates a trend or drift, determine the cause (for 195.1.4 Precondition the column for the next test solution as

o . ~follows: Open the stopcock. Drain the remaining solution in
example, deposit in the burner or clogged capillary), correct it . .
and repeat in accordance with 194.2.1-194.2.4 the column 10 to 20 mm above the top of the resin. Add in

194.2.5 Proceed immediately in accordance with 194.3. S0-mL increments, HCI (1+9) until the iron has been eluted,

194.3 Calibration Curve—Plot the net absorbance values and the_ eluate IS V|S|bly_free of co!or (Note 55). When the
; - . L column is free of iron, drain the solution to 10 to 20 mm above
against milligrams of nickel per millilitre on rectangular

; o . . the top of the resin and close the stopcock. If the column is not
coordinate paper. Calculate the deviation from linearity of theto be used immediately, cover and store. If it is to be used
curve as follows: ) .

o o immediately, pass 100 mL of HCI (3+1) through the column,
Deviations from linearity= (C — D)/E (25)  and proceed in accordance with 193.1.2.

where: _ Note 55—Approximately 300 mL of HCI (1+9) are required.
C = absorbance value for 0.015 mg Ni/mL, 195.1.5 To the eluate obtained in 195.1.3, add 30 mL of
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HNO; and evaporate to approximately 100 mL. Add 20 mL of TABLE 17 Statistical Information—Nickel—lon Exchange-Atomic

HNO, and 15 mL of HCIQ. Evaporate to dryness and cool. If Absorption Method

the nickel content is greater than 0.10 % (195.1.1), add 20 mL Nickel ~ Repeat-  Repro-
HCI (1+1) and warm to dissolve salts. Cool to room tempera- Test Material Found, a(t;g"y ﬂ;c('g"'
ture, and transfer to a 100-mL volumetric flask. Dilute to % £173) E173)
volume with water, and mix. If no dilution is necessary, add the; ppain carbon steel (NBS 10g, 0.005 Ni) 00058 0002 0002

amount of HCI (1+1) listed in 195.1.1, and warm gently to 2. Plain carbon steel (NBS 152a; 0.056 Ni) ~ 0.055 0.002 0.007

i . No. 3, E351 0.122 0.009 0.015
dissolve salts. Cool to room temperature, and transfer t Low-alloy steel (NBS 106b, 0.217 Ni 0217 0012 0020

appropriate volumetric flask (195.1.1). Dilute to volume withs o 5 g 351 1.07 0052  0.069

water, and mix.
195.2 Prepare a reagent blank by treating the same amounts

of all reagents in accordance with 195.1.1-195.1.4, but omit- 199.1 Tin is extracted from a dilute hydrochloric acid

ting the sample. Use reagents from the same lots for the blarffolution of the sample, containing ascorbic acid and potassium

and test solution. iodide, into a solution of trioctylphosphine oxide (TOPO) in

195.3 Photometry-Aspirate and record the absorbance ofmethylisobutyl ketone (MIBK). The MIBK extract is aspirated

the reference, calibration, test, and reagent blank solutions. into the nitrous oxide-acetylene flame. Spectral energy at 2863

_ A from a tin hollow-cathode lamp or tin electrodeless dis-
Note 56—After each group of four or fewer test solutions and reagent

blank solutions has been aspirated, apply the test with the standar((:lharge lamp is passed through the flame and the absorbance is
solution in accordance with 194.2.4 depending on the concentration rangg.]easured'

If the value differs from the average of the six values by more than twice

the standard deviations, found in 194.2.2, or by more than 0.01 200. Concentration Range

multiplied by the average of the six values used to calcidatehichever 200.1 The recommended concentration range is from 4 to 40
is greater, determine the cause. Correct the deficiency (deposits in burnerg of tin per mL in the final 10 millilitre of TOPO-MIBK
clogged capillary, etc.), repeat the calibration procedure, and recheck ”@xtract.

readings of the test solutions and reagent blank solution.

201. Interferences
201.1 The elements ordinarily present do not interfere if

196. Calculation their concentrations are under the maximum limits shown in
196.1 Convert the absorbance of the test solution and of thg 1.

reagent blank to milligrams of nickel per millilitre of the final
test solution by means of the calibration curve. Calculate thep2. Apparatus

percent of nickel as follows: 202.1 Atomic Absorption Spectrophotometerapable of
Nickel, % = (A — B) X C/W X 10 (26)  resolving the 2863-Aine, equipped with a tin hollow-cathode

lamp or tin electrodeless discharge lamp whose radiant energy
where: o ] ) is modulated, with a detector system tuned to the same
A = nickel per millilitre of final test solution, mg, frequency and a pre-mix nitrous oxide-acetylene burner. The
B = nickel per millilitre of final reagent blank solution, e rformance of the instrument must be such that the upper limit

mg, . of the concentration range (40 pg per millilitre) produces an

C = final volume of test solution, and . absorbance of 0.15 or higher, and a calibration curve whose
W = weight of sample in final volume of test solution, g.

deviation from linearity is within the limits in accordance with

197. Precision'® 204.4.

197.1 Eleven laboratories cooperated in testing this te
method and obtained the data summarized in Table 1?023(');(13223%0 Acid
Although a sample covered by this test method near the high ' g . . . .
end of the slope was not tested, the data obtained for oth r203'2 lodide-Ascorbic Acid SolutionBissolve 30 g of

. S . otassium iodide and 10 g of ascorbic acid in 60 mL of HCI
types of alloys using the methods indicated in Table 17 appl (1+5). Dilute to 100 mL with water and mix. Do not use a

solution that has stood more than one day.

TIN BY THE SOLVENT EXTRACTION-ATOMIC 203.3Methyl Isobutyl Ketone (MIBK).
ABSORPTION METHOD 203.4 Tin, Standard Solution A1 mL=1.0 mg Sn)—
Dissolve 1.000 g of tin (purity: 99.9 % minimum) in 100 mL of
198. Scope HCI. Cool, transfer to a 1-L volumetric flask, dilute to volume
198.1 This test method covers the determination of tin in thavith HCI (1+2), and mix.
range from 0.002 to 0.10 %. 203.5Tin, Standard Solution BL mL = 50.0 pg Sn)—Using
a pipet, transfer a 10-mL aliquot of Solution A to a 200-mL
199. Summary of Test Method volumetric flask. Dilute to volume with HCI (1+2) and mix.

203.6 Trioctylphosphine Oxide (TOPO-MIBK) Solutigb0
18 Supporting data are available from ASTM Headquarters. Request RR:E03/.|-)_TranSfer 12.5 g of TOPO to a 2_50'mL. VO.Iumetr!C ﬂa_Sk-
1008. Dilute to volume with MIBK and mix until dissolution is
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complete. example, deposit in the burner or clogged capillary), correct it,
and repeat the procedure in 204.3.1-204.3.4.
204. Preparation of Calibration Curve 204.3.5 Proceed immediately in accordance with 205.3.

204.1 Calibration Solutions-dsing pipets, transfer 0, 1, 2, 204.4 Calibration Curve—Plot the average net absorbance
4, 6, and 8 mL of Solution B (1 mL =50 pg Sn) to 100-mL yajues against micrograms of tin per millilitre on rectangular

volumetric flasks. coordinate paper. Calculate the deviation from linearity of the
Note 57—Volumetric flasks with ground glass stoppers must be usedCUrve as follows:
204.2 Extraction Deviation from linearity= (A — B)/C 27)

204.2.1 Add 15 mL of HCI (1+1)3 g of ascorbic acid, and where:
mix. Add 15 mL of iodide-ascorbic acid solution, adjust the A ’

volume to approximately 50 mL, and mix. B absorbance value for 30 pg Sn/mL, and
204.2.2 USing a plpet, add 10 mL of TOPO-MIBK Solution, C absorbance value for 10 Mg Sn/mL.

stopper the flask, invert, and shake vigorously several times for ¢ {he calculated value is less than 0.60, correct the indicated

1 min. Allow the phases to separate. Add water to bring theyaifunction or maladjustment of the instrument or lamp and
entire organic layer into the neck of the flask. Stopper, mverpepeat the calibration.

several times, and allow the phases to separate.

absorbance value for 40 pug Sn/mL,

Note 58—Prepare the test solution and have it ready to aspirat05. Procedure
immediately after aspirating the calibration solutions. 205.1 Reagent Blank-Garry a reagent blank through the
204.3Photometry entire procedure using the same amount of all reagents with the
204.3.1 With a tin hollow-cathode lamp or electrodelesssample omitted.
discharge lamp in position, energized and stabilized, adjust the 205.2Test Solution
wavelength setting to the location that gives the maximum 205.2.1 Select and weigh a sample to the nearest 0.5 mg in
detector response in the immediate vicinity of 2863 A accordance with the following:
204.3.2 Following the instrument manufacturer’'s specific
directions, ignite the burner using the air-acetylene mode of

- h o ; : Sample Weight, Dilution, Aliquot, Aliquot
operation. Immediately after ignition, switch over to the nitrous Tin, % g mL mL Factor
oxide-acetylene mode of operation and allow the burner to 0- 001 t00.005 3.00 1

h th | equilibrium while aspirating water. Cautiously o ooe 10 3919 200 :
reach thermal eq P 9 - UOUSIY 0. 009 to 0.050 1.00 1
adjust the height of the red cone of the flame to approximately o. 050 to 0.080 1.00 100 50 2
12 mm by means of the fuel flow-needle valve. Adjust the 0080t 0.100 1.00 100 20 5

detector response to zero while aspirating water. Aspirate Transfer the sample to a 150-mL poly (tetrafluoroethylene)
Solution B (1 mL =50 pg Sn) and adjust the height of thepegker.
burner to obtain maximum response from the detector system. g5 2 2 Add 30 mL of HCI (1+1) and 5 drops of HF. Cover

Remove the capillary from the solution and allow air 10 yhe peaker with a poly (tetrafluoroethylene) cover and heat at a
aspirate for 15 to 30 s. Asplratg MIBK for 30 s, then readjusty,,, temperature (approximately 90°C) until dissolution is
the detector response to zero, if necessary. complete.

Note 59—From this point on, only MIBK solutions should be aspirated
until all test and calibration solution measurements have been completeﬂ:|
If the burner slot shows any sign of blockage, shut off the flame in
accordance with the instrument manufacturer's approved procedures, 205.2.3 Remove the cover with platinum-tipped tongs and
clean the slot, and relight in accordance with 204.3.1. cautiously rinse into the beaker with water. Cautiously evapo-

204.3.3 Aspirate the solution with the highest concentratiorrate the solution at a low temperature (approximately 90°C) to
(40 pg Sn per millilitre) from the series prepared in 204.1 al5 mL. Rinse the sides of the beaker with water, add 20 mL of
sufficient number of times to establish that the absorbance isICl (1+1), and again evaporate to 15 mL.
not drifting. 205.2.4 Rinse the sides of the beaker with about 5 mL of
water and cool. If an aliquot is to be taken (refer to the table in

Note 60—Make certain that the capillary end does not enter the . .
aqueous (bottom) layer at any time. 205.2.1), transfer the solution to a 100-mL volumetric flask,

Note 61—Due to the small amount of extract available for making this dilute to volume with water, and mix. Using a pipet, transfer
test, the number of readings and the time between readings must be kdfte aliquot to a 150-mL beaker and evaporate at a low
to a minimum. temperature to 15 mL. Rinse the sides of the beaker with about

204.3.4 Beginning with the calibration solution to which no © ML of water and cool.
tin was added, aspirate each calibration solution in turn and 205.2.5 Adl 3 g ofascorbic acid for a 1-g sample, plus 2 g
record its absorbance. If the value for the solution with theof ascorbic acid for each additiona g of sample. Swirl to
highest concentration (40 pg Sn per millilitre) differs from the dissolve. Add 15 mL of the iodide-ascorbic acid solution.
average values obtained in 204.3.3 by more than 0.03 multi- 205.2.6 Transfer the sample to a 100-mL volumetric flask
plied by the average of the values, repeat the measurement.dhd adjust the volume to approximately 50 mL with water.
this value indicates a trend or drift, determine the cause (folJsing a pipet, transfer 10 mL of TOPO-MIBK solution to the

NoTte 62—For some steels it will be necessary to ad@®klto hasten
e dissolution of the sample. For silicon steels, use 10 to 12 drops of HF.
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flask, stopper, invert, and shake vigorously several times for 1
min. 210. Concentration Range
205.2.7 Allow the phases to separate. Add water to bring the 210.1 The recommended concentration ranges are from 0.1
entire organic layer into the neck of the flask. Stopper, inverto 0.5 pg of boron per 100 mL of solution, using a 5-cm cell;
several times, and allow the phases to separate. 0.5 to 6.0 ug of boron per 100 mL of solution, using a 1-cm
205.3 Photometry-Aspirate the top (MIBK) phase of the cell.
test solution and the reagent blank solution (the 60) and NoTte 63—This test method has been written for cells having a 1-cm
recor'd the absorbance values. Take three readings on e a 5-cm light path. Cells having other dimensions may be used,
solution (Note 61). Measure the absorbance of the calibratioproyided suitable adjustments can be made in the amounts of sample and
solution with the highest concentration of tin to check for drift reagents used.
in accordance with 204.3.4 and 204.3.5.

206. Calculation 211. Stability of Color
206.1 Convert the average absorbance of the test and the211'1 The color is stable for at least 1 h.

reagent blank solutions to micrograms of tin per millilitre of
the final solution by means of the calibration curve. Calculate2
12. Interferences

the percent of tin as follows: 212.1 Elements ordinarily present do not interfere if their

Tin, % = [((D — E) X F)/(G X 1000] (28)  concentrations are under the maximum limits shown in 1.1.
where
D = tin per millilitre of the final test solution, pg 213. Apparatus _ _ _ -
F = aliquot factor (refer to the table in 205.2.1), and tion must be quartz or other “boron-free” glass. Boil the
G = sample used, g. glassware in hydrochloric acid and rinse with water before use.
It is recommended that the glassware used for this determina-
207. Precision® tion be reserved for this use only.
207.1 Nine laboratories cooperated in testing this test 213.2Dissolution Apparatuszonsisting of a 125-mL round-
method and obtained the data summarized in Table 18. bottom quartz flask fitted with a rubber stopper to a quartz-tube
reflux condenser. The air-cooled quartz reflux condenser is a
TABLE 18 Statistical Information—Tin—Solvent Extraction- 760-mm Io_ng_' 3'.mm inside dlame_ter' quartz tu.be.'
Atomic Absorption Method 213.3 Distillation Apparatus (Fig. 2), consisting of a
o Repeal-  Repro- 125-mL quartz distillation flask fitted by a two-hole rubber
Test Material Foung.  ability  ducibil stopper to a water-cooled quartz condensing tube and a quartz
% E(1R7lé) IItEy 1(% methanol addition tube.
L Figh-siicon sieel (NBS 12550003 S 0,003 10,0006 0.0007 213.4Water Bath, Controlled Temperatuiggpable of main-
. Ign-silicon stee , O, n . . . e o -
2. Carbon steel (NBS 19g, 0.008 Sn) 00079  0.0009  0.0014 taining a temperature at 75 2°C and accommodating 150-mL
3. Low-alloy steel (NBS 32e, 0.011 Sn) 0.011 0.001 0.002 porcelain evaporating dishes.
4. Carbon steel (NBS 152a, 0.032 Sn) 0.031 0.003 0.004 2135 Plaﬂnum Cr‘uc'ble 25_m|_ Capac|ty
5. Carbon steel (BCS454, 0.050 Sn) 0.048 0.008 0.007 . . ’ .
6. Low-alloy steel (NBS 363, 0.094 Sn) 0097 0011 0011 213.6Evaporating Dishes]125-mL or 150-mL capacity.
213.7 Spectrophotometeequipped with 1-cm and 5-cm
cells.

BORON BY THE DISTILLATION-CURCUMIN

PHOTOMETRIC METHOD
214. Reagents

214.1 Acetone-Water Solutiorfl+1)—Dilute 500 mL of

208.1 This test method covers the determination of boron iﬁcetone tolL.

concentrations from 0.0003 to 0.006 % using a 2.0-g sample. Zté?ri fBe ?rrgg't':ref tr\:iai;_tu%“:tii dOFQ?QVﬁzetrggfgtédéemﬁ o
The scope can be extended to 0.012 % by using a 1.0-g samp.\j\éa 0 INThiS. : : nov
oron by passing distilled water through a mixed (anion-

and adding 1.0 g of low-boron iron. cation) bed® resin dimineralizer.

214.3 Boron, Standard Solution A1 mL =20 pg B)—

209. Summary of Test Method :
; gl Transfer 0.1763 g of sodium borate decahydrate,By@,-10
209.1 Boron is separated by distillation as methyl borateH ,0) into a 1-L volumetric flask, dissolve in water, dilute to

which is converted to boric acid and reacted with curcumin to olume. and mix
form a rose-colored complex. Photometric measurement i ' : . .
: b 214.4Boron, Standard Solution BL mL =2 pg B)—Using
made at approximately 555 nm. ! .
a pipet, transfer 10 mL of Boron Solution A (1 mL =20 ug B)
into a 100-mL volumetric flask, dilute to volume with water
19 Barnstead mixed bed dimineralizer cartridges have been found satisfactory fd'Fmd mix. Do not use solutions that have stood for more than 30
this purpose. days.

208. Scope
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RUBBER POLICEMAN

15 Rubber
cm  Stopper

8 cm
Stopper

WATER BATH

EVAPORATING DISH

8 mm 0.D. (150 mbL)
7 mm I.D.

125-mL Flask

21 mm O.D.
19 mm |.D.

FIG. 2 Distilling Apparatus for Boron in Steel

214.5 Curcumin Solution(1.25 g/L)—Dissolve 0.125 g of condenser, and rinse with 2 mL of water into the dissolution
curcumirf® (C ,;H,40¢) in 100 mL of glacial acetic acid flask. Transfer the contents of the dissolution flask into a
(CH5CO,H), and mix. Calibration of the spectrophotometer is 100-mL volumetric flask, rinsing with HSO,(1+4). Dilute to

required each time this solution is prepared. volume with H,SO,(1+4) and mix.
214.6Hydrogen PeroxidéH,0 ,, 30 %). 215.1.3 Using a pipet, transfer a 5-mL aliquot to a 125-mL
214.7Iron, Low-Boron #* quartz round-bottom distillation flask. Connect the flask to the
214.8Methanol, Low-Boron condenser and add 30 mL of methanol through the quartz
214.9Sodium CarbonatéNa,CO ). methanol addition tube. Seal the open end of this tube with a

214.10Sodium Hydroxide Solutiof20 g/L)—Dissolve 20 g  rubber policeman. Place the distillation flask in the water bath
of sodium hydroxide (NaOH) in water, and dilute to 1 L. Storeand place a 150-mL evaporating dish containing 5 mL of
in a polyethylene bottle. NaOH solution at the end of the condenser, making sure that
214.11 Sulfuric Acid-Acetic Acid Solutior{1+1)—While  the delivery tip is immersed in the NaOH solution (Fig. 2).
stirring, cautiously add 250 mL of 55O, to 250 mL of glacial 215.1.4 Heat the water bath to #52°C and distill until no
acetic acid. more than 5 mL of solution remains in the distillation flask.
Remove the evaporating dish from under the condenser, and
215. Preparation of Calibration Curve for Concentrations add 10 mL of methanol to the flask through the methanol
from 0.0001 to 0.0005 % Boron addition tube. Seal the tube with the rubber policeman, replace
215.1Calibration Solutions the evaporating dish under the condenser, and continue the
215.1.1 Into each of five 125-mL quartz round-bottom distillation until no more than 5 mL of solution remains in the
dissolution flasks, transfer 2.0 g of low-boron iron and 1.2 g offlask.
Na,COs. Using pipets, transfer 1, 2, 3, 4, and 5 mL of boron 215 1 5 Disconnect the condenser and rinse with 5 mL of
standard Solution B (1 mL =2 ug B) into the flasks, respecyethanol, collecting the rinsings in the evaporating dish. Place

tively. ) the evaporating dish in the controlled-temperature water bath
215.1.2 To eaCh flaSk add 50 mL 0&8‘04(1"’1) and insert and evaporate just to dryness_

the quartz reflux condenser. Heat below boiling for 30 min and
cool. Add 4 mL of HO,(1+4) and continue heating below .NOTE 64—A bath temperature exceeding 80°C or prolonged heating
boiling until dissolution is complete. Cool, disconnect theWill cause loss of boron.
215.2Reagent Blank-Fransfer 2.0 g of low-boron iron and
1.2 of NaCQ to a 125-mL quartz round-bottom dissolution

20 Curcumin (crystalline) from Eastman Kodak Co., Rochester, NY, has beerflask. Proceed in accordance with 215.1.1-215.1.5.
found satisfactory for this purpose.

21 Johnson-Mathey sponge iron or Spex iron has been found satisfactory for this 215.3C0|0I’. Develppment . .
purpose. 215.3.1 Using a pipet, transfer 3 mL of curcumin solution to
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the evaporating dish and swirl to dissolve the residue. Using &olume in the flask including the washings to approximately 50
pipet, add 3 mL of sulfuric-acetic acid solution to each dish andnL. Reserve the filtrate.
swirl until thoroughly mixed. Allow the solutions to stand for  217.1.3 Wash the paper, pulp, and any insoluble residue with
15 min. two 5-mL portions of water and discard these washings.
215.3.2 Add 30 mL of acetone-water solution to each dishSprinkle 0.2 g of NaCO ; over the paper, and transfer it to a
mix, and transfer to a 100-mL volumetric flask. Rinse the disi25-mL platinum crucible. Dry the paper, and then heat to
with acetone-water solution, collecting the rinsings in the600°C until carbon is removed. Cool, add 1.0 g,8@;, and
volumetric flask. Dilute to volume with acetone-water solutionfuse at 1100°C for 25 min, and cool.

and mix. 217.1.4 Add HSO,(1+4) dropwise to the fused mass in the
215.4Reference SolutionAcetone-water solution. crucible until dissolution is complete, keeping the crucible
215.5Photometry covered between additions. Transfer this solution to the re-

215.5.1 Multiple-Cell Photometer-Measure the reagent served filtrate, rinsing the crucible with,BO,(1+4) into the
blank (which includes the cell correction) using absorptionvolumetric flask. Dilute to volume with ;80,(1+4), and mix.
cells with a 5-cm light path and a light band centered at 217.1.5 Proceed in accordance with 215.1.3-215.1.5.
approximately 555 nm. Using the test cell, take the photometric 217.2 Reagent Blank SolutionGarry a reagent blank
readings of the calibration solutions. through the entire procedure using the same amounts of all

215.5.2Single-Cell PhotometerFransfer a suitable portion reagents with the specimen omitted. .
of the reference solution to an absorption cell with a 5-cm light 217.3 Color Development-Proceed in accordance with
path and adjust the photometer to the initial setting, using 415.3. ) )
light band centered at approximately 555 nm. While maintain- 217.4Reference SolutionAeetone-water solution.
ing this adjustment, take the photometric readings of reagent 217.5Photometry—Proceed in accordance with 215.5.
blank solution and the calibration solutions. .

215.6Calibration Curve—Plot the net photometric readings 218- Calculation

of the calibration solutions against micrograms of boron per 218.1 Convert the net photometric reading of the test
100 mL of solution. solution to micrograms of boron by means of the appropriate

calibration curve obtained in 215.6 or 216.6. Calculate the

216. Preparation of Calibration Curve for Concentrations ~ Percent of boron as follows:
from 0.0005 to 0.006 % Boron B oron, %= A X 0.002B (29)
216.1Calibration Solutions
216.1.1 Into each of five 125-mL quartz round-bottom _ : . -
dissolution flasks transfer 2.0 g of low-boron iron and 1.2 g ofA B Zg{jon found in 100 mL of the final test solution, hg,
NaCQ,. Using pipets, transfer 0.5, 1, 2, 4, and 6 mL of boron B = sample taken, g
standard Solution A (1 mL =20 ug B) to the flasks, respec- e

tively. 219. Precision and Biag?

216.1.2 Proceed in accordance with 215.1.2-215.1.5. 219.1Precision—From eight to nine laboratories cooperated
216.2Reagent Blank-Proceed in accordance with 215.2. i, the testing of this test method and obtained the data

216.3 Color DevelopmentRroceed in accordance with gymmarized in Table 19.

where:

215.3.
216.4Reference SolutionAcetone-water solution. TABLE 19 Statistical Information—Boron—Distillation-Curcumin
216.5Photometry—Proceed in accordance with 215.5, but Photometric Method
use cells having a 1-cm light path.
. . . . Repeat- Repro-
216.6 Calibration Curve—Proceed in accordance with i Boron abilty  ducibil-
Test Material Found, .
215.6. % (Ry, ity (Ra,
E 173) E 173)
217. Procedure 1. Stainless steel BBD (0.0009 B Nominal) 0.0010 0.0002 0.0003
. 2. Titanium-boron steel (0.0028 B Nomi- 0.0027  0.0003  0.0004
217.1Test Solution nal) BBF

217.1.1 Transfer a 2.0-g specimen, weighed to the nearest3] Low-alloy steel BBE (0.0055 B Nominal) ~ 0.0057 ~ 0.0005  0.0014
mg into a 125-mL quartz round-bottom dissolution flask. Add* Hh'l%*r‘nfrf;g"” steel (NBS 364, 0.01 B 0.0104 00009 0.0025
50 mL of H,SO 4,(1+4), insert a quartz reflux condenser, ands. Eiectrolytic iron (NBS 1265; 0.00013) 0.00012 0.00007  0.00013
heat below boiling for 30 min. Add 4 mL of $0,(1+4) and

continue heating below boiling until dissolution is complete.

Cool, disconnect the condenser, and rinse with 2 mL of water 219.2Bias—Only one specimen of five tested, has a certified
into the dissolution flask. boron content. Because the precision obtained for this speci-

217.1.2 Pretreat an 11-cm medium filler paper containingnen (Table 19, No. 5), as measured Ry and R,, Practice
paper pulp by washing with methanol and then with water.

Discard the washings. Filter the solution from 217.1.1 into a

_:LOO—mL VOll'!metriC ﬂ?-Sk- WaSh the paper, pUIPa and any 22 Supporting data are available from ASTM Headquarters. Request RR:E03-
insoluble residue ten times with,BO,(1+4), keeping the total 1021.
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E 173 is not acceptable to justify measuring boron at this levelpn a hot plate and cool. Add 10 mL of HCI and warm to
the accuracy cannot be determined. dissolve salts. Dilute to about 50 mL and transfer to 100-mL
volumetric flasks. Add 10 mL of KCO; solution to each of
CHiggAé%'\gﬁgJTAEE'_“}TH%'\gC seven flasks. Using pipets, transfer 1, 3, 5, 7, 10, and 15 mL of
chromium standard solution to each flask respectively. Desig-
nate the seventh flask as zero chromium concentration. Dilute

220. Scope to volume and mix.
220.1 This test method covers the determination of chro- 256 2 calibration Solution for Concentrations 0.10 to
mium in concentrations from 0.006 to 1.00 %. 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
221. Summary of Test Method HCI and 10 mL of HNQ. Warm as necessary to dissolve the

221.1 The sample is dissolved in mineral acids and thegmple. Evaporate just to dryness on a hot plate and cool. Add
residue fused, dissolved, and solution combined. The samplgy m| of HCI and warm to dissolve salts. Dilute to about 100
solution is aspirated into a nitrous oxide-acetylene flame of apy and add 20 mL of KCO, solution. Transfer to a 200-mL
atomic absorption spectrophotometer. Spectral energy at applumetric flask, dilute to volume, and mix. Transfer 10-mL
proximately 3579°A from a chromium hollow-cathode lamp is gjiquots to each of seven 100-mL volumetric flasks and add 9

passed through the flame, and the absorbance is measured. The of HCI to each flask. Using pipets, transfer 1, 3, 5, 7, 10,
spectrophotometer is calibrated with solutions of known chrozng 15 mL of chromium standard solution to each flask

mium concentrations. respectively. Designate the seventh flask as zero chromium
) concentration. Dilute to volume and mix.
222. Concentration Range 226.3Photometry

222.1 The recommended concentration range is from 0.001

t0 0.015 mg of chromium per millilitre of solution. 226.3.1 With the chromium hollow-cathode lamp in posi-

tion, energized and stabilized, adjust the wavelength to maxi-
293 Interferences mize the energy response of the 3579°A line. The wavelength
i setting in the vicinity of 4289°A may be used provided that the

223.1 Because iron acts as a depressant, the calibration .
instrument meets the performance requirements.

solutions must contain approximately the same concentration X i .

of iron as the test solutions. 226.3.2 Light the burner, allow it to thermally equilibrate,
and adjust the instrument to zero while aspirating water.

Aspirate the chromium solution with the highest concentration

224.1 Atomic Absorption Spectrophotometezapable of from the series prepared in accordance with 226.1, and adjust
resolving the 3579°A line, equipped with a chromium hollow- the burner, nitrous oxide, and fuel pressures and flow rates to

cathode lamp, and a laminar flow nitrous oxide burner. The?Ptain maximum response. Whenever one or more of these
performance of the instrument must be such that it meets tHgarameters are changed, recalibration is required.
limits defined in 226.4. If your instrument does not meet this 226.3.3 Aspirate the chromium solutions used in 226.3.2 to

criteria, you cannot expect to obtain the precision and accurac§nsure that the absorbance reading is repeatable. Record six
stated in this test method. readings, and calculate the standard deviatign,of the

readings as follows:

225. Reagents s=(A—B) X 0.40 (30)
225.1Chromium, Standard Solutiofi mL = 0.1 mg Cr)—

Transfer 2.8290 g of potassium dichromate,(0,) (NBS ~ Where: _

136 or equivalent) to an 800-mL borosilicate beaker, add 500> = highest of the six values found, and

mL of water, and mix. When dissolution is complete, add 5 mL B = Iowest. of the six values fount ) o

of H,SO, and, while stirring, add 10 mL of $D,(30 %). Heat .226.3.4 Us!ng water_ as a refer.efnce solutlon., and beginning

at near boiling for 5 min to remove excess®3. Cool, transfer ~ With the solution to which no addition of chromium was made

the solution to a 1-L volumetric flask, dilute to volume, andin 226.1 and 226.2, aspirate each calibration solution in turn

mix. Using a pipet, transfer 20 mL to a 200-mL volumetric and record its absorbance. If the value for the solution with the

flask, dilute to volume, and mix. highest concentration differs from the average of six values
225.21ron.2° Low Chromium-Cr< 0.0001 %. calculated in 226.3.3 by more than twice the standard devia-

225.3Potassium Carbonate Solutigf0 g/L)—Dissolve 50 tion, or by more than 0.01 multiplied by the average of the six
g of potassium carbonate {&O ;) in water, and dilute to 1 L. values, whichever is greater, repeat the measurement. If a

224. Apparatus

Store the solution in a polyethylene bottle. problem is indicated, determine the cause, correct it, and repeat
226.3.1-226.3.4.
226. Preparation of Calibration Curves 226.3.5 Proceed immediately in accordance with Section

226.1 Calibration Solutions for Concentrations 0.005 to 276.
0.10 %—0 each of seven 250-mL borosilicate beakers, trans- 226.4 Calibration for Concentrations from 0.005 to
fer 1.0 g of low-chromium iron weighed to the nearest 1 mg.0.10 %—Plot the net absorbance values against milligrams of
Add to each beaker 20 mL of HCI and 10 mL of Hy@nd  chromium per millilitre on rectangular coordinate paper. Cal-
heat gently until dissolution is complete. Evaporate to drynessulate the deviation from linearity of the curve as follows:
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Deviation from linearity= (C — D)/E (81)  the test using the standard solution in accordance with 226.3.4,
depending on the concentration range. If the value differs from
the average of the six values by more than twice the standard
deviation,s, found in 226.3.3, or more than 0.01 multiplied by
the average of six values used to calculatenvhichever is

egreater, determine the cause and repeat the calibration and

Gaspiration of test solutions.

where:

C = absorbance value for 0.015 mg Cr/mL,

D = absorbance value for 0.010 mg Cr/mL, and
E = absorbance value for 0.005 mg Cr/mL.

If the calculated value is less than 0.60, make the prop
adjustment of the instrument or hollow cathode lamp, an
repeat the calibration. The absorbance value Gomust be
0.200 or higher.

226.5Calibration for Concentrations from 0.10 to 1.00 %—
Proceed in accordance with 226.4.

228. Calculation

228.1 Convert the absorbance of the test solution and the
reagent blank to milligrams of chromium per millilitre of the
final test solution by means of the appropriate calibration

227 Procedure curve. Calculate the percent chromium as follows:

. A—-B)xC
227.1Test Solution _ . . C hromium, %= ( Wx)lo (32)
227.1.1 Select and weigh a sample in accordance with the
following: where:
A = chromium per millilitre of final test solution, mg,
Tolerance  Dilution HCl to Be  Final B = chromium per millilitre of final reagent blank solu-
Sample in Sample After Dis-  Aliquot Addedto Dilu- tion, mg,
Chromium. Weggm* Wﬁ'%m* solufon, - Requred.  Allquot, —tion, C = final volume of test solution, and
0.005t0010 1 0.10 100 0 0 100 W = weight of sample in final volume of test solution, g.
010t0 1.00 1 0.10 100 10 9 100
3 - o3
Transfer the sample to a 250-mL borosilicate beaker. 229. Precision and Bias’

227.1.2 Add 20 mL HCI, 10 mL HNQ and 5 drops of HF. 229.1Precision—Nin§ laboratories c_o_operated in testing this_
Heat to dissolve. Remove from the hot plate and dilute tgest method and obtained the precision data summarized in
approximately 50 mL. Add a small amount of filter pulp and Table 20.
filter the solution through 11-cm fine filter paper into a 250-mL
borosilicate beaker. Wash the paper 5 times with HCI (1+99), TABLE 20 Statistical Information—Chromium—Atomic
and reserve the filtrate. Absorption Method

227.1.3 Transfer the paper and contents to a platinum Chromium R;gﬁgt' Remo-
crucible. Dry on a hot plate, and transfer to a muffle furnace Test Material Found, (R, ity (R,
that is less than 400°C. Gradually heat to 600°C and hold at " E 173) E173)
this temperature for 1 h. Cool, add 0.5 g of®0;, and 1. NBS 55e 0.006 Cr 0.0063 0.0014 0.003
carefully fuse over a free flame until a clear melt is obtained 2. NBS 125b 0.019 Cr 0.021 0.003 0.003
(see Note 65). Cool and add 15 mL of water. Add HCI i: sgg ::’)2‘1’ 8:(1333(:? g;;;‘g g;gig 8;8;?
dropwise until reaction ceases. Add 5 drops of HCI in excess 5. NBs 163 0.982 Cr 0.961 0.036 0.093

and warm on a hot plate, if necessary to obtain a clear solution.

Note 65—Fusion of the residue is made in order to include in the . . .
sample solution any chromium that might exist in the sample in an acid229-2Bias—The accuracy can be inferred from the data in

insoluble form. Table 20 by comparing the certified values for chromium with

227.1.4 Transfer this solution to the filtrate from 227.1.2 anaIhe average value obtained by using this test method.
evaporate just to dryness. Add 10 mL HCI and warm to CHROMIUM BY THE PEROXYDISULFATE
dissolve salts. Transfer quantitatively to a 100-mL volumetric OXIDATION-TITRATION METHOD
flask, dilute to volume, and mix. For samples with expected
chromium concentrations less than Q.lo %, proceed in accok, Scope
dance W'th 227.3. For samples with expectgd chromium 230.1 This test method covers the determination of chro-
concentration greater than 0.10 %, transfer by pipet 10 mL tcr)nium in concentrations from 0.05 to 3.99 %
a 100-mL volumetric flask, add 9 mL of HCI, dilute to volume, ' ' '

and mix. _ 31. Summary of Test Method
227.2 Prepare for each concentration range a reagent blan 231.1 Chromium in an acid solution of the sample is

by treating the same amount of all reagents in accordance Wit&(idized to the hexavalent state with ammonium peroxydisul-

227.1.1-227.1.4 including the low-chromium iron. Use re-tiq i the presence of silver nitrate catalyst. The sample is then

agents from the same Ic_)ts for blank and test solutions. . titrated with excess ferrous ammonium sulfate to reduce
227.3 Photometry-Using water as a reference solution,

aspirate and record the absorbance of the calibration, test, and
reagent blank solutions. After ea(.:h group of four or.fewer test s Supporting data are available from ASTM Headquarters. Request RR:E03-
solutions and reagent blank solutions has been aspirated, applygo.
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chromium, and the excess is back-titrated with either potas35.2 of Practices E 50, but use 0.1500 g of sodium oxalate
sium permanganate or potassium dichromate, depending upgNBS 40h) or equivalent primary standard grade.
the presence or absence of vanadium. 234.6 Silver Nitrate Solution(8 g/L)—Reagent No. 133

Note 66—In the dichromate titration, the vanadium is not oxidized (Practices E.SO)' . . . .
along with the excess ferrous ions and, therefore, the volume of dichro-_234-7 Sodium Diphenylamine Sulfonate Indicator Solution
mate added reflects the total of vanadium and chromium and thé2.0 g/L)—Reagent No. 121 (Practices E 50).
calculated value for % Cr is high. In the permanganate titration, tfe V. 234.8 1,10 Phenanthroline Ferrous Complex Indicator So-
is oxidized to V, thereby compensating for the reduction of vanadium by |ytion (0.025M)—Reagent No. 122 (Practices E 50).
ferrous sulfate in a previous step.

235. Standardization of Ferrous Ammonium Sulfate
Solution

232. Interferences 235.1Against Potassium Permanganate Solution

232.1 The elements ordinarily present do not interfere if 235.1.1 Transfer 180 mL of water, 12 mL of,80, (1+1),
their concentrations are less than the maximum limits shown iand 5 mL of HPO, into a 500-mL Erlenmeyer flask. Add 20
1.1. mL of Fe(NH,),(SO,), solution (234.2) from a 25-mL buret

232.2 Each of the following elements, when present abovand record the volume to the nearest 0.01 mL. Add 1 to 2 drops
the indicated limit, imparts color to the solution so thatof 1,10 phenanthroline indicator solution. Using a 25-mL buret,
diphenylamine sulfonate indicator cannot be used whetitrate the ferrous ions with 0.08 KMnO, standard solution
K,Cr,0; is chosen as the back-titrant. The limits are: nickel(234.5) while swirling the flask. As the end point is ap-
1.300 g, copper 0.260 g, and tungsten 0.005 g. The effects @groached, add KMn@dropwise. Continue until the pink color
the elements are additive. If the numerical value of thechanges to clear green and persists for at least 60 s.
following expression does not exceed 1.300, the indicator may 235.1.2 Calculate the normality of the Fe(lJ5(SO ,),

be used. solution as follows:
(2.6A + 0.0%B + 0.01C) X D (33) Normality = AB/C (34)
where where:
A = tungsten in the sample, %, A = normality of KMnQ, solution (234.5),
B = copper in the sample, %, B = KMnO, solution, mL, and
C = nickel in the sample, %, and C = Fe(NH,),(S0O,) , solution, mL.
D = sample weight, g. 235.2Against Potassium Dichromate Solution Using Diphe-
When the value exceeds 1.300, the end point must baylamine Sulfonate End Point
determined potentiometrically if §Cr,O; is the back-titrant. 235.2.1 Transfer 180 mL of water, 12 mL o£,80, (1+1),
and 5 mL of HPQ, into a 500-mL Erlenmeyer flask. Add 20
233. Apparatus mL of Fe(NH,),(SO,),(234.2) from a 25-mL buret and record

233.1 Apparatus for Potentiometric TitrationsApparatus  the volume to the nearest 0.01 mL. Add 2 drops of dipheny-
No. 3B (Practices E 50) with a saturated calomel reference andmine sulfonate indicator solution. Using a 25-mL buret,

platinum indicator electrode. titrate the ferrous ions with 0.08 K,Cr ,O, solution, while
swirling the flask. As the end point is approached, add the
234. Reagents K.Cr,O, titrant dropwise. Continue until a blue color appears

234.1 Ammonium Peroxydisulfate Solutiobissolve 15 g  and persists for at least 30 s. Record the buret reading to the
of ammonium peroxydisulfate [(N),S,0 ] in water and nearest 0.01 mL. Refill the burets, add the same volume of
dilute to 100 mL. Do not use solutions that have stood for morere(NH,),(SQ,), solution as before and again titrate with 0.05
than 24 h. N K,Cr ,O, solution to the blue end point. Record the buret

234.2Ferrous Ammonium Sulfate, Standard Solut{Br05  reading. Subtract this volume of 0.6 ,Cr ,O, solution from
N)—Reagent No. 5 (Practices E 50). Use 20 g Fe(N($O,)  the volume recorded for the first titration. Record the difference
2-6H,0 instead of the specified weight. Standardize the soluas the indicator blank.
tion in accordance with 235.1, 235.2, or 235.3 depending upon 23522 Calculate the normality of the Fe(YHSO .),
the titration procedure to be employed. Use only if the solutionsp|ution as follows:
has been standardized or restandardized within 24 h.

234.3Potassium Dichromate, Standard Soluti@05 N)—

Reagent No. 10 (Practices E 50). Use 2.4518 g of recrystallizegvhere:
K,Cr,O ,(NBS 136¢) or equivalent primary standard grade, A

Normality = (0.05A — B))/C (35)

0.05 N K,Cr,0O; solution used in the first titration, mL,

instead of the specified weight. B = millilitres equivalent to the indicator blank, and

234.4 Potassium Permanganate Solutiof25 g/L)— C = Fe(NH p),(S0O,), solution used in the first titration,
Dissolve 25 g of reagent grade KMnQin 200 mL of water, mL.
dilute to 1 L, and mix. 235.3Against Potassium Dichromate Using Potentiometric

234.5 Potassium Permanganate, Standard Solut{@05 End Point
N)—Reagent No. 13 (Practices E 50). Use 1.6 g of KMNnO 235.3.1 Using a 25-mL buret, transfer 20 mL of 0.85
instead of the specified weight. Standardize in accordance witk,Cr,O; solution into a 600-mL beaker. Reserve the remaining
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0.05N K.,Cr ,0; solution in the buret for the back-titration. 0.80 to 1.6 1.25 0.5
Add 150 mL of water, 10 mL of HSO,(1+1), and 5 mL of 15135 0.5 0.3
H,PQ,. Insert the saturated calomel reference electrode and the 3139 035 02
platinum indicator electrode into the beaker and connect them Transfer the sample to a 600-mL beaker.

to the potentiometer apparatus. While stirring the solution, add 236.2 Add 80 mL of HSO,(1+5) and 5 mL of H;PO,. Cover
Fe(NH,) 5(SO,), until the dichromate ion yellow color disap- the beaker with a ribbed cover glass and heat at 85 to 100°C
pears and then add a slight excess. Record the volume of thgtil the sample is decomposed. Add sufficient HND small
Fe(NH ),(SOy), solution to the nearest 0.01 mL. Back-titrate jncrements to oxidize the iron. Boil 2 min to expel oxides of
with the remaining 0.0 K ,Cr,O; solution by adding the njtrogen.

solution in 0.1-mL increments as the end point is approached. 535 3 pijute the solution to 150 mL, add paper pulp, and
Record .the voltage when equilibrium is reachgd after eacljier through an 11-cm fine paper into a 500-mL Erlenmeyer
0.1-mL increment. Inspect the data for the maximum voltaggask or a 600-mL beaker if the potentiometric titration proce-

change per 0.1-mL increment. Determine the voltage changgre is to be used. Wash the residue 10 to 12 times with warm
for the 0.1-mL increments before and after this maximumyater and reserve the filtrate.

change. Determine the two differences between the three

oltage readinas corresoonding to the volume (0.1-mL) incre- 236.4 Transfer the paper and residue to a platinum crucible,
voltag Ing ponding valume (0. )1 char the paper, and ignite at 850 to 900°C for 15 min. Cool, add

ment before .th(_a‘ maximum, the maximum, and after the ufficient H,SO,(1+1) to moisten the residue, and then add 3
maximum. This is a very close apprOX|mat|9n of the secon o 5 mL of HF. Evaporate to dryness and heat at a gradually
derivative of the volume versus change in voltage CurV%ncreasing rate until 550, is removed. Fuse the residue with

corresponding to the maximum inflection if this curve Were,  inimum amount of either fused sodium hydrogen sulfate

plotted. Sum the two voltage differences. Determine the rati : ) :
of the first of these two differences to the sum and multiply O.BSOd'um pyrosulfate-N& ,0;) or potassium pyrosulfate

; : : K.,S;0 ;). Cool the crucible, place in a 250-mL beaker, and
b i oo bian th vokame i be it the STl ne el n 20 mi ot 160,1+10) Remove in
. X crucible, rinse with water, transfer the solution to the reserved
mum change in voltage occurred. See the following exampl

Siltrate (236.3), and dilute to 200 mL.
236.5 Add 5 mL of AgNQ solution and 20 mL of (NE)

V"K':gr‘zg: Back . Voltage, Difierence Before 25,04 solution. If a beaker is used, cover it with a ribbed cover
Titrant, mL mv A Voltage, mV imum glass. Boil the solution 8 to 10 min, maintaining the volume at
30-80 535 . 200 mL by additions of hot water. If the color due to
22:38 228 138 28 permanganate ions does not develop, or develops but does not

21.10 720 80 persist, add 2 drops of KMn@solution (234.4), 5 mL more of
gi-;g 322 AgNO; solution, and 20 mL more of (N,S,0g solution, and
51.40 854 boil for an additional 8 to 10 min. Add hot water to maintain

) the volume at 200 mL during this operation and the operations
Maximum voltage change occurred between 21.00 anghat follow in 236.6.

21.10 mL of K,Cr,0; solution. The changes in voltage were

; X 236.6 Reduce the permanganate ions as follows: Add 5 mL
50 mV before the maximum, 100 mV at the maximum, and 8001c HCI (1+3) and continue boiling for 10 min after the

mV after the maximum. The two differences between thedisappearance of permanganate color. If the permanganate ions

maximum, corresponding to before and after the maximumhave not been com . .,
. . pletely reduced or if a precipitate of MnO
were 50 and 20 mV, respectively. Their sum equals 70 and th present, add 2 mL of HCI (1+3) and boil again for 10'%““

ratio of the first to the sum equals 50/70. Thus 50/70 multiplie epeat the addition of HCI and boiling until all manganese is

by 0'.1 mL must beaddedto the s.maller volume petween the present as colorless manganous ions. Cool to room temperature
two Increments Wh_ere_ the maximum change in voltage 9Cand dilute to 200 mL. If vanadium is present or its absence has
curred. The end-point is 21.07 m_L' not been confirmed, proceed in accordance with 236.7. If
235.3.2 Calculate the normality of the Fe(K(SO 4)2  yvanadium is absent and the criteria of 232.2 are met, proceed
solution as follows: in accordance with 236.8. If vanadium is absent and the criteria

Normality = 0.05A/B (36) of 232.2 are not met, or if the potentiometric titration is
) preferred and vanadium is absent, proceed in accordance with
where: 236.9
A = 0.05 N K,Cr,0; solution, mL, and e . . . .
B = Fe(NH,) 2(5(234)72 solution, mL. 236.7 Titration With Potassium Permanganatéhile
swirling the flask, add 1 to 2 drops of 1,10 phenanthroline
236. Procedure indicator solution and then add sufficient Fe(NKSO,) -

olution to effect a change in color from clear green to pink.

236.1 Sel igh le i ith th .
36.1 Select and weigh & sample in accordance with t dd 1 to 2 mL more and record the buret reading to the nearest

following: ) .
g ol o samnl 0.01 mL. Using a 25-mL buret, back-titrate the excess ferrous
Chromium, % sample Weight, g et mg ions with 0.05N KMnO, standard solution. Add KMnQ
0.05 to 0.50 35 2 dropwise as the end point is approached. Continue the titration
04010 1.0 20 1 until the pink color has changed to clear green which persists
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for 60 s. Record the buret reading to the nearest 0.01 mL. TABLE 21 Statistical Information—Chromium—Peroxydisulfate
236.8Titration with Potassium Dichromate to the Dipheny- Oxidation-Titration Method
lamine Sulfonate End Point¥hile swirling the flask, add Chromium Repeat-  Reproduc-

Fe(NH ),(SQ,), solution from a 25-mL buret until the disap- Test Material Found, a?glty iz!izty
pearance of the yellow color. Then add 1 to 2 mL in excess and % E173) E173)
rgcord the puret reading to }he_ nearest O.Ql mL. Agd 2 drops Qf no. 1, E 351 0.044 0.008 0.024
diphenylamine sulfonate indicator solution. Using another. Carbon Steel (NBS 155, 0.485 Cr) 0.481 0.015 0.053
_ 4 ; f 3. Low-Alloy Steel (NBS 30f, 0.95 Cr) 0.95 0.024 0.050
25-mL buret, back titrate the excess ferrous ions with ONO5 2. Nitralloy G (NBS 106, 1.18 O 118 0,033 0,048
K Cr ,0; standard solution. Add the JCr,O ; solution drop- 5 no. 3, E 352 368 0.16 0.48

wise as the end point is approached. Continue the titration untif

a blue color appears and persists for at least 30 s. Record the

buret reading to the nearest 0.01 mL. 238.2 Bias—No information on the accuracy of this test
236.9 Titration with Potassium Dichromate and Potentio- method is known. The accuracy of this test method may be

metric End Point DetectionStir the sample solution in the judged, however, by comparing accepted reference values with

600-mL beaker with a magnetic stirrer and insert the saturatethe corresponding arithmetic average obtained by interlabora-

calomel reference and platinum indicator electrodes. With théory testing (see Table 21).

electrodes connected to the potentiometer apparatus, add from

a 25-mL buret the Fe(NE,(SO,), solution while stirring until VANADIUM BY THE ATOMIC ABSORPTION

the yellow color disappears. Add 1 to 2 mL in excess and METHOD

record the buret reading to the nearest 0.01 mL. Using another

25-mL buret, add 0.08l K,Cr ,0, standard solution in 0.1-mL  239. Scope

increments, recording the voltage after equilibrium is reached 239.1 This test method covers the determination of vana-

for each increment. Inspect the data for the maximum voltag€ium in concentrations from 0.006 to 0.15 %.

change between increments of the standard dichromate solu-

tion (see 235.3). Determine the voltage change for the incre240. Summary of Test Method

ments before and after the maximum change and interpolate 240.1 The sample is dissolved in hydrochloric, nitric, and

the end point to the nearest 0.01 mL in accordance with 235.3erchloric acids. An aluminum solution is added as a spectro-
chemical buffer. The sample solution is aspirated into a nitrous

237. Calculation oxide-acetylene flame of an atomic absorption spectrophotom-
237.1 If KMnO, was used, calculate the percent of chro-€ter. Spectral energy at approximately 269.4 nm from a
mium as follows: vanadium hollow cathode lamp is passed through the flame,

and the absorbance is measured. This absorbance is compared

C hromium, %= [(AB — CD) x 1.733/E S with the absorbance of a series of standard calibration solu-

where: tions.

A = Fe(NHp),(SQ,), solution, mL,

B = normality of Fe(NH),(SO ,), solution, 241. Concentration Range

C = KMnQ, solution used, mL, 241.1 The recommended concentration range is from 0.002

D = normality of the KMnQ solution, and to 0.016 mg vanadium per millilitre of solution.

E = sample taken, g.

237.2 If K,Cr,0O; was used, calculate the percent of chro-242. |nterferences

mium as follows: 242.1 Iron interferes by acting as a depressant. This inter-

Chromium, %= [(AB — CD) X 1.733/E (38)  ference is overcome by the addition of aluminum chloride,
which acts as a spectrochemical buffer. Titanium and tungsten
VAVheie:Fe(NH 1,(SOp), solution interferes when present in concentrations greater than 0.5 and
= , 0 .

B = normalﬁ; of Iéez(NIj)Z(SO 4)> solution, 1.0%, respectively.

C = K,Cr,0; solution,

D = normaliy of K,.C,0; solution, and e Atomie. Absorption Spectrophotometazapable of

E = sample taken. g. . p pectrophotometezapable o

resolving the 318.4-nm line, equipped with a vanadium
hollow-cathode lamp, and a laminar flow nitrous oxide burner.
The performance of the instrument must be such that it is
fuitable for use in accordance with Guide E 1024.

238. Precision and Bias*

238.1Precision—Nine laboratories cooperated in testing this
test method and obtained the data summarized in Table 2
Although a sample at the low end of the scope was not teste
the precision data for other types of alloys using the tes
methods indicated in Table 21 should apply.

44, Reagents

244.1 Aluminum Chloride Solutiorfl mL =20 mg Al)—
Dissolve 90 g of aluminum chloride (AIG6 H,O) in approxi-
mately 300 mL of water, add 10 mL of HCI, and dilute to 500

24 Supporting data are available from ASTM Headquarters. Request RR:E03mL- ) .
1036. 244.2 VVanadium, Standard Solutioflt mL =0.2 mg V)—
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Dissolve 0.200 g of vanadium (purity: 99.9 % minimum) in values against milligrams of vanadium per millilitre on rect-
20-mL aqua regia (three volumes of HCI to one volume ofangular coordinate paper. Test for linearity in accordance with
HNO;). Evaporate to near dryness and add 10 mL of HCIl.Guide E 1024.

Cool, transfer to a 1-L volumetric flask, dilute to volume, and

mix. 246. Procedure

. . . 246.1Test Solution
NoTte 67—As an alternative to vanadium metal, ammonium metavana- 24611 T fer 1.0 f | ighed to th t1
date may be used to prepare the standard vanadium solution by drying T ranster 1.0 g o sample, weighed 1o the neares

several grams of ammonium metavanadate (W®l,) minimum purity ~ Mg, t0 @ 250-mL borosilicate beaker.
99.9 %, in an air oven at 105 to 110°C for at leash and cool to room 246.1.2 Add 20 mL of HCI, 4 mL of HNQ and cover with
temperature in a desiccator. Weigh 0.4592 g of the dried product into @ cover glass. Heat until dissolution is complete. Add 10 mL of
600-mL beaker, add 400 mL of hot water, and gently simmer to di:ssolve|-|(;|o4 and evaporate to fumes. Continue heating until solu-
Cool, transfer to a 1000-mL volumetric flask, dilute to volume, and mix (1tjons are near dryness (Note 68). Cool, dissolve the salts with
mL =0.20 mg V). 10 mL of HCI and 20 mL of water. Filter through a medium-
porosity filter paper into a 100-mL volumetric flask, and wash
well with warm HCI (2+100). Cool, add 10 mL of AlGI
245. Preparation of Calibration Curve solution (244.1), dilute to volume, and mix.
245.1Calibration Solutions—Fo each of five, 250-mL boro- 246.1.3 Prepare a reagent blank by using a 250-mL borosili-
silicate beakers, add 10 mL of HCJOUsing a microburet, cate beaker and proceeding in accordance with 246.1.2. Use
transfer 0.0, 1.0, 2.0, 4.5, and 8.0 mL of vanadium standardeagents from the same lots as those used for the sample
solution to each beaker, respectively. Cover with a watch glassolution.
heat, and evaporate to fumes. Continue heating until solutions 246.2Photometry-4Jsing water as a reference, aspirate and
are near dryness (Note 68). Cool, dissolve the salts with 10 mkecord the absorbance of the calibration, sample, and reagent
of HCI and 20 mL of water. Filter through a medium-porosity blank solutions. After each group of four or fewer samples and
filter paper into a 100-mL volumetric flask and wash well with reagent blank solutions has been aspirated, apply the test using
warm HCI (2+100). Cool, add 10 mL of Algkolution (244.1), the standard solution in accordance with 245.2.4. If the value
dilute to volume, and mix. differs from the average of the six values by more than twice
the standard deviatiors, found in 245.2.3, or more than 0.01
multiplied by the average of six values used to calcukate
245.2Photometry whichever is greater, determine the cause and repeat the
245.2.1 With the vanadium hollow-cathode lamp in position,calibration, sample, and reagent blank measurements.
energized and stabilized, adjust the wavelength to maximize
the energy response of the 318.4-nm line. 247. Calculation
245.2.2 Light the burner, allow it to reach thermal equilib-  247.1 Convert the absorbance of the sample solution and the
rium, and adjust the instrument to zero while aspirating waterreagent blank to milligrams of vanadium per millilitre of the
Aspirate the vanadium solution with the highest concentratioriinal dilution volume by means of the calibration curve.
from the series prepared in accordance with 245.1, and adjuglalculate the percent of vanadium as follows:
the burner, nitrous oxide, and fuel pressures and flow rates to Vanadium, %= (A — B) X 10)/C (40)
obtain maximum response. Whenever one or more of these
parameters are changed, recalibration is necessary. where:
245.2.3 Aspirate the vanadium solution used in 245.2.2 toA = vanadium per millilitre of the final sample solution,
ensure that the absorbance reading is repeatable. Record six mg,
absorbance readings, and calculate the standard devigtafn, B vanadium per millilitre of the final reagent blank

Note 68—The remaining amount of HC|Qnust be at a minimum.

the readings as follows: solution, mg, and
S—(A—B) X 040 (39) C = weight of sample, g.
where: 248. Precision and Bias
A = highest absorbance of the six values found, and 248.1 Precision—fwenty-three laboratories participated in
B = lowest absorbance of the six values fodhd. testing this test method under the auspices of WG-9 of 1ISO
245.2.4 Using water as a reference, and beginning with the

solution to which no addition of vanadium was made in 245.1, TABLE 22 Statistical Information—Vanadium—Atomic
aspirate each calibration solution in turn and record its absor- Absorption Method
bance. If the value for the solution with the highest concentra- Vana- Repeat- Repro-
tion differs from the average of six values calculated in 245.2.3 Test Material dium ability ducibil-

. .. Found, (R, ity (R,
by more thn twice the standard deV|_at|0n, or by more the}n % E173) E173)
0.01 multiplied by the average of the six values, V\{hphe_ver IS ow-Alloy Steel (JSS 152-8, 0.100 V) 0107 0.008 0014
greater, repeat the measurement. If a problem is indicatedp. 1, E 351 0.008 0.002 0.003
determine the cause, take appropriate corrective measures, amgdi Eggg g-ggg g-ggg 8-88‘51
repeat 245.2.1-245.2.4. No: 2: E 352 0:161 0:007 0:011

245.2.5Calibration Curve—Plot the average net absorbance
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Committee TC 17/SC 1 and obtained the data summarized iim accordance with the manufacturer’s instructions. The re-
Table 22. All testing meets the requirements of Practice E 173 ording system is calibrated in milligrams per litre of solution.
248.2 Bias—No information on the accuracy of this test , .
thod is known. The accuracy of this test method may b NoTe 69—Instruments vy|thout a microprocessor can be programmed
_me : . _?nanually according to their capabilities.
judged, however, by comparing accepted reference values with
the corresponding arithmetic average obtained by interlabora-

tory testing. 254. Reagents

CERIUM AND LANTHANUM BY THE D-C PLASMA 254.1Cerium Standard Solutioft mL = 1.0 mg Ce)—Dry
OPTICAL EMISSION METHOD cerium ammonium nitrate (NB, Ce(NO,)g(purity: 99.9 %
minimum) (Note 70) at 82 to 85°C for 416 h and store in a
249. Scope desiccator over anhydrous magnesium perchlorate desiccant.

[Pissolve 3.9121 g of the dried (Nj,Ce(NOy)g in 300 mL of
HNO4(1+10). Transfer to a 1-L volumetric flask, dilute to
volume with HNQy(1+50), and mix.

249.1 This test method covers the determination of cerium i
concentrations from 0.003 to 0.50 % and lanthanum in con
centrations from 0.001 to 0.30 %.

Note 70—Also listed as ammonium hexanitrato cerate.
250. Summary of Test Method

250.1 The sample is dissolved in mineral acids and evapo-
rated to perchloric acid fumes. The diluted sample solution is Note 71—NBS SRM 365 or equivalent material may be used.
measured using a d-c plasma optical emission spectrometer.os4 31 anthanum, Standard Solutigh mL = 1.0 mg La)—
Wavelengths of 456.24 nm for cerium and'408..67 nm fo.rl nite the lanthanum oxide (LgD,) (purity: 99.9 % minimum)
lanthanum are selected. The spectrometer is calibrated Wil 1000°C fo 1 h and store in a desiccator over anhydrous
known concentrations of cerium and lanthanum in the PresenGiagnesium perchlorate desiccant. Dissolve 1.1728 g of the
of i_ron and programmed to read out in milligrams per litre Ofignited LaO5 in 500 mL of HNQ,(1+10). Transfer to a 1-L
cerium and lanthanum. volumetric flask, dilute to volume with HNg1+50), and mix.

254.4Cerium and Lanthanum, Composite Standard Solution

1 mL=0.1 mg Ce and 0.1 mg La)—Using a pipet, transfer
0.0 mL of cerium standard solution (1 mL =1.0 mg Ce) and
10.0 mL of lanthanum standard solution (1 mL = 1.0 mg La) to

252 Interf a 100-mL volumetric flask. Dilute to volume with HNO
. Interference (1+50) and mix.

252.1 Spectral interference is minimized by matching ma-

trices of calibration and sample solutions and by C""refu"yTransfer approximately 10 mL of cerium standard solution (1
pezaglzng Itthii xv;ve:;léz]n%t:ém that the 456.24-nm wavelength b ML = 1.0 mg Ce) prepared in 275.1 to a 100-mL beaker. Dilute
used for Ce detirmi%ations There are éeveral other Cg Wa\&(2 approximately 75 mL with water and mix. This solution does
o . Hot need to be accurately prepared since it is used only to select
lengths of comparable intensity, but these are all subject t?ne optimum wavelength for cerium spectral energy near

254.21Iron, cerium and lanthanum free.

251. Concentration Range
251.1 The recommended concentration range is from 0.3 t
50 mg/L of cerium and from 0.1 to 30 mg/L of lanthanum.

254.5 Cerium Solution for Wavelength Optimization—

spectral interferences. For example: 456.24 nm

Wavelenoth nm Interference 254.6 Lanthanum Solution for Wavelength Optimization—
304.215 Mo, Fe Transfer approximately 10 mL of lanthanum standard solution
394.275 Mo, Co, Mn (Ca and Al cause a baseline shift) (1 mL=1.0 mg La) prepared in 275.3 to a 100-mL beaker.
333;2;3 (Fneot intense enough to use) Dilute to approximately 75 mL and mix. This solution does not
394.389 Al need to be accurately prepared since itis used only to select the
ig‘i-gg‘g‘ (N:f’ TV, zr optimum wavelength for lanthanum spectral energy at 408.67
413.380 Fe nm.
418.660 Fe

W's1vA::‘:IL(§3r%Z;:t3h2 nm “ Interference 255. Procedure
429,667 Zr. Cr. Ni, Mo 255.1Calibration Solutions
446.021 Nb, zr, v 255.1.1Calibration Solution A(0.10 % upper limit; 10 mg
456.236 Ti (only if 100 times greater than Ce) Cel/L and 10 mg La/L)—To a 250-mL beaker (Note 85), add

1.0 g of iron (254.2), and 10.0 mL of cerium and lanthanum
composite standard solution (1 mL=0.1 mg Ce and 0.1 mg
253. Apparatus La) as prepared in 254.4. Add 15 mL of HNQ@+1). After the
253.1 An optical emission instrument equipped with areaction subsides, add 20 mL of HCIl and 1 mL of HF. Cover
direct-current argon plasma excitation source, photomultipliewith a poly(tetrafluoroethylene) cover and heat using low heat
assembly, nebulizer system, and dedicated microprocessantil dissolution is complete. Add 15 mL of HC}Ocover, and
(Note 69) and capable of emitting spectral energy at 456.24 nrheat to perchloric acid fumes. Cool, rinse cover and sides of
and 408.67 nm. The instrument is calibrated and programmebeaker with water, add 10 mL of HNf{1+1), dilute to
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approximately 50 mL with water, and warm to dissolve all 255.4.1Calibration Solutions-Enter the value for the ap-
salts. Cool, transfer the solution to a 100-mL volumetric flask propriate calibration solution (milligrams per litre) and also the
dilute to volume with water, and mix. value for the matrix blank into the computer. Auto Range (A/R)
Note 72—The use of poly(tetrafluoroethylene) beakers and covers argvhIIe mtro_ducmg_the appropriate calibration soluthn into the
required. If borosilicate glass is used, varying amounts of Ca may be?lasma with the mstrumgnt set tp average 3 readings at 10 s
dissolved out of the glass, shifting the background and causing errati€ach. Introduce the matrix blank into the plasma and complete

readings. the auto range sequence.

255.1.2Calibration Solution B(0.50 % upper limit for Ce Note 73—Caution: Observe instrument during calibration cyclen
and 0.30 % upper limit for La; 50 mg Ce/L and 30 mg instrument is calibrated for a maximum of 50 mg Ce/L (or 30 mg La/lL).
La/L)—To a 250-mL beaker (Note 72), add 1.0 g of iron If a maximum count is reached and then falls off before the calibration
(254.2) and 5.0 mL of Ce standard solution (1 mL = 1.0 mg Ceiyclo:—z is completed, this indicates a possible saturation of the detector. The

. . esults will be in error. This situation may be remedied by reducing the
prepared as in 303.1 and 3.0 mL of La standard solution ( hotomultiplier tube voltage, decreasing the slit width, or in extreme cases

mL=1.0 mg La) as prepared in 254.3. Add 15 mL of |pcating an alternate emission line or diluting sample and standards. This
HNO,(1+1). After the reaction subsides, add 20 mL of HCIl andnote may not apply to all instruments.
1 mL of HF. Cover with a poly(tetrafluoroethylene) cover and = 555 4 > Test Solution—Fo ensure that the instrument is in
heat using low heat until dissolution 1S co_mplete. Add 15 mL OfcaIibration, measure the calibration solution as a test solution.
HCIO,, cover, and heat to perchloric acid fumes. Cool, 1iNs&¢ he reading differs by more than 2 % from the established
cover and sides of beaker with water, add 10 mL Ofy 4,6 recalibrate and repeat. Introduce a series of five (or
HNO;(1+1), dilute to approximately 50 mL with water, and te,yer) test solutions into the plasma with the instrument set to
warm to dissolve all salts. Cool, transfer the solution 0 &, erage three readings at 10 s each. Check the calibration by
100-mL volumetric flask, dilute to volume with water, and mix. eaquring the calibration solution as a test solution. If the
255.1.3 Matrix Blank Solution—Both Concentration reaging differs by less than 2 % from the established value,
Ranges—+o a 250-mL beaker (Note 72), add 1.0 g of iron continue with another series of five (or fewer) test solutions.
(254.2). Add 15 mL of HNQ(1+1). After the reaction subsides, after each series of test solutions, check the calibration by
add 20 mL of HCl and 1 mL of HF. Cover with a poly(tet- measuring the calibration solution as a test solution. If the
rafluoroethylene) cover and heat using low heat until dissoluteading for the calibration solution differs by more than 2 %

tion is complete. Add 15 mL of HCIQ, cover, and heat t0 fom the established value, recalibrate the instrument and
perchloric acid fumes. Cool, rinse cover and sides of beakefameasure the test solutions.

with water, add 10 mL of HNg(1+1), dilute to approximately
50 mL with water, and warm to dissolve all salts. Cool, transfer Note 74—To ensure close calibration tolerances, a series of test
the solution to a 100-mL volumetric flask, dilute to volume solutions can be measured by recalibrating before each test sample.
with water, and mix.
255.2Test Solution—Fransfer a 1.0-g sample weighed to the
nearest 1.0 mg to a 250-mL poly(tetrafluoroethylene) beake?56. Calculation
(Note 72). Add 15 mL of HNQ1+1). After the reaction 256.1 Convert the instrument readings (in milligrams per
subsides, add 20 mL of HCI and 1 mL of HF. Cover with alitre) to % analyte in the sample as follows:
poly(tetrafluoroethylene) cover and heat using low heat until _ AXB
dissolution is complete. Add 15 mL of HC}Qcover, and heat Cerium, %= =%1o
to perchloric acid fumes. Cool and rinse cover and sides of
beaker with water. Add 10 mL of HNL+1), dilute to ~ Where: ,
approximately 50 mL with water, and warm to dissolve all o = celnum '”ft]ESt IStOIUEIO”’I Tg”"sm N L and
salts. If necessary filter the solution through high-porosity filter Vo _urﬂte Cf) ina les solution (304.2), L, an
paper into a 100-mL volumetric flask. Cool, dilute to volume welght of sampie, g.
with water, and mix. . Lanthanum, %- CE:);:E) (42)
255.3 Preparation of Instrument+eollow the instrument
r_nanufacturer's instructions for startup and wavelength selecypere:
tion. D = lanthanum in test solution, mg/L.
255.3.1Cerium—sing the wavelength optimization solu-
tion in accordance with 254.5, select the cerium 456.24-nm
wavelength. Further optimize the instrument with the high257. pPrecision and Bia®
calibration solution in accordance with the manufacturer's 257.1 Precision—Eight laboratories cooperated in testing
instructions. this test method and obtained the data summarized in Table 23
255.3.2 Lanthanum-Ysing the wavelength optimization gnd Table 24.
solution in accordance with 254.6, select the lanthanum 257 2 Bias—No information on the accuracy of this test

408.67-nm wavelength. Further optimize the instrument withmethod is known. The accuracy of this test method may be
the high calibration solution in accordance with the manufac-

turer's instructions. 25 Supporting data are available from ASTM Headquarters. Request RR: E03-
255.4Measurement 1042.

(41)
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TABLE 24 Statistical Information—Lanthanum—D-C Plasma

Optical Emission Method 261. Stability of Color
Lan- Repeat-  Repro- 261.1 The color takes 90 min to develop at ambient
Test Material Py a(tj;'fy l‘:;’c('g: temperature and then is stable for up to 12 h.
% E 173) E 173)

1. Low Alloy (NBS 362, 0.001 La) 0.0008 0.0001 0.0004 262. Interferences o . .

2. Low Alloy (NBS 361, 0.001 La) 0.0012 0.0001 0.0004 262.1 The elements ordinarily present do not interfere if

3. Cast Iron 0.0028 0.0002 0.0006 ; ; ; . i
4. R.E. Cast Iron (Leco 206) 0.0037 0.0002 0.0005 their concentrations are under the maximum limits shown in

5. R. E. Cast Iron (Leco 207) 0.0032 0.0002 0.0006 1.1

6. Low Alloy (NBS 1286) 0.0083 0.0003 0.0008

7. R. E. Cast Iron (Leco 208) 0.0057 0.0002 0.0007

8. R. E. Cast Iron (Leco 209) 0.0075 0.0004 0.0012 263. Apparatus . .

9. Ductile Iron (NBS 1140) 0.024 0.0007 0.0027 263.1Glassware—Fo prevent contamination of the sample,
10. Low Alloy 0.098 0.0033 0.0108 all glassware must be cleaned with hot HCI (1+1) before use.
11. Cast Iron 0.16 0.0038 0.0142 g ( )

12. Cast| 0.20 0.0055 0.0152
- 264. Reagents
264.1 Ascorbic Acid Solutior{100 g/L)—Dissolve 25 g of
TABLE 23 Statistical Information—Cerium—D-C Plasma Optical ascorbic a.cid.in water and dilute to 250 mL. Prepare as needed.
Emission Method 264.2 Diantipyrylmethane (DAPMJ20 g/L)—Dissolve 5 g
Repeat- of 4,4 -diantipyrylmethane monohydrate {¢H,,N,O,-
| Ceriuan i e H ,0) in HCI (1+9) and dilute to 250 mL with the dilute
Test Materia Found, —abilty o (p hydrochloric acid. Prepare as needed
% (Ry, y 2 y d. Frep : ,
g173 E173) 264.3 Potassium Hydrogen Sulfate-Fusdd mixture of

1. Low Alloy (NBS 362, 0.0019 Ce) 0.0027  0.0002  0.0005 K5S,0; and KHSQ)'- ) ]

2. Low Alloy (NBS 361, 0.0040 Ce) 0.0041  0.0003  0.0006 264 .4 Tartaric Acid Solution(100 g/L)—Dissolve 50 g of
431. gasEt I(r?:st Iron (Leco 206, 0.011 Ce) 882?9 88882 8888; tartaric acid in water and dilute to 500 mL.

5. R.E. Cast Iron (Leco 207, 0.016 Ce) 0016  0.0005 00013 '264.5Titanium Sulfate Standard Soluti¢h mL = 0.010 mg
6. Low Alloy (NBS 1286) 0.018 0.0004  0.0008 Ti)—Transfer 0.1000 g of titanium metal (purity: 99.9 %
7. R. E. Cast Iron (Leco 208, 0.018 Ce) 0.018 0.0004 0.0010 ini i ithi _ i
8. R. E. Cast Iron (Leco 209, 0.026 Ce) 0.025 0.0009  0.0027 minimum) weighed to withir: 0.2 mg toal-l volumetric
9. Ductile Iron (NBS 1140) 0086 00015  0.0033 flask. Add 50 mL of HSO, (1+3) and dissolve at less than
10. Low Alloy 0.16 0.0049  0.0066 150°C. Oxidize the titanium by adding HN@ropwise (Note
11. Cast Iron 0.28 0.0067 0.0154 i P i i
15 cost iron 038 0007 00183 75). Cool, dilute to volume with E5Q,(1+9), and mix. Using

a pipet, transfer 10 mL to a 100-mL volumetric flask, add 10
mL of tartaric acid solution, dilute to volume, and mix. Do not

i . ) use a solution that has stood more than one day.
judged by comparing accepted reference values with the

corresponding arithmetic average obtained by interlaboratory Note 75—An excess of HN@should be avoided. Two to three drops
testing. f HNO; should be sufficient to oxidize the titanium sulfate solution and

discharge the blue color.

TOTAL TITANIUM BY THE

DIANTIPYRYLMETHANE SPECTROPHOTOMETRIC ) ) )
METHOD 265. Preparation of Calibration Curve

265.1 Prepare a new calibration curve for each new lot of

258. Scope DAZIZEA.ZCaIibration Solutions-Ysing pipets, transfer 0.5, 1, 2
258.1 This test method covers the determination of total4 6 8 10 12 and 14 mL of tit nig ﬁqp I'ti (1 mL.—’0,0lyo
titanium in concentrations from 0.025 to 0.30 %. 6,6, 10, 12, 4 of titanium solution ( R

mg Ti) to 50-mL volumetric flasks.

259. Summary of Test Method NoTe 76—Take spectrophotometric readings of the calibration solu-
259.1 Dissolution of the Samp|e is followed by reduction andtions containing 0.5, 1, 2, 4, and 6 mL of titanium solution using a 2-cm

complexation of interfering elements. The titanium '4,4 light path. Use a 1-cm light path for the remaining solutions.

diantipyrylmethane complex is formed and determined spec- 265.3Reference Solution¥ater.

trophotometrically. The spectrophotometric measurement is 265.4Reagent Blank-Fransfer 10 mL of water to a 50-mL

made at approximately 390 nm. volumetric flask and proceed in accordance with 265.5.
265.5Color Development-Add 3.0 mL of (HCI 1+1) and 5
260. Concentration Range mL of ascorbic acid solution and allow to stand for 10 min.

260.1 The recommended concentration range is from 0.006dd 10 mL of DAPM solution, dilute to volume with water,
to 0.140 mg of titanium per 50 mL of solution. A 2-cm cell mix, and allow the solution to stand for at least 90 min.
should be used for concentrations of 0.006 to 0.070 mg of 265.6 Spectrophotometry
titanium. A 1-cm cell should be used for concentrations of 265.6.1Multiple-Cell SpectrophotometerMeasure the cell
0.070 to 0.140 mg of titanium. correction using absorption cells with either a 1-cm light path
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or a 2-cm light path and a light band centered at approximately 266.3 Reagent Blank Solution€arry a reagent blank
390 nm. Using the test cell, take the spectrophotometrithrough the entire procedure using the same amounts of all
readings of the calibration solutions and the reagent blankeagents with the sample omitted (see 266.1.1-266.1.5).
solutions versus the reference solution. 266.4 Reference SolutionsWater and the sample blank
265.6.2Single-Cell Spectrophotometefrransfer a suitable solution, in accordance with 266.5.
portion of the reference solution to an absorption cell with a1 266.5 SpectrophotometryFake the spectrophotometric
or 2-cm light path, and adjust the spectrophotometer using eeading of the reagent blank solution versus water and of the
light band centered at approximately 390 nm. While maintaintest solution versus the sample blank solutions in accordance
ing this adjustment, take the spectrophotometric readings of theith 265.6.
calibration solutions and the reagent blank solutions.
265.7 Calibration Curve—Subtract the reagent blank read- 267. Calculation
ing from each of the calibration solution readings. Plot the 267.1 Convert the spectrophotometric reading of the test
blank-corrected spectrophotometric readings of the calibratiosolution to milligrams of titanium by means of the appropriate
solutions against milligrams of titanium per 50 mL of solution. calibration curve. Calculate the percent of titanium as follows:

Prepare separate curves for 1 and 2-cm light path cells. Titanium, %= (A — B)/(C X 100) X 100 (43)
266. Procedure where:
266.1Test Solution A = titanium found in the final color development solution,
266.1.1 Select a sample, weighed to the nearest 1 mg, in mg _
accordance with the following: B = titanium found in the reagent blank, mg,
Tita Sample  Tolerance Final Aliquot Cell C = original sample weight, g, as determined in 266.1.1.
nium, Weight, in Sample Volume, Volume, Size,
% g Weight, mg mL mL cm 268. Precision and Bias
0.02 to 0.07 1.00 1 100 10.00 2 . . . . .
00710014 100 1 100 10,00 268.1 Precision—Eight laboratories cooperated in testing

01410030  0.40 0.4 100 10.00 1 this test method and obtained the data summarized in Table 25.
268.2 Bias—No information on the accuracy of this test

Transfer the sample to a 250-mL beaker. . .
266.1.2 Add 20 mL of HCI and digest at a low temperature.methOd is known. The accuracy of this test method may be

until dissolution is complete. Add 5 mL of HNCand evapo- judged by comparing accepted reference values with the

rate the solution to dryness (Note 77). Cool, add 5 mL of HCI estin
to the glass-covered beaker and dissolve the iron salts at 90 %o 9:

corresponding arithmetic average obtained by interlaboratory

100°C and then add 15 mL. of water. MANGANESE BY THE ATOMIC ABSORPTION
Note 77—The use of a coarse screen of 3-nii(1.) wire, or triangles METHOD

on the hot plate, permits more rapid evaporation without the danger of

spattering. 269. Scope

266.1.3 Filter through an 11-cm medium-porosity filter 269.1 This test method covers the determination of manga-
paper containing paper pulp into a 100-mL volumetric flask innese in concentrations from 0.005 to 2.0 %.
accordance with 266.1.1 and rinse the beaker and filter paper
three times each with hot water. Remove the iron salts bp70. Summary of Test Method
washing the paper with 10 mL of HCI (1+1) and hot water. 270.1 The sample is dissolved in a mixture of hydrochloric
Volume in the flask at this point should not exceed 70 mL. and nitric acids, filtered and aspirated into an air-acetylene
266.1.4 Transfer the paper to a platinum crucible, dry theflame. The absorbance of light energy at 279.5 nm from a
paper and residue, and then heat in a muffle furnace at abontanganese hollow cathode lamp is compared with the absor-
700°C until the carbon is removed. Cool and add a few dropgance of a series of standard calibration solutions.
of H,SO,(1+1) followed by 2 mL of HF. Evaporate to dryness,
and then heat at a gradually increasing rate until tg8®] is  271. Concentration Range
removed. Cool, adl 2 g of fused potassium pyrosulfate, fuse  271.1 The recommended concentration range is from 0.0005
over a gas burner, and heat until a clear melt is obtained. Adgb 0.010 mg manganese per millilitre of solution.
10 mL of tartaric acid solution to the cooled melt, heat at 90 to
100°C, and when the melt is dissolved, add this solution to the72. Interferences
reserved filtrate in the volumetric flask (266.1.3). Dilute to
volume and mix.
266.1.5 Using a pipet, transfer a 10-mL portion to a 50-m
volumetric flask and treat in accordance with 265.5.1 using 1

I_TABLE 25 Statistical Information—Titanium—Diantipyrylmethane
Spectrophotometric Method

mL of HCI (1+1). | Toanium - CHESE
266.2 Sample Blank Solutiondsing a pipet, transfer a Test Material Found:— w (R, ity, %
second 10-mL portion of the test solution to a 50-mL volumet-—__ (BS99 00757 o g 01513; (RS’oEoi;S)

ric flask and treat in accordance with 266.1.5 and 265.5, ; | o aloy (NBS 170m, 0281 1) 0285 00097 00298

omitting the addition of DAPM.
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272.1 Iron is not a spectral interference but may affect the 275.3.2 Aspirate deionized water and zero the instrument.
aspiration rate by contribution to the solution viscosity. For thisAspirate the highest manganese standard from the series

reason, iron is added to the calibration solutions. prepared in accordance with 275.1.1. Adjust the burner, air and
acetylene pressures, and flow rates to obtain maximum re-
273. Apparatus sponse. Whenever one or more of these parameters are

273.1Atomic Absorption Spectrophotometequipped with ~ changed, recalibration is necessary.
a monochromatic radiation source such as a manganese hollow275.3.3 Aspirate the manganese solutions with the highest
cathode lamp, a monochromator to isolate the 279.5-nngconcentrations from the series prepared as directed in
resonance line, an atomization source such as a burner, an2@5.1.1-275.1.3. Record six absorbance readings for each of
readout device. The recommended flame is a lean air-acetyletiegese three calibration solutions and calculate the standard
flame. Determine that the instrument is suitable for use irdeviation,s, using the following formuld#
accordance with Guide E 1024. s=(A—B)Xx0.40 (44)

274. Reagents where:

274.1 Manganese, Standard Solution 3 mL =1.0 mg A = highest absorbance value from the six readings, and
Mn)—Weigh 1.000 g of electrolytic manganese (purity: B = lowest absorbance value from the six readings.
99.9 % minimum) into a 250-mL beaker. Add 20 mL of 275.4 Beginning with the solution to which no addition of

until dissolved. Transfer to a 1-L volumetric flask. Dilute to €ach calibration solution in turn and record its absorbance. If

volume with HCI (1+99) and mix. the value for the solution with the highest concentration differs
274.2 Manganese, Standard Solution (8 mL =0.10 mg from the average of six values recorded in 275.3.3 by more
Mn)—Using a pipet, transfer 10 mL of Solution Ato a 100-mL than twice the standard deviation or by more than 0.01

volumetric flask. Dilute to volume and mix. Prepare immedi-multiplied by the average of the six values, whichever is
ately before preparation of calibration standards. greater, repeat the measurement. If a problem is indicated,

274.3Iron Solution(1 mL = 10 mg Fe)—Weigh 1.000 g of determine the cause, take appropriate corrective measures, and
manganese-free iron powder into a 250-mL beaker. Add 10 m{€Peat 275.3.1-275.3.4. _ .
of HCI (1+1) and 3 mL of HNQ(1+1), cover with a watch- 275.5 Plot the average absorbance values against milligrams
glass, and heat on a hot plate until dissolved. Transfer to f manganese per millilitre for each series of solutions. Test for

100-mL volumetric flask, dilute to volume, and mix. inearity in accordance with Guide E 1024.

276. Procedure

276.1Test Solution
d 276.1.1 Use the following sample sizes for the different
r;.:oncentration ranges.

275. Preparation of Calibration Curves

275.1Calibration Solutions

275.1.1 Manganese Concentrations Between 0.005 an
0.10 %—Weigh 1.000 g manganese-free iron powder into eac

of six 250-mL beakers. Add 10 mL of HCI (1+1) and 3 mL of Manganese. o° Sample Weight, g
A . t0 0.10 1.000

HNO; (1+1), cover with a watchglass, and heat on a hot plate 0.10 to 1.0 1.000

until dissolved. Transfer each solution to a 100-mL volumetric 1.0t0 2.0 0.500

flask. Transfer by pipet 0, 1, 3, 5, 7, and 10 mL of each \gjgh the suggested sample size to the nearest tenth of a
Standard Manganese Solution B into the series of flasks. D”Utﬁ]illigram into a 250-mL beaker. Add 10 mL of HCI (1+1) and
each to volume and mix. _ 3 mL of HNO,(1+1), cover with a watchglass, and heat on a

275.1.2 Manganese Concentrations Between 0.10 anchot plate at low heat until dissolved. For difficult to dissolve
1.0 %—¥o prepare 100 mL of calibration solutions, pipet 0, 1, samples, add a few drops of HF. Filter, if necessary, and
3,5, 7, and 10 mL of Standard Manganese Solution B into SiXransfer to a 100-mL volumetric flask. Dilute to volume and
100-mL volumetric flasks. Add 10 mL of iron solution and 5 mix.

mL of HCI (1+1). Dilute to volume and mix. 276.1.2 For samples containing 0.005 to 0.10 % Mn, use the
275.1.3 Manganese Concentrations Between 1.0 andest solution as prepared in 276.1.1.

2.0 %—Pipet 0, 1, 3, 5, 7, and 10 mL of Standard Manganese 276.1.3 For samples containing more than 0.10 % Mn, pipet

Solution B into six 100-mL volumetric flasks. Add 5 mL of 10 mL of the test solution as prepared in 304.1.1 into a 100-mL

iron solution and 5 mL of HCI (1+1). Dilute to volume and yolumetric flask. Add 5 mL of HCI (1+1), dilute to volume, and

mix. mix.
275.2 Reference SolutionFhe 0-mL solution in 276.2Photometry-Aspirate the reference solution and zero
275.1.1-275.1.3 is the reference solution. the instrument with this solution. Aspirate and record absor-
275.3Photometry bance readings for the other five calibration solutions and the

275.3.1 Optimize the instrument response by correct positest solution. Aspirate the reference solution after every third
tioning of hollow cathode lamp, burner, and isolation of calibration or test solution to check stability of base line or
279.5-nm resonance line. Allow enough warmup time with theinstrument drift and rezero if necessary. Calculate standard
burner and hollow cathode lamp on. Use a lean air-acetylengeviation in accordance with 275.3.3 for every third solution
flame. aspirated. Repeat calibration and aspiration of test solutions if
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the absorbance value differs from the average of six values bfame, and the absorbance is measured. This absorbance is
more than twice the standard deviation or by more than 0.0tompared with the absorbance of a series of standard calibra-
multiplied by the average of the six values used to calcidate tion solutions.
whichever is greater.
281. Concentration Range
277. Calculation 281.1 The recommended concentration range is from 0.0005
277.1 Determine the milligrams of manganese per millilitreto 0.005 mg of copper per millilitre in the final 100-mL
of test solution using the appropriate calibration curve fromdilution.
275.4. Calculate the percent of manganese in the sample as

follows: 282. Interferences
For Mn concentration of 0.005 to 0.10 %: 282.1 Iron interferes by acting as a depressant. This inter-
M anganese, % (C X 10D) @4s5)  ference can be minimized by using calibration solutions which

contain approximately the same concentration of iron as the

. of
For Mn concentration of 0.10 to 2.0 %: test solutions.

Manganese, % (C X 100D) (46)
Where: 283. Apparatu_s _
C = 'manganese, mg/mL of final solution, and 283:1 Atomic Absorpn_on Spegtrophot(_)metecrapable of
D = weight of sample, g. resolving the 324.7-nm line, equipped with a copper hollow
cathode lamp, and a laminar flow air-acetylene burner. The
278. Precision and Bia<® performance of the instrument must be such that it is suitable

278.1 Precision—Eight laboratories cooperated in testing O US€ in accordance with Guide E 1024.

this test method and obtained the precision data summarized in
Table 26. 284. Reagents

284.1Copper Metal-Purity: 99.95 %.

284.2 Copper, Standard Solution @ mL =1.0 mg Cu)—
Transfer 1.000 g of copper metal to a 400-mL beaker. Add 25
mL of HNO(1+4) and cover with a watchglass. When the

TABLE 26 Statistical Information—Manganese—Atomic
Absorption Method

Manganese Manganese Repeat- Reproduc- . .
Test Material  Certified, Found, ability ibility copper n_1eta| is d!ssqlved, evaporate on a Iow-te_mperature hot
% % (Ry, E173) (R, E 173) plate until crystallization begins. Dissolve the residue in water,
1. NBS 365 0.0056 0.0059 0.0007 0.0013 cool, transfer to a 1-L volumetric flask, dilute to volume, and
2. Brammer AA 0.021 0.0248 0.001 0.002 mix.
3. NBS 179 0.094 0.0925 0.004 0.005 : _
4 NBS 364 0.255 0.250 0.012 0.023 284.3Copper, Standgrd Solution @ mL = 0.0_2 mg Cu)—
5. NBS 11 H 0.51 0.502 0.020 0.046 Transfer a 20.0-mL aliquot of Standard Solution A to a 1-L
;3- Egg ;22’3 2-(7)1 2-(7)18 8-8;? g-gg? volumetric flask, dilute to volume, and mix.
8 NBS 363 150 Lass 0.026 0067 284.4 Hydrochloric-Nitric-Perchloric Acid Mixture+n a
9. NBS 100b 1.89 1.888 0.052 0.064 600-mL beaker, combine 60 mL of HCI, 165 mL of HNGnd

225 mL of HCIQ,(Note 78).

. . . Note 78—Warning: Prepare just before use; do not store. Dispose of
278.2Bias—The accuracy of this test method can be inferred,,y eycess. g rrepatel] P

from the data in Table 26 by comparing the certified values for 284 51ron Solution(1 mL = 20.0 mg Fe)—Transfer 10.0 g

manganese with the average value obtained. of high-purity iron (copper content < 0.0005 %) to a 1-L beaker
COPPER BY THE ATOMIC ABSORPTION METHOD and cover with a watchglass. Add in small amounts, 400 mL of
freshly prepared hydrochloric-nitric-perchloric acid mixture
279. Scope and heat gently to dissolve. When dissolution is complete,
gvaporate until the appearance of dense white perchloric acid
fumes. Fume strongly for at least 1 min after the white fumes
are refluxing on the walls of the beaker. Cool, add 100 mL of
water, and heat gently to dissolve the perchlorate salts. Cool to
280. Summary of Test Method room temperature and transfer to a 500-mL volumetric flask.
g)ilute to volume and mix.

279.1 This test method covers the determination of copper i
concentrations from 0.004 to 0.5 %.

280.1 The sample is dissolved in mineral acids. Insoluble
present are removed by filtration. The sample solution is . L
aspirated into an air-acetylene flame of an atomic absorptioﬁSZSéSP;egalrSt'on of SC ellllpratlon Curves
spectrophotometer. Spectral energy at approximately 324.7 nm 25°-1Calibration Solutions

from a copper hollow cathode lamp is passed through the 285.1.1Copper Concentratioqs from 0.004 to0 0.1 %e_—
each of seven 100-mL volumetric flasks, add a 25-mL aliquot

of the iron solution. Using a buret, add 0, 2.5, 5.0, 10.0, 15.0,
26 Supporting data are available from ASTM Headquarters. Request RR:EOS-ZO-Ov and 25-0_ mL of Copper Standard Solution B. Dilute to
1047. volume and mix.
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285.1.2Copper Concentrations Between 0.1 to 0.5 ¥@— perchloric acid mixture, dissolve in 10 mL of a freshly prepared
each of seven, 100-mL volumetric flasks, add a 5-mL aliquot oHCI-HNO; mixture (3 parts HCI, 1 part HNQ and 2 parts water) before
the iron solution. Using a buret, add 0, 2.5, 5.0, 10.0, 15_O§1dd|ng the 20 mL of hydrochloric-nitric-perchloric acid mixture.

20.0, and 25.0 mL of Copper Standard Solution B. Dilute to 286.1.3 Allow sample to cool, add 25 mL of water, and the
volume and mix. heat gently to dissolve salts. Allow to cool again and quanti-
285.2Photometry tatively transfer to a 100-mL volumetric flask. Dilute to volume

285.2.1 With the copper hollow-cathode lamp in position,and mix.
energized and stabilized, adjust the wavelength to maximize 286.1.4 Filter through a dry medium-porosity filter paper to
the energy response of the 324.7-nm line. remove any insolubles that might be present. Collect the filtrate
285.2.2 Light the burner, allow it to reach thermal equilib-in a dry beaker after discarding the first 10 to 15 mL.
rium, and adjust the instrument to zero while aspirating water. 2g6 2 For each concentration range prepare a reagent blank
Aspirate the copper solution with the highest concentratioryy treating the same amount of all reagents as directed in

from the series prepared in accordance with 285.1 or 285.1.2g6 1. 2-286.1.4 but omitting the sample reagents from the
and adjust the burner, acetylene flow, and air flow rates tQsme lots for blank and test solutions (Note 80).

obtain maximum response. Whenever one or more of these

parameters is changed, recalibration is necessary. Note 80—If it is necessary to dilute the test sample, the reagent blank
285.2.3 Aspirate the copper solution used in 285.2.2 tgnust be diluted the same way.

ensure that the absorbance reading is repeatable. Record six86.3 Photometry-Using deionized water as a zero absor-

absorbance readings, and calculate the standard devigtn, bance reference, aspirate and record the absorbance of the

the readings as follows: calibration, test, and reagent blank solutions. After each group

s=(A— B) X 0.40 a7y  of four or fewer test and reagent blank solutions has been

aspirated, apply the precision test using the copper solution

where: ) with the highest concentration described in 285.2.4. If the

A = highest absorbance of the six values found, and ygjue differs from the average of the six values by more than
B = lowest absorbance of the six values fodhd. twice the standard deviatios, found in 285.2.3, or by more

285.2.4 Using water as a zero absorbance reference, aggan 0.01 multiplied by the average of the six values used to

made in 285.1.1 or 285.1.2, aspirate each calibration solutiopppeat the calibration, the sample, and reagent blank measure-
in turn and record its absorbance. If the value for the solutionnents.

with the highest concentration differs from the average of six
values calculated in 285.2.3 by more than twice the standargig7 calculation

deviation, or by more than 0.01 multiplied by the average of 557 1 conyert the absorbance of the test solution and the
the six values, whichever is greater, repeat the measurement.rgagent blank solution to milligrams of copper per millilitre of

a probl'em is indicated, determine the cause, take appropria{ﬁe final dilution volume by means of the calibration curve.
corrective measures, and repeat 285.2.1-285.2.4. Calculate the percent copper as follows:

285.2.5Calibration Curve for Concentrations from 0.004 to

0.10% Copper-Rlot the average net absorbance values against Copper, %= %

milligrams of copper per millilitre on rectangular coordinate

paper. Test for linearity in accordance with Guide E 1024.  \yhere:
285.2.6Calibration Curve for Concentrations from 0.1 to

0.5 % Copper—Proceed in accordance with 285.2.5.

(48)

mg of copper/mL of the final test solution,

mg of copper/mL of the final reagent blank solution,
dilution factor, and

weight of sample, g.

Mmoo

286. Procedure
286.1Test Solution
286.1.1 Select and weigh a sample in accordance with th&88. Precision and Bias*’

following: 288.1 Precision—Eight laboratories participated in testing

Tolerance in this test method under the auspicies of ISO Committee TC
Sample  sample o , o 17/SC 1, and obtained the data summarized in Table 27.
Copper, weight, weight, Dilution, Aliquot, Dilution . . . .

% % mg mL mL factor 288.2 Bias—No information on the accuracy of this test
0.004 t0 0.10 0.5 0.1 100 0 1 method is known. The accuracy of this test method may be
0.10 0050 05 01 100 20 ° judged, however, by comparing accepted reference values with
Transfer the sample to a 250-mL borosilicate beaker. the corresponding arithmetic average obtained by interlabora-

286.1.2 Add in small amounts, 20 mL of freshly preparedtory testing.
hydrochloric-nitric-perchloric acid mixture, and cover with a
watchglass. Heat until dissolution is complete. Evaporate to
dense white fumes. Continue fuming for at least 1 min after the

white fumes are refluxing on the walls of the beaker (Note 79):
27Supporting data have been filed at ASTM Headquarters. Request RR:
Note 79—For samples not readily soluble in the hydrochloric-nitric- E03-1054.
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TABLE 27 Statistical Information—Copper—Atomic Absorption 294.2 Calcium, Standard Solution B_ mL =0.1 mg Ca)_
Method Using a pipet, transfer 10.0 mL of Calcium Standard Solution
_ Copper ~ Repeat- Reproduc- A to a 100-mL volumetric flask. Dilute to volume with
Test Material Fo;ond, alz’l-lzty, |b,|?h;y, HNO3(1+50) and mix.
1. Plain Carbon Steel (BCS 434, 0.017 Cu) _ 0.017 _ 0.0011 __ 0.0018 294.3 Calcium Solution for Wavelength Optimization—
2. Low-Alloy Steel (BCS 407, 0.43 Cu) 0434 00280  0.0554 Transfer approximately 10 mL of Calcium Standard Solution A

to a 100-mL beaker. Dilute to approximately 75 mL with water
and mix. This solution does not need to be accurately prepared
since it is used only to optimize the calcium spectral energy
emitted at 393.37 nm.

294 .41ron, Calcium Free(Note 83)

294 .5Water—Reagent water conforming to Type | of Speci-
fication D 1193.

CALCIUM BY THE DIRECT-CURRENT ARGON
PLASMA
OPTICAL EMISSION SPECTROSCOPY METHOD

289. Scope

289.1 This test method covers the determination of calcium NoTe 83—Because calcium contamination is common in reagent grade
in concentrations from 0.0005 to 0.010 % acids, it is essential to use acids from the same lots for calibration and

sample preparation.

Note 84—NBS SRM365 ivalent material b d.
290. Summary of Test Methods OTE or equivalent material may be use

290.1 The sample is dissolved in mineral acids. The diluted

sample solution is analyzed using a direct-current plasma

optical emission spectrometer at 393.37 nm. The spectromet@®5. Procedure

is calibrated with a known concentration of calcium in the 295.1Calibration Solutions

presence of iron and programmed to read out in milligrams per 295.1.1Calibration Solution(0.01 % Ca upper limit; 1 mg

litre of calcium. Cal/L)—Add 1.0 g of calcium-free iron to a 250-mL polytet-
rafluoroethylene beaker. Add 20 mL of HN@L+3). After the
reaction subsides, add 5 mL of HCI and 2 mL of HF. Heat at

291. Concentration Range low temperature until dissolution is complete. Cool. Add by
291.1 The recommended concentration range is from 0.05 tmeans of a pipet 1.0 mL of Calcium Standard Solution B.
1.0 mg calcium per litre of solution. Transfer the solution to a 100-mL polypropylene volumetric
flask. Dilute to volume with water and mix.
292. Interferences 295.1.2Matrix Blank Solution-Add 1.0 g of calcium-free

292.1 Spectral interference is minimized by matching theron to a 250-mL polytetrafluoroethylene beaker. Add 20 mL of
matrices of calibration and sample solutions and by carefulfHNO(1+3). After the reaction subsides, add 5 mL of HCI and
peaking the wavelength. 2 mL of HF. After dissolution is complete, cool and transfer the

Note 81—Caution: Exercise caution in selecting reagents to ensureSOIUtlon to a 100-mL polypropylene volumetric flask. Dilute to

freedom from calcium contamination. Use all reagents from the same Iot¥Olume with Water. and mix.
for calibration and sample preparation. 295.2Test Solution _
295.2.1 Transfer a 1.0-g sample weighed to the nearest 1.0

mg to a 250-mL polytetrafluoroethylene beaker. Add 20 mL of
HNO,(1+3). After the reaction subsides, add 5 mL of HCI and
293. Apparatus 2 mL of HF. Cover and heat at low temperature until dissolu-

293.1 Optical Emission Instrumenequipped with a direct tion is complete. Cool and rinse cover and sides of beaker with
current argon plasma excitation source, photomultiplier assenl- .- Dilute to approximately 50 mL with water and filter the

bly, nebulizer system and dedicated microprocessor (Note 82 olution if necessary through a high-porosity filter paper, using

and capable of detecting and quantifying spectral energy polypropylene funnel, into a 100-mL polypropylene volumet-
emitted at 393.37 nm. The instrument is calibrated and PrOL. fiask. washin thé aper thorouahly with water. and
grammed in accordance with the manufacturer’s instructions, ¢ flasx, 9 bap gnly P
collecting all washings. Dilute to volume with water and mix.
Note 82—Instruments without a microprocessor can be pro-grammed 295.3Preparation of Instrument
manually according to their capabilities. 295.3.1 Follow the instrument manufacturer’s instructions
for startup and operation.
295.3.2 Further optimize the instrument with the highcali-
294. Reagentg{Note 83) bration solution in accordance with manufacturer’s instruc-
294.1Calcium, Standard Solution & mL =1.0 mg Ca)— tions.
Dry a portion of calcium carbonate (Cag@Qpurity: 99.9 % 295.4Measurement
minimum) in a drying oven at 110°C fal h and cool in a 295.4.1Calibration Solution—Enter the value for the 1.0-
desiccator. Weigh 2.500 g of the dried material into a 600-mLmg/L calibration solution and also the value for the matrix
beaker and dissolve in 300 mL of HN@+10). Transfer the blank ©) into the computer. Auto range (A/R) while introduc-
solution to a 1-L volumetric flask, dilute to volume with HYO ing the calibration solution into the plasma with the instrument
(1+50), and mix. set to average three readings at 10 s each. Introduce the matrix

51



iy E 350

blank into the plasma and complete the auto range sequenddowever, experience with calibration solutions of various
(Note 84). known quantities of calcium demonstrated that calcium can be

295.4.2Test Solution—Fo ensure that the instrument is in attainable up to 0.010 %.
calibration, measure the calibration solution as a test solution. 297.2 Bias—No information on the accuracy of this test
If the reading differs by more than 2 % from the establishedmethod is known. The accuracy of this test method may be
value, recalibrate and repeat. Introduce a series of five (gudged by comparing accepted reference values with the
fewer) test solutions into the plasma with the instrument set teéorresponding arithmetic average obtained by interlaboratory
average three readings at 10 s each. Check the calibration Igsting.
measuring the calibration solution as a test solution. If the
reading d?ffers by less than 2 % from the established value, BISMUTH BY THE ATOMIC ABSORPTION
continue with another series of five (or fewer) test solutions. METHOD
After each series of test solutions, check the calibration by
measuring the calibration solution as a test solution. If the298. Scope
reading for the calibration solution differs by more than 2 %, 298.1 This test method covers the determination of bismuth
recalibrate the instrument and remeasure the test solutiod concentrations from 0.02 to 0.25 % in low-alloy steel.
(Note 85).

Note 85—Cagtion: Observe the instrument dgring the calibration 299.1 The sample is dissolved in mineral acids and any
cycle when the instrument is calibrated for a maximum of 1 mg Ca/L. If .. . -
a maximum count is reached and then falls off before the calibration cycl@f@'“co_n presentis volatilized. _Insqlubles_present_are removed by
is completed, this indicates a possible saturation of the detector. Théltration. The sample solution is aspirated directly into the
results will be in error. This situation may be remedied by reducing theair-acetylene flame of an atomic absorption spectrophotometer.
photomultiplier tube voltage, decreasing the slit width, or in extreme caseSpectral energy at approximately 223.1 nm from a bismuth
locating an alternate emission line or diluting sample and standards. Thigollow-cathode lamp is passed through the flame and the

note may not apply to all instruments. absorbance is measured. The spectrophotometer is calibrated

Note 86—To ensure close calibration tolerances, a series of test . . . .
solutions can be measured by recalibrating before each test solution. Wth solutions of known bismuth concentrations.

299. Summary of Test Method

300. Concentration Range
300.1 The recommended concentration range is from 0.001

296. Calculation . . S to 0.015 mg of bismuth per mL of solution.
296.1 Convert the instrument readings (in milligrams per
litre) to percent calcium in the sample as follows: 301. Interferences
Calcium. Y%— AXB 49 301.1 The elements ordinarily present in low-alloy steel do
aieium, %= %10 @9 not interfere.
where:
A mg of calcium/L of test solution. 302. Apparatus

302.1 Atomic Absorption Spectrophotometarapable of
resolving the 223.1-nm line, equipped with a bismuth hollow-
cathode lamp and a laminar flow air-acetylene burner. If the
297. Precision and Bias instrument is equipped with a dedicated micropressor, it is

297.1Precision calibrated in accordance with the manufacturer’s instructions.
{f the unit is not equipped with a microprocessor, it is
calibrated manually. In this case, additional standards should
no}Pe prepared to provide enough data to construct a proper
o@bsorbance versus concentration calibration curve.

B
C

volume of final test solution, L, and
weight of sample, g.

297.1.1 Six laboratories cooperated in testing this tes
method and obtained the data summarized in Table 28.

297.1.2 The samples used for this calcium method did
test to the same level as the maximum scope of 0.010

TABLE 28 Statistical Information—Calcium, Direct-Current Argon 303. Reagents
Plasma Optical Emission Spectroscopy Method 303.1Bismuth Metal-99.99 % minimum purity (Note 87).
, Repeat- Reproduci- 303.2 Bismuth Standard Solutiofl mL =1.0 mg Bi)—
Test Material A apily, bility, Dissolve 1.0000 g+ 0.1 mg of bismuth metal in a minimum
. (RWEI) (R, E178) volume of HNQy(1+1). Transfer the solution to a 1-L volumet-
1. Low-Alloy Steel 0.0007 0.0002 0.0002 ric flask, dilute to volume with HNQ (2+98) and mix (Note
2 (i()SVVS—AlI(ISOQ_?,S’tSé(:OOG @ 0.0013 0.0002 0.0003 87).
(088 17103, 00013 Ca) ' ' ' 303.3 Iron Background SolutionWeigh 20 + 0.1 g of
i- [’gaiﬁe' Stonl 8-88;2 8-888‘1‘ 8'8882 electrolytic iron with low-residual element content and transfer
.(J SS 168}/_3’ 0.0025 Ca) ' ' ' it to a 1-L beaker. Add 125 mL of water, 125 mL of HN@
5. Low-Alloy Steel 0.0032 0.0003 0.0008 five 25-mL incremental portions, and 50 mL of HCI. When all
. (iﬂ ﬁds Sltzgl& 0.0032 Ca) 0.0052 0.0004 0.0008 of the iron is dissolved, add 250 mL of HCJ@nd evaporate
7 Mild Steel 0.0086 0.0005 0.0009 to strong white fumes. Cool, transfer the solution to a 500-mL

volumetric flask, dilute to volume, and mix.
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Note 87—Warning: Bismuth is a toxic metal. Careful practices should £ = ghsorbance value for 0.03 mg Bi/mL.

tSJZmeégrst?lsed in preparing the calibration solutions and dissolving the 304.2.7 If the calqulated value is less than 0.60, correct the
adjustment of the instrument or hollow-cathode lamp, and
repeat the calibration. The absorbance valueGomust be
0.200 or higher; if it is not, correct the adjustment of the

304. Preparation of Calibration Curve instrument or hollow-cathode lamp, and repeat the calibration.
304.1 Calibration Solutions—Ripet 50 mL of the iron

background solution into each of four 100-mL volumetric 305. Procedure
flasks. Then pipet 0, 3, 9, and 15 mL of the bismuth standard 305.1 Test Solution

solution into each of the four flasks, respectively. Dilute to the  305.1.1 Transfer a 2-g sample (Note 89), weighed to the

mark and mix (Note 87). nearest 0.1 mg, to a 250-mL beaker. Add 20 mL of water, then
304.2Photometry _ _ add with caution 25 mL of HN{1+1) and 5 mL of HCI (1+1).
304.2.1 With the bismuth hollow-cathode lamp in position,Cover and apply low heat as required until the reaction

energized and stabilized, adjust the wavelength to maximizgpsides.

detector response in the immediate vicinity of 223.1 nm (Note 305.1.2 Add 25 mL of HCIQ, bring to a boil, and add 3 to

88). 5 drops of HF. Evaporate to strong white fumes and continue
Note 88—Bismuth has resonance lines at 222.8 and 223.1 nm. Ordifuming Tor 3 to 5 min. Cool, trar.‘Sfer to a 100-mL volumetric

narily, for most instruments both lines will pass the slit aperture and theifflask, dilute to the mark, and mix.

net response will be measured. 305.1.3 If insolubles are present, filter approximately 10 mL

304.2.2 Light the burner, allow it to thermally equilibrate, of the diluted sample solution through a dry 11-cm low-
and adjust the instrument to zero while aspirating waterPorosity filter paper and use the filtrate for the measurement.
Aspirate the bismuth solution with the highest concentration .= g9_Bismuth in high concentrations is known to be heteroge-

from the series prepared in 304.1, and adjust the burner heightously distributed in steel. A sample should be carefully obtained that
and fuel and oxidant pressure and flow rates to obtain maxirepresents the actual content of the bismuth in the steel.

mhum reéponsel:bWh_ene_ver one 0(; more of these parameters args » prepare a reagent blank using the same amounts of all
changed, recalibration is required. reagents in accordance with 305.1.1-305.1.3, but omitting the

304.2.3 Aspirate the bismuth §olutjon used in 304.2.2 tosample. Use reagents from the same lot for blank and test
ensure that the absorbance reading is repeatable. Record §i tions.

readings, and calculate an estimate of the standard deviation,
of the readings (if not provided from the microprocessor of th
instrument), as follows:

305.3 Photometry-Jsing water as a reference solution,
easpirate and record the absorbance of the calibration, test, and
reagent blank solutions. After each group of four or fewer
s=(A—-B) X040 (50)  reagent blank and test solutions has been aspirated, apply the
test using the standard solution in accordance with 304.2.4. If

where: . .
A = highest of the six values found, and :Ee v?lqe dtlrf]ferst fr%m éhg a.VetTagef of g‘? 'Z')é 4\/3'%63 by more
B = lowest of the six values fountd. an twice the standard deviatias,found in .2.3 or more

304.2.4 Using water as a reference solution, and beginningIan 0.01 mulpplled by the average of S values used to
with the solution to which no addition of bismuth was made in dlculate s, wr_uchgver IS grea_tert determine the_ cause and
304.1, aspirate each calibration solution in turn and record itgepeat the calibration and aspiration of test solutions.
absorbance. If the value for the solution with the highest306 Calculation

concentration differs from the average of the six values '

recorded in 304.2.3 by more than twice the standard deviation 306.1 If the uni,t i_s equip_ped with a micrc_)processor, f.OHOW
the manufacturer’s instructions for generating results directly.

or by more than 0.01 multiplied by the average of the sixI th it i ioned with ; t th
values, whichever is greater, repeat the measurement. If € unit1s not équipped with a MICroprocessor, convert the
sorbance of the test solution and the reagent blank to

problem is indicated, determine the cause, correct it, and repedp> . - . :
304.2.1-304.2 4. milligrams of bismuth per millilitre of the final test solution by

304.2.5 Proceed immediately as directed in 304.3 means of the appropriate calibration curve. Calculate the

304.2.6Calibration—if the unit is equipped with a micro- percent bismuth as follows:
processor, follow the manufacturer’s instructions for directly Bismuth. Y%= (F-G) xXH
generating the calibration curve. If it is not, plot the net ’ I'x'10
absorbance values against milligrams of bismuth per millilitre where:

on rectangular coordinate paper. Calculate the deviation fron

(52)

mg of bismuth per mL of final test solution,

linearity of the curve as follows: G = mg of bismuth per mL of final reagent blank solution,
Deviation from linearity= (C — D)/E (51) H = final volume of test solution, mL, and
I = weight of sample in final volume of test solution, g.
where:
C = absorbance value for 0.15 mg Bi/mL, 307. Precision and Bias

D = absorbance value for 0.09 mg Bi/mL., and 307.1Precision—Six laboratories cooperated in testing this
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test method and obtained the precision data summarized wf iron as the test solutions.
Table 29.

307.2 Bias—No information on the accuracy of this test 312. Apparatus
method is known. The accuracy of this test method may be 312.1 Atomic Absorption Spectrophotometerapable of
judged by comparing accepted reference values with theesolving the 309.3-nm line, equipped with an aluminum
corresponding arithmetic average obtained by interlaboratorfiollow-cathode lamp, and a laminar flow nitrous oxide burner.
testing (Note 90). The performance of the instrument must be such that it is

. suitable for use in accordance with Guide E 1024.
N 90—Although this test method was tested to only 0.25 %, most . . ) .
o 9 y . 312.2Filter Media, 0.45-um cellulose nitrate filter.

commercial instruments are believed capable of analyzing samples ' . - ; -
containing bismuth up to 0.75 %. 312.3Filter Funnel a two-piece acid-resistant filter funnel

with a support screen between the funnel body and stem,
designed for the vacuum filtration of liquids. The stem of the

TOTAL OR ACID-SOLUBLE ALUMINUM BY THE funnel is fitted with a rubber stopper for insertion into an
ATOMIC ABSORPTION METHOD opening of the vacuum vessel.
312.4Vacuum Vessels
308. Scope 312.4.1 Vacuum vessel of 500-mL capacity.

308.1 This test method covers the determination of total 312.4.2 Vacuum vessel large enough to contain a 100-mL

aluminum or acid-soluble aluminum in concentrations fromVOIummrIC flask with an opening to allow for the insertion of
0.005 10 0.20 %. the rubber stopper of the filter funnel stem.

308.2 For this test method, acid-soluble aluminum is define%13 Reagents

h luminum luble in th i Ivin i f thi : . .
as the aluminum soluble the dissolving acids of this 313.1 Acid Mixture—€ombine three volumes of HCI, one

procedure.
308.3 This test method is not applicable to silicon steels. volume of HNQ, and two volumes of water.

Note 91—Warning: Prepare just before use; do not store. Dispose of
309. Summary of Test Method any excess.
309.1 The sample is dissolved in a mixture of HCl and 313.2 Aluminum, Stock Solutiofl mL =2.0 mg Al)—

HNO;. Insolubles present are removed by filtration and fusedrransfer 2.000 g of aluminum metal (purity: 99.9 % minimum)
with a boric acid (H3BO;)-potassium carbonate gKO;)  to a 250-mL beaker, add 40 mL of HCl and 10 mL of H\®
mixture. The sample solution is aspirated into a nitrousthe peaker, and cover with a watchglass. Heat until dissolution
oxide-acetylene flame of an atomic absorption spectrophotoms complete and boil to eliminate oxides of nitrogen. Cool,
eter. Spectral energy at approximately 309.3 nm from aRransfer to a 1-L volumetric flask, dilute to volume, and mix.
aluminum hollow-cathode lamp is passed through the flame, 3133 Aluminum, Standard Solution AL mL=0.20 mg

and the absorbance is measured. This absorbance is compaygfl_Transfer a 20.0-mL aliquot of the stock solution to a 1-L
with the absorbance of a series of standard calibration solusojymetric flask, dilute to volume, and mix.

tions. 313.4 Aluminum, Standard Solution BL mL =0.02 mg
) Al)—Transfer a 20.0-mL aliquot of Standard Solution A to a
310. Concentration Range 200-mL volumetric flask, dilute to volume, and mix.

310.1 The recommended concentration range is from 0.001 313 5Fysion Mixture—Combine one part by mass ofBO,
to 0.04 mg of aluminum per millilitre in the final 100-mL  anq one part by mass of,KO 5. Mix well.

dilution. 313.6 Fusion Mixture Solution(5 mL=1.0 g of fusion
mixture)—Dissolve 20.0 g of fusion mixture in water and
311. Interferences dilute to 100 mL.

311.1 In the nitrous oxide-acetylene flame aluminum is 313 7pyre Iron—Containing less than 0.0001 % aluminum,
partially ionized. This ionization is suppressed by the addition,, of known low-aluminum content.

of potassium ions. Iron also interferes by acting as a depres-

sant. This i_nterferenpe is mi|_’1imized by using calibratiqn314_ Preparation of Calibration Curves

solutions which contain approximately the same concentration 314 1 Calibration Solutions for Concentrations of 0.005 to
0.010 % Aluminum-Fo each of five, 250-mL beakers, add

TABLE 29 Statistical Information—Bismuth—Atomic Absorption 2.00 = 0.001 g of pure iron. Cover the beakers with a
Method watchglass and add to each in small portions, 40 mL of the acid

, Bismuth Repeatability, ~Reproducibility, mixture. Heat until the dissolution of the iron is complete. Heat

Test Material Found,% (Ry, E 173) (R, E 173) o o ; ;

' v 2 to boiling to eliminate oxides of nitrogen. Cool and transfer the

L (Lﬁ‘évéag%é)ﬂee' 0.0069 0.0039 0.0087 solutions into each of five 100-mL volumetric flasks. Using a

2. Low-alloy steel 0.0162 0.0025 0.0080 burette, add 0, 2.5, 5.0, 7.5, and 10.0 mL of Aluminum
3. Low-alloy steel 0.0587 0.0029 0.0113 Standard Solution B to each volumetric flask respectively. Add

‘5‘- tOW'a::OY S:ee: 8-155 g-g%‘l 8-8327 5.0 mL of fusion mixture solution to each volumetric flask and

. Low-alloy stee . . . . . .
6. Low-alloy steel 0.235 00138 0.045 cool. Swirl and let stand to allow all the carbon dioxide

produced to escape, then dilute to volume and mix.
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314.2 Calibration Solutions for Concentrations of 0.020 to  315.2Filtration of Test Solution
0.20 % Aluminum-—Fo each of five, 250-mL beakers, add 2.00 315.2.1 Place a filter on the support screen of a filter funnel.
+ 0.01 g of pure iron. Cover the beakers with a watchglass anfoisten the filter with water and connect the body and stem of
add to each, in small portions, 40 mL of the acid mixture. Heathe funnel. Insert the stopper of the filter funnel stem into a
until the dissolution of the iron is complete. Heat to boiling to vacuum vessel 312.4.1 or 312.4.2. Apply gentle vacuum to the
eliminate oxides of nitrogen. Cool and transfer the solutionsyzacuum vessel and filter the solution. Wash the funnel sides
into each of five 100-mL volumetric flasks. Using a burette,and residue alternately with warm HCI (2 + 100) and warm
add 0, 5.0, 10.0, 15.0, and 20.0 mL of Aluminum Standardyater until no trace of the yellow iron color remains. Stop the
Solution A to each volumetric flask, respectively. Add 5.0 mLvacuum gently.
of the fusion mixture solution to each volumetric flask and 315.2.2 \When a 500-mL capacity flask is used as the vacuum
cool. Swirl and let stand to allow the carbon dioxide produced,esse| (312.4.1):
to escape. Dilute to volume and mix. 315.2.2.1 If the volume of the filtrate and the washings is
314.3Photometry less than approximately 70 mL, transfer the solution quantita-

314.3.1 With the aluminum hollow-cathode lamp in position,tive|y to a 100-mL volumetric flask, and proceed to 315.3 or
energized and stabilized, adjust the wavelength to maximizgl5_4;

the energy response of the 309.3jnm line. . 315.2.2.2 If the volume of the filtrate and the washings is
_314.3.2 Light the burner, allow it to reach thermal equilib- o 0 aver than approximately 70 mL, transfer the solution to a
rium, and adjust the instrument to zero while aspirating watefogg ) porosilicate beaker, reduce the volume of the solution
Aspirate the aluminum solution with the highest concentration[0 approximately 70 mL by ’evaporation, cool, transfer quanti-

from th_e series prepared_ in accordance with 314.1 or 314.2 tively to a 100-mL volumetric flask, and proceed to 315.3 or
and adjust the burner, nitrous-oxide, and fuel pressures a

g?m(reastgs ggr?]t:tlgr?zémcligr:e:go:]:;ﬁ/grr‘;%ivg ggiecgsrgfre 315.2.3 When a 100-mL volumetric flask is contained in the
b ged, Yvacuum vessel (312.4.2):

314.3.3 Aspirate the aluminum solution used in 314.3.2 to 15.2.3.1 If the volume of the filtrate and the washings is

ensure that the absorbance reading is repeatable. Record si ; )
absorbance readings, and calculate the standard devigtadn, ?ess than approximately 70 mL, pr_oceed t0 315.3 or 3_15'4’_
315.2.3.2 If the volume of the filtrate and the washings is

the readings as follows: X )
greater than approximately 70 mL, transfer the solution to a

$=(A—B)x040 (53)  250-mL borosilicate beaker, reduce the volume of the solution
where: to approximately 70 mL by evaporation, cool, transfer again
A = highest of six values found, and quantitatively to the original 100-mL volumetric flask, and
B = lowest of the six values found. proceed to 315.3 or 315.4.

314.3.4 Using water as a zero absorbance reference, and315.3Preparation of the Test Solution for the Determination
beginning with the solution to which no addition of aluminum of Acid-Soluble Aluminum
was made in 314.1 or 314.2, aspirate each calibration solution 315.3.1 Add 5.0 mL of the fusion mixture solution to the
in turn and record its absorbance. If the value for the solutiorfiltrate contained in the 100-mL volumetric flask from 315.2
with the highest concentration used in 314.1 or 314.2 differand cool. Swirl and let stand to allow the carbon dioxide
from the average of the six values obtained in 314.3.3 by moreroduced to escape. Dilute to volume and mix. Retain this
than twice the standard deviation, or by more than 0.0Xolution for the determination of acid-soluble aluminum.
multiplied by the average of the six values, whichever is _ _ . , .
greater, repeat the measurement. If a problem is indicated NoTte 92—The insoluble residue and cellulose nitrate filter are dis-

! ; . carded in this case.
determine the cause, take appropriate corrective measures, and

repeat 314.3.1-314.3.4. 315.4Preparation of the Test Solution for the Determination
314.3.5Calibration Curve for Concentrations of 0.005 to of Total Aluminum

0.010 % Aluminum-Plot the average net absorbance values 315.4.1 Transfer the filter containing the insoluble residue

against milligrams of aluminum per millilitre on rectangular into a 30-mL platinum crucible. Char the filter at low heat and

coordinate paper. Test for linearity as described in Guidegnite slowly to 1000°C. Cool and add several drops of water,

E 1024. several drops of 50, and 5.0 mL of HF. Evaporate to
314.3.6Calibration Curve for Concentrations of 0.010 to dryness and again ignite slowly to 1000°C. Cool and add 1.0 g
0.20 % Aluminum-Proceed in accordance with 314.3.5. of the fusion mixture, and fuse the contents of the crucible in
a muffle furnace at 1000°C for 15 min. Cool and add 1 to 2 mL
315. Procedure of HCI (1+1) and 8 mL of water into the crucible. Heat gently
315.1Test Solution to dissolve the fusion products. Cool, quantitatively transfer the
315.1.1 Transfer 2.0 g of test material, weighed to the nearesplution to the 100-mL volumetric flask resulting from in either
0.1 mg into a 250-mL borosilicate beaker. 315.2.2 or 315.2.3. Dilute to the mark and mix. Retain this

315.1.2 Add, in small amounts, 40 mL of the acid mixture solution for the total aluminum determination.
and cover the beaker with a watchglass. Heat until dissolution 315.5 Prepare separate acid-soluble or total aluminum re-
is complete. Heat to boiling to remove the oxides of nitrogenagent blanks, or both, by treating the same amount of all
and then cool. reagents as directed in 315.1-315.3 or 315.4, but omitting the
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sample. Use reagents from the same lots for blank and test TABLE 30 Statistical Information—Aluminum—Atomic

solutions. Absorption Method
315.6 Photometry-UJsing deionized water as a zero absor- Test Material /;Iumicrimg Rt;peaEtalb?ility Regrod;clik;ility

bance reference, aspirate and record the absorbance of the ound, o (Ry, E173) Rz, E 173)

calibration, test, and reagent blank solutions. After each group Total Aluminum

of four or fewer test and reagent blank solutions has beefarbon steel 0.0020 0.0013 0.0019

. . . . AM 038-1, 0.002 Al)
aspirated, apply the precision test in accordance with 314.3.4 '~~~ 0.0094 0.0015 0.0020

(using the calibration solution with the highest aluminum scs 4s6/1, 0.009 Al
concentration). If the value differs from the average of the sixCarbon steel 0.0258 0.0029 0.0037
values by more than twice the standard deviatisn,in (BAM 0351, 0.026 Al)

X T Carbon steel 0.0584 0.0028 0.0059
accordance with 314.3.3, or by more than 0.01 multiplied bynss 654, 0.059 Al

the average of the six values used to calcutatehichever is  Carbon steel 0.1090 0.0042 0.0087
. . . CS 457/1, 0.11 Al)

greater, determine the cause and repeat the calibration, sampi€, . sieei 0.1718 0.0054 0.0114

and reagent blank measurements. (IPT 39, 0.169 Al)

Acid Soluble Aluminum

316. Calculation _ Carbon steel 0.0012 0.0004 0.0014
316.1 Convert the absorbance of the test solution and th@awm 03s-1)

reagent blank solution to milligrams of aluminum per millilitre é%gozsséfl‘f)” 0.0079 0.0009 0.0018
of the final dilution volume l_)y means of the calibration curve. o/, siealt 0.0217 0.0018 0.0043
Calculate the percent aluminum as follows: (BAM 035-1)
A—B)xC Carbon steel? 0.0525 0.0025 0.0058
: o AT (NBS 65d)
Aluminum, %= —wr7 10 (54 Carbon steelt 0.1024 0.0051 0.0106
(BCS 457/1)
where: Carbon steel? 0.1659 0.0084 0.0157
A = mg of aluminum/mL of final test solution, (IPT 39)
B = mg of aluminum/mL of final reagent blank solution, _A The acid-soluble valuesf_orthese reference mat_e_rials, using this particular acid
C = final volume of test solution. and mixture, have not been previously reported or certified.
W = weight of sample in final volume of test solution, g.

absorbance is compared with the absorbance of a series of
317. Precision and Bias standard calibration solutions.

3;‘-7'1 PreC|S|on—Twenty—e|gr_1t Iaporatf)”es participated in Note 93—With some instruments, it may not be possible to obtain
testing the test method described in this document under théough sensitivity at the 352.5-nm line for concentrations of nickel near
auspices of ISO Committee TC 17/SC-1 and obtained the dat&e low end of the scope. In such cases it is recommended that the
summarized in Table 3¢ 232.0-nm line be used.

317.2 Bias—No information on the accuracy of this test
method is known. The accuracy of this test method may be
judged, however, by comparing accepted reference values witpo. Concentration Range

the corresponding arithmetic average obtained by interlabora- 320.1 The recommended concentration range is from 0.0003
tory testing. to 0.05 mg of nickel per millilitre in the final 100-mL dilution.

NICKEL BY THE ATOMIC ABSORPTION

METHOD 321. Interferences

321.1 Iron interferes by acting as a depressant. This inter-
ference is minimized by using calibration solutions which

318. Scope o _ _contain approximately the same concentration of iron as the
318.1 This test method covers the determination of nickel ingst solutions.

concentrations from 0.003 to 0.5 %.

322. Apparatus
319. Summary of Test Method _ . 322.1 Atomic Absorption Spectrophotometezapable of
'319.1 The sample is dissolved in a mixture of perchloric andesolving the 352.5 or 232.0-nm lines, equipped with a nickel
nitric acids and then taken to fumes of perchloric acid.nollow-cathode lamp and a laminar flow air-acetylene burner.
Insolubles that are present are removed by filtration. Therhe performance of the instrument must be such that it is

sample solution is aspirated into an air-acetylene flame of agyjtaple for use in accordance with Guide E 1024.
atomic absorption spectrophotometer. Spectral energy at ap-

proximately 352.5 nm from a nickel hollow-cathode lamp is 323, Reagents
passed through the flame, and the absorbance is measured. Thig23 1 Acid Mixture—Combine 100 mL of HNQ with 800
mL of HCIO,. Mix well and dilute to 1 L. Prepare fresh; do not

28 The data given on the first item in Table 30 is for information only. The sta- store.

tistical data available on this test method has been judged sufficient to support the 323_-2|r0n $O|yti0n(l. mL =40 mg Fe)_TranSfer 18 0.1
lower scope of 0.005 %. g of high-purity iron (nickel content <0.0005 %) to a 800-mL

56



iy E 350

beaker. Add in small amounts, 100 mL of a HCI-HN®ixture where:

(three volumes HCI, one volume HNQ and two volumes of A = highest of six values found, and
water), cover the beaker with a watchglass, and heat gently t® = lowest of the six values fourr®.
dissolve. 324.3.4 Using water as a zero reference, and beginning with

323.2.1 When dissolution is complete, add 150 mL of thethe solution to which no addition of nickel was made in 324.1
acid mixture (see 323.1) and evaporate until the appearance of 324.2, aspirate each calibration solution in ascending order
dense white perchloric acid fumes. Fume strongly for at least ©f concentration and record its absorbance. If the value of the
min after the white fumes are refluxing on the walls of thesolution with the highest concentration used in 324.1 or 324.2
beaker. Cool, add 100 mL of water, and heat gently to dissolvdiffers from the average of the six values obtained in 324.3.3
the perchlorate salts. Cool to room temperature and transfer ®ty more than twice the standard deviation, or by more than
a 250-mL volumetric flask. Dilute to volume and mix. 0.01 multiplied by the average of the six values, whichever is

323.3 Nickel, Stock Solutioril mL =1 mg Ni)—Transfer ~greater, repeat the measurement. If a prob!em is indicated,
0.500 g of nickel metal (purity: 99.9 % minimum) to a 250-mL determine the cause, take appropriate corrective measures, and

beaker, add 25 mL of HNQ(1+1) to the beaker, and cover with "epeat 324.3.1-324.3.4 .

expel oxides of nitrogen. Cool, transfer to a 500-mL volumetric0-10 % Nickel-Plot the average net absorbance values against
flask, dilute to volume, and mix. milligrams of nickel per millilitre on rectangular coordinate

323.4Nickel, Standard Soluti L=004 Ni— Paper. Test fo_r Iingarity in accordance with Guide E 1024.
Pipet a 1'8_:1 aﬁ;u;r of ?hlél(;?oﬁ‘ll( rgolution tomg 220—mL 324.3.6 Calibration Curve for Concentrations of 0.10 to
volumetric flask. dilute to volume. and mix 0.5 % Nickel-Proceed in accordance with 324.3.5.

- ; : 325. Procedure
324. Preparation of Calibration Curves 395 1 Test Solution

324.1 Calibration Solutions for Concentrations 0.003 to : . -
. 325.1.1 Select and weigh a sample in accordance with the
0.1 %o each of seven, 100-mL volumetric flasks, add afollowing' g P

25-mL aliquot of the iron solution (see 323.1). Using a buret,

add 0; 2.5; 5.0; 10.0; 15.0; 20.0; and 25.0 mL of Nickel “gpaccys '~ Sample elght g Tolerance in Sample Weight, mg
Standard Solution A. Dilute to volume and mix. 0.1-0.5 0.2 0.1

Note 94—While it is recognized that the lowest calibration solution to  17ansfer the solution to a 250-mL beaker.
which nickel has been added represents a concentration five times higher 325.1.2 Add, in small portions, 15 mL of the acid mixture
than the low end of the scope, the fact that the zero nickel calibratio{(see 323.1) and cover with a watchglass. Heat until dissolution
solution is employed in the fit of the curve supports this approach and thgs complete (Note 96). Evaporate to dense white fumes.
linearity in this portion of the curve has been checked and verified. Continue fuming for at least one minute after the white fumes

324.2Calibration Solutions for Concentrations 0.1 to 0.5 % are refluxing on the walls of the beaker.
Nickel =0 each of seven, 100-mL volumetric flasks, add a Nore 96—For samples that will not readily dissolve in the acid
5-mL aliquot of the iron solution. Using a buret, add 0; 2.5; 5.0;mixture, first dissolve the sample in 10 mL of a HCI-HN®ixture (three
10.0; 15.0; 20.0; and 25.0 mL of Nickel Standard Solution A.volumes HCI, one volume HNQ and two volumes of water) before
Dilute to volume and mix. adding the 15 mL of acid mixture.

324.3Photometry 325.1.3 Allow the sample to cool, add 25 mL of water, and
heat gently to dissolve perchlorate salts. Allow to cool again

' Note 95—While calibration is d_escrlbed _separately here, the callbra-and transfer to a 100-mL volumetric flask. Dilute to volume
tion test, and reagent blank solutions are, in fact, measured at the same

time, in accordance with 374.3. and mix. . . L
325.1.4 Filter through a dry medium-porosity filter paper to

324.3.1 With the nickel hollow-cathode lamp in position, remove any insolubles that are present. Collect the filtrate in a
energized and stabilized, adjust the wavelength to maximizgry beaker after discarding the first 10 to 15 mL.
the energy response of the 352.5-nm line (Note 93). 325.2 Prepare for each concentration range a reagent blank
324.3.2 Light the burner, allow it to reach thermal equilib- by treating the same amount of all reagents, including iron, in
rium, and adjust the instrument to zero while aspirating wateraccordance with 325.1.2—-325.1.4. Use reagents from the same
Aspirate the nickel solution with the highest concentrationlots for blank and test solutions.
from the series prepared in accordance with 324.1 or 324.2, 325.3Photometry-Ysing deionized water as a zero absor-
and adjust the burner, acetylene, and air flow rates to obtaibance reference, aspirate and record the absorbance of the
maximum response. Whenever one or more of these paramalibration and test and reagent blank solutions. After each
eters is changed, recalibration is necessary. group of four or fewer test and reagent blank solutions has been

324.3.3 Aspirate the nickel solution used in 324.3.2 to ensur@spirated, apply the precision test in accordance with 324.3.4
that the absorbance reading is repeatable. Record six absor-

bance readings, and calculate the standard devigjai,the ————
readings as f0||OW§9 2°The value 0.40, which is used to estimate the standard deviation from the range
of six values, is derived from Dixon, W. J. and Massey, F.Idttoduction to
s=(A—B)x0.40 (55) Statistical AnalysisMcGraw-Hill, New York, N.Y., 1957, p. 404, Table 8b (1).
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(using the calibration solution with the highest nickel concen-the test method described in this document under the auspices
tration). If the value differs from the average of the six valuesof ISO Committee TC 17/SC-1 and obtained the data summa-
by more than twice the standard deviation, s, found in 324.3.3jzed in Table 31.

or by more than 0.01 multiplied by the average of the six

values used to calculag whichever is greater, determine the

cause and repeat the calibration, test, and reagent blank TABLE 31 Statistical Information—Nickel—Atomic
Absorption Method

measurements.
. Nickel Found,  Repeatability Reproducibility
Test Material

326. Calculation . i (R E179) (R=. E179)

326.1 Convert the absorbance of the test sample solution aﬁd?g‘ci‘fa"f e Ny 0.066 0.0020 0.0029
the reagent blank solution to milligrams of nickel per millilitre wigh-purity iron 0.003 0.0012 0.0013
of the final dilution volume by means of the appropriate2 (oBcg 260#'1, 0.003 Ni) 0576 0028 0002

H : H . 4 % Cr stee .57 . .04
calibration curve. Calculate the percent nickel as follows: (BCS 341, 0.56 Ni)

_ o (A-B)XC
Nickel, % = TWX10 (56)

where: ) ] ) 327.2Bias—No information on the bias of this test method
A= mg of nickel/mL of final test solution, _ is known. The bias of this test method may be judged, however,
B = mg of nickel/mL of final reagent blank solution, by comparing accepted reference values with the correspond-
C = final volume of test solution, mL, and _ ing arithmetic average obtained by interlaboratory testing.
W = weight of sample in final volume of test solution, g.

328. Keywords

- 30
327. PI’ECISIOII’]. and Bias’ . - . . 328.1 aluminum; antimony; bismuth; boron; calcium; car-
327.1Precision—Seven laboratories participated in testing bon; carbon steel; cerium; chromium; cobalt; copper; ingot

iron; lead; low-alloy steel; manganese; molybdenum; nickel;

39Supporting data have been filed at ASTM Headquarters. Request RRphOSphorUS; silicon; silicon electrical steel; tin; titanium;
E01-1001. vanadium
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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, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, 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 (www.astm.org).
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