[l Designation: E 351 — 93 (Reapproved 2000) <*
i’

INTERNATIONAL
Standard Test Methods for
- . 1
Chemical Analysis of Cast Iron—All Types
This standard is issued under the fixed designation E 351; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the Department of Defense.
€' Note—Editorial changes were made in November 2000.
1. Scope Sections
. 1.1 These te.St mgtho%jgover the chemical a.n.aIySIS ,Of pig Carbon, Graphitic, by the Direct Combustion Gravimetric Method (1
iron, gray cast iron (including alloy and austenitic), white cast o 3 %) 108

iron, malleable cast ir0n7 and ductile (nod[’j’)a'rron having Carbon, Total by the Combustion Gravimetric Method (1.25 to

. . Ly . M 4.50 %) 97
chemical compositions within the followmg limits: Cerium and Lanthanum by the D-C Plasma Optical Emission

Element Concentration Range, % Method (Ce: 0.003 to 0.5 %; La: 0.001 to 0.30 %) 237
Chromium by the Atomic Absorption Method (0.006 to 1.00 %) 208
Aluminum* 0.003to 0.50 Chromium by the Peroxydisulfate Oxidation—Titration Method
Antimony 0.005to 0.03 (0.006 to 1.00 %) 218
Arsenic* 0.02 to 0.10 Chromium by the Peroxydisulfate-Oxidation Titrimetric Method (0.05
Bismuth* 0.001to 0.03 to 30.0 %) 4a
Boron* 0.001to 0.10 Cobalt by the lon-Exchange—Potentiometric Titration Method (2.0 to
Cadmium* 0.001 to 0.005 4.5 %) 53
Carbon 1.25 to 4.50 Cobalt by the Nitroso-R-Salt Photometric Method (0.01 to 4.50 %) 61
Cerium? 0.005to 0.05 Copper by the Neocuproine Photometric Method (0.03 to 7.5 %) 116
Chromium 0.01 to 30.00 Copper by the Sulfide Precipitation-Electrodeposition Gravimetric
Cobalt* 0.01 to 4.50 Method (0.03 to 7.5 %) 81
Copper 0.03 to 7.50 Lead by the lon-Exchange—Atomic Absorption Method (0.001 to
Lead* 0.001to 0.15 0.15 %) 126
Magnesium 0.002to 0.10 Magnesium by the Atomic Absorption Method (0.002 to 0.10 %) 71
Manganese 0.06 to 2.50 Manganese by the Periodate Photometric Method (0.10 to 2.00 %) 8
Molybdenum 0.01 to 5.00 Manganese by the Peroxydisulfate-Arsenite Titrimetric Method (0.10
Nickel 0.01 to 36.00 to 3.5 %) 152
Phosphorus 0.01 to 0.90 Molybdenum by the lon Exchange—8-Hydroxyquinoline Gravimetric
Selenium* 0.001to 0.06 Method 257
Silicon 0.10 to 6.0 Molybdenum by the Photometric Method (0.01 to 1.5 %) 196
Sulfur 0.005t0 0.25 Nickel by the Dimethylglyoxime Gravimetric Method (0.1 to
Tellurium? 0.001to 0.35 36.00 %) 168
Tin* 0.001to 0.35 Nickel by the lon Exchange-Atomic Absorption Method (0.005 to
Titanium* 0.001to 0.20 1.00 %) 176
Tungsten* 0.001to 0.20 Phosphorus by the Alkalimetric Method (0.02 to 0.90 %) 160
Vanadium?* 0.005to 0.50 Phosphorus by the Molybdenum Blue Photometric Method (0.02 to
Zinc* 0.005t0 0.20 0.90 %) 18
Silicon by the Gravimetric Method (0.1 to 6.0 %) 46
1.2 The test methods in this standard are contained in theulfur by the Gravimetric Method 30
sections indicated beldtv Sulfur by the Combustion-lodate Titration Method (0.005 to 0.25 %) 37

Sulfur by the Chromatographic Gravimetric Method 4b

Tin by the Solvent Extraction-Atomic Absorption Method (0.002 to
0.10 %) 186
1 These test methods are under the jurisdiction of ASTM Committee EO1 on 1in by the Sulfide-lodometric Titration Method (0.01 to 0.35 %) 89
Analytical Chemistry for Metals, Ores, and Related Materials and are the directTitanium, Total, by the Diantipyrylmethane Spectrophotometric
responsibility of Subcommittee E01.01 on Iron, Steel, and Ferroalloys. Method (0.006 to 0'35 %) . 246
Current edition approved July 15, 1993. Published September 1993. Originallyvanad'“m by the Atomic Absorption Method (0.006 to 0.15 %) 227

published as E 351 -68 T. Last previous edition E 351<.89 1.3 Methods for the determination of several elements not

2These test methods represent revisions of methods covered by Test Metho . . -
E 30, which appear in this publication. Typical alloy specification numbers for thisﬂﬁCIUded in this standard can be found in Test Methods E 30

category are listed in the Appendix. and Test Methods E 1019.
3As typified by compositions listed irfCast Metals Handbook1957, pp.

196-197. I —
4 a Discontinued. 4b Discontinued as of April 29, 1988.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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1.4 Some of the concentration ranges given in 1.1 are too E 1806 Practice for Sampling Steel and Iron for Determi-
broad to be covered by a single method and therefore this nation of Chemical Compositidh
standard contains multiple methods for some elements. The 2.2 Other Document:
user must select the proper method by matching the informa- ISO 5725 Precision of Test Methods—Determination of
tion given in the Scope and Interference sections of each Repeatability and Reproducibility for Inter-Laboratory
method with the composition of the alloy to be analyzed. Testd?

1.5 The values stated in Sl units are to be regarded -
standard. In some cases, exceptions allowed in Practice E 3 Significance and Use
are also used. 3.1 These test methods for the chemical analysis of metals

1.6 This standard does not purport to address all of theand alloys are primarily intended as referee methods to test
safety concerns, if any, associated with its use. It is théuch materials for compliance with compositional specifica-
responsibility of the user of this standard to establish appro-ions, particularly those under the jurisdiction of ASTM Com-
priate safety and health practices and determine the applicamittee on Iron Castings. It is assumed that all who use these
bility of regulatory limitations prior to useSpecific hazards test methods will be trained analysts capable of performing
statements are given in Section 5 and in special “Warning€ommon laboratory procedures skillfully and safely. It is

paragraphs throughout these Methods. expected that work will be performed in a properly equipped
laboratory under appropriate quality control practices such as
2. Referenced Documents those described in Guide E 882.
2.1 ASTM Standards: )
D 1193 Specifications for Reagent Wa&ter 4. Apparatus, Reagents, and Instrumental Practices
E 29 Practice for Using Significant Digits in Test Data to 4.1 Apparatus—Specialized apparatus requirements are
Determine Conformance with Specificatiéns listed in the “Apparatus” Section in each method. In some
E 30 Test Methods for Chemical Analysis of Steel, Castcases reference may be made to Practices E 50.
Iron, Open-Hearth Iron, and Wrought Irbn 4.2 Reagents
E 50 Practices for Apparatus, Reagents, and Safety Precau-4.2.1 Purity of Reagents-Unless otherwise indicated, all
tions for Chemical Analysis of Metdls reagents used in these test methods shall conform to the
E 60 Practice for Photometric and Spectrophotometri¢Reagent Grade” Specifications of the American Chemical
Methods for Chemical Analysis of Meté&ls Society!® Other chemicals may be used, provided it is first
E 173 Practice for Conducting Interlaboratory Studies ofascertained that they are of sufficiently high purity to permit
Methods for Chemical Analysis of Met&ls their use without adversely affecting the expected performance

E 350 Test Methods for Chemical Analysis of Carbon Steelof the determination, as indicated in the section on “Precision
Low-Alloy Steel, Silicon Electrical Steel, Ingot Iron, and and Bias.”

Wrought Iror? 4.2.2 Purity of Water—Unless otherwise indicated, refer-
E 352 Test Methods for Chemical Analysis of Tool Steelsences to water shall be understood to mean reagent water as
and Other Similar Medium- and High-Alloy Ste@ls defined by Type Il of Specification D 1193.

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

E 354 Test Methods for Chemical Analysis of High Tem- ™"
perature, Electrical, Magnetic, and Other Similar Iron, 5-1 For precautions to be observed in the use of certain

Nickel, and Cobalt Alloy8 reagents and equipment in these methods, refer to Practices
E 380 Practice for Use of the International System of UnitsE 50-
(SI) (the Modernized Metric Systed?) 6. Sampling

E 882 Guide for Accountability and Quality Control in the d ¢ i h .
Chemical Analysis Laboratofy 6.1 For procedures for sampling the material, reference

E 1019 Test Methods for Determination of Carbon, Sulfur,ShaII be made to Practice E 1806.
Nitrogen, and Oxygen in Steel and in Iron, Nickel, and7. |nterlaboratory Studies and Rounding Calculated
Cobalt Alloy$ Values

E 102‘.1 Guide for Chemical A”"%"VS'S of M_etals and Metal 7.1 These test methods have been evaluated using Practice
Bearing Ores by Flame Atomic Absorption Spectropho-E 173 or ISO 5725

tometry?
E 1097 Guide for Direct Current Plasma Emission Spec

trometry Analysi§ 11 Annual Book of ASTM Standardgol 03.06.

12 Available from American National Standards Institute, 11 West 42nd Street,
13th Floor, New York, NY 10036.

5 Annual Book of ASTM Standardgol 11.01. 2 Reagent Chemicals, American Chemical Society Specificatmerican
® Annual Book of ASTM Standardgol 14.02. Chemical Society, Washington, DC. For suggestions on the testing of reagents not
7 Discontinued 1995; se®994 Annual Book of ASTM Standardé! 03.05. listed by the American Chemical Society, sAgsalar Standards for Laboratory
8 Annual Book of ASTM Standardgol 03.05. Chemicals BDH Ltd., Poole, Dorset, U.K., and thegnited States Pharmacopeia
° Discontinued 1998; se£997 Annual Book of ASTM Standarde! 03.05. and National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
19 Discontinued 1997; see IEEE/ASTM S| 10-Standard, Vol 14.04. MD.
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7.2 Calculated values shall be rounded to the desired nummL of water. Cool, dilute to 1 L, and mix. Prepare fresh as
ber of places as directed in 3.4 to 3.6 of Practice E 29. needed.
13.3 Potassium Metaperiodate Solutio(7.5 g/L)—
MANGANESE BY THE METAPERIODATE Dissolve 7.5 g of potassium metaperiodate (RI@ 200 mL
PHOTOMETRIC METHOD of hot HNO,(L + 1), add 400 mL of BPO,, cool, dilute to 1 L,

. N . 13.4 Water, Pretreated with MetaperiodateAdd 20 mL of
8.1 This method covers the determination of manganese 'RIO solution to 1 L of water. mix. heat at not less than 90°C
concentrations from 0.10 to 2.00 %. 4 ' ’

for 20 to 30 min, and cool. Use this water to dilute solutions to
9. Summary of Method volume that have been treated with KlGolution to oxidize

9.1 Manganous ions are oxidized to permanganate ions ganganese, and thus avoid reduction of permanganate ions by

reaction with metaperiodate ions. Solutions of the samples al
fumed with perchloric acid so that the effect of metaperiodaté
ion is limited to the oxidation of manganese. Photometricl4. Preparation of Calibration Curve

measurement is made at approximately 545 nm. 14.1 Calibration Solutions—Using pipets, transfer 5, 10,
10. Concentration Range 15, 20, and 25 mL of manganese standard solution (1
EL =0.032 mg Mn) to 50-mL borosilicate glass volumetric

ny reducing agents in the untreated wa@aution—Avoid
e use of this water for other purposes.

10.1 The recommended concentration range is 0.15 to O.
mg of manganese per 50 mL of solution, using a 1-cm cel
(Note 1) and a spectrophotometer with a band width of 10 nm
or less.

asks, and, if necessary, dilute to approximately 25 mL.
roceed as directed in 14.3.
14.2 Reference SolutieaTransfer approximately 25 mL of
water to a 50-mL borosilicate glass volumetric flask. Proceed
Note 1—This method has been written for cells having a 1-cm light as directed in 14.3.
path and a “narrow-band” instrument. The concentration range depends 14.3 Color Developmenrt-Add 10 mL of KIO, solution,
upon band width and spectral region used as well as cell optical pathng heat the solutions at not less than 90°C for 20 to 30 min

Ien_gth. Cells having other_dlmensmns may be used, provided smtab(l)a\lote 2). Cool, dilute to volume with pretreated water, and
adjustments can be made in the amounts of sample and reagents use L ix

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

14.4 Photometry
12.1 The elements ordinarily present do not interfere. Per- 14 4.1 Multiple-Cell PhotometerMeasure the cell correc-
chloric acid treatment, which is used in the procedure, yieldgion using the Reference Solution (14.2) in absorption cells
solutions which can be highly colored due to the presence of Gjjith a 1-cm light path and using a light band centered at
(V1) ions. Although these ions and other colored ions in theapproximately 545 nm. Using the test cell, take the photometric

sample solution undergo no further change in color qualityeadings of the calibration solutions versus the Reference
upon treatment with metaperiodate ion, the following precausplution (14.2).

tions must be observed when filter photometers are used: Select14 4.2 Single-Cell PhotometerTransfer a suitable portion

a filter with maximum transmittance between 545 and 565 nMef the Reference Solution (14.2) to an absorption cell with a
The filter must transmit not more than 5 % of its maximum atj.cm light path and adjust the photometer to the initial setting,
should be less than 30 nm when measured at 50 % of itgaintaining this adjustment, take the photometric readings of
maximum transmittance. Similar restrictions apply with re-the calibration solutions.

spect to the wavelength region employed when other “wide- 14 5 Calibration Curve—Plot the net photometric readings

band” instruments are used. ~ of the calibration solutions against milligrams of manganese
12.2 The spectral transmittance curve of permanganate ioiser 50 mL of solution.

exhibits two useful minima, one at approximately 526 nm, an
the other at 545 nm. The latter is recommended when &5 Procedure

12. Interferences

“narrow-band” spectrophotometer is used. 15.1 Test Solution
15.1.1 Select and weigh a sample in accordance with the

13. Reagents following:

13.1 Manganese, Standard Solutioft mL =0.032 mg Tolerance in
Mn)—Transfer the equivalent of 0.4000 g of assayed, high- Maganese, Sample Sample Weight, Dilution,
purity manganese (purity: 99.99 % minimum), to a 500-mL % Weight, g mg mL
volumetric flask and dissolve in 20 mL of HNGy heating. 0.01t0 0.5 0.80 05 100
Cool, dilute to volume, and mix. Using a pipet, transfer 20 mL 045t 1.0 0.35 0.3 100
to a 500-mL volumetric flask, dilute to volume, and mix. 0851020 0.80 05 500

13.2 Nitric-Phosphoric Acid Mixture-Cautiously, while Transfer it to a 300-mL Erlenmeyer flask.

stirring, add 100 mL of HN@and 400 mL of HPO, to 400 15.1.2 To dissolve samples that do not require HF, add 8 to
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10 mL of HCI (1 + 1), and heat. Add HNCas needed to hasten  p

manganese, mg, found in 50 mL of the final test

dissolution, and then add 3 to 4 mL in excess. When dissolution solution,

is complete, cool, then add 10 mL of HCJOevaporate to B = apparent manganese, mg, found in 50 mL of the final
fumes to oxidize chromium, if present, and to expel HCI. background color solution, and

Continue fuming until salts begin to separate. Cool, add 50 mLC = sample weight, g, represented in 50 mL of the final
of water, and digest if necessary to dissolve the salts. Cool and test solution.

transfer the solution to either a 100- or 500-mL volumetric

flask as indicated in 15.1.1. Proceed to 15.1.4. 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 by adding 8 to 10 mL of HCI (1 + 1), and heating.method and obtained the data summarized in Table 1. Although
Add HNO; and a few drops of HF as needed to hasterna sample covered by this method with manganese concentra-
dissolution, and then add 3 to 4 mL of HNQVhen dissolution  tion of approximately 2.0 % was not available, the precision
is complete, cool, then add 10 mL of HCJOevaporate to data for this concentration should be similar to those obtained
fumes to oxidize chromium, if present, and to expel HCI.for material 5.

Continue fuming until salts begin to separate. Cool, add 50 mL 17.2 Bias—No information on the accuracy of this method
of water, digest if necessary to dissolve the salts, cool, ané known. The accuracy of this method may be judged by
transfer the solution to either a 100- or 500-mL volumetriccomparing accepted reference values with the corresponding
flask as indicated in 15.1.1. arithmetic average obtained by interlaboratory testing.

15.1.4 Cool the solution to room temperature, dilute to
volume, and mix. Allow insoluble matter to settle, or dry-filter PHOSPHORUS BY THE MOLYBDENUM BLUE
through a coarse paper and discard the first 15 to 20 mL of the PHOTOMETRIC METHOD
filtrate, before taking aliquots.

. . . 18. Scope

15.1.5 Using a pipet, transfer 20 mL aliquots, to two 50-mL ) L .
borosilicate glass volumetric flasks. Treat one portion as 18-1 This method covers the determination of phosphorus in
directed in 15.3. Treat the other portion as directed in 15.4.160ncentrations from 0.02 to 0.90 %.

15.2 Reagent Blank SolutierCarry a reagent blank 49 Summary of Method
through the entire procedure using the same amounts of all .
reagents with the sample omitted. 19.1 See Section 19 of Test Methods E 350.

15.3 Color Development-Proceed as directed in 14.3. 20. Concentration Range

15.4 Reference Solutions 20.1 See Section 20 of Test Methods E 350.
15.4.1 Background Color Solutieh-To one of the sample

aliquots in a 50-mL volumetric flask, add 100 mL of nitric- 21. Stability of Color
phosphoric acid mixture, and heat the solution at not less than 54 1 gee Section 21 of Test Methods E 350.
90°C for 20 to 30 min (Note 2). Cooal, dilute to volume (with
untreated Water), and mix. 22. Interferences
15.4.2 Reagent Blank Reference Solutiefransfer the re- 22.1 See Section 22 of Test Methods E 350.
agent blank solution (15.2) to the same size volumetric flask as
used for the test solutions and transfer the same size aliquots 28. Apparatus
used for the test solutions to two 50-mL volumetric flasks. 531 gee Section 23 of Test Methods E 350.
Treat one portion as directed in 15.3 and use as reference
solution for test samples. Treat the other as directed in 15.4.34. Reagents
and use as reference solution for Background Color Solutions. 24.1 Proceed as directed in 24.1 through 24.7 of Test
15.5 Photometry—Establish the cell corrections with the pethods E 350 ' '
Reagent Blank Reference solution to be used as a reference
solution for Background Color solutions. Take the photometric
readings of the Background Color Solutions and the test TABLE 1 Statistical Information—Manganese by the
solutions versus the respective Reagent Blank Reference So- Metaperiodate Photometric Method

lutions as directed in 14.4. Man- Repeat- Repro-
Test Specimen ganese ability ducibil-
_ P Found, (Ry, ity (R,
16. Calculation % E 173) E 173)
16.1 Convert the net photometric reading of the test solution - ‘Wi castiron (NIST 32, 0.317  0.318 0.006 0.017
and of the background co_Ior s_olution to milligrams of manga- 5 cast iron (NIST 4i, 0.793 Mn) 0.793 0.018 0.028
nese by means of the calibration curve. Calculate the percents. Castiron (B.C.S. 236/2, 1.14 115 0.03 0.06
. Mn)
age of manganese as follows: 4. White cast iron (NIST 1175, 1.64 0.02 0.08
Manganese, % (A — B)/(C X 10) 1) 1.64 Mn)
5. Low-alloy steel (NIST 100b, 191 0.02 0.04
where: 1.89 Mn)




Ay E 351

25. Preparation of Calibration Curve for Concentrations

from 0.005 to 0.05 mg/100 mL 37. Scope
25.1 Proceed as directed in 25.1 through 25.6 of Test 37.1 This method covers the determination of sulfur in
Methods E 350. concentrations from 0.005 to 0.25 %.

26. Preparation of Calibration Curve for Concentrations 38. Summary of Test Method
from 0.05 to 0.30 mg/100 mL 38.1 See Section 38 of Test Methods E350.
26.1 Proceed as directed in 26.1 through 26.6 of Test
Methods E 350.
39. Interferences

27. Procedure 39.1 The elements ordinarily present do not interfere if their

27.1 Test Solution concentrations are under the maximum limits shown in 1.1.
27.1.1 Select and weigh a sample in accordance with the
following:
Sample Tolerance in 40. Apparatus
Phosphorus, % Weight, g Sample Weight, mg 40.1 See Section 40 of Test Methods E 350.
0.020 to 0.30 1.0 05
0.30 to 0.60 05 03
0.60 to 0.90 0.25 0.1 41. Reagents
Transfer it to a 250-mL Erlenmeyer flask. 41.1 Proceed as directed in 41.1 through 41.6 of Test

27.1.2 If the sample is other than white iron, proceed advethods E 350.
directed in 27.1.2 and 27.1.3 of Test Methods E 350; treat
samples of white iron as directed in 27.1.2.1 and 27.1.2.2.
27.1.2.1 Crush the material in an iron mortar and weigh42. Calibration
only particles passing through a No. 50 (300-um) sieve. 42.1 Proceed as directed in 42.1 through 42.6 of Test
Transfer the weighed sample to a 250-mL Erlenmeyer flaskMethods E 350.
Add 15 mL of HNO; and 5 mL of HBr. Heat until dissolution
is complete. Add 10 mL of HCIQ evaporate to copious white
fumes; then, without delay, fume strongly enough to cause thd3. Procedure
white fumes to clear the neck of the flask, and continue at this 43.1 Proceed as directed in 43.1 through 43.2 of Test
rate for 1 min. Methods E 350.
27.1.2.2 Proceed as directed in 27.1.3 of Test Methods
E 350.
27.2 Proceed as directed in 27.2 through 27.5 Molybdenurd4. Calculation
Blue Photometric Method of Test Methods E 350. 44.1 Proceed as directed in Section 44 of Test Methods
28. Calculation E 350.
28.1 Proceed as directed in Section 28 of Test Methods
E 350. 45, Precision
45.1 Twenty-two laboratories cooperated in testing this
) ) . . ) method; six used resistance furnaces and reported eight sets of
29.1 Nine laboratories cooperated in testing this method anga|yes (Note 3) and sixteen used induction furnaces (Note 4).
obtained the data summarized in Table 2. They obtained the data summarized in Table 3 for specimen 5.

SULFUR BY THE GRAVIMETRIC METHOD Although samples covered by this method with sulfur concen-

. . . . rations near the lower limit of the scope were not available for
Th|§ test ’T‘ethOd: which consisted of Sections 30 through 3ﬁtesting, the precision data obtained using the methods indicated
was discontinued in 1988.

in Table 4 should apply. None was available to permit a test
SULFUR BY THE COMBUSTION-IODATE near the upper limit of the scope.
TITRATION METHOD

29. Precision

Note 3—The recovery of sulfur as SQanged from 72 to 97 %, an
average value of 83 % based on calibration standards designateaind

din Table 3.
TABLE 2 Statistical Information—Phosphorus Note 4—The recovery of sulfur as SQanged from 80 to 96 %, an
Phos-  Repeat  Repro- average value of 88 % based on calibration standards designateaind

Test Soecimen phorus  abilty  ducibil- din Table 3.
P Found, (R, ity (Ra
% E173) E 173)
1. Cast iron 15Ni-2Cr-5Cu (NBS 115, 0.114 P)  0.107 0.013 0.014

2. Cast iron (NBS 5k, 0.263 P) 0.257 0.016 0.012 SILICON BY THE GRAVIMETRIC METHOD

3. Cast iron (NBS 7g, 0.794 P) 0.779 0.020 0.053
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TABLE 3 Statistical Information—Sulfur 49.1 Proceed as directed in 49.1 through 49.4 of Test
s Repeat- Repro- Methods E 350.
ulfur - -
Test Specimen Found, ability QUmbll—
% (Ry, ity (Rz,
E 173) E 173)

50. Procedure

Induction Furnace . ) )
50.1 Select and weigh a sample in accordance with the

1. No. 1, E 352 0.006% 0.002 0.003 - =
2. No. 2, E 352 0.0084 0.001 0.004 following:
3. No. 3, E350 0.0144 0.003 0.003 Tolerance Dehydrating Acid, mL
4. No. 4, E 350 0.016% 0.002 0.002 Samp|e in Samp|e H,SO,
5. Cast iron (NBS 6f, 0.106S) 0.1068 0.009 0.008 silicon, % Weight, g Weight, mg (1+4) HCIO,
6. No. 7, E 350 0.141€ 0.007 0.013
7. No. 7, E 353 0.286° 0.014 0.020 0.10 to 1.00 4.0 4 150 60

Resistance Fumnace 1.00 to 2.00 3.0 3 100 50

2.00 to 4.00 2.0 2 100 40
1. No. 1, E 352 0.006% 0.001 0.002 4.00 to 6.00 1.0 1 100 40
2. No. 2, E 352 0.009% 0.001 0.002 . .
3. No. 3, E 350 0.0144 0.001 0.003 Transfer it to a 400-mL beaker or a 300-mL porcelain
4. No. 4, E 350 0.015% 0.002 0.003 casserole.
H B

o ﬁi?;{r‘;“3($s or0.1069) 0108 o 000 150.2 If the sample type is other than white iron, proceed as
7. No. 7, E 353 0.288° 0.012 0.021 directed in 50.2 or 50.3 of Test Methods E 350; treat samples
ACalibration standards: See Footnote”, Table 6, Methods E 350. of white iron as directed in 50.2.1.
Bcalibration standards: See Footnote®, Table 6, Methods E 350. 50.2.1. Crush the material in an iron mortar and use only

€ Calibration standards: See Footnote€, Table 6, Methods E 350.
P Calibration standards: See Footnote?, Table 6, Methods E 350.

particles passing through a No. 100 (150-um) sieve. Add 30
mL of HNO; and 10 mL of HBr. When the dissolution reaction
becomes passive, decant the bulk of the solution to a 400-mL

TABLE 4 Statistical Information—Silicon L . a
beaker and crush the remaining insoluble matter in the original

A siicon  ERCSC TRR beaker with a glass rod. Add 20 mL of HN@nd 10 mL of
Test Specimen Fotj/:d' Ry, ity (Ra HBr, and heat gently until dissolution is complete. Combine
E1r3) E173) the two portions of the solution and add the amount g88,

HCIO,, Dehydration or HCIO, specified in 50.1
1. Cast iron 1.2Ni-0.3Cr-0.8 Mo (NBS 1.36 0.02 0.02 50.2.2. Proceed as directed in 50.2.2 or 50.3.2 of Test
2 1007b{ ‘1'35(2?35 4i, 1.45 Si) 1.45 0.04 0.05 Methods E 350.

. ast iron I, 1. I B . . . .
3. Cast iron 1.07Ni-0.32Cr (NBS 82a, 508 0.04 005 50.3 Proceed as directed in 50.4 or 50.7 of Test Methods

2.07 Si) E 350.
4. Cast iron (NBS 5k, 2.08 Si) 2.08 0.03 0.05
5. Cast iron, high (0.79) phosphorus 2.40 0.04 0.07

(NBS 7g, 2.41 Si) )
6. White cast iron (NBS 1176, 3.19 Si) 3.20 0.03 0.10 51. Calculation
H,SO, Dehydration 51.1 Proceed as directed in Section 51 of Test Methods
1. Cast iron 1.2Ni-0.3Cr-0.8Mo (NBS 1.36 0.02 0.03 E 350.

107b, 1.35 Si)
2. Cast iron (NBS 4i, 1.45 Si) 1.45 0.04 0.06
3. Cast iron 1.07Ni-0.32Cr (NBS 82a, 2.08 0.04 0.04 52 PI'ECiSiOI’]

2.07 Si) . ) . ) ]
4. Castiron (NBS 5k, 2.08 Si) 2.08 0.04 0.05 52.1 Eleven laboratories cooperated in testing this method
5. Cast iron, high (0.79) phosphorus 241 0.03 0.05 and obtained the data summarized in Table 4. Although

(NBS 7g, 2.41 Si)

samples covered by this method with silicon concentrations
near the extreme limits of the scope were not available for
testing, the precision data obtained for low-alloy steels by Test

46. Scope Methods E 350 should apply at the lower limit.
46.1 This method covers the determination of silicon in
concentrations from 0.1 to 6.1 %. COBALT BY THE ION-EXCHANGE-

POTENTIOMETRIC TITRATION METHOD

47. Summary of Test Method
47.1 See Section 47 of Test Methods E350.
53. Scope
53.1This test method covers the determination of cobalt in
48. Interferences concentrations from 2.0 to 4.5 %.
48.1 The elements ordinarily present do not interfere if their
concentrations are under the maximum limits shown in 1.1. 54. Summary of Method
54.1 Cobalt is separated from interfering elements by selec-
tive elution from an anion-exchange column using hydrochlo-
49. Reagents ric acid. The cobalt is oxidized to the trivalent state with
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ferricyanide, and the excess ferricyanide is titrated potentiosample solution take into account the exchange capacity of the resin, the

metrically with cobalt solution. physical dimensions of the column, and the volume of eluants.
57.4Potassium Ferricyanide, Standard SolutidnmL = 3.0
55. Interferences mg of Co):

55.1 The elements ordinarily present do not interfere if their 57.4.1 Dissolve 16.68 g of potassium ferricyanide (K

concentrations are under the maximum limits shown in 1.1. sFe(CN)) in water and dilute to 1 L. Store the solution in a
dark-colored bottle. Standardize the solution each day before

56. Apparatus use as follows: Transfer from a 50-mL buret approximately 20

56.1lon-Exchange Colummapproximately 25 mm in diam- mL of K;Fe(CN) solution to a 400-mL beaker. Record the
eter and 300 mm long, tapered at one end, and provided witburet reading to the nearest 0.01 mL. Add 25 mL of water, 10
a stopcock to control the flow rate, and a second, lowemL of ammonium citrate solution, and 25 mL of §&H. Cool
stopcock to stop the flow. Apparatus No. 8 may be adapted t@ 5 to 10 C, and maintain this temperature during the titration.
this method. A reservoir for the eluants may be added at the topransfer the beaker to the potentiometric titration apparatus.

of the column. While stirring, titrate the KFe(CN); with the cobalt solution (1
56.2 Apparatus No. 3Bwith a platinum and a saturated mL = 1.5 mg Co) using a 50-mL buret. Titrate at a fairly rapid
calomel electrode. rate until the end point is approached, and then add the titrant

in 1-drop increments through the end point. After the addition
of each increment, record the buret reading and voltage when
57. Reagents equilibrium is reached. Estimate the buret reading at the end
57.1 Ammonium Citrate Solutio(200 g/l)—Dissolve 200 g point to the nearest 0.01 mL by interpolation.
of di-ammonium hydrogen citrate in water and dilute to 1 L. 57.4.2 Calculate the cobalt equivalent as follows (Note 6):
57.2 Cobalt, Standard SolutioilmL = 1.5 mg of C9)—

C obalt equivalent, mg/in= (A X B)/C 2)
Reagent No. 25B.
57.3lon-Exchange Resitt where:
57.3.1 Use an anion exchange resin of the alkyl quaternanA = cobalt standard solution required to titrate the potas-
ammonium type (chloride form) consisting of spherical beads sium ferricyanide solution, mL,

having a nominal crosslinkage of 8 %, and 200 to 400 nominalB = cobalt standard solution, mg/mL, and

mesh size. To remove those beads greater than about 180-um fa = potassium ferricyanide solution, mL.

diameter as well as the excessively f_lne beads, treat the res!n Aore 6—Duplicate or triplicate values should be obtained for the
follows: Transfer a supply of the resin to a beaker, cover withcobalt equivalent. The values obtained should check within 1 to 2 parts per
water, and allow sufficient time (at least 30 min) for the beadshousand.

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

screen, 150 mm in diameter over a 2-L beaker. Prepare a thin

slurry of the resin and pour it onto the screen. Wash the fingg procedure

beads through the screen, using a small stream of water. gg 1 Transfer a 0.50-g sample, weighed to the nearest 0.1
Discard the beads retained on the screen, periodically, ifng, to a 150-mL beaker. Add 20 mL of a mixture of 5 parts of
necessary, to avoid undue clogging of the openings. When thgc| 5nd 1 part of HNQ (Note 5). Cover the beaker and digest
bulk of the collgcted resin has settleq, decant the water ang g0 to 70 C until the sample is decomposed. Rinse and
transfer approximately 100 mL of resin to a 400-mL beaker o oye the cover. Place a ribbed cover glass on the beaker, and
Add 200 mL of HCI (1 + 19), stir vigorously, allow the resin to o\ anrate the solution nearly to dryness, but do not bake. Cool,

settle for 4 to 6 min, decant 150 to 175 mL of the suspension,qq4 20 mL of HCI (7 +5), and digest at 60 to 70 C until salts
and discard. Repeat the treatment with HCI (1 +19) twicey.q gissolved (approxime{tely 10 min).

more, and reserve the coarser resin for the column preparation.

57.3.2 Prepare the column as follows: Place a 10 to 20-mm Note 7—Other ratios and concentrations of acids, with or without the
layer of glass wool or poly(vinyl chloride) plastic fiber in the addition of 1 to 2 mL of HF, are used for the decomposition of special
bottom of the column, and add a sufficient amount of thegr"’IOIes of alloys.
prepared resin to fill the column to a height of approximately 58.2 .Cool to room temperature and transfer the solution to
140 mm. Place a 20-mm layer of glass wool or poly(vinyl the ion-exchange column. Place a beaker under the column and
chloride) plastic fiber at the top of the resin bed to protect itopen the lower stopcock. When the solution reaches a level 10
from being carried into suspension when the solutions aré& 20 mm above the resin bed, rinse the original beaker with 5
added. While passing a minimum of 35 mL of HCI (7 + 5) to 6 mL of HCI (7 + 5) and transfer the rinsings to the column.
through the column, with the hydrostatic head 100 mm abov&epeat this at 2-min intervals until the beaker has been rinsed
the top of the resin bed, adjust the flow rate to not more thahour times. Wash the upper part of the column with HCI (7 + 5)
3.0 mL per min. Drain to 10 to 20 mm above the top of the2 or 3 times and allow the level to drop to 10 to 20 mm above
resin bed and then close the lower stopcock. the resin bed each time. Maintain the flow rate at not more than

) . ) 3.0 mL/min and add HCL (7 + 5) to the column until a total of

Note 5—The maximum limits of 0.125 g of cobalt and 0.500 g in the 175 to 185 mL of solution (sample solution and washings)
[ containing mainly chromium, manganese, and nickel is col-

14 Available from the Dow Chemical Co., Midland, MI. lected (Note 8). When the solution in the column reaches a
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level 10 to 20 mm above the resin bed, discard the eluate and

then use a 400-mL beaker for the collection of the cobal60. Precision

eluate. 60.1 Although samples covered by this method were not
available for testing, the precision data obtained for other types

Note 8—To prevent any loss of cobalt, the leading edge of the cobal : P> :
band must not be allowed to proceed any farther than 25 mm from tht((e)]c alloys, using the method indicated in Table 5, should apply.

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

Elution can be stopped at this point, although the total volume collecte
may be less than 175 mL. (tOBALT BY THE NITR,\(/?S%g?ALT PHOTOMETRIC

58.3 Add HCI (1 + 2) to the column and collect 165 to 175
mL of the solution while maintaining the 3.0 mL/min flow rate.
Reserve the solution. If the sample solution did not contai 1. Scope
more thgn 0.200 g of iron, substitute a 250-mL beaker and 61.1 This method covers the determination of cobalt in
precondition the column for the next sample as follows: Dramconcentrations from 0.01 to 4.50 %.
the remaining solution in the column to 10 to 20 mm above the
resin bed, pass 35 to 50 mL of HCI (7 + 5) through the column
until 10 to 20 mm of the solution remains above the resin k?edgz_ Summary of Method
then close the lower stppcock._lf the sample $o|ut|on contained 55 1 gee Section 54 of Test Methods E 350.
more than 0.200 g of iron, or if the column is not to be used
again within 3 h, discard the resin and recharge the column
directed in 57.3.

58.4 Add 30 mL of HNQ and 15 mL of HCIQ to the
solution from 58.3 and evaporate to fumes of HEIOool, add g4, stability of Color
25 to 35 mL of water, boil for 1 to 2 min, cool, and add 10 mL 4.1 See Section 56 of Test Methods E 350.
of ammonium citrate solution.

58.5 Using a 50-mL buret, transfer to a 400-mL beaker &5. Interferences
sufficient volume of KFe(CN); solution to oxidize the cobalt 65.1 See Section 57 of Test Methods E 350.
and to provide an excess of about 5 to 8 mL. Record the buret
reading to the nearest 0.01 mL. Add 50 mL of jJ@H and cool  66. Reagents
to 5 to 10 C. Transfer the beaker to the potentiometric titration 66.1 Proceed as directed in 58.1 through 58.4 of Test
apparatus and maintain the 5 to 10 C temperature during thethods E 350.
titration.

58.6 While stirring, add the sample solution to the solution67. Preparation of Calibration Curve
from 58.5, rinse the beaker with water, and add the rinsings to 67.1 Proceed as directed in 59.1 through 59.5 of Test
the solution (Note 9). Using a 50-mL buret, titrate the excesdethods E 350.

K sFe(CN); with the cobalt solution (1 mL = 1.5 mg Co), at a

fairly rapid rate until the end point is approached, and then ad&8. Procedure

the titrant in 1-drop increments through the end point. After the 68.1 Test Solution

addition of each increment, record the buret reading and 68.1.1 Select and weigh a sample in accordance with the
voltage when equilibrium is reached. Estimate the burefollowing:

33. Concentration Range
63.1 See Section 55 of Test Methods E 350.

reading at the end point to the nearest 0.01 mL by interpolation. Tolerance in Volume of
Sample Sample Weight, Sample Solu-
Note 9—For a successful titration, the sample solution must be added Cobalt, % Weight, g mg tion, mL
to the excess Ke(CN); solution.
0.01 to 0.30 0.500 0.2 100
0.25 to 1.00 0.375 0.2 250
0.90 to 3.00 0.125 0.1 250
2.80 to 5.00 0.150 0.1 500

59. Calculation Transfer it to a 100, 250, or 500—mL borosilicate glass
59.1 Calculate the percentage of cobalt as follows: volumetric flask.

Cobalt, %= [(AB — CD)/E] x 100 ©) 68.1.2 Add 5 mL of a mixture of 1 volume of HNCand 3

Where: volumes of HCI. Heat gently until the sample is dissolved. Boil

standard potassium ferricyanide solution, mL, TABLE 5 Statistical Information—Chromium

B cobalt equivalent of the standard potassium ferricya-
nide solution, . Cobalt Rﬁﬁ;‘t (T:s,r)ﬂ
C = cobalt standard solution, mL, Test Specimen FO‘,j/L‘d' (R, ity (R,
D = concentration of cobalt standard solution, mg/mL, and E 173) E 173)
= 1. No. 1, E 352 1.86 0.05 0.12
E Sample used, mg. 2. No. 2, E 352 4.82 0.08 0.11
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the solution until brown fumes have been expelled. Add 50 taalibration solutions and in the test solutions.
55 mL of water and cool.

68.1.3 Proceed as directed in 60.1.2 of Test Methods E 350. 75. Apparatus
68.2 Proceed as directed in 60.2 through 60.4 of Test 75.1 An atomic absorption spectrophotometer capable of
Methods E 350. resolving the 2852-A line, equipped with a magnesium hollow
cathode tube whose radiation is modulated, with a detector
system tuned to the same frequency, and with a premix burner

69. Calculation that uses air and acetylene. To determine the sensitivity factor
69.1 Proceed as directed in Section 61 of Test Methodsf the instrument, proceed as directed in 75.1.1 through 75.1.4.

E 350. 75.1.1 Transfer 15 0.5 mg of magnesium, weighed to the
nearest 0.1 mg, to a 250-mL borosilicate glass volumetric flask.

70. Precision Add 20 mL of HCI (1 + 1). When dissolution is complete, cool,

70.1 Although samples covered by this method were notlilute to volume, and mix. Using a pipet, transfer 10 mL to a
available for testing, the precision data obtained for other types-L volumetric flask, add 10 mL of HCI, dilute to volume, and
of alloys, using the methods indicated in Table 6, should applymix. Store the solution in a polyethylene bottle. Do not use a
solution that is more than two weeks old.

75.1.2 With the hollow cathode tube in position, energized

MAGNESIUM BY THE ATOMIC ABSORPTION and stabilized, locate the wavelength setting in the vicinity of

METHOD 2852 A that gives the maximum response of the detector
system.
75.1.3 Light the burner, allow it to reach thermal equilib-
71. Scope rium, and adjust the instrument to zero with water. Aspirate the
71.1 This method covers the determination of magnesium imagnesium solution, adjust the height of the burner, the air and
concentrations from 0.002 to 1.10 %. fuel pressures and their flow rates, and the aspiration rate of the

solution to obtain maximum response. Record the absorbance
of the magnesium solution.

72. Summary of Method 75.1.4 Calculate the sensitivity factor as follows, and round
72.1 A hydrochloric acid solution of the sample is aspiratedthe value to the nearest 0.05:

into the air-acetylene flame. The radiation from a magnesium
hollow cathode tube at 2852 A is passed through the flame, and

the attenuation is measured. The spectrophotometer is caliwhere:
brated with known concentrations of magnesium in the pres-A = magnesium weighed, mg, and
ence of iron. The appropriate concentrations of the calibrationB = absorbance value found in 75.1.3.
solutions, iron solution, and test solutions are determined on

the basis of the sensitivity of the instrument.

Sensitivity factor,F = (0.400x A)/(15 X B) 4)

76. Reagents
73. Concentration Range 76.1 Iron Solution ((10 X F)g/L)—Select a lot of iron
73.1 The concentration range (nominal, 0.01 to 0.06 mg/10@ontaining not more than 0.0005 % magnesium (Note 8).
mL) is dependent upon the sensitivity of the instrument; theTransfer (5X F)g (75.1.4), weighed to the nearest 10 mg, to a
sensitivity is determined as a numerical factor that is used td00-mL beaker, add 6 mL of HCI (1 + 1) for dad g ofiron
adjust the concentrations employed. The recommended uppplus 25 mL of HCI (1 + 1) and 10 mL of HNO Cover the
limit is one that gives a reading of approximately 0.400beaker, and, when the vigorous reaction subsides, digest until

absorbance, or its equivalent. action ceases. Substitute a ribbed cover glass, evaporate to
dryness, and bake at moderate heat for 5 min. Add 25 mL of
74. Interferences HCI and heat gently until salts are dissolved. Cool, transfer to

74.1 Inteferences by such elements as phosphorus amd500-mL volumetric flask, dilute to volume, and mix.
aluminum are overcome by providing a high concentration of o 1 suitability of the iron and the strontium chloride (76.4)
strontium. The 'nterferenqe OT iron, mainly dug to its effect OMin combination may be determined by evaluating the correction required
the flow rate of the solution into the burner, is overcome byiq derive net absorbance values in 77.4. To accomplish this, read from the
providing approximately the same concentration of iron in thecalibration curve, plotted as directed in 77.4, the milligrams of magnesium

per 100 mL of the solution to which no magnesium was added. If the value

TABLE 6 Statistical Information—Chromium does not exceed O._0005 % of (mg Fe + mg Sr), both n_aagents may be
assumed to be suitable. If the value exceeds that limit, apply the

Cobalt Ri‘f’liat' ge‘?g’l' procedures in the Appendix to screen lots of iron and strontium chloride
Test Specimen Found, a(;?lly it;/JC(IRIZ_ individually to find one suitable for use.
% , :
E173) E 179) 76.2Magnesium, Standard Solution(A mL = (0.2 X F)mg
; m“ ; Eggg (1)'%1 8-885 8-227 Mg)—Transfer (0.200< F)g (75.1.4) of magnesium (purity:
. No. 2, . . . .. o )
3. No. 3. E 352 294 0.08 017 99.9 % minimum) to a 1-L borosilicate glass volumetric flask.

Add 20 mL of HCI (1 + 1). When dissolution is complete, cool,
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dilute to volume, and mix. Store in a polyethylene bottle. 77.3.4 Begining with the solution to which no magnesium
76.3 Magnesium, Standard Solution B (1  Wwasaddedin77.1, aspirate each calibration solution in turn and
mL = (0.002x F)mg Mg)—Using a pipet, transfer 10 mL of record its absorbance. If the value for the solution with the

magnesium solution A to a 1-L volumetric flask, add 10 mL of highest concentration differs from the average of the six values

HCI, dilute to volume, and mix. Store in a polyethylene bottle.récorded in 77.3.3 by more than twice the standard deviation,

Do not use a solution that is more than two weeks old. s, or by more than 0.01 multiplied by the average of the six
76.4 Strontium Solution((33 X F)g Sr/L)—Select a lot of values, whichever is greater, repeat the measurement. If this

strontium chloride hexahydrate (SgBH,0) containing not value indicates_ a_trend or drift, determine _the cause (fc_ur
more than 0.0002 % magnesium (approximately 0.0005 % Witﬁexample, deposits in the bl_Jrner or_clogged capillary), correct t,
respect to Sr) (Note 8). Transfer (100 F)g (81.14) to a 1-L and repeat the steps as directed in 77.3.1-77.3.4.

volumetric flask, dissolve in 800 mL of water, dilute to volume 77.3.5 Proceed immediately as directed in 78.3.
and mix ’ ’ '’ 77.4 Calibration Curve for Concentrations from 0.002 to

0.03%—Subtract the absorbance value found for the solution to

77. Preparation of Calibration Curves which no magnesium was added (Note 10) from the value
) recorded for each of the other solutions. Plot the net absor-
77.1Ca|ibrati0n SOlutionS fOI’ Concentl’ations from 0002 to bance Vaiues against mi"igrams Of magnesium per 100 mL on

003%—USIng pipets, transfer 0, 5, 10, 15, 20, 25, and 30 erectangular Coordinate paper_

of magnesium standard solution B to 100-mL volumetric 77 5pPhotometry for Concentrations from 0.025 to 0.10 %:

flasks; add 20 mL of iron solution and 5 mL of strontium 7751 Proceed as directed in 77.3.1-77.3.4 with the solu-

solution. Dilute to volume, and mix. Store in polyethylene tions prepared as directed in 77.2.

bottles. Do not use solutions that are more than two weeks old. 77.5.2 Proceed immediately as directed in 78.3.

77.6 Calibration Curve for Concentrations from 0.025 to

N 11—P the test soluti 78.1 d th t bl . .
ore repare the test solution (78.1) and the reagent blanky ; 5o, 5 o0 as directed in 77.4.

solution (78.2), and have them ready to aspirate immediately afte
aspirating the calibration solutions.

77.2Calibration Solutions for Concentrations from 0.025 to 78 procedure
0.10 %—Proceed as directed in 77.1 adding 6 mL of iron
solution instead of 20 mL (see Note 9)

77.3Photometry for Concentrations from 0.002 to 0.03 %: 78.1Test Solution:

77.3.1 With the magnesium hollow cathode tube in position, 78.1.1 Transfer (1.0& F)g (75.1.4) of sample, weighed to
energized and stabilized, locate the wavelength setting in thé€ nearest 1 mg, to a 250-mL beaker.
vicinity of 2852 A that gives the maximum response of the 78.1.2 If the sample type is other than white iron, add 6 mL
detector system. of HCI (1 + 1) per gram of sample plus 10 mL of HCI (1 + 1)
77.3.2 Light the burner, allow it to reach thermal equilib- 2"d 5 ML of HNQ. Cover the beaker and heat as required until

rium, and adjust the instrument to zero while aspirating water2ction ceases. Substitute a ribbed cover glass, evaporate the
solution to dryness, and bake at moderate heat for 5 min. Treat

Aspirate the magnesium solution with the highest concentra= L . )
tion from the series prepared as directed in 77.1, and adjust ﬂ%\n;pleg OfCWh'tﬁ |rr?n as d|r_e|ct.ed n .78'1'2'1' d |
height of the burner, the air and fuel pressures and their flowaitiélle.s.lasrslirsl :hforartlteanaNom 1a0n0|r((igorr10r:]t;:1rsiaer\1/e u‘?rear?gfé/r
rates, the aspiration rate of the solution, and the position of th o samp?e to a9250-mE beakei Cover theubeaker a'n d add 10
“bsorbance i loss tha 0.350 or greater than 0.450, recalcudJi & HNOs i 10 L of HB, Heat cautiousy o issolv the

! ' 9 : ' u %gmple. Substitute a ribbed cover glass, evaporate the solution

the sensitivity factor _by_ dividing 0.400 by the observedto a syrupy consistency, add 10 mL of HCl, and evaporate to
absorbance and multiplying by the factor previously useddryness Proceed as directed in 78.1.3

Substltutle the value for the one.fourid in 75.;.4, and repeat the 78.1.3 Add 10 mL of HCl and heat gently until salts are
preparation of reagents and calibration solutions to conform t

. Bissolved. Add 50 mL of water and digest for 5 min. Cool,
this factor.

transfer to a 250-mL volumetric flask, dilute to volume, and
Note 12—Recalibration is required whenever these parameters arg1X. Filter a portion through a dry, coarse paper, d|593rd|ng the
changed. first 10 to 15 mL. Collect approximately 100 mL in a dry

beaker. Using a pipet, transfer 50 mL if the expected magne-

77'.3'3 Aspirate the'magnesium sqlution used in 77.3.2 4ium concentration is 0.002 to 0.030 %, or 15 mL if the
sufficient number of times to establish that the absorbancﬁwagnesium concentration is 0.025 to 0 1’0 %. to a 100-mL

reading is no_t d_rifting. Record s_ix readings, and calculate th(?/olumetric flask, add 5 mL of strontium solution, dilute to
standard deviatiors, of the readings as follows: volume, and mix. If the solution is to be retained more than 8

s=(A—B)Xx0.40 ()  h before proceeding as directed in 78.3, transfer it to a
where: I
A = the highest of the six values found, and 5The value 0.40, used to estimate the standard deviation from the range of six
B = the lowest of the six values fOUH'a values, was published by Dixon, W. J., and Massey, fnttoduction of Statistical

Analysis,McGraw-Hill, New York, NY, 1957, p. 404, Table 8b(1).

10
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polyethylene bottle. Do not use a solution that is more than two TABLE 7 Statistical Information—Magnesium
weeks old. Magne- Repeat- Repro-
78.2Reagent Blank: Test Specimen sium ability ducibil-
. Found, (Ry, ity (R,
78.2.1 Prt_apare areagent blank by treating the amounts of all % E173) E173)
reagents, with sample omitted, as directed in 78.1.2 and 78.;.9., Cast iron (NBS 41, 0,002 Mg, min)® _ 0.0022 0.0003 0.0006
and taken from the same lots used to prepare the test solutio). cast iron (NBS 4i, 0.005 Mg, min)®  0.0052 0.0004 0.0005
78.2.2 Prepare a calibration solution to be used to evaluat@S’\g;dlulgroclazst’vilrcgn (B.C.S. No. 0.0125 0.0011 0.0023
. . . , O g
the reagent blank (iron absent) by diluting 2.0 mL of magne-, “\oqiiar cast iron B.C.S. No. 0.0225 00012  0.0014
sium standard solution B to 100 mL in a volumetric flask. Store ss42, 0.024 Mg)
in a polyethylene bottle. Do not use a solution that is more thaf- Nodular cast iron 0.03047 0.0008 0.0029
t k Id 6. Nodular cast iron 0.0307 0.0010 0.0017
WO weeks old. _ _ 7. Nodular cast iron (B.C.S. No. 0.0395 00014  0.0034
78.3 Photometry-Aspirate the test solution, and record the ss43, 0.039 Mg)
absorbance; aspirate the reagent blank solution (78.2.1) and theNodular cast iron (B.C.S. No. 0.0522 0.0019 0.0029
jated calibration solution (78.2.2) and d the absog s oo M9
associated calibration solution (78.2.2) and recor € aDSOE: pyctile cast iron, Ni 20 (NBS 341,  0.0691 0.0035 0.0036
bance values. 0.068 Mg)
10. Nodular cast iron (B.C.S. No. 0.0785 0.0027 0.0033
Note 13—After each group of four or fewer test solutions and reagent SSs45, 0.078 Mg)
blank solutions has been aspirated, apply the test with the standard. Nodular cast iron® (NBS 0.0993 0.0050 0.0046

solution as directed in 77.3.4, depending on the concentration range. If the 4i * B-C.S. No. 545 (mixed), 0.10

value differs from the average of the six values by more than twice the_9: MmN

standard deviatiors, found in 77.3.4, or by more than 0.01 multiplied by ~ “Synthetic samples prepared by adding appropriate amounts of magnesium
the average of the six values used to calcultahichever is greater, iso't;tg’/':p%éﬁ;; onss ’()’;/(')gC(fEC();éi?:gn\)Nli)tE 'g;i;ﬁ;g-oom by method described
detgrmlne the cause, for_ t_axample, depOSItS In_ the_ burner or CloQgea Bsame sample; data based on calibration curves in 69.4 and 76.6, respectively.
capillary. Correct the deficiency, repeat the calibration procedure, and ¢ ngs 4i/B.C.S. No. SS45 (0.128 Mg) = 0.781/0.219.

recheck the readings of the test solutions and reagent blank solution.

factors of the instruments used ranged from 1.0 to 1.2; six

i laboratories reportesivalues of 0.001 or less, while the highest

79. Calculation was 0.003. (Test specimens designated “B.C.S.” (British
Chemical Standards) are issued in rod form by the Bureau of

. Analyzed Samples.)
79.1 Convert the absorbance value of the test solution to

milligrams of magnesium per 100 mL of the final test solution

using the appropriate calibration curve (77.4). COPPER BY THE SULFIDE PRECIPITATION-
79.2 Calculate the correction to be applied for the reagent ELECTRODEPOSITION GRAVIMETRIC METHOD

blank as follows:

Milligrams of magnesium in 100 mL of the final reagent (6)
blank solution= [(0.004A)/B] X F 81. Scope
81.1 This method covers the determination of copper in
where: concentrations from 0.03 to 7.50 %.
A = absorbance found for solution prepared as directed in
78.2.1, and
B = absorbance found for solution prepared as directed ing2  Summary of Method
78.2.2. 82.1 Copper is precipitated as the sulfide from dilute acid
79.3 Calculate the percentage of magnesium as follows: containing chloride and nitrate ions. After dissolution of the
Magnesium, %= (A — B)/(C X 100) (7)  precipitate, iron is added and tin is separated from copper by
double precipitation with ammonium hydroxide (Note 14).
where: _ , , . Chloride ions are removed from the filtrate, and copper, as the
A = magnesium found in 100 mL of the final test solution metal, is deposited on a platinum cathode.
79.1), mg,
B = E‘nagr?esiugm found in 100 mL of the final reagent blank Note 14—This method describes the preliminary separations for the
solution (79.2), mg, and determination of tin by the sulfide-iodatimetric titration method.
C = sample represented in 100 mL of the final test solution, This method covers the determination of copperin concen-
g. trations from 0.03 to 7.50 %.

83.Interferences
80. Precision 83.1 Ammonium salts may cause the copper deposit to be
spongy and subject to air oxidation while drying in the oven. If
this occurs the copper should be dissolved from the platinum
80.1 Ten laboratories cooperated in testing this method andathode and redeposited (Note 15).
obtained the data summarized in Table 7. The sensitivity

11
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Add 10 mL of HNGQ;(1 + 1) and digest at 90 to 100°C for 5
84. Apparatus min. Transfer the contents of the crucible to the original flsk,
84.1 Apparatus No. 9. add 10 mL of HCIQ, and heat to mild fumes of HCIO
86.2.5 Cool the solution from 86.2.4.1 or 86.2.4.2, add 100
mL of water and digest at or near boiling for about 45 min.
85. Reagents 86.2.6 If tungsten is present, as indicated by the presence of
85.1 Ammonium Sulfate-Hydrogen Sulfide Solution—a bright yellow precipitate of tungstic acid, add a slight excess
Dissolve 50 g of ammonium sulfate ((NHSQO,) in about 800  of NH ,OH and 20 g of tartaric acid. When the tartaric acid has
mL of H,SO, (1 + 99), dilute to 1 L with BSO,(1 + 99) and  dissolved, again add a slight excess of J&ti and digest near
saturate with hydrogen sulfide 45). the boiling point until dissolution is complete, or nearly so.
85.2 Ferric Chloride Solution(2 g Fe/LDissolve 10 g of 86.2.7 Add 5 mL of HSO, and heat at 85 to 95°C for 30
ferric chloride hexahydrate (FeGlbH,O) in about 800 mL of min. If insoluble matter persists, repeat the steps as directed in
HCI (1 +99) and dilute to 1 L with HCI (1 + 99). 86.2.4.1 through 86.2.7. When dissolution is complete, com-
85.3 Sulfamic Acid(H(NH,)SG;). bine the solution with the filtrate reserved in 86.2.4.
86.2.8 If the volume
86.2.8 If the volume is less than 600 mL, dilute the solution

86. Procedure approximately to that volume and treat with$j admit the gas
86.1 Select and weigh a sample in accordance with that a rate sufficient to cause a steady stream of bubbles to leave
following: the solution. Continue passing the gas into the solution for at
Tolerance in least 1 h. Allow to stand until the supernatant solution becomes
\ , Sample Weight, clear, but not longer than 12 to 15 h.
Copper, % Sample Weight, g mo 86.2.9 Add paper pulp and filter using a fine filter paper.
0.03t0 1.0 10 10 Wash the filter thoroughly with ammonium sulfate-hydrogen
;-g Eg gg 123 g sulfide wash solution. Discard the filtrate.
50 t075 1 1 86.2.10 Transfer the filter paper and precipitate to the

original flask, add 12 mL of k5Q,,and heat to char the paper.
Add 20 mL of HNQ; and evaporate to fumes to destroy organic

iron). . L matter. Add HNQ in 1-mL increments and heat to fumes after
.86‘2 If.the sample type is other than white iron, proceed ag, -y aqdition to oxidize the last traces of organic matter.
directed in 99.2 through 99.21 of Test Methods E 350; treat gg 5 17 ool the solution, rinse the sides of the flask, and

samples of white iron as Qirgcted ?n 86.2.1 and 86'2'.2' repeat the fuming to ensure the complete removal of EINO
86.'2'1 Crus_h the material in an iron mortar anql weigh only 86.2.12 Cool, add 100 mL of water, and boil to dissolve the

pal_rtlc;eaﬁgwngdtqrgugt ale_?é 103 (150'“”.') S|Ieve. Add 3Qoluble salts. Add 15 mL of HCI, and digest for about 10 min.

mL o s an mL o r. Heat cautiously to start = gg 5 13 Fijter through a coarse filter paper into a 400-mL

dissolution of t_he Sa”!p'e.- Whe_n thg reaction becomes PaSSVBeaker. Wash the filter alternately with hot water and hot HCI
add HF dropwise until dissolution is complete. &1 +99). Discard the filter paper

86.2.2 Evaporate the solution to a syrupy consistency an 86.2.14 Add 10 mL of FeGlsolution to the filtrate. Add |
) 2. . just
cool. Add 115 mL of HCI (1 +2) and heat until salts are enough NH,OH (L +1) to precipitate the iron, tin, and

dissolved. Boil the solution 2 to 3 min. - L
. chromium and to complex the copper (indicated by the
.86'2'3 Carry a reagent blank through the eﬂtlre prOCEzdurflormation of a blue color), and then add 1 to 2 mL in excess.
US'Q{? (:he same amounts of all reagents with the samplS\dd paper pulp, and heat the solution to boiling to coagulate
omitted. the precipitate. Filter the hot solution through a coarse filter

86'2'.4 If the sqution contains in§oluble matter, add PaP€haner, and wash alternately five times each with hot,QIH
pulp, digest 15 to 20 min, and then filter through medium filter 1+99) and water into an 800-mL beaker. Reserve the filter

paper into a 1-L Erlenmeyer flask. Suction may be used i nd filtrate. Dissolve the precipitate by washing the filter

necessary. Wash the filter 4 or 5 times with water. Reserve thglternately with hot HCI (1 + 1) and hot water, and reserve the

filtrate. Proceed as qirecped in 86.2.4.1 or 86.2.4.2 according Bher paper. Precipitate the iron, tin, and chromium as before.
preference, bearing in mind that the latter procedure may be t ash the reserved filter paper three times with hot }OH

easier to apply when copious amounts of insoluble matter arEL + 99) and then filter the hot solution into the 800-mL beaker

encountered. . . T . ;
. .. reserved from the first filtration; wash alternately five times
86.2.4.1 Transfer the paper and precipitate to the original,n with hot NHOH (1 + 99) and water y
flask, add 20 mL of HNQ@ and 10 mL of HCIQ, heat '

moderately to oxidize organic matter, and finally heat to mild Note 15—Iftin is to be determined by using the same sample, reserve
fumes of HCIQ, Cool the solution, add 1 to 2 mL of HF, and the precipitate and proceed as directed in 100.5 through 100.8 of Test
repeat the fuming. Methods E 350.

86.2.4.2 Transfer the paper and precipitate to a platimum 86.2.15 Acidify the combined filtrates with HNO and
crucible. Dry the paper and heat at 600°C until the carbon igvaporate at low heat until salts begin to appear. Remove the
removed. Finally ignite for 30 min at 1100°C. Cool, add 3 beaker from the hot plate and while the solution is still hot add
drops of HNQ and 1 to 2 mL of HF, and evaporate to dryness.5 mL of HNO;. When the reaction has subsided, add another 5

Transfer it to a 1-L Erlenmeyer flask (see 86.2.1 for white
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mL of HNO; and again wait until the reaction subsides. ao
Continue adding 5-mL increments of HNQIin this manner g,
until there is no further reaction with the chloride ions. Cover B weight of electrode used iA, g,

the beaker with a ribbed cover glass and warm gently until theC weight of electrode with deposit from the blank solu-
vigorous evolution of gas ceases. Evaporate to fumes qf SO tion, g,

Cool, add 25 mL of water, and heat to dissolve the salts. CoolD weight of electrode used i@, g, and

transfer to a 250-mL beaker, add 3 mL of H)@nd dilute to E = sample used, g.

175 mL.

86.2.16 With the electrolyzing current off, position the anode
and the accurately weighed cathode in the solution so that th8. Precision
gauze is completely immersed. Cover the beaker with a split
cover glass.

86.2.17 Stir the solution with an automatic stirrer; start the 88.1 Six laboratories cooperated in testing this method and
electrolysis and increase the voltage until the ammeter indiobtained eight sets of data summarized in Table 8 for speci-
cates a current which is equivalent to about 1 A/dm mens 2, 3, and 4. Although samples covered by the method
Electrolyze at this current density until the cathode is coveredvith copper concentrations at approximately 0.03 and 7.50 %
with copper, and then increase the current density to 2.5 to ®ere not available for testing, the precision data at the lower
Aldm’ (Note 16). Continue the electrolysis until the absence ofimit should be similar to those obtained for specimen 1 when

color in the solution indicates that most of the copper has beewsing the method indicated, and at the upper limit similar to
deposited. those obtained for specimen 4.

weight of electrode with deposit from the test solution,

Note 16—If the solution is not stirred during electrolysis, the current
density should be limited to about 0.5 A/dnand 2 to 3 h should be

allowed for complete deposition. TIN BY THE SULFIDE-IODOMETRIC TITRATION

86.2.18 Add about 0.5 g of sulfamic acid, rinse the underside METHOD
of the cover glass and the inside walls of the beaker, and
continue the electrolysis for 10 to 15 min to ensure complete
deposition of the copper. 89. Scope
86.2.19 Slowly withdraw the electrodes (or lower the bea- 89.1 This method covers the determination of tin in concen-
ker) with the current still flowing, and rinse them with a streamtrations from 0.01 to 0.35 %.
of water from a wash bottle. Return the voltage to zero, and
turn off the switch.
86.2.20 Remove the cathode, rinse it thoroughly with wate®0. Summary of Method
and then with acetone or ethanol. Dry it in an oven at 105 to 90.1 See Section 96 of Test Methods E 350.
110°C for 2 to 3 min.

Note 17—If the deposit appears dark, showing evidence of coppergl' Interferences
oxide, reassemble the electrodes in a fresh electrolyte consisting of 3 mL 91.1 See Section 97 of Test Methods E 350.

of HNO; and 5 mL of HSQO, in 175 mL of water contained in a 300-mL

tail-form beaker. Reverse the polarity of the electrodes, and electrolyz82. Apparatus

with a current density of 3 A/dAuntil the copper has been removed from  92.1 See Section 93 of Test Methods E 350.
the original electrode. Reverse the polarity and redeposit the copper on the

original electrode as directed in 86.2.16 and 86.2.17. Proceed as directegy Reagents

In 86.2.18 and 86.2.19. 93.1 Proceed as directed in 99.1 through 99.8 of Test
86.2.21 Allow the electrode to cool to room temperatureMethods E 350.

undesiccated, and weigh.
Note 18—To prepare the electrode for reuse, immerse it in94' Procedure

HNO4(1 + 1) to dissolve the deposit of copper, rinse thoroughly with 94.1 For the range from 0.01 to 0.05 % tin, transfer a 10-g

water and then with acetone or ethanol. Dry in an oven, cool to rooms@MmPple, (see 94.2.1 for white iron) weighed to the nearest 10
temperature, and weigh. mg, to each of two 1-L Erlenmeyer flasks; use a single 10-g

TABLE 8 Statistical Information—Copper

Repeatability Reproducibility

87. Calculation Test Specimen Fgggseg/ (Ry, Practice (R,, Practice
7 E 173) E 173)
1. Low-alloy steel (NBS 152a, 0.020 0.005 0.006
. 0.023 Cu)
87.1 Calculate the percentage of copper as follows: 2. Cast iron (NBS 5k, 1.50 Cu) 149 0.02 0.03
Copper, %= [((A — B) — (C — D))/E] x 100 8) 3. Cast iron 2Ni 0.678 0.037 0.041
4. Cast iron 15Ni-2Cr-5Cu (NBS 5.49 0.10 0.10

where: 115a, 5.52 Cu)

13
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sample for the range from 0.05 to 0.35 %. used, and the type of sample analyzed. The control of these
94.2 If the sample type is other than white iron, add 115 mLparameters should be established by analysis of control
of HCI (1 + 2) plus an addition 9 mL of HCI (1 + 2) and 1 mL samples similar in carbon content and alloy characteristics to
of HNO; for each gram of sample. Heat until the sample isthe sample to be analyzed..
dissolved, and then boil for 2 to 3 min. Treat samples of white
iron as directed in 94.2.1 and 94.2.2. 99. Interferences
94.2.1 Crush the material in an iron mortar and weigh only 99.1 The elements ordinarily present do not interfere if their
particles passing through a No. 100 (150-um) sieve. Add 3@oncentrations are under the maximum limits shown in 1.1.
mL of HNO; and 10 mL of HBr. Heat cautiously to start
dissolution of the sample. When the reaction becomes passiv&Q0. Interferences
add HF dropwise until dissolution is complete. 100.1Apparatus No. 1.
94.2.2 Evaporate the solution to a syrupy consistency and
C(_)Ol' Add 115 mL of HCI (1+2) qnd heat until salts are controls to regulate the power input to the induction coil.
dissolved. Boil the solution 2 to 3 min. Note 20—The preferred position for a graduated flowmeter is at the
94.3 Treat each sample as directed for copper by thexitend of the furnace. The graduated flowmeter may be positioned at the
sulfide-electrodeposition gravimetric method, described innlet, but in either case a sulfuric acid bubbler tube must be positioned at
92.3 through 92.14 of Test Methods E 350. When two 10-ghe exit end of the equipment.
samples are used, proceed as directed in 100.3 through 100.8 of100.2 Balance, Analytical-Either a single-pan or double-
Test Methods E 350. When a single 10-g sample is usechan balance may be used. The balance shall weigh to the
proceed as directed in 100.5 through 100.8 of Test Methodgearest 0.1 mg and have a standard deviation for a single
E 350. weighing of 0.05 mg or less.

Note 19—The induction furnace must be equipped with suitable

Note 21—For precision-testing this balance see 7.4 of Methods E 319,

. or its equivalent.
95. Calculation q

95.1 Proceed as directed in 101.1 of Test Methods E 350.

96. Precision 101. Reagents _ _

96.1 Five to seven laboratories cooperated in testing this 101.1 Acetone—the residue after evaporation must be
method, three of them submitting one additional set of data, aff0-0005 %. .
of which are summarized in Table 9. Although samples covered 101.2 Iron (Low-Carbon) Accelerator+on chips (Note
by this method were not available for testing, the precision datg9)- . i . )
obtained for specimens using the method indicated in Table %égl-?’ Oxygen—Purified as described in 8.1.3 of Practices

should apply.
PP 101.4Tin (Low-Carbon) Acceleratogranular (Note 22).

101.5Tin-coated Copper Acceleratagranular. Copper and

tin metals in the ratio of approximately 30:1 may also be used.
TOTAL CARBON BY THE COMBUSTION

GRAVIMETRIC METHOD Note 22—Prior to use, all accelerators should be washed three times
with acetone by decantation until free of organic contaminants and then
dried.

97. Scope
97.1 This method covers the determination of tin in concen- . .
trations from 1.25 to 4.50 %. 102. Preparation of Apparatus—Induction Furnace

102.1 The train of the induction furnace shall include an
oxygen purifier, catalyst heater (Note 23), particle filter, and
carbon dioxide purifier. The oxygen must flow from the top of

98. Summary of Method he combustion tube through a small orifice so as to impinge
98.1 The sample is burned in a stream of oxygen, and the. 9 ping
irectly on the surface of the sample.

carbon dioxide in the evolved gases is collected in a suitabl

absorbent and weighed. Note 23—The catalyst heater contains copper oxide heater to about
98.2 Oxygen flow rates and sweep times as well as control gf00°C to ensure complete conversion of CO to,CO

plate current for induction heating depend upon the equipment 102.2 Conditioning of Apparatus:

TABLE 9 Statistical Information—Tin 102.2.1 Transfel g of asample containing approximately
Repoa. — 15% carbon_ amh 1 g of theaccelerators in Section 101 to the
Test Specimen Tin Nug‘fbef ability ducibil- cupelet, crucible, or boat. N _
Found, % | ratories (Ry, ity (R, 102.2.2 Open the furnace, position the cupelet, crucible, or
E179) E179) boat with the sample in the combustion tube, close the furnace,
;- mg ;Eggg 8-8% g 8-885 g-ggi and adjust the oxygen flow rate to 1200 to 1500 mL/min.
3. No. 5, E 350 0.113 7 0.009 0.020 Sweep the system with oxygen for 30 s.

102.2.3 Open the stopcock(s) of the absorption bulb and
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connect it to the carbon train.

Note 24—The Fleming, Turner, and Nesbitt bulbs have all proved
satisfactory. Bulbs shall not be handled with bare fingers at any time;LO4' Blank Pr(_)cedure
Weighing time, that is, the interval from the completion of the burn and 102.1Induction Furance:
sweep to the completion of the weighing, must be closely controlled and 104.1.1 Open the stopcock(s) of the absorption bulb momen-
kept rigidly constant. If a two-pan balance is used, a bulb may be used aarily to the atmosphere to equilibrate bulb conditions, and

a tare and may be carried alongside the sample bulb at all times in thgejgh the bulb which has been conditioned as directed in
procedure. 102.2.

102.2.4 Turn on the power switch of the furnace, record the 104.1.2 Add an amount of low-carbon iron equal to the
time (if an automatic timer is used, adjust it for a 5-min burningsample weight to be used @nl g of tin or tin-copper
period), and burn the sample for 5 min while controlling the gccelerator to a cupelet, crucible, or boat. Proceed as directed
plate current to provide a temperature of at least 1325°Cip 102.2.2-102.2.6.

During the burning it may be necessary to reduce the plate 104.1.3 Open the stopcock(s) momentarily and weigh the
current to maintain the temperature and prevent sample lossabsorption bulb.

Note 25—During the sample burn, oxygen is consumed at a rapid rate. 104.1.4 Repeat the determination of the blank until it is
If necessary, manually increase the oxygen flow rate to maintain a positivéonstant within 0.2 mg and the average does not exceed 0.3

pressure within the combustion tube. mg. If the blank does not become constant within this limit,
102.2.5 Sweep the system with oxygen (maintaining thedeterm@ne _the source of the_difﬁculty and repeat the blank
original flow rate) after the combustion is complete. determination before proceeding.

) _104.1.5 Proceed as directed in Section 105.
Note 26—Oxygen flow rates and sweep times vary to some extent with

. . 104.2Resistance Furnace:
equipment used, and the type of sample to be analyzed. Sweep times of 2104 210 h K fthe ab ion bulb
to 5 min have been found to be adequate in most cases. A control sample e pen the stopcock(s) of the absorption bulb momen-

with carbon content and alloy characteristics similar to the sample to b&amy to the atmosphere to eqU”ibrate_ p'-“b ConditilonS, an_d
analyzed should be used to control these parameters. weigh the bulb which has been conditioned as directed in
102.2.6 Detach the absorption bulb, close the stopcock(s$03-2.

and set the bulb by the balance to cool. Remove the sample 104.2.2 Add an amount of low-carbon iron equal to the
from the furnace. sample weight to be used @nl g of tin or tin-copper

accelerator to the combustion boat containing Alundum bed-
ding material (Note 27). Proceed as directed in 103.2.2 and

103. Preparation of Apparatus—Resistance Furnace 103.2.4.

102.1 The resistance furnace shall contain as part of the train 104.2.3 Proceed as directed in 103.2.2 and 103.2.4 of Test
an oxygen purifier, catalyst heater (see the Oxygen Purifier¥lethods E 350.
portion of the Apparatus Section of Practices E 50), particle 104.2.4 Proceed as directed in Section 105.
filter, and carbon dioxide purifier. Turn on the current and
adjust the furnace temperature to at least 1325°C.

103.2Conditioning of Apparatus: 105. Blank Procedure

103.2.1 Fill the boat with Alundum bedding material (Note 105.1 Select a control sample the carbon content and alloy
25). Make a furrow in the alundum large enough to contain thecharacteristics of which are similar to those of the sample being
sample and the accelerator. Place in the furtog of asample ~ analyzed, and proceed as directed in 105.2-105.5.
containing approximately 1.5% carbon so that the particles are Nore 29—The value obtained should not differ from the established
in intimate contact. In the same mannedaldg of one of the  value by more than 0.004 % carbon at levels from 0.05 to 0.2 %, nor more
accelerators (see Section 101). than 2 % of the amount present in the higher ranges of carbon.

. . . Note 30—Low results may be due td)(incomplete burning of the
Note 27—The Alundum bedding material should be previously heatedsample, which may be detected by examining the sla);a( leak in the

in oxygen at 1325°C for 15 min, cooled, and stored under cover. system, which may be checked by means of a manom@gimproper
103.2.2 Open the stopcock(s) of the absorption bulb (Notéilling of the absorption bulb, resulting in “channeling”; &%) (exhaustion
22) and connect it to the carbon train. of the CQ, absorbent. High results may be due to inadequate purification

103.2.3 Cover the boat with a suitable cover and introduce i¢f the oxygen or failure to remove oxides of sulfur.
into the combustion tube. Close the tube and preheat the 105.2 Open the stopcock(s) momentarily and weigh the
sample for 1 to 2 min. Turn on the oxygen, adjust the oxygerabsorption bulb.
flow rate to 300 to 500 mL per min, and maintain this rate for 105.3 Select and weigh a sample to the nearest 0.5 mg, in

6 to 13 min (Note 23). accordance with the following:
Note 28—Oxygen flow rates and sweep times vary to some extent with Carbon, % Sample Weight, g
equipment used and the type of sample to be analyzed. A control sample 0.05 10 0.4 2799
with carbon content and alloy characteristics similar to the sample to be 02 to1.0 1.365
analyzed should be used to control these parameters. 0.7 tol5 1.000
13 t05.0 0.500

103.2.4 Detach the absorption bulb, close the stopcocks(s),
and set the bulb by the balance to cool. Remove the sample Transfer it to a crucible, cupelet, or boat containing Alundum
from the combustion tube, and shut off the oxygen. (Note 27).
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105.4 Add an amount of low-carbon iron equal to the sample 107.1.2 The reproducibility is related in the same way to the
weight ard 1 g of tin ortin-copper accelerator and proceed astotal standard deviation, namely
directed in 102.2.2-102.2.6 and 103.2.2-103.2.4. R, = 2.825 (14)
105.5 Open the stopcock(s) momentarily and weigh the
absorption bulb.

CARBON, GRAPHITIC, BY THE DIRECT
COMBUSTION-GRAVIMETRIC AND INFRARED
ABSORPTION METHODS

106. Calculation
106.1 Calculate the percent of carbon as follows:

Carbon, %= [((A — B) X 0.2729/C]x 100 9)
where: o 108. Scope
A = carbon dioxide found, g, 108.1 This test method covers the determination of graphitic
B = carbon dioxide found in the blank, g, and carbon in concentrations from 1.0 to 3.0 %.
C = sample used, g.

Note 31—The upper limit of the scope has been set at 3.0 % because
sufficient numbers of test materials containing higher graphitic carbon
. contents were unavailable for testing in accordance with Practice E 173.
107. Precision Recognizing that commercial carbon determinators are capable of han-

107.1 Nine laboratories cooperated in testing this teslijing higher concentrations, this test method references a calibration
method and obtained the data summarized in Table 1Grocedure up to 4.5 %. Users of this standard are cautioned that the use of
Repeatability R;) and reproducibility R,) are defined in this test method above 3.0 % is not supported by interlaboratory testing.
Practice E 173 and were respectively calculated from within
laboratory standard deviatiar),, and the total standard devia-
tion S. Since these last terms are related by:

f=0,2+ 0 (20)

109. Summary of Test Method

109.1 After decomposition of the sample in nitric acid in the
presence of methanol and treatment with hydrofluoric acid, the
graphitic carbon is removed by filtering through a glass-fiber
ffilter. The glass-fiber filter containing the graphite is placed in
qqe high-frequency induction furnace in a stream of oxygen and
dhe graphite burned to carbon dioxide, which is collected in a

wherego, is theamonglaboratories standard deviation, both
S and ¢ , can be evaluated by an analysis of variance i
replicate determinations (duplicates in this case) are carried o
on each specimen by a number of laboratories. With single ™ ) X ;
determinations on each specimen, only the total standarﬁ“'table, absorbent and weighed or measured in an infrared
deviationS can be evaluated. absorption apparatus.

107.1.1 The repeatability is related to and can be estimated
fromo , as follows: LetX ; and X, be the difference between
two values obtained within a laboratory. The standard deviatio
o4 of this difference is

r:|.10. Interferences
110.1 Elements ordinarily present do not interfere if their
concentrations are under the maximum limits shown in 1.1.

of =0y’ + 0,/ = (L4l (11)  However, some cast iron alloys, when extensively heat treated,
Since yield carbides that are not soluble by this test method and may
=g =& (12) give high values for graphitic carbon.
w— Ywl T Y w2

the repeatability, which in accordance with Practice E 173 is
actually the 95 % confidence limit fary, is then 111. Apparatus

R, = 204 = (2)(1.4)0,, = 2.820,, (13) 111.1 Combustion Apparatus:
111.1.1 Gravimetric Method-tnduction furnace. See the

TABLE 10 Statistical Information—Carbon Apparatus Section of the Total Carbon by Combustion Gravi-

Carbon Repeat- Repro- metric Method in Test Methods E 350, and Apparatus No. 1 of
Test Specimen Found, azglty guc('gl' Practices E 50.
% E173) Ey1732)’ 111.1.2Infrared Absorption Method+rduction furnace. See
1. Electric furnace steel (NBS 5ib, 122 — 0.03 the Infrared Absorptlon Method A or C. of the Total Carbon by
1.21C) the Combustion-Instrumental Method in Test Methods E 1019.
2. Ductile iron (NBS 341, 1.81 C) 1794 0.04 0.06 111.2Filter,1 glass-fiber, 47-mm, pore size 0.3 um.
3. Cast iron (NBS 1182, 1.97 C 2.00 — 0.07 o : :
% oot iron EB.C.S. 1738 2_42)C) 543 - 010 _ 111.3Filtering Apparatus—For use with 47-mm glass-fiber
5. Cast iron (NBS 115a, 2.62 C) 2.60 — 0.15 filters and suitable for use with acids.
6. Cast iron (NBS 1183, 3.05 C) 3.074 0.03 0.07
7. Cast iron (NBS 1181, 3.63 C) 3.65¢ 0.12 0.12

AThese specimens were analyzed by each laboratory in duplicate.

BBritish Chemical Standard.

€Six laboratories analyzed duplicate specimens, and three laboratories ana-
lyzed single portions. All other specimens were analyzed singly by each laboratory.

16 Gelman Type A/E, 47-mm glass-fiber filter has been found suitable for this
application.

16



Ay E 351

support, fold in half, and place in an induction furnace
112. Reagents combustion crucible containing the same accelerators to be
112.1Methanol(CH ;OH). used in determining the blank for the sample. Remove the
112.2 Sodium Hydroxide Wash Solutio(l20 g/L}—  bottom filter disk from the filter support and use it to gently
Cautiously dissolve 60 g of sodium hydroxide (NaOH) in aboutvipe any graphite off of the upper and lower parts of the filter
200 mL of water. When dissolution is complete, cool, dilute tapparatus. Fold the filter disk in half and place it in the same
500 mL with water, and store in a plastic bottle. combustion crucible.
112.3Tungsten Accelerator. 113.2.4 Dry the crucible containing the filters and accelera-
112.4 Other ReagentsSee the Reagents Section of thetors fa 2 h at105°C, and store in a desiccator.
Total Carbon by the Combustion Gravimetric Method in the 113.3 Combustion With Induction Furnace, Gravimetric
Reagents Section of Test Methods E 350. Determination:
113.3.1Preparation of Apparatus-Assemble the combus-
tion train to include an oxygen purifier, catalyst heater, particle

113. Procedure filter, and carbon dioxide purifier. The oxygen must flow from
113.1Sample Dissolution: the top of the combustion tube through an orifice so as to
13.1.1 Select the sample weight in accordance with thénpinge on the surface of the sample.

following: 113.3.2Conditioning of Apparatus:

Graphitic Carbon, % Sample Weight, g 113.3.2.1 Transfer Jot2 g of a“warm-up” sample, contain-

ing approximately 0.5 % total carbon, to a combustion crucible
i-g o ég i and add the appropriate amounts of the necessary accelerators.
' ' 113.3.2.2 Open the furnace, position the crucible with the
Weigh the sample to the nearest 0.5 mg and transfer to gample in the combustion tube, close the furnace, and adjust
250-mL beaker. For cast iron use dl’l”lngS and for ductile iron,the oxygen flow rate to 1100 to 1200 mL/min. Sweep the
use solid portions approximately 10 by 10 by 0.3 mm in sizesystem with oxygen for 30 s.
113.1.2 For the blank determination, weigh and transfer to a 113.3.2.3 Open the stopcock(s) of the absorption Budhd
250-mL beaker the same weight of accelerator iron as thegnnect it to the carbon train.

weight of sample selected in 113.1.1. _ _ _
Note 33—Caution: Bulbs shall not be handled with bare fingers at any

Note 32—Duplicate blanks are recommended. It is also recommendetme. Weighing time, that is the interval from the completion of the burn
that the operator analyze five replicate portions of a standard sample witlind sweep to the completion of the weighing, must be closely controlled
alloy characteristics and a known graphitic carbon content close to thand kept rigidly constant.

samples to be analyzed. The repeatability of these analyses should be les ;
than 0.10 % and the average value should agree with the known graphitj °113.3.2.4 Tumn on the power switch of the furnace and record

carbon content within 0.10 %. If it does not, the test should be repeateﬁ]e time (if an automatic timer is used, adjust it for a 5-min

until these criteria are met. Calculate repeatability as follows: burning period). Burn the sample for 5 min while controlling
the plate current to maintain a temperature necessary to
Repeatability= 1.41\/ =(X — ) (15)  combust the sample.
Note 34—During the sample burn, oxygen is consumed at a rapid rate.
where: If necessary, manually increase the oxygen flow rate to maintain a positive
X = average of the five determinations and pressure within the combustion tube.

X value of a single determination.

113.3.2.5 Sweep the system with oxygen, maintaining the
113.1.3 Add 25 mL of methanol, 50 mL of water, and 5 mL original flow rate, after the combustion is complete.

of HNO ;. Cover the beaker at once and let stand 12 to 16 h. N . .

. - ote 35—Oxygen flow rates and sweep times vary to some extent with
Add 20 mL of HNO; and let stand until further action Ce_ases' equipment used and the type of sample to be analyzed. Sweep times of 2
Place on a hot plate heated to 50 to 60°C. When Vigoroug, 5 min have been found to be adequate in most cases. A control sample
action ceases, add 4 to 5 drops of HF. Continue heating untilith carbon content and alloy characteristics similar to the sample to be
dissolution is complete. If necessary, add water to maintain thenalyzed should be used to control these parameters. (Note 16).

original volume. 113.3.2.6 Detach the absorption bulb, close the stopcock(s),
113.2Filtration: o ~ and allow the bulb to cool to room temperature. Remove the
113.2.1 Place two glass-fiber filters in a vacuum filtrationcrycible from the furnace.

apparatus and moisten with water. Filter the solution with very 111.3.2.7 Open the stopcock(s) of the absorption bulb

gentle suction. Transfer the graphite to the filter and police thenomentarily to the atmosphere to equilibrate bulb conditions,
beaker thoroughly. Wash the sides of the funnel to deposit alind weigh the bulb to the nearest 0.2 mg.
the graphite on the fiber glass filter disk.

113.2.2 Wash the filter disk once with HCI (1 + 1), twice Note 3§—To check the performance of the apparatus, use a standard
ith hot water. three times with hot NaOH wash solution sample with a total carbon content appromm_ately_ that of the graphite
W'_ . ! . . . . ' content of the sample to be analyzed as described in the Total Carbon by

twice with hot HCI (1 + 1) and five times with hot water, in the the combustion Gravimetric Method in Test Methods E 351.
order given.
113.2.3 Turn off the suction and remove the top part of the *"The Fleming, Turner, and Nesbitt type absorption bulbs, available from

filter assembly. Remove the top filter disk from the filter laboratory supply houses, have been found satisfactory for this purpose.
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113.3.3Blank—Proceed as in 113.1.2, 113.1.3, 113.2.1 and
113.2.2. To the induction furnace combustion crucible, add 1 g
of iron and tin, copper-tin or tungsten accelerator or the here:
required combinations of these to produce the necessany eie.wei ht of CO. found in sample
combustion temperature in the induction furnace being use ave?age weigzht of COfound Fi)n BI%nk g, and
and proceed as in 113.2.3 and 113.2.4. Continue as i weight of sample used, g. e '
113.3.2.2-113.3.2.7 and 113.3.3. Run duplicate blanks, record- 114 5 combustion with Induction Furnace, Infrared Deter-
ing the bulb weights, calculating the successive weight differs i 2tion:

ences, and averaging the values for the weight of,CO 174 1 calculate the percent of graphitic carbon as follows:

. (A—B) x0.2729
Graphitic Carbon, %= — e X 100 (16)

obtained. B
113.3.4Sample CombustionProceed as in 113.3.3. Use the Graphitic carbon, %= D — E an
same accelerator selection used in determining the blank fo{ynere:
the sample. o _ D = % carbon found in sample determination, and
113.4Combustion with Induction Furnace, Infrared Deter- E = average % carbon found in blank determination.
mination:

113.4.1Preparation of Apparatus-Proceed in accordance
with the Preparation of Apparatus Section of the Total Carbon 15. Precision and Bias
by the Combustion-Instrumental Measurement Method in Test 115.1Precision—Five laboratories cooperated in testing this
Methods E 1019. test method and obtained the precision data summarized in
113.4.2 Calibrate the instrument as described for Range Haple 11.
and Range Il of the Calibration Section of the Total Carbon by 115.2Bias—The accuracy of this test method can be inferred
the Combustion-Instrumental Measurement Method in Tesfrom the data in Table 11 by comparing the certified values for

Methods E 1019. graphitic carbon with the average values obtained.
113.4.3Blank—Proceed as in 113.1.2, 113.1.3, 113.2.1 and

113.2.2. To the induction furnace combustion crucible add 1 Qommercial instr , .
. . . uments are believed to be capable of analyzing samples
of iron and tln_, cqpper—tm, or tungsten accelerator, or thecontaining graphitic carbon up to 4.5 %.
required combination of these, to produce the necessary
combustion temperature in the induction furnace being usedCOPPER BY THE NEOCUPROINE PHOTOMETRIC
and proceed as in 113.2.3 and 113.2.4. Place the crucible on the METHOD
furnace pedestal and raise the pedestal into position. Start the116. Scope
analysis cycle. Refer to the manufacturer's recommended 116.1 This method covers the determination of copper in
procedure regarding entry of sample weight and blank valueconcentrations from 0.03 to 7.50 %.
Record the blank value obtained.
113.4.4Sample CombustionRProceed as in 113.4.3 for the
sample. Use the same accelerator selection used in determiniad7. Summary of Method
the blank for the sample. Record the carbon value obtained. 117.1 See Section 115 of Test Methods E 350.

Note 37—Although this test method was tested to only 2.8 %, most

114. Calculation 118. Concentration Range

114.1 Combustion with Induction Furnace, Gravimetric 118.1 See Section 116 of Test Methods E 350.
Determination:

114.1.1 Calculate the percent of graphitic carbon as follows:

TABLE 11 Statistical Information-Graphitic Carbon Direct Combustion-Gravimetric and Infrared Absorption Methods

Test Specimen Statistics IR Gravimetric IR and Gravimetric
P (5 laboratories) (2 laboratories) (7 laboratories)

1. Ni-Cr Ductile Iron R,, E 173 0.062 0.094 0.072
NBS 341 (1.23 %; R,, E 173 0.152 0.169 0.143
range: 1.21 to 1.23 %) Graphitic carbon found, % 1.352 1.348 1.351

2. Cast Iron Ry, E 173 0.073 0.086 0.077
NBS 51 (1.98 %; R,, E 173 0.0734 0.086" 0.0774
range: 1.96 to 2.00 %) Graphitic carbon found, % 1.963 1.971 1.965

3. Ni-Cr Cast Iron R,, E173 0.094 0.047 0.084
NBS 82b (2.37 %; R,, E 173 0.111 0.061 0.100
range: 2.36 to 2.39 %) Graphitic carbon found,% 2.318 2.337 2.324

4. Cast Iron R,, E 173 0.133 0.044 0.115
NBS 122e (2.78 %; R,, E 173 0.223 0.172 0.198
range: 2.77 to 2.78 %) Graphitic carbon found, % 2.705 2.722 2.710

AMSW > MSL +C R, =R,
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119. Stability of Color TABLE 12 Statistical Information—Copper

119.1 See Section 117 of Test Methods E 350. Copper Repeat- Repro-
Test Specimen Found, ability .dUCib"'
% (Ry, ity (R,
E 173) E 173)
120. Interferences 1. No. 3, E 350 0.021 0.004 0.010
120.1 See Section 118 of Test Methods E 350. 2. Cast iron 1.07Ni-0.32Cr (NBS 0.035 0.004 0.007
82b, 0.038 Cu)
3. Cast iron high (0.79) 0.129 0.014 0.012
phosphorus (NBS 7g, 0.128 Cu)
121. Reagents 4. Cast iron (NBS 4j, 0.24 Cu) 0.239 0.017 0.016
. . . Cast iron (NBS 5k, 1.50 Cu) 1.51 0.04 0.05
121.1 Proceed as directed in 119.1 through 119.6 of TesE_ Cast iron 14Ni-5.5Cu-2Cr (NBS ~ 5.53 0.19 018
Methods E 350. 115a, 5.52 Cu)

122. Preparation of Calibration Curve
122.1 Proceed as directed in 120.1 through 120.6 of Test
Methods E 350.
LEAD BY THE ION-EXCHANGE—ATOMIC

ABSORPTION METHOD
123. Procedure

123.1Test Solution: 126. Scope
123.1.1 Select a sample in accordance with the following:  126.1 This method covers the determination of lead in
Tolerance in concentrations from 0.001 to 0.15 %.
Sample Sample Dilution, Aliquot Vol-
Copper, % Weight, g Weight, mg mL ume, mL
0.03t0 0.15 1.00 10 100 20 127. Summary of Method
0.10 t0 0.25 1.00 1.0 250 30 ;
0.20 10 0.50 100 0s 250 15 127.1 See Section 133 of Test Methods E 350.
0.40 to 1.00 1.00 0.5 500 15
0.80 to 1.50 1.00 0.1 500 10
1.40 to 3.00 1.00 0.1 1000 10 .
580 t0 5.00 0.60 o1 1000 10 128. Concentranop Range
4.80t0 7.50 0.40 0.1 1000 5 128.1 See Section 134 of Test Methods E 350.

Transfer it to a 250-mL Erlenmeyer flask.

123.1.2 If the sample is other than white iron, proceed a
directed in 121.1.2 of Test Methods E 350; treat samples o
white iron as directed in 123.1.2.1.

123.1.2.1 Crush the material in an iron mortar and weigh
only particles passing through a No. 50 (300-um) sieve130 Apparatus
Transfer the weighed sample to a 250-mL Erlenmeyer flask. ;- ;

Add 15 mL of HNGQ; and 5 mL of HBr. Heat until dissolution 130.1 See Section 136 of Test Methods E 350.
is complete. Add 15 mL of HCIQand a sufficient amount of
HF to volatilize the silica. 131. Reagents

123.1.3 Proceed as directed in 121.1.3 and 121.1.4 of Test 131 1 proceed as directed in 137.1 and 137.2 of Test
Methods E 350. Methods E 350.

123.2 Proceed as directed in 121.2 through 121.5 of Test
Methods E 350.

29. Interferences
129.1 See Section 135 of Test Methods E 350.

132. Preparation of Calibration Curve
132.1 Proceed as directed in 138.1 through 138.3 of Test

124. Calculation Methods E 350.
124.1 Proceed as directed in Section 122 of Test Methods
E 350.

133. Procedure
133.1Test Solution:
125. Precision 133.1.1 Proceed as directed in 139.1.1 of Test Methods
125.1 Ten laboratories cooperated in testing this method ané 350.

obtained the data summarized in Table 12. Although a sample 133.1.2 If the sample type is other than white iron, add 40
covered by this method with copper concentration at approximL of HCI and 10 mL of HNQ, or other ratios and concen-
mately 7.50% was not available for testing, the precision daté&ations of these acids as required for the decomposition of
for specimen 6 should apply. special grades of alloys. Cover the beaker and heat as required
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until action ceases. Substitute a ribbed cover glass, and

evaporate the solution to dryness. Add 40 mL of HCI (1 + 1)

and digest until soluble salts are dissolved. Treat samples df53. Summary of Method

white iron as directed in 133.1.2.1. 153.1 Manganese ions in a sulfuric-phosphoric-nitric acid
133.1.2.1 Crush the material in an iron mortar and use onlynedium, or in this medium with perchloric acid present, are

particles passing through a No. 100 (150-um) sieve. Transfesxidized to permanganic acid by ammonium peroxydisulfate in

the sample to a 600-mL beaker. Cover the beaker and add 4Be presence of silver ions. The permanganic acid is titrated

mL of HNO3 and 10 mL of HBr. Heat cautiously to dissolve the with standard sodium arsenite solution.

sample. Substitute a ribbed cover glass, evaporate the solution

to a syrupy consistency, add 20 mL of HCI, and evaporate to

dryness. Proceed as directed in 133.1.3. 154. Interferences
133.1.3 Proceed as directed in 139.1.3 through 139.1.7 of 154.1 Elements ordinarily present do not interfere if their
Test Methods E 350. concentrations are under the maximum limits shown in 1.1.
133.2Reagent Blank-Proceed as directed in 150.2 of Test Chromium obscures the end point when more than 5 mg is
Methods E 350. present. If the sample contains between 5 and 15 mg of
133.3 Photometry—Proceed as directed in 139.3 of Test chromium, the color is compensated for by the addition of
Methods E 350. potassium dichromate solution to the solution used for stan-

dardization. When the sample contains more than 15 mg of
chromium, it is necessary to remove it by volatilization as
134. Calculation _ chromyl chloride or by precipitation with zinc oxide.
134.1 Proceed as directed in 140.1 of Test Methods E 350. 1542 Graphitic carbon interferes in the titration; therefore it
must be removed before oxidation of the manganese with

ammonium peroxydisulfate.
135. Precision

135.1 Although samples covered by this method were not
available for testing, the precision data obtained for other types 155 Apparatus
of alloys, using the methods indicated in Table 13, should 155 1 pjatinum Cones.

apply.

156. Reagents

SULFUR BY THE CHROMATOGRAPHIC 156.1 Ammonium Peroxydisulfate Solutiof250 g/L)—
GRAVIMETRIC METHOD Dissolve 25 g of ammonium peroxydisulfate [(WE5,Og)] in

. . . . t il 1 L.D lution that h
(This method, which consisted of Sections 136 through 14 ater and dilute to 100 m © not use a solution that has

. . . . tood more than 1 day.
of this standard, was discontinued in 1980.) 156.2Iron, Low in Manganese-Ydse iron with maximum

CHROMIUM BY THE PEROXYDISULFATE- manganese concentration not greater than 0.002 %.
n)—Transfer an amount of high-purity manganese of known

(This method, which consisted of Sections 144 through 15 ssay, equivalent to 1.6000 g of manganese, weighed to the

of this standard, was discontinued in 1980.) nearest 0.1 mg, to a 250-mL beaker. Add 20 mL of HNO
MANGANESE BY THE PEROXYDISULFATE- (1 +1) and heat gently to dissolve the metal and expel oxides
ARSENITE TITRIMETRIC METHOD of nitrogen. Cool, transfer to a 2-L volumetric flask, dilute to

volume, and mix.
156.4 Manganese, Standard Solution (B mL =0.0004 g
Mn)—uUsing a pipet, transfer 50 mL of manganese Solution A

152. Scope 1 _ . .
: N (1 mL =0.0008 g Mn) to a 100-mL volumetric flask, dilute to
152.1 This method covers the determination of manganese Wblume. and mi>? )
, . , .
concentrations from 0.10 to 3.50 % 156.5Mixed Acids—Slowly add 100 mL of HSO, to 525
mL of water while stirring. Cool, add 125 mL of JRO , and
TABLE 13 Statistical Information—Lead 250 mL of HNGQ;, and mix.
Test Specimen Lead Repeatability Reproducibility 156.6 Potassium Dichromate Solutiofl mL =0.001 g
Found, % (R, E173) (R E173) Cr)—Dissolve 2.830 g of potassium dichromate fBr,0;) in
1. No. 1, E 353 0.0004 0.0002 0.0003 water, transfer to a 1-L volumetric flask, dilute to volume, and
2. No. 2, E353 0.0010 0.0001 0.0005 mix.
3. No. 3, E353 0.0029 0.0004 0.0004 . . .
4. No. 4, E 353 0.0063 0.0009 0.0010 156.7Silver Nitrate Solution(8 g/L)—Reagent No. 133.
2- EO- g Eggg 8-%26 8-8222 8-82?8 156.8 Sodium Arsenite Solution @0 g/L)—Dissolve 20 g
. 0. O, . . . . . . .
7. No. 7. E 350 0217 0.010 0.049 of sodium arsenite (NaAsQ) in water, and dilute to 1 L.

156.9Sodium Arsenite Standard Solution BmL = 0.0005
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g Mn)—Dilute 100 mL of sodium arsenite Solution A (20 g/L) A

manganese present in the standardization solution, g,

to 1 L, and filter if not clear. Saturate the solution with carbon and
dioxide. Standardize as directed in 157.1.3-157.1.6. B = sodium arsenite solution required to titrate the manga-
156.10Zinc Oxide Suspensidi65 g/L)—Reagent No. 111. nese in the standardization solution, mL.

157.2For Samples Containing 5 to 15 mg of Chromium:
157.2.1 Proceed as directed in 157.1.1.

157. Procedure 157.2.2 Add 30 mL of water, 30 mL of mixed acids, and a
157.1 For Samples Containing Less Than 5 mg offew drops of HF, heat until the sample is decomposed, and boil
Chromium— to expel oxides of nitrogen. Add 50 mL of water and filter

157.1.1 Select a sample in accordance with the followingthrough a medium paper into a 500-mL Erlenmeyer flask. Wash
weigh it to the nearest 0.5 mg, and transfer to a 500-mlthe paper and residue with hot water (Note 37). Dilute to 250

Erlenmeyer flask (Note 39). mL and proceed as directed in 157.1.4 and 157.1.5.
Manganese, % sample weight, g 157.2.3 For standardization, transfer to a 500-mL Erlenm-
eyer flask approximately the same weight of iron, within 50
9it022 oo mg, as the weight of iron in the sample solution. Add 30 mL of

mixed acids. Heat until dissolution is complete, and boil to
Nore 38—If more than 0.020 g of manganese is present, somexpe| oxides of nitrogen. Using a pipet, transfer a portion of
manganese may prgmpltate as manganese dioxide during oxidation W'gﬁther (or both) manganese Solutions A (1 mL = 0.0008 g Mn)
ammonium peroxydisulfate, causing low results. or B (1L mL=0.0004 g Mn) to the iron solution; use the
157.1.2 Add 30 mL of water, 30 mL of mixed acids, and anominal amount that will cause the volume of titrant for
few drops of HF, heat until the sample is decomposed, and bodtandardization and for the sample solution to agree within 2
to expel oxides of nitrogen. Add 50 mL of water and filter mL. Add an amount of potassium dichromate solution (1
through a medium paper into a 500-mL Erlenmeyer flask. WasimL = 0.001 g Cr) that will provide a chromium content within
the paper and residue with hot water (Note 39). Dilute to 250 % of that of the sample solution. Dilute to 250 mL and
mL and proceed as directed in 157.1.4 and 157.1.5. proceed as directed in 157.1.4 through 157.1.6.

Note 39—If there is reason to suspect that the sample contains 157.3 For Samples Containing More Than 15 mg of

acid-insoluble manganese compounds, transfer the paper and residue t&"Rromium—Proceed as directed in 157.3.1 if chromium is to
platinum crucible. Dry the paper and heat at 600°C until the carbon hab€ Vvolatilized as chromyl chloride, or as directed in 157.3.2 if

been removed. Finally ignite 30 min at 1100°C, or until volatile oxidesit is to be removed by precipitation with zinc oxide.

have been driven off. Cool, add d 8 g of sodium hydrogen sulfate 157.3.1Removal of Chromium by Volatilization as Chromyl
(fused), and heat until fusion of the manganese compounds occurs. Leagih|oride:

the melt in a 250-mL beaker containing 40 mL of water. Remove the

crucible and rinse it with water. Transfer the solution to the filtrate. Note 40—The volatilization of chromium as chromyl chloride may be
used for the separation of chromium when this can be accomplished

157.1.3 For standardization, transfer to a 500-mL Erleanithout spattering and consequent loss of manganese during volatiliza-

eyer flask app"OXimf?‘teW_ the same weight _Of iron, within 50¢on. (Molybdenum and tungsten in high concentrations will precipitate
mg, as the weight of iron in the sample solution. Add 30 mL ofduring fuming, causing the physical loss just mentioned.)

mixed acids. Heat until dissolution is complete, and boil to . .

expel oxides of nitrogen. Using a pipet, transfer a portion of 12;21; z:j%ci%d af d:cr(?_icéeldén 1571‘1|-1|N daf
either (or both) manganese Solution A (1 mL = 0.008 g Mn) ord : f.H'F Heat tr'TI]thO 'I hm do S and ?h evx(/:“ "
B (1 mL =0.004 g Mn) to the iron solution; use the nominal q ro$§ 0 L C e? undl f'|te s:;:np € has ecg_mpose ’ ant fute
amount that will cause the volume of titrant for standardizationso0 O-mIinEerncr)r?eyaerr] flalsker\Na;(r)]L{c?\e Sa:;? ;génreps?gjé \';. t?] r?ot
and for the sample solution to agree within 2 mL. Dilute to 250Water (Note 38). Add 20 mL of HCIQ heat to fumes, and

mL and proceed as directed in 157.1.4-157.1.6. continue fuming until the chromium is oxidized and the white

157.1.4 Add 10 mL of AgNO; solution and 15 mL of :
(NH,),5,0 ¢ solution to the sample solution and the standard-HClO 4 vapors are present only in the neck of the flask. Add,

A . > S with care, 1.0 to 1.5 mL of HCI, allowing it to drain down the
ization solution. H:aat_ to bo.|I|ng, and boil briskly for 60 to 90 side of the flask. Make repeated additions of HCI, followed by
s. Cool to 5 to 10°C in an ice bath.

157 1 . 0-mL b . h soluti idl fuming after each addition, until most of the chromium has
57.1.5 Using a 50-mL buret, titrate each solution rapidly,een removed. Continue fuming until salts begin to separate.

with the sodium arsenite solution (1 mL =0.005 g Mn) 10 acq| cautiously add 30 mL of the mixed acids, dilute to 250
clear, yellow end point that does not change with the additiony, \yith hot water, and boil for 2 min. Proceed as directed in
of more arsenite solution. Calculate the manganese concentrge, 1 4 and 157.1.5.

tion of the sample as directed in 158 using the manganese 157.3.1.3 For standardization, transfer approximately the

equivalent found in 157.1.6. . . same weight of iron, within 50 mg, as the weight of iron in the
157_.1.6 Cal_culate the manganese equivalent of the SOd'“'g,‘ample to a 500-mL Erlenmeyer flask. Add 15 mL of HCI and
arsenite solution as follows: 5 mL of HNO,. Heat until the sample is decomposed. Using a
Manganese equivalent, g/mit A/B (18)  pipet, transfer a portion of either (or both) manganese Solution
A (1 mL =0.0008 g Mn) or B (1 mL =0.0004 g Mn) to the iron

where: solution; use the nominal amount that will cause the volume of
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titrant for standardization and for the sample solution to agreenL = 0.0008 g Mn) or B (1 mL = 0.0004 g Mn) to 30 mL of

within 2 mL. Add 10 mL of HCIQ, heat to fumes, and mixed acids; use the nominal amount that will cause the

continue fuming until salts begin to separate. Cool, cautiouslyolume of titrant for standardization and for the sample

add 30 mL of mixed acids, dilute to 250 mL with hot water, andsolution to agree within 2 mL. Boil to expel oxides of nitrogen,

boil for 2 min. Proceed as directed in 157.1.4 through 157.1.6and dilute to 250 mL with water. Proceed as directed in
157.3.2Removal of Chromium by Precipitation with Zinc 157.1.4-157.1.6.

Oxide:

Note 41—The zinc oxide procedure is used to separate chromium, 158. Calculati
iron, titanium, zirconium, tungsten, most of the molybdenum, and other - Lalculation
elements from manganese. Cobalt, nickel, and part of the copper accom- 158.1Calculate the percentage of manganese as follows:

pany manganese in the filtrate. This separation may be used for all Manganese, % [(AX B)/C] X 100 (19)
compositions covered by this method. '

157.3.2.1 Proceed as directed in 157.1.1. where: ) ) ) )

157.3.2.2 To decompose the sample, add 25 mL s8®) A = sodium arsenite solution required to titrate the manga-
(1+5) and, when the reaction ceases, 5 mL HNOr, nese in the sample, mL,

B = manganese equivalent of the sodium arsenite solution

gently until the sample and carbides have been decomposed @S detérmined in the appropriate standardization solu-

(Note 42), boil to expel oxides of nitrogen, cool, and dilute to . _ tion. and
100 mL. C = sample used, g.

alternatively, decompose in 50 mL of HN(1 + 1). Heat

Note 42—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  159. Precision

HF if necessary. Heat to decompose, then add 10 mL of HCH#Dd heat ; : : : ;
until chromium has been oxidized and carbides decomposed. Cool, dilute 153.1 Eight laboratories cooperated in tesfing this method,

to 100 mL, add enough }®, to reduce chromium, boil to remove excess Yv'th one. laboratory reporting a. secqnd pair of values in each
peroxide, cool, and proceed as directed in 157.3.2.3. instance; the data are summarized in Table 14.

157.3.2.3 Dilute to 100 mL, filter through a medium paper 159.2 Six laboratories cooperated in testing this method

. i . using a test specimen for which removal of chromium was
into a 500-mL Erlenmeyer flask. Wash the paper and reSIOIuFequired; the data are summarized in Table 15. Acid insoluble
with hot water (Note 39).

157.3.2.4 Nearly neutralize the solution with MBH, but do manganese was present and was treated in accordance with

not precipitate hydroxides. Add ZnO suspension in portions Oplote 39.

about 5 mL until the iron is precipitated and a slight excess of

ZnO is present. Shake thoroughly after each addition of thePHOSPHORUS BY THE ALKALIMETRIC METHOD
precipitant and avoid a large excess (Note 38). Allow the

precipitate to settle. With the aid of suction, filter the solution

through a coarse 15-cm paper supported on a cone. Transfer thgq Scope

filtrate from the suction flask to a 600-mL beaker. Wash the 160 1 This method covers the determination of phosphorus
precipitate thoroughly with cold water. Add 30 mL of the ;, oncentrations from 0.02 to 0.90 %.

mixed acids to the filtrate and reserve the filtrate.

Note 43—When sufficient ZnO has been added, further addition of the
reagent causes the brown precipitate to appear lighter in color upo61. Summary of Method
thorough shaking. A sufficient excess is indicated by a slightly white and  161.1 Phosphorus is separated as ammonium phosphomo-
milky supernatant liquid. lybdate. The precipitate is dissolved in standard NaOH solu-
157.3.2.5 Transfer the filter paper containing the ZnCtion, and the excess NaOH is titrated with standard HNO
precipitate to the 500-mL Erlenmeyer flask, and add 25 mL of
H,SO, (1 +5). Macerate the paper and dilute the solution to
about 100 mL. Repeat the ZnO separation, proceeding ak52. Interferences
directed in 157.3.2.3, and transfer the filtrate from the suction 162.1 To avoid retardation of the formation of the precipitate
flask to the filtrate reserved in 157.3.2.4. Boil, dilute to 250and its contamination by vanadium, the latter is reduced to the
mL, and proceed as directed in 157.1.4 and 157.1.5. quadrivalent state and the precipitation is performed at 10 to
157.3.2.6 For standardization, using a pipet transfer &0°C.
portion of either (or both) manganese Solution A (1 162.2 To eliminate interference of silicon, HF is added

TABLE 14 Statistical Information—Manganese

Test Specimen ManganeseFound, %* Repeatability (R, E 173) Reproducibility (R,, E 173)
1. White iron (NBS 3a, 0.048 Cr, 0.317 Mn) 0.311 0.008 0.048
2. Cast iron (NBS 4i, 0.104 Cr, 0.793 Mn) 0.799 0.021 0.061
3. Cast iron (BCS 236/2, 0.03 Cr, 1.14 Mn) 1.16 0.02 0.06
4. No. 4, E 350 1.89 0.03 0.06

“ARemoval of chromium not required.
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TABLE 15 Statistical Information—Manganese (Chromium Removal Procedure)

) Chromium Removal Manganese Found, %, by Laboratory No. Average
Test Specimen
Procedure 1 2 3 4 5 6 Mn, %
1. Cast iron 13 Ni-4Cr-5Cu (BCS volatilization 0.831 0.815 0.820 0.810 0.850 0.826
173/1, 0.82 Mn)
volatilization 0.831 0.819 0.820 0.841
precipitation 0.819 0.813 0.810 0.820 0.817
precipitation 0.820 0.820 0.820

during dissolution of samples containing silicon in concentra- o
tions greater than 0.5 %. B phosphorus equivalent of the NaOH solution, and
162.3 The interference of arsenic, which is insignificant at C HNO; solution, mL.

levels as high as 0.1 %, may be avoided by precipitating the 164.4 Phenolphthalein Indicator Solution-Reagent No.
phosphorus at 10 to 20°C and increasing the time allotted for17.

NaOH solution, mL,

the precipitate to form. ~ 164.5Potassium Nitrate Solutiofi0 g/L)— Dissolve 10 g of
_ 162.4 Graphitic carbon must be removed before precipitatpotassium nitrate (KNG) in water, dilute to 1 L, and mix.
ing the phosphorus. 164.6 Potassium Permanganate Soluti¢®5 g/L)— Dis-

solve 26 g of potassium permanganate (KMh@ water,
163 A . dilute to 1 L, and mix.
- Apparatus. - . . 164.7 Sodium Hydroxide, Standard Solution1
163.1Funnel, Hirsch Porcelains6-mm plate diameter and ) — 5nnroximately 0.00013 g P)—Transfer 4.0 g of sodium
94-mm top diameter. Place a 5.5-cm fine qualitative, Smomhhydroxide (NaOH) to a 1-L volumetric flask, and dissolve in

surface_ filter paper, over the perfora.ted filter plate. P!ace fteshly boiled water that has been cooled to room temperature.
11-cm fine quallta_tlve, r'ough-surface f|It_er paper, or eqUIVaI‘,mtDiIute to volume with the boiled water and mix. Standardize
on the funnel, moisten it with 'KNg)squtpn, and then Press It ihe solution as follows: Transfer to a 300-mL Erlenmeyer flask
gently into the funnel so that its center lies flat against the f'rsb.SOOO g of the National Bureau of Standards standard sample
paper. Fold the edge of the paper in a fluted manner and pregg 1o ssjum acid phthalate (KHB ,O,) previously dried for

it against the sides of the funnel. Add enough filter paper pul, 4t 105°C. Add 100 mL of freshly boiled water that has been
to cover the flat center of the filter paper. cooled to room temperature and 3 drops of phenolphthalein

163.2 Funnel, Glass, 60°jitted with a 25-mm diameter j,qicator solution. Swirl to dissolve the salt. Titrate with the
perforated porcelain filtering disk. Place a 5.5-cm fine qualltaNaOH solution until 1 drop produces a pink color. Calculate
tive, smooth-surface filter paper, over the perforated platey,o phosphorus equivalent as follows:

Place an 11-cm fine qualitative, rough-surface filter paper, on

the funnel, moisten it with KNQ solution, and then press it Phosphorus equivalent, g P/mL (1)
gently into the funnel so that its center lies flat against the first = A X (0.0013478B) < 0.2042

paper. Fold the edge of the paper in a fluted manner and Press, re:

Lt agalnstt;[]heﬂs?es otf thefftl;]nnfe_zllt. Add enough filter paper pulpA ~ potassium acid phthalate, g, and

o cover the flat center of the filter paper. B = NaOH solution, mL.

164. Reagents

164.1 Ammonium Molybdate Solution (Acidic)Reagent 165. Procedure

No. 102. Filter just prior to use. 165.1 Select and weigh a sample to the nearest 5 mg in
164.2Ferrous Sulfate Solutio(.00 g/L)y—Dissolve 100 g of accordance with the following:

ferrous sulfate heptahydrate (Fes@H,0) in 1 L of H,SO, Phosphorus, % Sample Weight, g

(5+95). _ 0.01 0 0.10 2.0
164.3Nitric Acid, Standard1 mL = approximately 0.00013 0.10 to 0.25 1.0

g P)—Transfer 6.3 mL of HNQto a 1-L volumetric flask 0.25 10 0.90 0.5

Containing 500 mL of water. Dilute to volume, and mix. Transfer the Samp|e to a 300-mL Er|enmeyer flask.
Standardize the solution as follows: Using a pipet, transfer 20 155 2 Carry a reagent blank through the entire procedure

mL of NaOH standard solution (1 mL = approximately ,sing the same amounts of all reagents, with the sample
0.00013 g P), described in 164.7, to a 125-mL Erlenmeyepmitted.

flask. Add 3 drops of phenolphthalein indicator solution and 165.3 If the sample is other than a white iron, add 100 mL

titrate with the HNQ until 1 drop causes the pink color 10 ¢ N, (1 + 3) and, if the silicon concentration is greater than

disappear. Calculate the phosphorus equivalent as follows: 0.5 %, 3 to 5 drops of HF. Treat samples insoluble in HNO

P hosphorus equivalent, g Pim= (A X B)/C (20) (1 +3) as directed in 165.4; treat samples of white iron as
directed in 165.5. When the sample is decomposed, add

where: KMnO, solution dropwise, while heating the solution, until a
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permanent, brown precipitate forms. Boil the solution 3 min.solution, transferring all the precipitate to the filter. Wash the
Add H,SGO; dropwise until the precipitate dissolves, and boil 3filter paper 12 to 15 times with a total volume of approximately
min to expel oxides of nitrogen. If graphitic carbon or other 100 mL of KNG, solution (Note 45). Discard the filtrate.

mSOIUb.Ie material is present, filter through an 11-cm coarse Note 45—Analysts not having experience with this method should
paper into a 300-mL Erlenmeyer flask. Wash the flask ang,yjiarize themselves with the proper washing technique. Blanks ob-

paper several times with hot water, discard the precipitat&ained by the method as written should not be measurable provided the
Adjust the volume to 100 mL, and cool to room temperaturereagents are of the quality specified in Practices E 50.

1654 If the sample is not soluble in HN@L + 3), dissolve 165.9 Return the precipitate and the filter papers to the flask,
it with HNO3 and HCI; if the silicon concentration is greater 5,4 add 50 to 75 mL of freshly boiled water that has been
than 0.5 %, add 3 to 5 drops of HF. Heat, as required, o hastelygjeq to room temperature. Shake the flask to break up the
dissolution. When the sample is decomposed, add 15 ML Qfter paper. Using a 25-mL buret, or a 50-mL buret for samples
HCIO,, heat to fumes, and evaporate nearly to'dryness. Coobontaining more than 0.5 % phosphorus, add enough NaOH
add 75 mL of HNG; (1 + 3), and heat at 90°C until the salts are ganqard solution to dissolve the precipitate. Stopper the flask
dissolved. Add KMnQ solution dropwise, while heating the o et stand, shaking or swirling the flask occasionally, until a

solution, until a permanent, brown precipitate forms, and boil.pange in color from yellow to white or almost white is noted:
3 min. Add H,SO; dropwise until the precipitate dissolves, and (han add 2 mL in excess. Add 3 drops of phenolphthalein

boil 3 min to expel oxides of nitrogen. If graphitic carbon or jngicator solution, and shake. Record the buret reading.
other insoluble matter is present, filter through an 11-cm coarse 165 10 Remove and rinse the stopper. Dilute the solution to

paper into a 300-mL Erlenmeyer flask. Wash the flask anqgg i with freshly boiled water which has been cooled to
paper several times with hot water. Discard the precipitate,,,m temperature, and add 3 drops of phenolphthalein indica-
adjust the volume to 100 mL, and cool to room temperature.io sqjytion. Using a 25-mL buret, titrate the excess NaOH with

165.5 If the sample is awhi_te iron, crush it in an iron mortar,e HNO, standard solution until 1 drop causes the disappear-
and use only particles passing through a No. 50 (297-uM)nce of the pink color. Record the buret reading.
sieve. Proceed as directed in 165.1 and 165.2, and then add 30

mL of HNO3 and 10 mL of HBr. Heat cautiously to dissolve the

sample. Add 3 to 5 mL of HF and 15 mL of HC|Oheat to 156 calculation

fumes, and evaporate nearly to dryness. Cool, add 75 mL of 1456 1 calculate the percentage of phosphorus as follows:

HNO _ (1 + 3), and heat at 90°C until the salts are dissolved.

Add KMnO, solution dropwise, while heating the solution, P hosphorus, %= (AB— CD) g (EB-FD) X 100 (22)

until a permanent, brown precipitate forms, and boil 3 min.

Add H,SO ; dropwise until the precipitate dissolves, and boil \yhere:

3 min to expel the oxides of nitrogen. If insoluble matter is A

present, filter through a coarse paper into a 300-mL ErlenmeyeB

flask. Wash the flask and the paper several times with hot wateiC

Discard the precipitate, adjust the volume to 100 mL, and coolD

to room temperature. E
165.6 While swirling the flask, slowly add 20 mL of NAH F

for a 0.5 or 1-g sample, or 17 mL of N@H for a 2-g sample,

so that no precipitate forms (Note 44). Adjust the temperature

to 45°C.

NaOH solution used for the sample (165.9), mL,
phosphorus egivalent of the NaOH solution,

HNO; solution required by the sample (165.10), mL,
phosphorus equivalent of the HNGolution,

NaOH solution used for the blank, mL,

HNO; solution required by the blank, mL, and
sample used, g.

_ . _ 167. Precisiod®
Note 44—The quantity of NHOH specified should resultin a pH of 167 1 Njine laboratories cooperated in testing this method

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 beand obtained the data summarized in Table 16. Although

exercised in the dissolution step to prevent excessive loss of acid. An

excessive amount of NJOH will precipitate iron as ferric hydroxide. —

Failure to carefully control the acidity will retard the precipitation of the _'* Supporting data are available from ASTM Headquarters. Request RR:E03-
ammonium phosphomolybdate. 1002.

165.7 Add 40 mL of ammonium molybdate solution, stopper

the flask, and shake 10 min on a mechanical shaker. If the TABLE 16 Statistical Information—Phosphorus

vanadium concentration is less than 0.1 %, allow the precipi- Phos- Repeat- Repro-
. . Total Specimen phorus ability Qumbll-

tate t(_) _settle_ at least 20 min _at room tempgrature. for samples Found, (R,, ity (R
containing higher concentrations of vanadium, cool the solu- % E 173) E 173)
tion to 10 to 20°C, add 5 mL of ferrous sulfate solution and 2 1. No. 1, E 353 0.017 0.001 0.006
to 3 drops of HSQ;, and allow the precipitate to settle at least 2 No. 2, E 353 0.017 0.004 0.007
20 min at 10 to 20°C 3. No. 3, E 353 0.024 0.003 0.011
- s ) ) ) ) 4. No. 4, E 353 0.024 0.003 0.009

165.8 Filter the solution with the aid of suction using a s. No. 5, E 350 0.045 0.003 0.009
Hirsch porcelain crucible (163.1) or a glass funnel fitted with a & Castiron (NBS 4j, 0.17 P) 0.166 0.007 0.012
7. No. 6, E 350 0.274 0.017 0.017

perforated porcelain filtering disk (163.2). Rinse the flask 3 t0 g cagt iron (NBS 79, 0.794 P) 0.783 0.031

0.048
5 times with a total volume of approximately 40 mL of KNO
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samples at the lower end of the scope were not tested, thHwving a crosslinkage of 8 % and a 200 to 400 nominal mesh
precision data obtained for other types of alloys using thesize!® To remove those beads greater than 180-um in diameter
methods indicated in Table 16 should apply. as well as the excessively fine beads, treat the resin as follows:
Transfer a supply of the resin to a beaker, cover with water, and
allow sufficient time (at least 30 min) for the beads to undergo

maximum swelling. Place a No. 80 (180-um) screen, 150 mm

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
screen, using a small stream of water. Discard the beads
retained on the screen, periodically, if necessary, to avoid

NICKEL BY THE DIMETHYLGLYOXIME
GRAVIMETRIC METHOD

168. Scope o _ ~ undue clogging of the openings. When the bulk of the collected
168.1 This method covers the determination of nickel inresin has settled, decant the water and transfer approximately
concentrations from 0.1 to 36.00 %. 100 mL of resin to a 400-mL beaker. Add 200 mL of HCI

(1 + 19), stir vigorously, allow the resin to settle for 4 to 6 min,
decant 150 to 175 mL of the suspension, and discard. Repeat
169. Summary of Method the treatment with HCI (1 + 19) twice more, and reserve the
169.1 Nickel dimethylglyoximate is precipitated by adding coarser resin for the column preparation.
an alcoholic solution of dimethylgloxime to a solution of the  172.2.2 Prepare the column as follows: Place a 10- to 20-mm
sample containing ammonium citrate. A second precipitation isayer of glass wool or poly(vinyl chloride) plastic fiber in the
performed to purify the precipitate prior to drying and weigh-pottom of the column, and add a sufficient amount of the
Ing. prepared resin to fill the column to a height of approximately
169.2 Alternatively, nickel and manganese are separatei40 mm. Place a 20-mm layer of glass wool or poly(vinyl
from other alloying elements by anion exchange in hydrochlochloride) plastic fiber at the top of the resin bed to protect it
ric acid to eliminate the need for the first precipitation with from being carried into suspension when the solutions are
dimethylgloxime. This separation must be used when cobalt iadded. While passing a minimum of 100 mL of HCI (3 + 1)
present in concentrations greater than 0.5 % and may be usegtough the column, with the hydrostatic head 100 mm above
for all other samples. Nickel dimethylglyoximate is precipi- the top of the resin bed, adjust the flow rate, by means of the
tated by adding dimethyglyoxime to the eluate; the precipitatgipper stopcock, to not more than 3.0 mL/min. Drain to 5 to 10

is filtered, dried, and weighed. mm above the top of the resin bed and then close the lower
stopcock.
172.3 Dimethylglyoxime Solution in Alcohdll0 g/L}—
170. Interferences Reagent No. 104.

170.1 Cobalt, copper, and manganese are present in the
divalent state and consume dimethylglyoxime, making it nec-
essary to add an excess of the precipitant over that required t0173. Procedure
precipitate nickel. When the anion-exchange separation is 173.1Double Precipitation:
used, manganese is present in the solution from which nickel is 173.1.1 Select and weigh a sample in accordance with the
precipitated, and an excess of the precipitant is required.  following:

Tolerance in Sample

Nickel, % Sample Weight, g Weight, mg
171. Apparatus 011010 30 10
'171.1 Anion-Exchange Columrapproximately 25 mm in 1010 5.0 10 05
diameter and 300 mm long, tapered at one end, and provided 5.0 to 10.0 0.5 0.2
with a stopcock to control the flow rate, and a second, lower ;8-8 :3 gg-g 2-55 8-;

stopcock to stop the flow. Apparatus No. 8 may be adapted to _
this method. A reservoir for the eluants may be added at the top Transfer it to a 600-mL beaker.

of the column. 173.1.2 If the sample is other than white iron, add 60 mL of
171.2 Filtering Crucibles, fritted glass, 30-mL, medium HCI (1 +1) and 10 mL of HNQ. Heat to dissolve the sample

porosity. and boil to expel oxides of nitrogen. Cool the solution and add
171.3pH Meter—Apparatus No. 3A. 30 mL of HCIQ,. Heat to strong fumes of HCICand continue

fuming for 5 min. Cool, and dilute to 100 mL with water. Treat
samples of white iron as directed in 173.1.3.
172. Reagents 173.1.3 If the sample is a white iron, crush it in an iron
172.1Ammonium Citrate Solutio(00 g/L}—Dissolve 200 mortar and weigh only particles passing through a No. 100
g of diammonium hydrogen citrate [(NBHCH<O-] in 600 (150-um) sieve. Transfer the sample to a 250-mL beaker, and
mL of water. Filter and dilute to 1 L. add 20 mL of HNQ and 20 mL of HBr. Cover the beaker and
172.2 Anion Exchange Resin:
172.2.1 Use an anion exchange resin of the alkyl quaternary o poyex 1, manufactured by the Dow Chemical Co., Midland, M, has been
ammonium type (chloride form) consisting of spherical beadsound satisfactory.
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heat cautiously to dissolve the sample. Cool, rinse the covesolumn and open the bottom stopcock. Transfer the solution
glass, add 30 mL of HCIQ and heat to strong fumes of from 173.2.5 to the column. Allow the sample solution to drain
HCIQ,. Continue fuming for 5 min. Cool, and dilute to 100 mL to 5 to 10 mm from the top of the resin bed. Rinse the 250-mL
with water. beaker with a 5-mL portion of HCI (3 + 1) and transfer the
173.1.4. Filter the solution obtained in 173.1.2 or 173.1.3insing to the column. When it has drained to 5 to 10 mm above
through an 11-cm coarse paper into a 600-mL beaker. Transfé¢he resin bed, add a second 5-mL rinse portion from the
any insoluble matter to the paper with hot HCI (5 + 95). Wash250-mL beaker. Repeat this operation 3 more times, and allow
the beaker and paper alternately with hot HCI (5 + 95) and hothe level to drop to 5 to 10 mm above the resin bed before
water until iron salts are removed. Finally, wash the paper &dding the next. Add sufficient HCI (3 + 1) at the top of the
times with 5-mL portions of hot water. Discard the residue. Ifcolumn to collect a total of 200 mL in the 600-mL beaker.
the nickel concentration is greater than 20 %, transfer thé€lose the lower stopcock and reserve the solution.
filtrate from the beaker to a 200-mL volumetric flask, dilute to 173.2.8 Precondition the column for the next sample as
volume, and mix. Using a pipet, transfer a 20-mL aliquot to afollows: Open the lower stopcock. Drain any remaining solu-
600-mL beaker and add 10 mL of HCI. tion in the column to 5 to 10 mm from the top of the resin bed.
173.1.5 Add 200 mL of water and 20 mL of ammonium Add HCI (1 +19) in 50-mL increments until iron has been
citrate solution. Using a pH meter, adjust the pH to at least 7.®luted and the eluate is visibly free of color (approximately 300
with NH,OH. Acidify the solution with HCI to pH 6.3+ 0.1.  mL). Drain the solution to 5 to 10 mm from the top of the resin
173.1.6 Add 10 mL of the dimethylglyoxime solution plus an bed and close the lower stopcock. If the column is not to be

additional 0.4 mL for each milligram of nickel, manganese,used immediately, cover, and store. If another sample solution
cobalt, and copper present. is to be put through the column, proceed as directed in 173.2.6.

173.1.7 Using a pH meter, adjust the pH to 740.1 with 173.2.9 Heat the solution reserved in 173.2.7 to boiling and

NH,OH. Remove the electrodes and rinse with water. Heat g@vaporate to 60 mL to remove excess HCI. If the sample
50 to 70°C for 30 min. Let stand for at ldash at 20 to25°C.  contains less than 20 % nickel, cool and dilute to 200 mL. If
173.1.8 Filter using a 12.5-cm coarse paper. Wash 5 to the sample contains more than 20 % nickel, cool, transfer the
times with cold water. Transfer the paper and precipitate to th&olution to a 200-mL volumetric flask, add 20 mL of HCI,
original beaker. Moisten a small piece of filter paper, use it tofilute to volume, and mix. Using a pipet, transfer a 20 mL
remove any precipitate adhering to the funnel, and place it iliquot to a 600-mL beaker, and dilute to 200 mL with water.
the original beaker. 173.3 Add 10 mL of ammonium citrate solution and 10 mL
173.1.9 Add 30 mL of HNQ and 15 mL of HCIQ. of HCI. Using a pH meter, adjust the pH to at least 7.5 with
Evaporate to strong fumes and continue fuming for 5 min. CooNH4OH. Remove and rinse the electrodes with water, collect-
and add 50 mL of water. ing the rinsings in the original begker._ _ _
173.1.10 Filter through an 11-cm coarse paper into a 600-mL 173.4 A‘?‘d 2 mL of H,Cl and, W,h'le stirring the.s:olutlon, add
beaker. Wash the paper 5 times with HCI (5 + 95) and 3 time 0 mL of dimethylglyoxime solution plus an additional 0.4 mL

with water. Dilute the filtrate to 200 mL with water and proceed!0f €ach milligram of nickel present. If the separation was
as directed in 173.3-173.7. made by anion-exchange, add an additional 0.4 mL for each

milligram of manganese present.
173.5 Using a pH meter, adjust the pH to 7.4 + 0.1 with

. L NH,OH. Remove and rinse the electrodes with water. Heat at
173.2.2 If the sample is other than white iron, proceed agq '?o 70°C for 30 min and allow to stand for at ledsh at 20

directed in 173.1.2. o
. Lo . .to 25°C.
173.2.3 If the sample is a white iron, proceed as directed in" 173 & \vith the aid of suction, filter using a weighed (Note

173.1.2, but dilute with only 50 mL of water. 46) fritted glass crucible. Wash the beaker and precipitate 6
173.2.4 Filter the solution obtained in 173.2.2 or 173.2.3;jmes with cold water.

through an 11-cm coarse paper, collecting the filtrate in a
250-mL beaker. Transfer any insoluble matter to the paper with Note 46—Heat the crucible at 150°C, and cool in a desiccator before
hot HCI (5 + 95). Wash the paper alternately with hot water andV€'ghing.
hot HCI (5 + 95) until iron salts are removed. Finally, wash the 173.7 Dry at 150°C at lea$ h to constant weight. Cool in
paper 3 times with 5-mL portions of hot water. Discard thea desiccator and weigh.
residue.
173.2.5 Carefully evaporate to dryness at moderate heat to
avoid spattering. Cool, add 10 mL of HCI, and evaporate tal74. Calculation
dryness. Cool, add 20 mL of HCI (3 + 1) and heat, if necessary, 174.1 Calculate the percentage of nickel as follows:
to dissolve salts, but avoid loss of HCI by overheating or ' (A — B) X 0.2032
prolonged heating. Nickel, % = ———=——— X 100 (23)
173.2.6 Precondition the ion-exchange column with 50 mL
of HCI (3 + 1), and adjust the flow rate by means of the upperwhere: ) o
stopcock to not more than 3.0 mL/min. Allow the acid to drain A weight of crucible and precipitate, g,
to 5 to 10 mm from the top of the resin bed. weight of crucible, g, and .
173.2.7 Place a clean 600-mL beaker under the ion-exchangg sample represented in the final test solution, g.

173.2 Anion-Exchange Separation:
173.2.1 Proceed as directed in 173.1.1.
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180.2 Anion-Exchange Columrapproximately 25 mm in
diameter and 300 mm long, tapered at one end, and provided

175. Precision with a stopcock to control the flow rate, and a second, lower

175.1 Eight laboratories cooperated in testing this methodtopcock to stop the flow. Apparatus No. 8 may be adapted to
and obtained the data summarized in Table 17. Although #his method. A reservoir for the eluants may be added at the top
sample covered by this method with a nickel concentration abf the column. However, the eluants must be added as
approximately 36 % was not available for testing, the precisiordescribed in 183.1.4.
data for specimen 3 should apply.

NICKEL BY THE ION EXCHANGE-ATOMIC 181. Reagents

181.1Anion Exchange Resin:
ABSORPTION METHOD ) .
SO © © 181.1.1 Use an anion-exchange resin of the alkyl quaternary

ammonium type (chloride form) consisting of spherical beads
having a cross-linkagef® % and 200 to 400 nominal mesh
176. Scope o _ _ size® To remove those beads greater than about 180-um in
176.1 This method covers the determination of nickel ingiameter as well as the excessively fine beads, treat the resin as
concentrations from 0.005 to 1.00 %. follows: Transfer a supply of the resin to a beaker, cover with
water, and allow at least 30 min for the beads to undergo
maximum swelling. Place a No. 80 (180-um) screen, 150 mm
177. Summary of Method _ _ in diameter over a 2-L beaker. Prepare a thin slurry of the resin
177.1 Nickel is separated from interfering elements by,nq pour it onto the screen. Wash the fine beads through the
elution from an anion exchange column using a hydrochloriGereen using a small stream of water. Discard the beads
acid solution. The eluate is aspirated into the air-acetylen@siained on the screen periodically to avoid undue clogging of
fIame.. Spectral energy at 2320A from a nickel hoIIow-cathode[_he openings. When the bulk of the resin has settled in the 2-L
tube is passed through the flame and the absorbance i3aker, decant the water and transfer approximately 100 mL of
measured. The spectrophotometer is calibrated with knoWpssin to a 400-mL beaker. Add 200 mL of HCI (1 +19) and stir
concentrations of nickel. vigorously, allow the resin to settle for 4 to 6 min, decant 150
to 175 mL of the suspension, and discard. Repeat the treatment

. with HCI (1 + 19) twice more and reserve the coarser resin for
178. Concentration Range the column preparation.

178.1 The recommended concentration range is from 0.001 1g4 1 2 Prepare the column as follows: Place a 10 to 20-mm

to 0.010 mg of nickel per mL of solution. layer of glass wool or poly (vinyl chloride) plastic fiber in the
bottom of the column, and add a sufficient amount of the
prepared resin to fill the column to a height of approximately
179. Interferences o , 140 mm. Place a 20-mm layer of glass wool or poly (vinyl
179.1 The elements ordinarily present do not interfere ifoorige) plastic fiber at top of resin bed to protect it from being
their concentrations are under the maximum limits shown in.gyieq into suspension when the solutions are added. Add 100
11. to 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.

180.1 Atomic Absorption Spectrophotomet@&apable of Trigslf.ngfClJ(gCl)’ ;tgpi?éﬁels?étt:galggg %Oiinrinn?ug;) to a
resolving the 2320 A Iin(_a, .equ@pped with a ni_ckel hollow- 456.mL beaker. Add 50 mL of HNQO(1 + 1), cover and heat
cathode tube whose radiation is modulated W'.th a detecm}gently until dissolution is complete. Remove cover and evapo-
system tuned to the same frequency and with a premi ate to dryness slowly to prevent loss of spattering. Cool, rinse
des of beaker with water, add 10 mL HCI, and evaporate to

air-acetylene burner. The performance of the instrument mu%.l;-
ryness. Perform the rinse and evaporation procedure twice.

be such that the upper limit of the concentration range (0.01
mg/mL) produces an absorbance of 0.350 or higher, and &ool, add 50 mL of HCI (1 + 1). Warm gently to dissolve salts
and dilute to 300 mL with water. Transfer solution to a 1-L

calibration curve whose deviation from linearity is within the
volumetric flask, dilute to volume with water, and mix. Using

limits defined in 182.3.
TABLE 17 Statistical Information—Chromium a pipet, transfer 20 mL to a 200-mL volumetric flask. Dilute to
volume with water, and mix.

180. Apparatus

. Repeat- Repro-
Nickel ability ducibil- . . o ,
Test Specimen Found, (R ity (R Note 47—Prepare the dilute nickel standard solution immediately
% E171’3) E17§5 before preparation of the calibration solution described in 182.1 to
: - maintain proper concentration.
1. Castiron (NBS 7g, 0.121 Ni) 0.115 0.006 0.006
2. Ni-Cr cast iron 1 Ni - .3 Cr (NBS 1.22 0.05 0.06
82b, 1.22 Ni)
3. Ductile iron (NBS 341, 20.32 Ni) 20.31 0.20 0.20

182. Preparation of Calibration Curve

27



Ay E 351

182.1Calibration Solutions-dsing pipets, transfer 0, 1, 3, Dilu- HCl
5, 7, 10, and 15 mL of nickel solution (1 mL = 0.1 mg Ni) to Toler- tion _ @+
100-mL volumetric flasks. Add 20 mL of HCI (1 + 1), dilute to ate /;:zr un';t crel Final
volume with water, and mix. Do not use solutions that have Sample  Sample ara- Re- Dilu- Dilu-
stood more than 2 h. Nickel, Weight, Weight, tion, quired, tion, tion,

182.2Photometry: ” ’ mo m m m m

182.2.1 With the nickel hollow-cathode tube in position, 0-005

energized and stabilized, locate the wavelength setting in th%_é‘zs 1o ot 2 0 ° 2
vicinity of 2320 A that gives the maximum response of the 0.020
detector system. 0 0.10 1.0 0.1 100 0 20 100
. . - 0.10
182.2.2 Light the burner, allow it to reach thermal equilib- 050 1.0 0.1 100 20 15 100
rium, and adjust the instrument to zero while aspirating water.0-40
to 1.00 1.0 0.1 100 10 20 100

Aspirate the nickel solution with the highest concentration
from the series prepared as directed in 182.1 and adjust the Transfer it to a 400-mL beaker.
height of the burner, the air and fuel pressures and their flow 183.1.2 If the sample is other than white iron, add 25 mL of
rates, the aspiration rate of the solution, and the position of theINO5 (1 + 4). Cover the beaker and warm gently to dissolve.
capillary to obtain maximum response. Rinse the sides of the beaker with water. Add 10 drops of HF,
5 mL of HCI, and 15 mL of HCIQ. Evaporate to dryness,
Earefully and with moderate heat to avoid spattering. Cool,
rinse sides of beaker with water, add 10 mL of HCI, and
182.2.3 Aspirate the nickel solution used in 182.2.2 aevaporate to dryness carefully and with moderate heat. Cool,
sufficient number of times to establish that the absorbancadd 20 mL of HCI (3 + 1), warm gently to dissolve salts, and
reading is not drifting. Record six readings and calculate theool to room temperature.
standard deviatiors, of the reading as follows:

Note 48—Recalibration is required whenever these parameters ar
changed.

Note 49—If precipitation remains after recommended procedures,

s=(A—-B)x0.40 (24) filter the solution through glass wool placed in a funnel of the ion
exchange column. Add all the rinsings and the eluant through this funnel
where: to the column.
A = the highest of the six values found, and . . o .
B = the lowest of the six values found. 183.1.3 If the sample is a white iron, crush it in an iron

mortar and weigh only particles passing through a No. 100
&150—pm) sieve. Transfer the sample to a 400-mL beaker, and
add 20 mL of HNQ@ and 20 mL of HBr. Cover the beaker and
eat cautiously to dissolve the sample. Cool, rinse the cover
lass, add 30 mL of HCIQ and heat to strong fumes of

182.2.4 Beginning with the solution to which no nickel was
added in 182.1, aspirate each calibration solution in turn an
record its absorbance. If the value for the solution with th
highest concentration differs from the average of six values
recorded in 182.2.3 by more than twice the standard deviatiory, ;

s, or by more than 0.01 multiplied by the average of the six ClO,. Evaporate to dryness, carefully and with moderate
' ' heat. Cool, rinse sides of beaker with water, add 10 mL of HCI,

values, whichever is greater, repeat the measurement. If this

value indicates a trend or drift, determine the cause (forand evaporate to dryness, carefully and with moderate heat.

example, deposit in the burner or clogged capillary), correct itgﬁgI(’:ggldtgor(:g'r‘notfe;?e(;gj rle) (V[lll?);renf(%mly to dissolve salts,
and repeat Fhe s_teps as directed in 182.2.1-182.2.4. 183.1.4 Place a clean 400-mL beaker under the ion-exchange
182.3 Calibration Curve—Plot the net absorbance values ., mn_ Transfer the solution obtained in 183.1.2 or 183.1.3 to
against milligrams of nickel per mL on rectangular coordinatehe cojumn and open the lower stopcock. When the solution
paper. Calculate the deviation from linearity of the curve 8%eaches a level of 10 to 20 mm above the resin bed, rinse the

follows: original beaker with 5 to 6 mL of HCI (3 + 1) and transfer the

Deviation from linearity= (C — D)/E (25)  rinsings to the column. Repeat this at 2-min intervals until the
where: beaker has been rinsed four times. Wash the upper part of the
c absorbance value for 0.015 mg Ni/mL, column with HCI (3 +1) 2 or 3 times and allow the level to

drop to 10 to 20 mm above the resin bed each time. Maintain
the flow-rate at not more than 3.0 mL/min and add HCI (3 + 1)

the column until a total of 200 mL has been collected.

serve the solution.

183.1.5 Precondition the column for the next test solution as
follows: Open the stopcock. Drain the remaining solution in

the column 10 to 20 mm above the top of the resin. Add in

50-mL increments, HCI (1 + 9) until the iron has been eluted,
and the eluate is visibly free of color (Note 31). When the

D
E

absorbance value for 0.010 mg Ni/mL, and

absorbance value for 0.005 mg Ni/mL. ‘
If the calculated value is less than 0.60, correct the indicateé)

; . . e

malfunction or maladjustment of instrument or hollow-cathode

tube and repeat the calibration.

183. Procedure

183.1Test Solution: column is free of iron, drain the solution to 10 to 20 mm above
183.1.1 Select and weigh a sample in accordance with thehe top of the resin and close the stopcock. If the column is not
following: to be used immediately, cover and store. If it is to be used
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immediately, pass 100 mL of HCI (3 + 1) through the column, TABLE 18 Statistical Information—Chromium

and proceed as directed in 181.1.2. Nickel Repeat- Repro-
Note 50—Approximately 300 mL of HCI (1 + 9) are required. Test Specimen Fot'/:d’ Z?%;Z) E;z(%)
183.1.6 To the eluate obtained in 183.1.4, add 30 mL of T N1 E 3% 50053 5002 5002
HNO _ and evaporate to approximately 100 mL. Add 20 mL of 5y, 2 E 350 0.055 0,002 0.007
HNO, and 15 mL of HCIQ. Evaporate to dryness and cool. If 3. Cast Iron (NBS 7g, 120 Ni) 0.122 0.009 0.015
the nickel content is greater than 0.10 % (183.1.1) add 20 ng: ('\‘:Zs‘t‘~"'in3g\|088 622 1,07 N 2:3%7 8:8;3 8:828

HCI (1 + 1) and warm to dissolve salts. Cool to room tempera
ture, and transfer to a 100-mL volumetric flask. Dilute to
volume with water, and mix. If no dilution is necessary, add the
amount of HCI (1 + 1) listed in 183.1.1, and warm gently to TIN BY THE SOLVENT EXTRACTION—ATOMIC
dissolve salts. Cool to room temperature, and transfer to ABSORPTION METHOD
appropriate volumetric flask (183.1.1). Dilute to volume with
water, and mix.
183.2 Prepare a reagent blank by treating the same amourit86. Scope
of all reagents as directed in 183.1.1-183.1.6, but omitting the 186.1 This method covers the determination of the tin in the
sample. Use reagents from the same lots for blank and tesange from 0.002 to 0.10 %.
solutions.
183.3 Photometry-Aspirate and record the absorbance of
the reference, calibration, test, and reagent blank solutions. 187. Summary of Method

) 187.1 Tin is extracted from a dilute hydrochloric acid
Note 51—After each group of four or fewer test solutions and reagent,

blank solutions has been aspirated, apply the test with the standam‘f’jolutlon of the sample, containing ascorbic acid and potassium

solution as directed in 182.2.4 depending on the concentration range. 'IPd'de' ,'mo a solution of trioctylphosphine OXIdQ (TOF,)O) In
the value differs from the average of the six values by more than twice thn€thyl isobutyl ketone (MIBK). The MIBK extract is aspirated
standard deviatiors, found in 182.2.2, or by more than 0.01 multiplied by into the nitrous oxide-acetylene flame. Spectral energy at 2863
the average of the six values used to calculatashichever is greater, A from a tin hollow-cathode lamp or tin electrodeless dis-

determine the cause. Correct the deficiency (deposits in burner, cloggetharge lamp is passed through the flame and the absorbance is
capillary, etc.), repeat the calibration procedure and recheck the readingﬁeasured.

of the test solutions and reagent blank solution.

188. Concentration Range
184. Calculation 188.1 The recommended concentration range is from 4 to 40
184.1 Convert the absorbance of the test solution and thgg of tin per mL in the final 10 mL of TOPO-MIBK extract.
reagent blank to mg of nickel per mL of the final test solution
by means of the calibration curve. Calculate the percentage of

nickel as follows: 189. Interferences
_ (A—B) X C 18_9._1 _Copper, when present above_ Q.l g, interferes by
Nickel, % = —y~<10— (26)  precipitating as cuprous iodide (Cul). This interference may be
eliminated by incorporating a suitable copper separation
where: scheme into the procedure prior to the solvent extraction step.
A = nickel, mg, per mL of final test solution,
B = nickel, mg, per mL of final reagent blank solution,
C = final volume of test solution, and 190. Apparatus
W = weight of sample, g, in final volume of test solution.

190.1 Atomic Absorption Spectrophotomet@apable of
resolving the 2863 A line, equipped with a tin hollow-cathode
lamp or tin electrodeless discharge lamp whose radiant energy
is modulated, with a detector system tuned to the same

185. Precisiort’ _ . _ . frequency and a premix nitrous oxide — acetylene burner. The
185.1 Eleven laboratories cooperated in testing this methogerformance of the instrument must be such that, the upper

samples covered by this method at the lower end of the scopgysorbance of 0.15 or higher, and a calibration curve whose
were not tested, the data obtained for other types of alloygeyiation from linearity is within the limits specified in 192.4.
using the methods indicated in Table 18 apply. 191. Reagents
191.1Ascorbic Acid.
191.2 lodide-Ascorbic Acid Solution—bBissolve 30 g of
potassium iodide and 10 g of ascorbic acid in 60 mL of HCI
29 Supporting data are available from ASTM Headquarters. Request RR:E03(1 + 5) Dilute to 100 mL with water and mix. Do not use a
1000. solution that has stood more than one day.
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191.3Methyl Isobutyl Ketone (MIBK). Note 55—Make certain that the capillary end does not enter the
191.4 Tin, Standard Solution A1 mL=1.0 mg Sn)— aqueous (bottom) layer at any time.
Dissolve 1.000 g of tin (purity: 99.9 % minimum) in 100 mL of ~ Note 56—Due to the small amount of extract available for making this
HCI. Cool, transfer to a 1-1 volumetric flask, dilute to volume test, th_e_number of readings and the time between readings must be kept
with HCI (1 + 2), and mix. o @ minimum.
191.5Tin, Standard Solution BL mL = 50.0 pg Sn)— Using 192.3.4 Beginning with the calibration solution to which no
a pipet, transfer a 10-mL aliquot of Solution A to a 200-mL tin was added, aspirate each calibration solution in turn and
volumetric flask. Dilute to volume with HCI (1 + 2) and mix. record its absorbance. If the value for the solution with the
191.6 Trioctylphosphine Oxide (TOPO-MIBK) Solutigh0  highest concentration (40 pg Sn/mL) differs from the average
g/L)—Transfer 12.5 g of TOPO to a 250-mL volumetric flask. values obtained in 192.3.3 by more than 0.03 multiplied by the
Dilute to volume with MIBK and mix until dissolution is average of the values, repeat the measurement. If this value
complete. indicates a trend or drift, determine the cause (for example,
deposit in the burner or clogged capillary), correct it, and
repeat the procedure in 192.3.1-192.3.4.
192. Procedure 192.3.5 Proceed immediately as directed in 193.3.
192.1Calibration Solutions—Using pipets, transfer 0, 1, 2, 192.4 Calibration Curve—Plot the average net absorbance
4, 6, and 8 mL of Solution B (1 mL =50 pg Sn) to 100-mL values against micrograms of tin per mL on rectangular
volumetric flasks. coordinate paper. Calculate the deviation from linearity of the

Note 52—\Volumetric flasks with ground-glass stoppers must be usedCUrve as follows:

192.2 Extraction:

192.2.1 Add 15 mL of HCI (1 + 1)3 g ofascorbic 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

192.2.2 Using a pipet, add 10.0 mL of TOPO-MIBK C absorbance value for 10 pg Sn/mL.
solution, stopper the flask, invert, and shake vigorously several If the calculated value is less than 0.60, correct the indicated
times for a period of 1 min. Allow the phases to separate. Addnalfunction or maladjustment of the instrument or lamp and
water to bring the entire organic layer up into the neck portiorrepeat the calibration.
of the flask. Stopper, invert several times, and allow the phases
to separate. 193. Procedure

Note 53—Prepare the test solution and have it ready to aspirate 1.93'1 Reagent Bla}nk-earry a reagent blank through the.
immediately after aspirating the calibration solutions. entire procedure, using the same amount of all reagents with

192.3Photometry: the sample omitted.
' : ; 193.2Test Solution:
192.3.1 With a tin hollow-cathode lamp or electrodeless 193.2.1 Select and weigh a sample to the nearest 0.5 mg in
discharge lamp in position, energized and stabilized, adjust thgccor(.ja.nce with the following: '
wavelength setting to the location that gives the maximum '

Deviation from linearity= (A — B)/C 27)

absorbance value for 40 pg Sn/mL,

. . . L Sample Dilution, Aliquot, Aliquot
detector response in the immediate vicinity of 2863 A 3 Tin, % weight, g ml ml tactor
192.3.2 Following the instrument manufacturer’s specific

directions, ignite the burner using the air — acetylene mode of 0.002 to 0.005 3.00 - - 1
tion. Immediately after ignition, switch over to the nitrous 3 ooe ©© 921 200 _ _ !
operation. y gnition, 0.009 to 0.050 1.00 — — 1
oxide — acetylene mode of operation and allow the burner to 0.050 to 0.080 1.00 100 50 2
reach thermal equilibrium while aspirating water. Cautiously 0-080 to 0.100 1.00 100 20 5

adjust the height of the red cone of the flame to approximately Transfer it to a 250-mL poly(tetrafluoroethylene) beaker.
12 mm by means of the fuel flow needle valve. Adjust the 193.2.3 Add 30 mL of HCI (1+1) and ten drops of HF.
detector response to zero while aspirating water. Aspiratgover the beaker with a poly(tetrafluoroethylene) cover and
Solution B (1 mL =50 ug Sn) and adjust the height of theneat at a low temperature (approximately 90°C) until dissolu-
burner to obtain maximum response from the detector systenggn is complete.
Remove the capillary from the solution and allow air to  193.2.3 Remove the cover with platinum-tipped tongs and
aspirate for 15 to 30 s. Aspirate MIBK for 30 s, then readjustcaytiously rinse into the beaker with water. Cautiously evapo-
the detector response to zero, if necessary. rate the solution at a low temperature (approximately 90°C) to
Nore 54—From this point on, only MIBK solutions should be aspirated 19 mL-_ Rinse the sides Of the beaker _With water and d”l{te to
until all test and calibration solution measurements have been complete@pproximately 50 mL with water. Filter through medium
If the burner slot shows any sign of blockage, shut off the flame accordingporosity, hard-surface filter paper. Wash the paper several times
to the instrument manufacturer's approved procedures, clean the slot, aggith water. Collect the filtrate and washings in a 250 mL
relight as in 192.3.1. beaker. Discard the filter paper. Add 20 mL of HCI (1 + 1) to
192.3.3 Aspirate the solution with the highest concentratiorthe solution and again evaporate to 15 mL.
(40 pug Sn/mL) from the series prepared in 192.1 a sufficient 193.2.4 Rinse the sides of the beaker with about 5 mL of
number of times to establish that the absorbance is not driftingvater and cool. If an aliquot is to be taken (refer to table in
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193.2.1), transfer the solution to a 100-mL volumetric flask, 195.2 Accuracy—No information on the accuracy of this
dilute to volume with water, and mix. Using a pipet, transfermethod is available.
the aliquot to a 150-mL beaker and evaporate at a low
temperature to 15 mL. Rinse the sides of the beaker with about
5 mL of water and cool. MOLYBDENUM BY THE PHOTOMETRIC METHOD
193.2.5 Adl 3 g ofascorbic acid for a 1-g sample, plus 2 g
of ascorbic acid for each additiona g of sample. Swirl to
dissolve. Add 15 mL of the iodide-ascorbic acid solution.  196. Scope
193.2.6 Transfer the sample to a 100-mL volumetric flask 196.1 This method covers the determination of molybdenum
and adjust the volume to approximately 50 mL with water.in concentrations from 0.01 to 1.50 %.
Using a pipet, transfer 10 mL of the TOPO-MIBK solution to
the flask, stopper, invert, and shake vigorously several times
for 1 min. 197. Summary of Method
193.2.7 Allow the phases to separate. Add water to bring the 197.1 The test solution is treated with thiocyanate to develop
entire organic layer into the neck of the flask. Stopper, inverthe molybdenum and iron thiocyanate complexes. Molybde-
several times, and allow the phases to separate. num and iron are reduced with stannous chloride, and the
193.3 Photometry-Aspirate the top (MIBK) phase of the molybdenum complex is extracted with butyl acetate. Photo-
test solution and the reagent blank solution (Note 53) andgnetric measurement is made at approximately 475 nm.
record the absorbance values. Take three readings on each
solution (Note 55). Measure the absorbance of the calibration
solution with the highest concentration of tin to check for drifts 198. Concentration Range
as in 192.3.4 and 192.3.5. 198.1 The recommended concentration range is 0.0003 to
0.003 mg of molybdenum per mL of solution using a I-cm cell.

lgféffkéjolis(;?t the average absorbance of the test and t Note 57—This method has been written for cells having a I-cm light
) g rb%ith. Cells having other dimensions may be used, provided suitable

reagent blank solutions to micrograms of tin per mL of the finalygjystments can be made in the amounts of sample and reagents used.
solution, by means of the calibration curve. Calculate the
percentage of tin as follows:

Tin, % = [((D — E) X F))/(G X 1000] (28)  199. Stability of Color

where 19_9.1 Thg color is stable for at least 2 h; however, photo-
D = tin, ug, per mL of the final test solution, metric readings should be taken promptly because of the
E = tin, ug, per mL of the final reagent blank solution, ~ Volatile nature of the solvent.

F = aliquot factor (refer to table in 193.2.1), and

G = sample used, g.

200. Interferences
200.1 The elements ordinarily present do not interfere if
195. Precision and Accurac§* their concentrations are under the maximum limits shown in
195.1Precision—Eleven laboratories cooperated in the test-1.1.
ing of this method and obtained the precision data listed as No.
2 in Table 19. This method differs only slightly from the
method for tin, Method E 350, in that a filtration step was201. Reagents
added to remove acid insoluble material (graphite). The fact 201.1Butyl Acetate:
that the precision obtained for No. 2 by this method is the same ;e 53_operations with this chemical should be carried out away

as the precision obtained for No. 3, Method E 350, suggestgom heat and open flame and are best done in a well ventilated hood.
that the precision of the two methods is the same. Avoid prolonged breathing of vapor.

E—— 201.2Dissolving Solution—While stirring, add 300 mL of
21 Supporting data are available from ASTM Headquarters. Request RR:E03H3po4 and 300 mL of HNO3 to 1400 mL of HC|Q.

1022. 201.3 Iron?>—(Purity: 99.8 % minimum, molybdenum
o ) ] 0.001 % maximum.)
TABLE 19 Statistical Information—Tin 201.4lron Solution A(1 mL = 70 mg Fe)— Dissolve 25 g of
Tin Repeat- Repro- ferric sulfate (F&(SQ,) 3-H,0) in 75 mL of hot water. Cool and
. ability ducibil- .
Test Specimen Found, (R, ity (R,, add 10 mL of HSQ,. Cool, and dilute to 100 mL.

% E 173) E 173) 201.5Iron Solution B(1 mL = 0.84 mg Fe)—Add 12 mL of

1. No. 1, E 350 0.0034 0.0006 0.0007 iron solution Ato 175 mL of HSO,(1 + 1), and dilute to 1 L.

2. Cast iron (NBS 5k), 0.009 Sn (not 0.009 0.001 0.002

certified)
3. No. 3, E350 0.011 0.001 0.002 -
4. No. 6, E 350 0.097 0.011 0.011 22 Johnson-Mathey JMC 847 sponge iron has been found suitable for this
purpose.
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201.6 Molybdenum, Standard Solution @ mL=0.2 mg blank (which includes the cell correction) using absorption
Mo)—Reagent No. 8A, or 8B, Practices E 50. cells with a 1-cm light path and a light band centered at
201.7 Molybdenum, Standard Solution @ mL=0.1 mg approximately 475 nm. Using the test cell, take the photometric
Mo)—Using a pipet, transfer 50 mL of molybdenum solution readings of the calibration solutions.
A to a 100-mL volumetric flask, dilute to volume, and mix. 202.5.2Single Cell PhotometerFransfer a suitable portion
201.8 Molybdenum, Standard Solution @ mL =0.01 mg of the reference solution to an absorption cell with a 1-cm light
Mo)—Using a pipet, transfer 10 mL of molybdenum solution path and adjust the photometer to the initial setting, using a
Ato a 200-mL volumetric flask, dilute to volume, and mix. light band centered at approximately 475 nm. While maintain-
201.9Sodium Thiocyanate SolutighO0 g/L)—Reagent No. ing this adjustment, take the photometric readings of the
137, Practices E 50. calibration solutions and the reagent blank.
201.10Stannous Chloride Solutif850 g/L)—Transfer 350  202.6Calibration Curve—Plot the net photometric readings
g of stannous chloride dihydrate (SR@H,0) and 200 g of  of the calibration solutions against milligrams of molybdenum
tartaric acid to a 1-L beaker, add 400 mL of HCI (1 + 1), andper 25 mL of butyl acetate.
heat at 60 to 70°C until dissolution is complete. Cool, and
dilute to 1 L. Add several pieces of tin, and store in an air-tight203. Preparation of Calibration Curve for Concentrations
bottle. from 0.05 to 0.55 %

Note 59—This solution is used for color development in 202.3, 203.3, 203.1Calibration Solutions:
204.3, and 205.3. When an absorption cell is used sequentially for a 203.1.1 Transfer 0.3 g of iron to each of four 250-mL
number of photometric measurements, a white film of an insoluble tinErlenmeyer flasks. Using pipets, transfer 2, 5, 10, and 15 mL of
compound may adhere to the inside of the cell and must be removeﬁ10|ybdenum solution B (1 mL = 0.1 mg Mo) to the flasks. Add
before further measurements are made. 30 mL of dissolving solution and heat until dissolution is

complete.
203.1.2 Increase the temperature and evaporate to HCIO

202. Preparation of Calibration Curve for Concentration  fumes. Cool, add 50 mL of water and 70 mL of$O, (1 + 1).
from 0.01 to 0.05 % Heat to boiling and cool in a water bath.

202.1Calibration Solutions: 203.1.3 Transfer to a 500-mL volumetric flask, dilute to

202.1.1 Transfer 0.3 g of iron to each of four 250-mL volume, and mix. Proceed as directed in 203.3.
Erlenmeyer flasks. Using pipets, transfer 2, 5, 10, and 15 mL of 203.2 Reagent Blank SolutionFransfer 0.3 g of iron to a
molybdenum solution C (1 mL =0.01 mg Mo) to the flasks. 250-mL Erlenmeyer flask. Add 30 mL of dissolving solution
Add 30 mL of dissolving solution and heat until dissolution is and heat until dissolution is complete. Proceed as directed in
complete. 203.1.2, 203.1.3, and 203.3.

202.1.2 Increase the temperature and evaporate to JICIO 203.3Color Development-Using a pipet, transfer 50 mL to
fumes. Cool, add 50 mL of water and 70 mL 0f$0, (1 +1). 3 250-mL separatory funnel. Add in order, mixing for 15 s after

Heat to boiling and cool in a water bath. _ each addition, 15 mL of NaSCN solution, 15 mL of SpCl
202.1.3 Transfer to a 200-mL volumetric flask, dilute to sojution, and 50 mL of butyl acetate, measured with a pipet.
volume, and mix. Proceed as directed in 202.3. Stopper and shake vigorously for 2 min. Allow the phases to

202.2Reagent Blank SolutionFransfer 0.3 g of iron to a  separate, remove the stopper, drain off, and discard the aqueous
250-mL Erlenmeyer flask. Add 30 mL of diSSOlVing solution phase_ Add to the funnel 50 mL 0f2504 (1 + 6)’ 5 mL of
and heat until dissolution is complete. Proceed as directed ifaSCN solution, and 5 mL of Sngkolution. Replace the
202.1.2, 202.1.3, and 202.3. stopper and shake vigorously for 2 min. Allow the phases to
202.3Color Developmentdsing a pipet, transfer 100 mL  separate, remove the stopper, drain off, and discard the aqueous
to a 250-mL separatory funnel. Add in order, mixing for 15 sphase. Drain enough of the butyl acetate layer through a funnel

after each addition, 15 mL of NaSCN solution, 15 mL of SNCI ¢ontaining a dry filter paper to fill an absorption cell. (See Note
solution, and 25 mL of butyl acetate, measured with a pipetgQ.)

Stopper and shake vigorously for 2 min. Allow the phases t0 203 4Reference SolutionButyl acetate.
separate, remove the stopper, drain off, and discard the aqueous)3 g Photometry:

phase. Add to the funnel 50 mL of BO, (1 +6), 5 mL of 203.5.1 Multiple Cell Photometer-Measure the reagent

NaSCN solution, anq > mL of Sng:lsplution. Replace the blank (which includes the cell correction) using absorption
stopper and shake vigorously for 2 min. Allow the phases fQells with a 1-cm light path and a light band centered at

separate, remove the stopper, drain off, and discard the aqueg proximately 475 nm. Using the test cell, take the photometric

phase. Drain enough of the butyl acetate layer through a funn eadings of the calibration solutions

containing a dry filter paper, to fill an absorption cell 203.5.2Single Cell PhotometerFansfer a suitable portion
Note 60—This funnel should be cleaned thoroughly after each filtra-of the reference solution to an absorption cell with a 1-cm light

tion to avoid development of a pink color that would contaminate thepath and adjust the photometer to the initial setting, using a

filtrate. light band centered at approximately 475 nm. While maintain-
202.4Reference SolutionButyl acetate. ing this adjustment, take the photometric readings of the
202.5Photometry: calibration solutions and the reagent blank.

202.5.1 Multiple Cell Photometer-Measure the reagent  203.6Calibration Curve—Plot the net photometric readings
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of the calibration solutions against milligrams of molybdenumsome alloy types containing high percentages of silicon.
per 50 mL of butyl acetate. 205.1.2 Increase the temperature and heat to H@i®es.
Continue fuming until chromium, if present, is oxidized, and
the white fumes are present only in the neck of the flask. Add,
204. Preparation of Calibration Curve for Concentrations  with care, 1.0 to 1.5 mL of HCI, allowing it to drain down the
from 0.40 to 1.50 % side of the flask. If there is evidence of the volatilization of
204.1Calibration Solutions: chromyl chloride, make repeated additions of HCI, followed by
204.1.1 Transfer 0.3 g of iron to each of five 250-mL fuming after each addition, until most of the chromium has
Erlenmeyer flasks. Using pipets, transfer 5, 10, 15, 20, and 2Been volatilized. Continue fuming the solution until the volume
mL of molybdenum solution A (1 mL =0.2 mg Mo) to the has been reduced to about 15 mL. Cool, add 50 mL of water
flasks. Add 30 mL of dissolving solution and heat until and 70 mL of HSO , (1 + 1), heat to boiling, and cool in a
dissolution is complete. water bath.
204.1.2 Increase the temperature and evaporate to HCIO 205.1.3 Transfer to a volumetric flask that provides for
fumes. Cool, add 50 mL of water, and 70 mL of$0O, (1 + 1). dilution, in accordance with the following aliquot guide, dilute

Heat to boiling and cool in a water bath. to volume, and mix:
204.1.3 Transfer to a 500-mL volumetric flask, dilute to Weight of
volume, and mix. Proceed as directed in 203.3. Al fron sample in
i . iquot Solution Butyl final butyl
204.2 Reagent Blank SolutionFransfer 0.3 g of iron to @  Molybdenum,  Dilution,  volume, B, acetate, acetate
250-mL Erlenmeyer flask. Add 30 mL of dissolving solution % mL mL mL mL solution, g
and heat until dissolution is complete. Proceed as directed in ;,; , 0.05 200 100 None 25 0.15
204.1.2, 204.1.3, and 204.3. 0.05 to 0.55 500 50 None 50 0.03
204.3Color Development-dsing a pipet, transfer 25 mL of ~ 04010 1.50 500 25 25 100 0.015

iron solution B and 25 mL of the calibration solution, to a 205.1.4 Proceed as directed in 205.3.

250-mL separatory funnel. Add in order, mixing for 15 s after 205.2 Reagent Blank SolutionFransfer 0.3 g of iron to a
each addition, 15 mL of NaSCN solution, 15 mL of SpCl 250-mL Erlenmeyer flask. Add 30 mL of dissolving solution
solution and 100 mL of butyl acetate measured with a pipetand heat until dissolution is complete. Proceed as directed in
Stopper and shake vigorously for 2 min. Allow the phases t®05.1.2, 205.1.3, and 205.3, using the same dilution and
separate, remove the stopper, drain off, and discard the aqueoaigquots used for the test solution.

phase. Add to the funnel 50 mL of 8O , (1 +6), 5 mL of 205.3 Color Development-Using a pipet, transfer the ap-
NaSCN solution, and 5 mL of SnGl solution. Replace the propriate aliquot to a 250-mL separatory funnel containing the
stopper and shake vigorously for 2 min. Allow the phases tappropriate amount of iron solution for the specified aliquot.
separate, remove the stopper, and drain off and discard th®dd in order, mixing for 15 s after each addition, 15 mL of
aqueous phase. Drain enough of the butyl acetate layer througilaSCN solution, 15 mL of Sngkolution, and, measured with

a funnel containing a dry filter paper to fill an absorption cell. 3 pipet, the amount of butyl acetate specified in the aliquot

(See Note 60.) . guide. Stopper the separatory funnel and shake vigorously for
204.4Reference SolutionButyl acetate. 2 min. Allow the phases to separate, remove the stopper, drain
204.5Photometry: off, and discard the aqueous phase. Add to the funnel 50 mL of

204.5.1 Multiple Cell Photometer-Measure the reagent H,SO, (1 + 6), 5 mL of NaSCN solution, and 5 mL of SnCl
blank (which includes the cell correction) using absorptionsolution. Replace the stopper and shake vigorously for 2 min.
cells with a 1-cm light path and a light band centered atAllow the phases to separate, and drain off and discard the
approximately 475 nm. Using the test cell, take the photometriaqueous phase. Drain enough of the solvent layer through a
readings of the calibration solutions. funnel containing a dry filter paper to fill an absorption cell.

204.5.2Single Cell PhotometerF+ansfer a suitable portion (See Note 44.)
of the reference solution to an absorption cell with a 1-cm light 205.4Reference SolutionButyl acetate.
path and adjust the photometer to the initial setting, using a 205.5Photometry—Fake the photometric reading of the test
light band centered at approximately 475 nm. While maintainsolution and of the reagent blank solution as directed in 204.5.
ing this adjustment, take the photometric readings of the
calibration solutions and the reagent blank. 206. Calculation

204.6Calibration Curve—Plot the net photometric readings 206.1 Convert the net photometric reading of the test
of the calibration solutions against milligrams of molybdenumsolution to milligrams of molybdenum in the final solution by
per 100 mL of butyl acetate. means of the appropriate calibration curve. Calculate the

percentage of molybdenum as follows:

205. Procedure A

205.1Test Solution: Molybdenum, %= 519 (29)

205.1.1 Transfer a 0.3-g sample, weighed to the nearest ]
milligram to a 250-mL Erlenmeyer flask. Add 30 mL of Where: .
dissolving solution, and heat until dissolution is complete. OneA B molybdgnum, mg found in 25, 50, or 100 mL, as
to two drops of HF may be added for the decomposition of appropriate, of butyl acetate, and
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B = sample, g, represented in 25, 50, or 100 mL, as 211.1 Because iron acts as a depressant, the calibration
appropriate, of butyl acetate (see 205.1.3). solutions must contain approximately the same concentration
of iron as the test solutions.

207. Precision and Bia$®
207.1Precision—Nine laboratories cooperated in testing this 212. Apparatus
method and obtained the precision data summarized in Table 212.1 Atomic Absorption Spectrophotometeapable of
20. This method is identical with the methods for molybdenumfesolving the 3579Aine, equipped with a chromium hollow-
Methods E 350, E 352, and E 353. The fact that the data frorgathode lamp, and a laminar flow nitrous oxide burner. The
the two cast iron samples (Table 20, No. 2 and 3) had similaperformance of the instrument must be such that it meets the
precision to the Specimens used to test the other methodlgnlts defined in 214.4. If your instrument does not meet this
suggests that the precision for these methods is the same. Criteria, you cannot expect to obtain the precision and accuracy
207.2Bias—The accuracy can be inferred by comparing thestated in this method.
certified values for molybdenum with the values found for
molybdenum for those specimens listed in Table 20. 213. Reagents
213.1Chromium, Standard Solutiofi mL = 0.1 mg Cr)—
Transfer 2.8290 g of potassium dichromate @0 ;) (NBS
136 or equivalent) to an 800-mL borosilicate beaker, add 500
CHROMIUM BY THE ATOMIC ABSORPTION mL of water, and mix. When dissolution is complete, add 5 mL
METHOD of H,SO, and, while stirring, add 10 mL of D, (30 %). Heat
at near boiling for 5 min to remove excess®j. Cool, transfer
the solution to a 1-L volumetric flask, dilute to volume, and

208. Scope mix. Using a pipet, transfer 20 mL to a 200-mL volumetric
208.1 This method covers the determination of chromium irflask, dilute o volume, and mix.
concentrations from 0.006 to 1.00 %. 213.21ron,** Low Chromium—Cr 0.0001%.

213.3Potassium Carbonate Soluti¢h0 g/L)—Dissolve 50
g of potassium carbonate §KO;) in water, and dilute to 1 L.
209. Summary of Method Store the solution in a polyethylene bottle.
209.1 The sample is dissolved in mineral acids and the ) ) )
residue fused, dissolved, and solution combined. The sample 214. Preparation of Calibration Curves _
solution is aspirated into a nitrous oxide-acetylene flame of an 214.1 Calibration Solutions for Concentrations 0.005 to
atomic absorption spectrophotometer. Spectral energy at af-10 %—J0 each of seven 250-mL borosilicate beakers, trans-
proximately 3578Afrom a chromium hollow-cathode lamp is fer 1.0 g of low chromium iron weighed to the nearest 1 mg.
passed through the flame, and the absorbance is measured. T to each beaker of 20 mL of HCl and 10 mL of Hy@nd
spectrophotometer is calibrated with solutions of known chroN€at gently until dissolution is complete. Evaporate to dryness
mium concentrations. on a hot plate and cool. Add 10 mL of HCI and warm to
dissolve salts. Dilute to about 50 mL and transfer to 100-mL
volumetric flasks. Add 10 mL of KCO; solution to each of 7

210. Concentration Range flasks. Using pipets, transfer 1, 3, 5, 7, 10, and 15 mL of
210.1 The recommended concentration range is 0.001 tghromium standard solution to each flask respectively. Desig-
0.015 mg of chromium per millilitre of solution. nate the seventh flask as zero chromium concentration. Dilute

to volume and mix.
214.2 Calibration Solution for Concentrations 0.10 to
211. Interferences 1.00 %—ransfe 2 g of low chromium iron weighed to the
nearest 1 mg to a 250-mL borosilicate beaker. Add 20 mL of
HCl and 10 mL of HNQ. Warm as necessary to dissolve the
sample. Evaporate just to dryness on a hot plate and cool. Add
23 Supporting data are available from ASTM Headquarters. Request RR:E0320 mL of HC| and warm to dissolve salts. Dilute to about 100
1023. mL and add 20 mL of KCO, solution. Transfer to a 200-mL
volumetric flask, dilute to volume, and mix. Transfer 10-mL

TABLE 20 Statistical Information—Molybdenum aliquots to each of seven 100-mL volumetric flasks and add 9

Molyb- Repeat- Repro- mL of HCI to each flask. Using pipets, transfer 1, 3, 5, 7, 10,
. denum ability ducibil- . .
Test Specimen Found. (R,, ity (R,. and 15 mL of chromium standard solution to each flask
% E 173) E 173) respectively. Designate the seventh flask as zero chromium
1. No. 1, E 352 0.037 0.002 0.006 concentration. Dilute to volume and mix.
2. Castiron, Leco 501 to 741 0.195 0.018 0.03
3. Cast iron (NBS 107, 0.69 Mo) 0.699 0.03 0.04
4. No. 5, E 350 1.03 0.04 0.07 -
5. No. 4, E 353 1.34 0.03 0.09 24 Johnson-Mathey sponge iron or Spex iron has been found suitable for this
purpose.
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214.3Photometry: Dilu- HCl

214.3.1 With the chromium hollow-cathode lamp in posi- e ton L obe
tion, energized and stabilized, adjust the wavelength to maxi- in dis- quot to Final
mize the energy response of the 3578e. The wavelength Chro- Sample  Sample  solu- Re- Ali- Dilu-
setting in the vicinity of 428§Amay be used provided that the m';,m' Weéght’ Wi:gght' t:ﬁ[ qu,:fd' q:q?_t’ t'n(;r:
instrument meets the performance requirements.

214.3.2 Light the burner, allow it to thermally equilibrate, 8;2851%30 1 8;18 188 18 8 188

and adjust the instrument to zero while aspirating water. . .
Aspirate the chromium solution with the highest concentration Transfer it to a 250-mL borosilicate beaker.

from the series prepared as directed in 214.1, and adjust the 219-1.2 Add 20 mL HCI, 10 mL HN@ and 5 drops of HF.
burner, nitrous oxide, and fuel pressures and flow rates th€at t0 dissolve. Remove from the hot plate and dilute to
obtain maximum response. Whenever one or more of thes|tgrr(t)r):(lams?)tlilt)i/oicihrpol_ﬁgAhdflacfnr??r::a?iﬂ];u;;pogrfilgg;L2“5p0ar?1(lj_
parameters arfe changed, recf';\hbranon.ls requweq. borosilicate beaker. Wash the paper 5 times with HCI (1 + 99),

214.3.3 Aspirate the chromium solutions used in 214.3.2 t,1q reserve the filtrate.
assure that the absorbance reading is repeatable. Record 62

15.1.3 Transfer the paper and contents to a platinum
readings, and calculate the standard deviatignof the pap P

crucible. Dry on a hot plate, and transfer to a muffle furnace

readings as follows: that is less than 400°C. Gradually heat to 600°C and hold at
s = (A—B) X 0.40 (30) this temperature for 1 hr. Cool, add 0.5 g of JLO;, and
carefully fuse over a free flame until a clear melt is obtained
where: : (see Note 1). Cool and add 15 mL of water. Add HCI dropwise
A = the highest of 6 values found, and until reaction ceases. Add 5 drops of HCI in excess and warm
B = the lowest of the 6 values fourtd.

] . ~_on a hot plate, if necessary to obtain a clear solution.
214.3.4 Using water as a reference solution, and beginning
with the solution to which no addition of chromium was made Note 61—Fusion of the residue is made in order to include in the
in 214.1 and 214.2, aspirate each calibration solution in turr§ample solution any chromium that might exist in the sample in an acid

. . . luble f .
and record its absorbance. If the value for the solution with thénSO ubie form

h|ghest concentration differs from the average of 6 values 215.1.4 Transfer this solution to the filtrate from 215.1.2 and
calculated in 214.3.3 by more than twice the standard devigtVaporate just to dryness. Add 10 mL HCI and warm to
tion, or by more than 0.01 multiplied by the average of the gdissolve salts. Transfer quantitatively to a 100-mL volumetric
values, whichever is greater, repeat the measurement. If fi2sk, dilute to volume, and mix. For samples with expected

problem is indicated, determine the cause, correct it, and repegpromium concentrations_ less than 0.10 % proceed as dire_cted
the steps in 214.3.1-214.3.4 In 215.3. For samples with expected chromium concentration

. . . . ) greater than 0.10 %, transfer by pipet 10 mL to a 100-mL
214.3.5 Proceed immediately as directed in Section 238. volumetric flask, add 9 mL of HCI, dilute to volume, and mix.
214.4 Calibration for Concentrations from 0.005 to 2152 prepare for each concentration range a reagent blank
0.10 %—Plot the net absorbance values against milligrams oby treating the same amount of all reagents as directed in
chromium per millilitre on rectangular coordinate paper. Cal-215.1.1-215.1.4 including the low chromium iron. Use re-
culate the deviation from linearity of the curve as follows:  agents from the same lots for blank and test solutions.

Deviation from linearity= (C — D)/E (31) 215.3 Photometry-Jsing water as a reference solution,
aspirate and record the absorbance of the calibration, test, and
where: reagent blank solutions. After each group of 4 or fewer test
C = absorbance value for 0.015 mg Cr/mL, solutions and reagent blank solutions has been aspirated, apply
D f absorbance value for 0.010 mg Cr/mL, and the test using the standard solution as directed in 214.3.4,
E = absorbance value for 0.005 mg Cr/mL.

) depending on the concentration range. If the value differs from
If the calculated value is less than 0.60, make the propethe average of the 6 values by more than twice the standard
adjustment of instrument or hollow cathode lamp, and repeajeviation,s, found in 214.3.3, or more than 0.01 multiplied by
the calibration. The absorbance value @must be 0.200 or the average of 6 values used to calculatewhichever is
higher. greater, determine the cause and repeat the calibration and
214 .5Calibration for Concentrations from 0.10 to 1.00 %— aspiration of test solutions.
Proceed as directed in 214.4. _
216. Calculation
215. Procedure 216.1 Convert the absorbance of the test solution and the
215.1Test Solution: reagent b_Iank to milligrams of chromium per m_L of_the final
test solution by means of the appropriate calibration curve.
alculate the percentage chromium as follows:

A—-B)XC
Chromium, %= % (32)

215.1.1 Select and weigh a sample in accordance with th
following:
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where: 1.1. This method may not dissolve all of the chromium

A = chromium, mg, per mL of final test solution, carbides in Class I, Type B and C alloy iron castings.

B = chromium, mg, per mL of final reagent blank solu- 220.2 Each of the following elements, when present above
tion, the indicated limit, imparts color to the solution so that

C = final volume of test solution, and diphenylamine sulfonate indicator cannot be used whg@rkK

W = weight of sample, g, in final volume of test solution. >0, is chosen as the back-titrant. The limits are: nickel 1.300 g,

copper 0.260 g, and tungsten 0.005 g. The effects of the
elements are additive. If the numerical value of the following
expression does not exceed 1.300, the indicator may be used:

217. Precision and Bia% (2.6A + 0.0 + 0.01C)D (33)

217.1Precision—Nine laboratories cooperated in testing this
method and obtained the precision data summarized in Tablevhere:
21. A tungsten, %, in the sample,

217.2Bias—The accuracy can be inferred from the data in B copper, %, in the sample,
Table 21 by comparing the certified values for chromium with C nickel, %, in the sample, and
the average value obtained by using this method. sample weight, g.

When the value exceeds 1.300, the end point must be
determined potentiometrically if }Cr,O - is the back-titrant.

CHROMIUM BY THE PEROXYDISULFATE
OXIDATION—TITRATION METHOD

221. Apparatus
221.1 Apparatus for Potentiometric TitrationsApparatus
218. Scope No. 3B (Practices E 50) with a saturated calomel reference and
218.1 This method covers the determination of chromium irplatinum indicator electrode.
concentrations from 0.05 to 30.0 %.
222. Reagents
222.1 Ammonium Peroxydisulfate Solutioissolve 15 g
219. Summary of Method of ammonium peroxydisulfate [(NBLS,Og] in water and
219.1 Chromium in an acid solution of the sample isdilute to 100 mL. Do not use solutions that have stood for more
oxidized to the hexavalent state with ammonium peroxydisulthan 24 h.
fate in the presence of silver nitrate catalyst. The sample is then 222.2Ferrous Ammonium Sulfate, Standard Solu@®@5N
titrated with excess ferrous ammonium sulfate to reduc&nd 0.0IN)—Reagent No. 5 (Practices E 50) but use 20 and 40
chromium and the excess back-titrated with either potassiurg of Fe(NH,),(SO,),-6H ,0, respectively, instead of the speci-
permanganate or potassium dichromate depending upon tfied weight. Standardize the solution as directed in 223.1,
presence or absence of vanadium. 223.2, or 223.3 depending upon the titration procedure to be

Note 62—In the dich te titration. th dium i t oxidi demployed. Use only if the solution has been standardized or
OTE —In e aicnromate titraton, e vanadium IS not oxidize restandardized Within 24 h

along with the excess ferrous ions and, therefore, the volume of dichro- . . .
mate added reflects the total of vanadium and chromium and the 222.3Potassium Dichromate, Standard Solut{@05N and

calculated value for % Cr is high. In the permanganate titration, tfe v 0.10N)—Reagent No. 10 (Practices E 50) but use 2.4518 and
is oxidized to V¥, thereby compensating for the reduction of vanadium by 4.9036 g, respectively, of recrystallized,®&r ,O,(NBS 136c¢)

ferrous sulfate in a previous step. or equivalent primary standard grade, instead of the specified
weight.
222.4 Potassium Permanganate Solutiof25 g/L)—
220. Interferences Dissolve 25 g of reagent grade KM@ 200 mL of water,

220.1 The elements ordinarily present do not interfere ifdilute to 1 L, and mix.
their concentrations are less than the maximum limits shown in 222.5Potassium Permanganate, Standard Solu(i@:®5 N
and 0.10N)—Reagent No. 13 (Practices E 50) but use 1.6 and
3.2 g of KMnQ,, respectively, instead of the specified weight.
> Supporting data are available from ASTM Headquarters. Request RR:E03Standardize as directed in 34.2 of Practices E 50 but use 0.1500

1030. g of sodium oxalate, (NBS 40h) or equivalent primary standard
- ) ) grade.
TABLE 21 Statistical Information—Chromium 222.6 Silver Nitrate Solution(8 g/L)}—Reagent No. 133
chro- Repeat: Repro (Practices E 50).
. t - . . . . .
Test Specimen FmolL:Jr:E a(,';'ﬁ/ it;C('RIZ, 222.7 Sodium Diphenylamine Sulfonate Indicator Solution
% E173) E 173) (2.0 g/Ly—Reagent No. 121 (Practices E 50).

1. No. 1, E 350 0.0063 0.0014 0.003 222.81,10 Phenanthroline Ferrous Complex Indicator So-
2. NBS 3C 0.047 Cr 0.045 0.003 0.004 lution (0.025 M)}—Reagent No. 122 (Practices E 50).
3. NBS 107b 0.56 Cr 0.559 0.026 0.052
4. No. 5, E 350 0.961 0.036 0.093

223. Preparation of Calibration Curves
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223.1Against Potassium Permanganate Solution: N K,Cr,O; solution by adding the solution in 0.1-mL incre-

223.1.1 Transfer 180 mL of water, 12 mL of,80,(1 + 1), ments as the end point is approached. Record the voltage when
and 5 mL of H3PQO, into a 500-mL Erlenmeyer flask. Add 20 equilibrium is reached after each 0.1-mL increment. Inspect the
mL of 0.05 or 0.10N Fe(NH,),(SO,) , with either 0.05 or 0.10 data for the maximum voltage change per 0.1-mL increment.
N KMnO, solution (222.2) from a 25-mL buret and record the Determine the voltage change for the 0.1-mL increments
volume to the nearest 0.01 mL. Add 1 to 2 drops of 1,10before and after this maximum change. Determine the two
phenanthroline indicator solution. Using a 25-mL buret, titratedifferences between the three voltage readings corresponding
the ferrous ions with 0.08l KMnO , standard solution (222.5) to the volume (0.1-mL) increment before the maximum, the
while swirling the flask. As the end point is approached, addnaximum, and after the maximum. This is a very close
KMnO, dropwise. Continue until the pink color changes toapproximation of the second derivative of the volume versus

clear green and persists for at least 60 s. change in voltage curve corresponding to the maximum
223.1.2 Calculate the normality of the Fe(NKSO,) , inflection, if this curve were plotted. Sum the two voltage
solutions as follows: differences. Determine the ratio of the first of these two
Normality = AB/C @34) differences to the sum and multiply 0.1 mL by this ratio to
obtain the volume to be added to the smaller volume between
where: the two incremental additions that the maximum change in
A = normality of KMnO 4 solution (222.5), voltage occurred. See the following example:
B = KMnO , solution, mL? and Volume of 0.05 N Difference Be-
c = Fe(NH4)2(SO4)2 SO|UtIOI’], mL. K,Cr,0, Back Voltage AVoltage fore and After
223.2Against Potassium Dichromate Solution Using Diphe-  Titrant (mL) (mv) (mv) Maximum
nylamine Sulfonate End Point: 20.80 555
223.2.1 Transfer 180 mL of water, 12 mL o,50,(1 + 1), 20.90 570 50 50
and 5 mL of HPQ, into a 500-mL Erlenmeyer flask. Add 20 21.00 620 100 20
mL of 0.05 or 0.10N Fe(NH,),(SO ,),(222.2) from a 25-mL P 16 %
buret and record the volume to the nearest 0.01 mL. Add 2 21.30 835
drops of diphenylamine sulfonate indicator solution. Using a 21.40 854

25-mL buret, titrate the ferrous ions with either 0.05 or ONLO Maximum voltage change occurred between 21.00 and

K,Cr,0O; solution, while swirling the fIask._As the end point_is 21.10 mL of K,Cr,O, solution. The changes in voltage were 50
approached, add the,Kr ,0; titrant dropwise. Continue until v pefore the maximum, 100 mV at the maximum, and 80 mV
a blue color appears and persists for at least 30 s. Record thgiar the maximum. The two differences between the maxi-
buret reading to the nearest 0.01 mL. Refill the burets, add thg, ,n, corresponding to before and after the maximum, were 50
same volume of Fe(N,(SO 4), solution as before and again anq 20 mv, respectively. Their sum equals 70 and the ratio of
titrate with either 0.05 or 0.181 K,Cr,0, solution to the blue e first to the sum equals 50/70. Thus 50/70 multiplied by 0.1
end point. Record the buret reading. Subtract this volume ofy| must beaddedto the smaller volume between the two
K2Cr0; solution from the volume recorded for the first jhcrements where the maximum change in voltage occurred.

titration. Record the difference as the indicator blank. The end point is 21.07 mL.
22.3'2'2 Calculate the normality of the Fe(§hSO ). 223.3.2 Calculate the normality of the Fe(NHL(SO,)

solution as follows: solution as follows: a2

Normality = (0.050r 0.10(A — B))/C (35) Normality = 0.050r 0.10A/B (36)
where: where:
A = 0.050r0.10 N KCr,O, solution, mL, used in the first A" "_"9 95 or 0.10 N KCr,0, solution, mL, and

titration B ’ : T
. - B = Fe(N SQ,), solution, mL.

B equivalent to the indicator blank, mL, and (NH) (SO,

C Fe(NH,),(SO,), solution, mL, used in the first titra-
tion.

223.3Against Potassium Dichromate Using Potentiometric224' Procedure
End Point: 224.1 Select and weigh a sample in accordance with the

223.3.1 Using a 25-mL buret, transfer 20 mL of 0.05 or 0.10following:
N K,Cr,0O; solution into a 600-mL beaker. Reserve the Sample Tolerance in Normal-
remaining 0.05 or 0.1081 K,Cr ,0, solution in the buret forthe  ¢pomium o VeI ey Tioants
back-titration. Add 150 mL of water, 10 mL of JSO,(1 + 1),
and 5 mL of HPQ,. Insert the saturated calomel reference 0.05100.50 3.50 20 0.05
electrode and the platinum indicator electrode into the beaker 8:;8 Eg igg ijgg é:g 8:82
and connect them to the potentiometer apparatus. While 1.50to 3.50 0.50 0.3 0.05
stirring the solution, add Fe(NE),(SO,), until the dichromate 33010800 0.25 0.1 0.05
ion yellow color disappears and then add a slight excess. 2;383‘;01‘2‘3?80/4 8;28 8ji 8:18
Record the volume of the Fe(NH(SO,), solution to the 20.00 to 30.00" 0.20 0.1 0.10

nearest 0.01 mL. Back-titrate with the remaining 0.05 or 0.10
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AUse 50 mL burets for this concentration range instead of the 25 mL burets solution to effect a Change in color from clear green to pmk
Spe_?:g‘:]g‘fgre iFi[rc)thd;r%OO-mL beaker Add 1 to 2 mL more and record the buret reading to the nearest
) 0.01 mL. Using a 25-mL buret, back-titrate the excess ferrous

224.2 Add 80 mL of HSQ, (1 +5) and 5 mL of HPQ,. . : :
Cover the beaker with a ribbed cover glass and heat at 85 @Qns with 0.05N KMnO, standard solution. Add KMng)

100°C until the sample is decomposed. Add sufficient HNO 8ropW|se as the end point is approached. Continue the titration

small increments to oxidize iron. Boil 2 min to expel oxides ofuntil the pink color has changed to clear green which persists
nitrogen ' for 60 s. Record the buret reading to the nearest 0.01 mL.

224.3 If the alloy is insoluble in the acids specified in 224.2, 224.9Titration with Potassium Dichromate to the Dipheny-
add amounts of HCI or HN or mixtures and dilutions of amine Sulfonate End Point#ile swirling the flask, add
these acids, or bromine and HCl in a ratio of 1 to 3 (plus a few ®(NH)(SQ,) » solution from a 25-mL buret until the disap-
drops of HF), which are sufficient to dissolve the sample. WherP€arance of the yellow color. Then add 1 to 2 mL in excess and
decomposition is complete, add 80 mL 0f$0,(1 + 5) and 5 rgcord the puret reading to .the_ nearest 0.0_1 mL. A_dd 2 drops of
mL of HyPO,, and evaporate to light fumes. Rinse the coverdiphenylamine sulfc_)nate indicator solutlon._ Using another
and walls of the beaker, again evaporate to fumes, and fum@d-mL buret, back-titrate the excess ferrous ions with (NO5
strongly for 1 min. Cool, add 100 mL of water, and heat at 85K2Cr,0O; standard solution. Add the &r,O; solution drop-
to 100°C until the salts are dissolved. wise as the end point is approached. Continue the titration until

224.4 Dilute the solution to 150 mL, add paper pulp and2 blue color appears and persists for at least 30 s. Record the
filter through an 11-cm fine paper into a 500-mL Erlenmeyerburet reading to the nearest 0.01 mL.
flask or a 600-mL beaker if the potentiometric titration proce- 224.10Titration with Potassium Dichromate and Potentio-
dure is to be used. Wash the residue 10 to 12 times with warmetric End Point Detection-Stir the sample solution in the
water, and reserve the filtrate. 600-mL beaker with a magnetic stirrer and insert the saturated

224.5 Transfer the paper and residue to a platinum cruciblesalomel reference and platinum indicator electrodes. With the
char the paper, and ignite at 850 to 900°C for 15 min. Cool, adélectrodes connected to the potentiometer apparatus, add from
sufficient H,SO, (1 + 1) to moisten the residue, and then add 3a 25-mL buret, the Fe(Nb ,(SQ,), solution with the stirrer
to 5 mL of HF. Evaporate to dryness and heat at a graduallyunning until the yellow color disappears. Then add 1 to 2 mL
increasing rate until 5BQ, is removed. Fuse the residue with in excess and record the buret reading to the nearest 0.01 mL.
a minimum amount of either fused sodium hydrogen sulfateJsing another 25-mL buret, add 0.06 K,Cr,O, standard
(sodium pyrosulfate-NgS,0;) or potassium pyrosulfate g8  solution in 0.1-mL increments recording the voltage after
20;). Cool the crucible, place in a 250-mL beaker, and dissolvequilibrium for each increment. Inspect the data for the
the melt in 20 mL of HSQ, (1 + 10). Remove the crucible, maximum voltage change between increments of standard
rinse with water, and transfer the solution to the reservegjichromate solution (see 223.3). Determine the voltage change
filtrate (224.4) and dilute to 200 mL. for the increments before and after the maximum change and

224.6 Add 5 mL of AgNO; solution and 20 mL of interpolate the end point to the nearest 0.01 mL as described in
(NH ),S;0 g solution. If a beaker is used, cover it with a ribbed 223 3.
cover glass. Boil the solution 8 to 10 min, maintaining the
volume at 200 mL by additions of hot water. If the color due to225  calculation
permanganate ions does not develop, or develops but does no
persist, add 2 drops of KMn{olution (222.4), 5 mL more of
AgNO; solution, and 20 mL more of (NHI ,S,04 solution, and

©25.1 If KMnO, was used, calculate the percentage of
chromium as follows:

boil for an additional 8 to 10 min. Add hot water to maintain Chromium, %= [(AB — CD) X 1.733/E @37
the volume at 200 mL during this operation and the operationthere:
that follow in 224.7. A Fe(NH4)2(SO4) 5 solution, mL,

224.7 Reduce the permanganate ions as follows: Add 5 mLg
of HCI (1 +3) and continue boiling for 10 min after the C
disappearance of permanganate color. If the permanganate iors normality of the KMnQ, solution, and
have not been completely reduced or if Mn® present, add 2 E sample taken, g.

mL of HCI (1 +3) and boil again for 10 min. Repeat the 2252 If K,Cr,0 , was used, calculate the percentage of
addition of HCI and boiling until all manganese is present a%hromium as follows:

colorless manganous ions. Cool to room temperature and dilute

to 200 mL. If vanadium is present or its absence has not been
confirmed, proceed as directed in 224.8. If vanadium is absenjyhere:
and the criteria of 220.2 are met, proceed as directed in 224.9a
If vanadium is absent and the criteria of 220.2 are not met, orB
if the potentiometric titration is preferred and vanadium is C
absent, proceed as directed in 224.10. D

224.8 Titration With Potassium Permanganat&hile E
swirling the flask, add 1 to 2 drops of 1,10 phenanthroline
indicator solution and then add sufficient Fe(NKSO,) »

normality of Fe(NH),(SO,), solution,
KMnO, solution used, mL

Chromium, %= [(AB — CD) x 1.733/E (38)

Fe(NH,),(S0O,), solution, mL,
normality of Fe(NH),(SO,), solution,
K,Cr,0O, solution, mL,

normality of K,Cr ,O, solution, and
sample taken, g.
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226. Precision and Bia$® 231.1 Atomic Absorption Spectrophotometapable of re-
226.1Precision—Nine laboratories cooperated in testing this solving the 318.4-nm line, equipped with a vanadium hollow-
method and obtained the data shown in Tables 22 and 28athode lamp, and a laminar flow nitrous oxide burner. The
Although a sample at the high end of the scope was noperformance of the instrument must be such that it is suitable
evaluated by Practice E 173, the precision data for other typesr use as described in Guide E 1024.
of alloys using the methods indicated in Table 22 should apply.
226.2Bias—No information on the accuracy of this method 232. Reagents
is known. The accuracy of this method may be judged, 232.1 Aluminum Chloride Solutiorfl mL =20 mg Al}—
however, by comparing accepted reference values with thBissolve 90 g of aluminum chloride (A6 H,O) in approxi-
corresponding arithmetic average obtained by interlaboratorynately 300 mL of water, add 10 mL of HCI, and dilute to 500

testing (see Table 22). mL.
232.2 Vanadium, Standard Solutiofi mL =0.2 mg V}—
VANADIUM BY THE ATOMIC ABSORPTION Dissolve 0.200g of vanadium (purity, 99.9 % min) in 20 mL of
METHOD aqua regia (three volumes of HCI to one volume of HYO

Evaporate to near dryness and add 10 mL of HCI. Cool,
transfer to a 1-L volumetric flask, dilute to volume, and mix.

227. Scope Note 63—As an alternative to vanadium metal, ammonium metavana-

227.1 This method covers the determination of vanadium iﬁjate may be used to prepare the standard vanadium solution. It is prepared

. as follows: Dry several grams of ammonium metavanadate,\\0H),
m 0
concentrations from 0.006 to 0.15 %. minimum purity 99.9 %, in an air oven at 105 to 110°C for at teals and

cool to room temperature in a desiccator. Weigh 0.4592 g of the dried
product into a 600-mL beaker, add 400 mL of hot water, and gently
228. Summary of Method simmer to dissolve. Cool, transfer to a 1000-mL volumetric flask, dilute to
228.1 The sample is dissolved in hydrochloric, nitric, andvolume, and mix (1 mL =0.20 mg V).
perchloric acids. An aluminum solution is added as a spectro-
chemical buffer. The sample solution is aspirated into a nitrous
oxide-acetylene flame of an atomic absorption spectrophotom- 233. Preparation of Calibration Curve
eter. Spectral energy at approximately 318.4 nm from a 233.1Calibration Solutions—Fo each of five, 250-mL boro-
vanadium hollow cathode lamp is passed through the flamssilicate beakers, add 10 mL of HCJOUsing a microburet,
and the absorbance is measured. This absorbance is compateghsfer 0.0, 1.0, 2.0, 4.5, and 8.0 mL of vanadium standard
with the absorbance of a series of standard calibration solusolution to each beaker, respectively. Cover with a watch glass,
tions. heat, and evaporate to fumes. Continue heating until solutions
are near dryness (Note 46). Cool, dissolve the salts with 10 mL
of HCI and 20 mL of water. Filter through a medium-porosity

229. Concentration Range filter paper into a 100-mL volumetric flask, wash well with
229.1 The recommended concentration range is 0.002 t@arm HCI (2 + 100). Cool, add 10 mL of AlGlsolution
0.016 mg vanadium/mL of solution. (232.1), dilute to volume, and mix.

NoTte 64—The remaining amount of HCJOnust be at a minimum.

230. Interferences 233.2Photometry:

230.1 Iron interferes by acting as a depressant. This inter- 233.2.1 With the vanadium hollow-cathode lamp in position,
ference is overcome by the addition of aluminum chloride energized and stabilized, adjust the wavelength to maximize
which acts as a spectrochemical buffer. Titanium and tungstethe energy response of the 318.4 nm line.
interferes when present in concentrations greater than 0.5 and233.2.2 Light the burner, allow it to reach thermal equilib-
1.0 %, respectively. rium, and adjust the instrument to zero while aspirating water.

Aspirate the vanadium solution with the highest concentration
from the series prepared as directed in 233.1, and adjust the
231. Apparatus burner, nitrous oxide, and fuel pressures and flow rates to
S — obtain maximum response. Whenever one or more these
¢ Supporting data are available from ASTM Headquarters. Request RR:EO3pgrameters are changed, recalibration is necessary.
1036. 233.2.3 Aspirate the vanadium solution used in 233.2.2 to
assure that the absorbance reading is repeatable. Record six

TABLE 22 Statistical Information—Chromium . .
absorbance readings, and calculate the standard devigtan,

Chro- Repeat- Repro- the readings as follows:
Test Specimen mium ability v_JUC|b|I—
Found, (Ry, ity (Ra, s=(A—B) x0.40 (39)
% E 173) E 173)
1. Cast Iron (NBS 3b, 0.052 Cr) 0.044 0.008 0.024 where:
2. Cast Iron (NBS 115a, 1.98 Cr) 1.96 0.10 0.16 A = the highest absorbance of the six values found, and
3. No. 5 E353 2162 018 0.58 B = the lowest absorbance of the six values found.
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TABLE 23 Statistical Information—Chromium

Chromium Found, %

Test Specimen Laboratory Number
1 2 3 4 5 6 7 8 9
1. HC 250 + V 25.48 23.15 2451 2534 25.41 25.50
2. ACIPCO High Cr Cast Iron 25.44 23.76 24,54 25.32 25.42 25.06
233.24 Using water as a reference, and beginning with thq3 = vanadium, mg, per mL of the final reagent blank
solution to which no addition of vanadium was made in 233.1, solution, and
aspirate each calibration solution in turn and record its absorC = weight of sample, g.

bance. If the value for the solution with the highest concentra-
tion differs from the average of six values calculated in 233.2.3
by more than twice the standard deviation, or by more than 236. Precision and Bia$’

0.01 multiplied by the average of the six values, whichever is 236.1 Precision—Twenty-three laboratories participated in
greater, repeat the measurement. If a problem is indicategesting this method under the auspices of WG-9 of ISO
determine the cause, take appropriate corrective measures, ad@mmittee TC 17/SC 1 and obtained the data summarized in
repeat 233.2.1 through 233.2.4. Table 24. All testing meets the requirements of Practice E 173.
233.2.5Calibration Curve—Plot the average net absorbance 236.2Bias—No information on the accuracy of this method
values against milligrams of vanadium per mL on rectangulais known. The accuracy of this method may be judged,
coordinate paper. Test for linearity as given in Guide E 1024however, by comparing accepted reference values with the
corresponding arithmetic average obtained by interlaboratory
testing.
234. Procedure
234.1Test Solution:
234.1.1 Transfer 1.0 g of sample, weighed to the nearest £ERIUM AND LANTHANUM BY THE D-C PLASMA
mg, to a 250-mL borosilicate beaker. OPTICAL EMISSION METHOD
234.1.2 Add 20 mL of HCI, 4 mL of HNQ and cover with
a cover glass. Heat until dissolution is complete. Add 10 mL of
HCIO, and evaporate to fumes. Continue heating until solu237. Scope
tions are near dryness (Note 43). Cool, dissolve the salts with 237.1 This method covers the determination of cerium in
10 mL of HCI and 20 mL of water. Filter through a medium- concentrations from 0.003 to 0.50 % and lanthanum in con-
porosity filter paper into a 100-mL volumetric flask, and washcentrations from 0.001 to 0.30 %.
well with warm HCI (2 + 100). Cool, add 10 mL of AlgGI
solution (232.1), dilute to volume, and mix.
234.1.3 Prepare a reagent blank by using a 250-mL borosili238. Summary of Method
cate beaker and proceeding as directed in 234.1.2. Use reagent238.1 The sample is dissolved in mineral acids and evapo-
from the same lots as those used for the sample solution. rated to perchloric acid fumes. The diluted sample solution is
234.2Photometry-Using water as a reference, aspirate andmeasured using a d-c plasma optical emission spectrometer.
record the absorbance of the calibration, sample, and reagewavelengths of 456.24 nm for cerium and 408.67 nm for
blank solutions. After each group of four or fewer sample andanthanum are selected. The spectrometer is calibrated with
reagent blank solutions has been aspirated, apply the test usiRgown concentrations of cerium and lanthanum in the presence
the standard solution as directed in 233.2.4. If the value differsf iron and programmed to read out in milligrams per litre of
from the average of the six values by more than twice theerium and lanthanum.
standard deviations, found in 233.2.3, or more than 0.01
multiplied by the average of six values used to calculte
whichever is greater, determine the cause and repeat tl%89. Concentration Range
calibration, sample, and reagent blank measurements.

27 Supporting data are available from ASTM Headquarters. Request RR:E03-

235. Calculation 1040.

235.1 Convert the absorbance of the sample solution and the

reagent blank to milligrams of vanadium per mL of the final TABLE 24 Statistical Information—Vanadium

dilution volume by means of the calibration curve. Calculate Test Specimen Vanadium - Repeatability - Reproducibility
. Found, % (R, E173) (R, E 173)
the % vanadium as follows:
_ Pig iron (0.008 V) 0.008 0.002 0.003
Vanadium, %= ((A — B) X 10)/C (40) No. 1, E 352 0.032 0.002 0.004
No. 1, E 353 0.038 0.003 0.005
where: No. 1, E 350 0.107 0.008 0.014
A = vanadium, mg, per mL of the final sample solution, No. 2, E 352 0.161 0.007 0.011

40



Ay E 351

239.1 The recommended concentration range is 0.3 to 50l mL =0.1 mg Ce and 0.1 mg La)Using a pipet, transfer

mg/L of cerium and 0.1 to 30 mg/L of lanthanum. 10.0 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
240. Interference a 100-mL volumetric flask. Dilute to volume with HNO

240.1 Spectral interference is minimized by matching ma{1 + 50) and mix.
trices of calibration and sample solutions and by carefully 242.5 Cerium Solution for Wavelength Optimization—
peaking the wavelength. Transfer approximately 10 mL of cerium standard solution (1

240.2 It is very important that the 456.24 nm wavelength bemL = 1.0 mg Ce) as prepared in 242.1 to a 100-mL beaker.
used for Ce determinations. There are several other Ce wav®ilute to approximately 75 mL with water and mix. This
lengths of comparable intensity, but these are all subject tgolution does not need to be accurately prepared since it is used
spectral interferences. For example: only to select the optimum wavelength for cerium spectral

Wavelength (nm) Interference energy near 456.24 nm.

242.6 Lanthanum Solution for Wavelength Optimization—

332;;22 ,f,ﬁ, 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) as prepared in 242.3 to a 100-mL beaker.
394.314 Fe Dilute to approximately 75 mL and mix. This solution does not
394.350 (not intense enough to use) . L

394.389 Al need to be accurately prepared since it is used only to select the
399.924 Nb, Ti, V, Zr optimum wavelength for lanthanum spectral energy at 408.67
401.239 Cr nm.

413.380 Fe

418.660 Fe

418.732 Zr _ 243. Procedure

g v 243.1Calibration Solutions:

456.236 Ti (only if 100 times greater than Ce) 243.1.1Calibration Solution A—0.10 % upper limit; 10 mg

Ce/L and 10 mg La/L)—To a 250-mL beaker (Note 49), add
1.0 g of iron (242.2), and 10.0 mL of cerium and lanthanum
241. Apparatus composite standard solution (1 mL=0.1 mg Ce and 0.1 mg

. P - : ; d in 242.4. Add 15 mL of HNQL + 1). After
241.1 An optical emission instrument equipped with a dlreclLa) as prepared Ir
current argon plasma excitation source, photomultiplier assenjl® reaction subsides, add 20 mL of HCl and 1 ml. of HF.
bly, nebulizer system, and dedicated microprocessor (Note 6ﬁover with a poly(tetrafiuoroethylene) cover and heat using

and capable of emitting spectral energy at 456.24 nm an w heat ur;]til dissolutic;lr: is_, CO”FP:F“*- Add 15| ”.‘L of HGJIO
408.67 nm. The instrument is calibrated and programme&%\’er’ "’]}T)d Eat to [;erc oncggd umes% Coo,nnseg_clJver and
according to the manufacturer’s instructions. The recording'9€S O P€a erl wit water!ﬁ 10 ng HNQ + 1d).’ “ljte i
system is calibrated in milligrams per litre of solution. 0 approximately 50 mL wit \Wwater, and warm fo dissolve a
salts. Cool, transfer the solution to a 100-mL volumetric flask,
Note 65—Instruments without a microprocessor can be programmegjlute to volume with water, and mix.
manually in accordance with their capabilities.

Note 68—The use of poly(tetrafluoroethylene) beakers and covers are
required. If borosilicate glass is used, varying amounts of Ca may be
dissolved out of the glass, shifting the background and causing erratic

242. Reagents readings.

242.;Cer|um St?”da“?' Solutio(d mL =1.0 mg C.:e)—Dry 243.1.2Calibration Solution B(0.50 % upper limit for Ce
the cerium ammonium nitrate (NHCe(NQ)g(purity: 99.9 % S )

o S . and 0.30 % upper limit for La; 50 mg Ce/L and 30 mg
minimum) (Note 61) at 82 to 85°C for 4 6 h and store in a all .

. : ; )—To a 250-mL beaker (Note 52), add 1.0 g of iron
dessicator over anhydrous magnesium perchlorate dessica 42.2) and 5.0 mL of C dard solution (1 mL = 1.0 c
Dissolve 3.9121 g of the dried (NHCe(NO) ¢ in 300 mL of -2) and 5.0 mLof Ce standard solution (1 mL =1.0 mg Ce)

6 as prepared in 242.1 and 3.0 mL of La standard solution (1

\';'O'Tl?r%élw’i“tﬁo&',\lg"’(‘;‘f%rot)o 2 I volumetric flask, diute 10y = 1.0 mg La) as prepared in 242.3. Add 15 mL of HNO
' ' (1 + 1). After the reaction subsides, add 20 mL of HCI and 1

Note 66—Also listed as ammonium hexanitrato cerate. mL of HF. Cover with a poly(tetrafluoroethylene) cover and

242 .21ron, cerium and lanthanum free. heat using low heat until dissolution is complete. Add 15 mL of
HCIO,, cover, and heat to perchloric acid fumes. Cool, rinse

Note 67—NBS SRM 365 or equivalent material may be used. cover and sides of beaker with water, add 10 mL of I-&NO

242 .3Lanthanum, Standard Solutidh mL = 1.0 mg La}~ (1 + 1), dilute to approximately 50 mL with water, and warm to
Ignite the lanthanum oxide (L&) (purity: 99.9 % minimum) dissolve all salts. Cool, transfer the solution to a 100-mL
at 1000°C fo 1 h and store in a desiccator over anhydrous volumetric flask, dilute to volume with water, and mix.
magnesium perchlorate desiccant. Dissolve 1.1782 g of the 243.1.3 Matrix Blank Solution—Both Concentration
ignited Lg,05 in 500 mL of HNQ (1 + 10). Transfer to a 1-L Ranges—Fo a 250-mL beaker (Note 52), add 1.0 g of iron
volumetric flask, dilute to volume with HN@1 + 50), and  (242.2). Add 15 mL of HNQ (1 +1). After the reaction
mix. subsides, add 20 mL of HCI and 1 mL of HF. Cover with a

242.4Cerium and Lanthanum, Composite Standard Solutiorpoly(tetrafluoroethylene) cover and heat using low heat until
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dissolution is complete. Add 15 mL of HCIE) cover, and heat Note 70—To ensure close calibration tolerances, a series of test
to perchloric acid fumes. Cool, rinse cover and sides of beakegolutions can be measured by recalibrating before each test sample.
with water, add 10 mL of HNQ (1 + 1), dilute to approxi-

mately 50 mL with water, and warm to dissolve all salts. Cool,

transfer the solution to a 100-mL volumetric flask, dilute to244. Calculation

volume with water, and mix. 244.1 Convert the instrument readings (in mg/L) to %
243.2Test Solution—ransfer a 1.0 g sample, weighed to the analyte in the sample as follows:

nearest 1.0 mg, to a 250-mL poly(tetrafluoroethylene) beaker AXB

(Note 52). Add 15 mL of HNO; (1 + 1). After the reaction Cerium, %= =719 (41)

subsides, add 20 mL of HCI and 1 mL of HF. Cover with a

poly(tetrafluoroethylene) cover and heat using low heat untilwhere:

dissolution is complete. Add 15 mL of HC}QOcover, and heat A = cerium mg/L, in test solution,

to perchloric acid fumes. Cool, rinse cover and sides of beakeB = Vvolume of final test solution (244.2), L, and
with water. Add 10 mL of HNQ (1 + 1), dilute to approxi- weight of sample, g.

mately 50 mL with water, and warm to dissolve all salts. If D XB
Lanthanum, %=

necessary, filter the solution through high porosity filter paper CXx 10 (42)
into a 100-mL volumetric flask. Cool, dilute to volume with where:
water, and mix. D = lanthanum in test solution, mg/L.

243.3 Preparation of Instrumentfollow the instrument
manufacturer’s instructions for startup and wavelength selec-
tion.

. . L 245. Precision and Bia&®
243.3.1Cerium—Using the wavelength optimization solu- o . . . .
tion described in 242.5. select the cerium 456.24 nm wave- 245.1 Precision—Eight laboratories cooperated in testing

length. Further optimize the instrument with the high calibra-this method and obtained the data summarized in Tables 25 and

; : ; : : 26.
tion solution according to manufacturer’s instructions. . . . .
243.3.2 Lanthanum-Ysing the wavelength optimization 245.2Bias—No information on the accuracy of this method

solution described in 242.6, select the lanthanum 408.67 nilY k”OW.”- The accuracy of this method_ may be judged by
wavelength. Further optimize the instrument with the highComloarlng accepted reference values with the corresponding

calibration solution according to manufacturer’s instructions. arithmetic average obtained by interlaboratory testing.
243.4Measurement:

243.4.1Calibration Solutions-Enter the value for the ap- TOTAL TITANIUM BY THE
propriate calibration solution (mg/L) and also the value for the DIANTIPYRYLMETHANE
matrix blank into the computer. Auto range (A/R) while SPECTROPHOTOMETRIC METHOD

introducing the appropriate calibration solution into the plasma

with the instrument set to average 3 readings at 10 s each.
Introduce the matrix blank into the plasma and complete th9246 S
auto range sequence. - Scope

Note 69—Caution: Observe instrument during calibration cyalden
Instrume_nt 1S Callbrat_ed for a maximum of 50 mg Ce/L (or :_30 m_g Lall). 2 Supporting data are available from ASTM Headquarters. Request RR:E03-
If a maximum count is reached and then falls off before calibration cycle; 4o
is completed, this indicates a possible saturation of the detector. The
results will be in error. This situation may be remedied by reducing the

photomultiplier tube voltage, decreasing the slit width, or in extreme cases TABLE 25 Statistical Information—Cerium

locating an alternate emission line or diluting sample and standards. This Test Specimen Cerium RepeatabilityReproducibility

note may not apply to all instruments. Found, %  (Ry, E173) (R, E 173)
243.4.2Test Solution-Fo ensure that the instrument is in % LowAlloy (NBS 362, 0.0019 0.0027 0.0002 0.0005

calibration, measure the calibration solution as a test solutionz. Low Alloy (NBS 361, 0.0040 0.0041 0.0003 0.0006

If the reading differs by more than 2 % from the established Ce)
value, recalibrate and repeat. Introduce a series of five (0f S5 ‘ron 0.0059 0.0002 0.0004

X X . > . R. E. Cast Iron (Leco 206, 0.011 0.0005 0.0008
fewer) test solutions into the plasma with the instrument set to 0.011 ce)
average three readings at 10 s each. Check the calibration bWORdllé- ga)st Iron (Leco 207, 0.016 0.0005 0.0013
. . . . . . e
measuring the calibration solution as a test solution. If the, °  sio, (nes 1286) . 0.0004 00008
reading differs by less than 2 % from the established value;. r. E. Cast Iron (Leco 208, 0.018 0.0004 0.0010
continue with another series of five (or fewer) test solutions.8 OF-{01§ ((3:9) ron (Leco 200 0.025 0.0000 0.0027
After each series of test solutions, check the calibration by® jiys ooy o oo 2 ' ' '
measuring the calibration solution as a test solution. If thes. puctile Iron (NBS 1140) 0.086 0.0015 0.0033
reading for the calibration solution differs by more than 2 % 10. Low Alloy 0.16 0.0049 0.0066
from the established value, recalibrate the instrument andy <o o oz Pttt
rom the established value, recalibrate the instrument and, cast iron 0.38 0.0079 0.0183

remeasure the test solutions.
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Test Specimen

Lanthanum RepeatabilityReproducibility

150°C. Oxidize the titanium by adding HNQdropwise (Note
70). Cool, dilute to volume with H,SO, (1 +9), and mix.

Found, % (R., E173) (Re, E173) Using a pipet, transfer 10 mL to a 100-mL volumetric flask,
1. Low Alloy (NBS 362, 0.001 La) 0.0008 0.0001 0.0004 add 10 mL of tartaric acid solution, dilute to volume, and mix.
2. Low Alloy (NBS 361, 0.001 La) 0.0012 0.0001 0.0004 :
3 Cast Iron 0.0028 0.0002 0.0006 Do not use a solution that has stood more than one day.
‘5" 2' E gzz: ::g": Etggg gg% 8'8832 8'8882 8'8882 Note 71—An excess of HN@should be avoided. Two to three drops
6. Low Alloy (NBS 1286) 0.0083 0.0003 0.0008 o_f HNO; should be sufficient to oxidize the titanium sulfate solution and
7. R. E. Cast Iron (Leco 208) 0.0057 0.0002 0.0007 discharge the blue color.
8. R. E. Cast Iron (Leco 209) 0.0075 0.0004 0.0012
9. Ductile Iron (NBS 1140) 0.024 0.0007 0.0027
10. Low Alloy 0.098 0.0033 0.0108
11. Cast Iron 0.16 0.0038 0.0142 253. Preparation of Calibration Curve
12. Cast Iron 0.20 0.0055 0.0152

253.1 Prepare a new calibration curve for each new lot of
DAPM.

246.1 This method covers the determination of titanium in 253.2Calibration Solutions-Using pipets, transfer 0.5, 1, 2,
mg Ti) to 50-mL volumetric flasks.

247. Summary O_f Method ) ) Note 72—Take spectrophotometric readings of the calibration solu-
247.1 Dissolution of the sample 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’4gdan- light path. Use a 1-cm light path for the remaining solutions.

tipyrylmethane complex is formed and determined spectropho- 553 3Reference SolutionWater.

tometrically. The spectrophotometric measurement is made at 253.4Reagent BlankTransfer 10 mL of water to a 50-mL

approximately 390 nm. volumetric flask and proceed as directed in 253.5.

. 253.5Color Development
248. Concentration Range b

. . 253.5.1 Add 3.0 mL of (HCI 1+ 1) and 5 mL of ascorbic
248.1 The recommended concentration range is 0.006 tQcid solution and allow to stand for 10 min. Add 10 mL of

0.140 mg of titanium per 50 mL of solution. -cm cell should be DAPM solution, dilute to volume with water, mix, and allow
used for concentrations of 0.006 to 0.070 mg of titanium. -c e solution to stand for at least 90 min

cell should be used for concentrations of 0.070 to 0.140 mg o 253.6 Spectrophotometry

ttanium. 253.6.1Multiple-Cell SpectrophotometerMeasure the cell

correction using absorption cells with either a 1-cm light path

or a 2-cm light path and a light band centered at approximately

1390 nm. Using the test cell, take the spectrophotometric

readings of the calibration solutions and the reagent blank
solutions versus the reference solution.

250. Interferences L . .. 253.6.2Single-Cell Spectrophotometeiansfer a suitable
2.50'1 The ek_ements ordinarily present do not interfere .'f ortion of the reference solution to an absorption cell with a 1
their concentrations are under the maximum limits shown i r 2-cm light path and adjust the spectrophotometer using a
11. light band centered at approximately 390 nm. While maintain-
ing this adjustment, take the spectrophotometric readings of the

calibration solutions and the reagent blank solutions.

253.7 Calibration Curve—Subtract the reagent blank read-
g from each of the calibration solution readings. Plot the
blank-corrected spectrophotometric readings of the calibration

252. Reagents . . o o :
. . : . solutions against milligrams of titanium per 50 mL of solution.

252.1 Ascorbic Acid Solutior{100 g/L)—Dissolve 25 g of ) :
ascorbic acid in water and dilute to 250 mL. Prepare as needeP.repare separate curves for 1 and 2-cm light path cells.

252.2 Diantipyrylmethane (DAPMJ20 g/L)—Dissolve 5 g
of 4,4 -diantipyrylmethane monohydrate {GH,,N,O,- H ,0)
in HCI (1 + 9) and dilute to 250 mL with the dilute hydrochlo-
ric acid. Prepare as needed.

252.3Potassium Hydrogen Sulfate, Fusgdmixture of K,S
20, and KHSQ).

249. Stability of Color
249.1 The color takes 90 min to develop at ambien
temperature and then is stable for up to 12 h.

251. Apparatus
251.1Glassware—Fo prevent contamination of the sample,
all glassware must be cleaned with hot HCI (1 + 1) before use,

254. Procedure

254.1Test Solution

254.1.1 Select a sample, weighed to the nearest 1 mg, in
accordance with the following:

252.4 Tartaric Acid Solution(100 g/L)—Dissolve 50 g of Tolerance
tartaric acid in water and dilute to 500 mL. Sample  Sample Final Aliquot Cell
252.5Titanium Sulfate Standard Soluti¢h mL = 0.010 mg o Weight,  Weight, ~ Volume,  Volume,  Size,
Ti)—Transfer 0.1000 g of titanium metal (purity: 99.9%  'a™m % g mo mt mt em
minimum) weighed to withit 0.2 mg to a 1-L volumetric 0.006 to 0.07 1.00 1 100 10.00 2
0.07 t0 0.14 1.00 1 100 10.00 1

flask. Add 50 mL of HSO, (1 + 3) and dissolve at less than
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0.14 t0 0.35 0.40 0.5 100 10.00 1 C = original sample weight (g) as determined in 254.1.1.

Transfer it to a 250-mL beaker.

254.1.2 Add 20 mL of HCI and digest at a low temperature
until dissolution is complete. Add 5 mL of HNLand evapo-
rate the solution to dryness.

256. Precision and Bias
256.1 Precision—Eight laboratories cooperated in testing
this method and obtained the data summarized in Table 27.
Note 73—The use of a coarse screen of 3-n#i(.) wire, or triangles 256.2Bias—No information on the accuracy of this method
on the_hot plate, permits more rapid evaporation without the danger ofs known. The accuracy of this method may be judged by
spattering. comparing accepted reference values with the corresponding
Cool, add 5 mL of HCI to the glass-covered beaker andarithmetic average obtained by interlaboratory testing.
\(/j\;ztseorllve the iron salts at 90 to 100°C and then add 15 mL of MOLYBDENUM BY THE ION
254.1.3 Filter through an 11-cm medium-porosity filter EXCHAQSE\FS'EHFL??%)SI%%DNOLINE
paper containing paper pulp into a 100-mL volumetric flask as
directed in 254.1.1 and rinse the beaker and filter paper three
times each with hot water. Remove the iron salts by washing
the paper with 10 mL of HCI (1 + 1) and hot water. Volume in 257. Scope
the flask at this point should not exceed 70 mL. 257.1 This method covers the determination of molybdenum
254.1.4 Transfer the paper to a platinum crucible, dry thdn concentrations from 1.5 to 5.0 %.
paper and residue, and then heat in a muffle furnace at about
700°C until the carbon is removed. Cool, and add a few drops 258. Summary of Method . _
of H,S0, (1+1) followed by 2 mL of HF. Evaporate to  258.1 M_olybdenum is separated from mterfenng elements
dryness, and then heat at a gradually increasing rate until tfe? an anion-exchange resin column using a sequence of
H,SO, is removed. Cool, ati2 g offused potassium pyrosul- hydrofluoric acid + hydrochloric acid (HF + HCI) eluent solu-
fate, fuse over a gas burner and heat until a clear melt {§ons. The isolated molybdenum is precipitated with
obtained. Add 10 mL of tartaric acid solution to the cooled8-hydroxyquinoline and weighed as the anhydrous complex.
melt, heat at 90 to 100°C, and when the melt is dissolved, add
this solution to the reserved filtrate in the volumetric flask259. Interferences _
(254.1.3). Dilute to volume, and mix. 259.1 All interfering _elements which are n_ormally present
254.1.5 Using a pipet, transfer a 10-mL portion to a 50-mLa"® removed by the anion exchange separation.
volumetric flask and treat as directed in 253.5.1 using 1 mL of
HCI (1 + 1). 260. Apparatus .
254.2 Sample Blank Solutiondsing a pipet, transfer a  260.1lon Exchange Column, Polystyrer?@ approximately
second 10-mL portion of the test solution to a 50-mL volumet-400 mm long and 25 mm in inside diameter, the bottom tapered

ric flask and treat as directed in 254.1.1 and 253.5.1, omittin® & 2-mm bore outlet, fitted with a hosecock or stopcock to
the addition of DAPM. control the liquid flow. All parts of the apparatus must be

254.3 Reagent Blank SolutionGarry a reagent blank constructed of HF-resistant plastic, such as polytetrafluoroet-
through the entire procedure using the same amounts of diylene. polyethylene, or poly(vinyl chloride) (Note 74).

reagents with the sample omitted (254.1.1-254.1.5). Note 74—The ion exchange column system must be carefully as-
254.4 Reference SolutionsWater and the sample blank sembled and checked to avoid possible leakage of solutions containing
solution, as described in 254.5. HF.

254.5 SpectrophotometryFake the spectrophotometric
reading of the reagent blank solution versus water and of the 261. Reagents
test solution versus the sample blank solution, as directed in 261.1 Ammonium Chloride Solutio240 g/L)—Dissolve
253.6. 240 g of ammonium chloride (N4€I) in 800 mL of water.
Warm to room temperature, dilute to 1 L and mix.

255. Calculation 29 Columns available from Ledoux & Co., Inc., Teaneck, NJ have been found
255.1 Convert the spectrophotometric reading of the testafisfactory.
solution to milligrams of titanium by means of the appropriate

calibration curve. Calculate the percentage of titanium as TABLE 27 Statistical Information—Titanium
follows: Titanium Repeata- Repro-
. . Test Specimen Found, bility, % ducibility,%
Titanium, %= (A — B)/(C X 100) X 100 (43) % (Ry, E173) (R, E 173)
where: 1. Low Alloy (NBS 19 g, 0.027 Ti) 0.028 0.0013 0.0043
s i i 2. Low Alloy (NBS 170a, 0.281 Ti) 0.282 0.0097 0.0228
A = titanium, mg, found in the final color development 3 cast iron (NBS 122d, 0.007 Ti) 0.006 0.0019 0.0037
solution, 4. Blast Furnace Iron (NBS 1144a, 0.33 0.0118 0.0168
B = titanium found, mg, in the reagent blank, and 032T)
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261.2 Ammonium FluoridéNH4F). beads retained on the screen periodically to avoid undue
261.3 Ammonium Oxalate4NH,OCOCOONHH,0). clogging of the openings. When the bulk of the resin has settled
261.4 EDTA Solution(10 g/L)—Dissolve 10 g of EDTA- in the 2-L beaker, decant the water and transfer approximately
disodium salt in water. Dilute to 1 L and mix. 100 mL of resin to a 400-mL beaker. Add 200 mL of HCI
261.5Eluent Solution@Varning—See Note 75.) (1 +19) and stir vigorously. Allow the resin to settle for 4 to 6

Note 75—(Warning: HF causes serious burns which may not be min, decant 150 to 175 mL of the suspension, and discard.

immediately painful; read the paragraph about HF in the Safety PrecadR€P€at the treatment with HCI (1 +19) twice more, and
tions section of Practices E 50. reserve the coarser resin for the column preparation.
. . : . 261.7.2 Prepare the column as follows: Place a 10- to 20-mm

( 42+611 féé)i¥gr081‘g%or£L 'g‘]f: ISJ;Z? rﬁqcrgoil_i Aé)cllde/t\r/]\/?;; layer of poly(vinyl chloride) plastic fibét in the bottom of the
graduated cylinder, add 40 mL of HF and 10 mLpof)I/—iCI'ydiIute column, and add a sufficient amount of the prepared resin to fill
to 1 L and mix. Stére in an HF-resistant plastic bottle., the column to a height Of. approximately 159 tq 175 mm. Place

261.5.2 Hydrofluoric Acid/Hydrochloric Acid/Water a 20-mm layer of poly(vinyl chloride) plastic fiber on the top
(1+5 .+£.1)—To 300 mL of water in a 1-L polvethvlene of the resin surface to protect it from being carried into
graduated cylinder, add 100 mL of HF and 50p0 r)‘;]L 31, HCI: suspension when the solutions are added. Add 100 to 125 mL
dilute to 1 L and mix. Store in an HF-resistant plastic bottle. of HCI (3 + 1) to the column. When the solution level is 5 to 10

261.5.3 Hydrofluoric Acid/Hydrochloric Acid/Water mm above the top of the resin bed add 100 mL of HCI (1 +9)
(20 + 2'5'+ 55)—To 500 mL of water in a 1-L polyethylene to the column. Repeat this cycle twice more and finally wash

graduated cylinder, add 200 mL HF and 250 mL HCI; dilute tothe resin bed W.'th 200 m_L HCI (1 + 3) tuming off the stopcock
1 L and mix. Store in an HF-resistant plastic bottle when the solution level is 10 to 20 mm above the top of the

| . ) . resin bed.
261.5.4 Hydrofluoric Acid/Ammonium Chloride/Water . . . .
(4+60 + 36)y_.|.0 600 mL of ammonium chloride solution 261.8Sodium Hydroxide SolutiofL00 g/L)—Dissolve 100

: ) . g of sodium hydroxide (NaOH) in about 100 mL of water.
&2;1.0 dgiftzemt(? i I_Lp;%etr?i/)l(eréet grgﬁﬁa;idﬁzl_lp edsei;’t:r?tdljgsrgé‘When dissolution is complete, cool, and dilute to 1 L. Store in

: L o . a plastic bottle.
gggils). (This solution is 14.4 % in NiZI on a weight/volume 261.9Sodium Hydroxide Solutio(ilO g/L)—Dissolve 10 g
261.5 5 Ammonium  Fluoride/Ammonium  Chloride of NaOH in about 100 mL of water. Cool and dilute to 1 L.

Solution—o 600 mL of ammonium chloride solution (240 Store in a plastic bottle.
g/L) in a 1-L polyethylene graduated cylinder, add 41 g of

NH,F. Add water to the 900 mL mark and stir to dissolve. 262.1 Transfel g of sample weighed to the nearest 0.1 mg
Dilute to 1 L and mix. With narrow-range pH paper, verify that tto a 200-mL polytetrafluoroethylene beaker marked at the 100

the pH is between 5.6 and 5.8. If it is above this range, adjus . .
the solution with dropwise additions of HF; it it is below this mL level on the outside. Add 10 mL of HF and cover with a

range, adjust the solution with dropwise additions of JOH. polytetrafluoroethylene watchglass. Warm the solution with

Store in an HF-resistant plastic bottle. (This solution is 14.4 ‘%!OW heat and cautiously add HNOin 1-mL increments

in NH ,Cl and 4.1 % in NHF on a weight/volume basis.) allowing the reaction to subside between additions. High

S : . chromium samples may also require cautious dropwise addi-
261.68-Hydroxyquinoline Solutio(30 g/L)—Dissolve 30 g . T
of 8-hydroxyquinoline in 120 mL of glacial acetic acid tions of HCI. When dissolution is complete, cool the beaker,

(CH,COOH). Cautiously add water, with stirring to a total remove the cover with platinum-tipped tongs and cautiously

solution volume of 600 mL. Warm to 40°C. Add NEH rln;gzltzlné?/é?zs;getllﬁqrg;l/gho\;vg:ﬁgr low temperature arrange-
(1 + 1) dropwise with stirring until a slight permanent precipi- ' P 9

. . : S ment evaporate the solution to dryness. Cool, wash down the
tate is formed. Carefully add glacial GHOOH with stirring : . .
until the precipitate first dissolves. Dilute to 1 L. sides of the beaker with HCI (1+1) and again evaporate to

261.710n-Exchange Resin War cverow heat antl il sals re disoived (Note 76). Cool
261.7.1 Use an anion-exchange resin of the alkyl quaterna '

T ; ;
ammonium type (chloride form) consisting of spherical beads% room temperature and dilute to 100 mL with water.

having a cross-linkage of 8 % and of 200 to 400 nominal U.S. Note 76—It may be necessary to add additional water and to stir
mesh size° To remove those beads greater than about 180 um@utiously with a polytetrafluoroethylene stirring rod to completely
in diameter, as well as the very small diameter beads, treat tHffissolve all salts.

resin as follows: Transfer a supply of the resin to a beaker, 262.3 Drain the solution in the ion exchange column by
cover with water, and allow at least 30 min for the beads tgassing 100 mL of HF/HCl/wated(+ 1 + 95)through it at a
undergo maximum swelling. Place a No. 80 (180 um) screemratio of approximately 2 mL/min. Allow the solution to drain to
150 mm in diameter, over a 2-L beaker. Prepare a thin slurry othe top of the resin bed. Collect the effluent in a plastic beaker
the resin and pour it into the screen. Wash the fine beadsnd discard it.

through the screen using a small stream of water. Discard the 262.4 Place an 800 mL plastic beaker under the column.

262. Procedure

30 AG1-X8, 200 to 400 mesh, chloride form, which is available from Bio-Rad 1 Dynel plastic wool available from Union Carbide Corp., Chemical Division,
Laboratories, Richmond, CA, has been found satisfactory. Textile Fibers Department, Needham Heights, MA, has been found satisfactory.
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Place a small plastic funnel holding a high-porosity hard-to light fumes on a sanbath or other carefully controlled heat
surface filter paper in the top of the column. Ensure that an aisource (see Note 82).

seal .doels qut fﬁrm betvlveenl the funnelhand Ithe co(qumn. Note 82—Warning: Ensure that the applied temperature does not
Cautiously filter the sample so uth_h OnFO the column. A Jl_JStexceed the softening point of polytetrafluoroethylene. Cool and cautiously
the effluent flow to about 2 mL/m_m- Rinse the _beaker With rinse into 1 400-mL borosilicate glass beaker. Heat to low volume (about
HF/HCl/water @ + 1 + 95) transferring the washings to the 10 mL), cool, add 2 mL of HNQ, and evaporate to strong fumes of SO
paper. Cautiously police the beaker with a polytetrafluoroeth- 565 15 cool to room temperature, dilute to about 30 mL with

ylene policeman, if necessary, and rinse onto the paper Witmlater, add 5 mL of HN@and 5 mL of HCI. Cover and heat for
HF/HCl/water @ + 1 +95). Wash the paper well with HF/HCI/ 0 min.

water @ + 1 +95). Cautiously, remove and discard paper (Note 65 13 Dilute to 100 mL. Heat to boiling and while hot,

7). cautiously add NaOH solution (100 g/L) until litmus paper
Note 77—If insoluble molybdenum compounds are suspected ormoistened with the solution just turns blue, then add 10 mL

known to be present, halt the flow from the column when the washing ofxcess. Boil for 1 min. If a precipitate is present, filter through

the paper is complete. Cautiously transfer the paper to a platinum cruciblgigh porosity, surface hardened filter paper and wash paper

and ignite at 500°C (no higher) in a muffle furnace. Cool in a desiccatorthorougmy with warm NaOH solution (10 g/L). Discard paper.

add 1 g anhydrous sodium carbonate powder,(\@®) and fuse over a - . )
burner. Cool, add 20 mL water and heat to dissolve the melt. Carefull);f gozp;ZCfét_ate Ii presl,ent pr?cﬁed dllre.CtIy t0ﬂ262.14.b ined
acidify with dropwise additions of HCI (1 + 4) until effervescence ceases, 62. just the volume of the solution or filtrate obtaine

plus 10 drops excess. Evaporate to dryness, cool, add 20 mL HF/HCIN 262.13 to about 200 mL. Add 10 mL of EDTA solution (10
water @ + 1 +95), heat to dissolve, cool, and transfer this solution to theg/L) and 3 g of ammonium oxalate. Warm gently to obtain a
column. Resume the 2 mL/min flow from the column. clear solution and cool to room temperature.. Adjust the pH to

262.5 Continue to add HF/HCl/wates ¢ 1 + 95)until 650 4.0 using a pH meter and dropwise additions of HCI (1 + 1)
mL have been collected in the 800 mL plastic beaker (Note 78j2nd NaOH solution (10 g/L).

Drain solution to the top of the resin bed. Cautiously discard 26215 Heat the solution to boiling, remove from heat and
this solution. slowly add 20 mL of 8-hydroxyquinoline solution (30 g/L)

while stirring. Heat at just below the boiling point for 10 min,

No_TE 78—This solution contains all the iron, chromium, nickel, cobalt, stirring occasionally.
aluminum, copper and manganese. 262.16 Filter through a tared medium-pososity fritted glass

262.6 Place an 800-mL plastic beaker under the column antfiltering crucible using gentle suction. Wash the contents of the
elute 500 mL of HF/HCl/water I(+ 5+ 4) at arate of 2  beaker into the filtering crucible with hot water and wash the
mL/min. Drain solution to the top of the resin bed. Cautiouslyprecipitate with additional hot water for a total of about 100
discard this solution (Note 79). mL.

262.17 Dry the precipitate in a drying oven set at 125°C for
at least 4 h. Cool the filtering crucible for at I¢&h in a

desiccator and weigh.
262.7 Place an 800-mL polytetrafluoroethylene beaker under

the column and elute the molybdenum with 500 mL of
HF/HCl/water (20 + 25 + 55) at a rate of 2 mL min. Drain 263. Calculation
solution to the tOp of the resin bed. Proceed with this eluent 263.1 Calculate the percentage of mo'ybdenum as follows:

solution as descrived in paragraph 262.11. B
262.8 Place an 800-mL plastic beaker under the column and Molybdenum, %= [(A — B) x 23.09/C (44

elute 300 mL of HF/NH,Cl/water (4 + 60 + 36) at a rate of 2 \where:
mL/min. Drain solution to the top of the resin bed. Cautiously A weight of crucible plus precipitate, in g,
discard this solution (Note 80). B weight of crucible, in g, and

C sample weight, in g

Note 79—This solution contains all the tungsten, titanium, zirconium,
and hafnium.

Note 80—This solution contains all the niobium.

262.9 Place an 800-mL plastic beaker under the column and
elute 350 mL of NHF/NH,CI solution at a rate of 2 mL/min. 264. Precision and Bias
Drain solution to the top of the resin bed. Cautiously discard 264.1 Precision—Seven laboratories cooperated in testing
this solution (Note 81). this method and obtained the data summarized in Table 28.

Note 81—This solution contains all the tantalum.

262.10 Place an 800-mL plastic beaker under the column andABLE 28 Statistical Information—Molybdenum lon Exchange—

elute 100 mL of water, then 100 mL of HCI (1 + 3), stopping 8-Hydroxyquinoline Gravimetric Method

the flow when the liquid level is 10 to 20 mm above the resin Test Molybdenum - Repeatability, - Reproducibilty,

bed. Cautiously discard the solution. The column is now ready Found % (R, E17%) (R E17%)

to be stored for future use or to be preconditioned for another® l‘ﬁhgelcsaf‘,\;rg)” (NBS 1.48 0.070 0.086

sample (262.3). 2. No. 1, E 354 3.92 0.219 0.250
262.11 To the eluent containing the molybdenum (from 3. No. 3, E 352 8.85 0.180 0.188

262.7) cautiously add 15 mL of J$0O, (1 + 1) and evaporate  “The test was conducted in accordance with the 1980 version of Practice E 173.
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While the testing range exceeds the upper limit of the Scope,

the data for Test Material 3 were included to illustrate the265. Keywords

ruggedness of the method’s precision at levels near the upper265.1 carbon content; cast iron; cerium; chromium; cobalt;

limit of the Scope. combustion analysis; copper; graphitic carbon; infrared absorp-
264.2Bias—No information on the accuracy of this method tion; lanthanum; lead; magnesium; manganese; molybdenum;

is known. The accuracy of this method may be judged bynickel; phosphorus; silicon; sulfur; tin; titanium; vanadium

comparing accepted reference values with the corresponding

arithmetic average obtained by interlaboratory testing.

APPENDIX
(Nonmandatory Information)

X1. TEST OF SUITABILITY OF IRON AND STRONTIUM CHLORIDE

X1.1 Iron X1.1.6 Calculate the percentage of magnesium in the iron as
X1.1.1 Transfer (5< F)g of iron (76.1) weighed to the follows: _
nearest 10 mg, to a 400-mL beaker; dissolve it, evaporate the Magnesium, %= (A — B)/(10 X F) (X1.1)

solution to dryness and bake as directed in 76.1. Add 15 mL Ofwhere:

HCI and heat gently until salts are dissolved. Cool, transfer top = magnesium, mg, in 25 mL of the final solution of iron,
a 100-mL volumetric flask, dilute to volume, and mix. Transfer g = magnesium, mg, in 25 mL of the final blank solution,
20.0 mL of each of three 25-mL volumetric flasks, dilute one of and

them to volume, and mix. To the other two add 2.0 and 4.0 mL,F sensitivity factor (75.1.4).

respectively, of magnesium solution B (76.3), dilute to volume,

and mix. X1.2 Strontium Chloride

X1.1.2 Prepare a reagent blank by evaporating to dryness x1.2 1 Transfer 10.0 mL of the solution prepared as di-
the volumes of HCI (1 + 1) and HNQused in 1.1 to dissolve rected in 76.4 to each of three 25-mL volumetric flasks, dilute
the iron. Add 15 mL of HCI and heat gently to dissolve any gne of them to volume, and mix. To the other two add 2.0 and
salts. Cool, transfer to a 100-mL volumetric flask, dilute to4.0 mL, respectively, of magnesium solution B (76.3), dilute to
volume, and mix. Transfer 20.0 mL to each of three 25-mLvolume, and mix.
volumetric flasks, dilute one of them to volume, and mix. To x1.2.2 With the hollow cathode tube in position, energized
the other two add 2.0 and 4.0 mL, respectively, of magnesiunand stabilized, locate the wavelength setting in the vicinity of
solution B (76.3), dilute to volume, and mix. 2852 A that gives the maximum response of the detector

X1.1.3 With the hollow cathode tube in position, energizedsystem.
and stabilized, locate the wavelength setting in the vicinity of X1.2.3 Light the burner, allow it to reach thermal equilib-
2852 A that gives the maximum response of the detectofium, and adjust the instrument to zero while aspirating water.
system. Aspirate the solution to which 4 mL of magnesium standard

X1.1.4 Light the burner, allow it to reach thermal equilib- solution was added in X1.2.1 a sufficient number of times to
rium, and adjust the instrument to zero while aspirating waterestablish that the reading is not drifting. Record the absor-
Aspirate the solution to which 4 mL of magnesium standardPance. Aspirate the other two solutions and record the absor-
solution was added in 1.1 a sufficient number of times toPance values.
establish that the reading is not drifting. Record the absor- X1.2.4 Plot a curve on rectangular coordinate paper based

bance. Aspirate the other two solutions and the three solutior@ the absorbance values of the three solutions (A1.2.3) against
prepared as directed in 1.2. milligrams of magnesium added, namely 0, 0.004, and
X1.1.5 Plot two curves on rectangular coordinate paper, ond-008 F (75.1.4). Extrapolate the curve o zero absorbance
based on the absorbance values recorded for the three solutighjd "e¢0rd the corresponding value for milligrams of magne-
from 1.1 and the other based on the three values found for thao N 25 ML of the final solution, o

solutions from 1.2 against milligrams of magnesium added, *1-2.5 Calculate the percentage of magnesium in the stron-
namely 0, 0.004x F, and 0.008x F (75.1.4). Extrapolate each tium chloride as follows:

curve to zero absorbance and record the corresponding values Magnesium, %= A/(10 X F) (X1.2)

for milligrams of magnesium in 25 mL of the final solution.

where:

A = magnesium, mg, in 25 mL of the final strontium
chloride solution, and

F = sensitivity factor (75.1.4).
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International 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 International, 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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