QHW Designation: E 1086 — 94 (Reapproved 2000)

Standard Test Method for
Optical Emission Vacuum Spectrometric Analysis of
Stainless Steel by the Point-to-Plane Excitation Technique

This standard is issued under the fixed designation E 1086; 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 epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope 2. Referenced Documents

1.1 This test methddprovides for the optical emission 2.1 ASTM Standards:
vacuum spectrometric analysis of stainless steel in solid form E 135 Terminology Relating to Analytical Chemistry for
by the point-to-plane excitation technique for the following Metals, Ores, and Related Materials

elements in the concentration ranges shown: E 158 Practice for Fundamental Calculations to Convert
Element Concentration Range, % Intensities into Concentrations in Optical Emission Spec-

Chfrrium 170 10230 trochemical Analysi$
Nicke 75 t013.0 . S e e
Molybdenum 001 130 E172 Practlce_for_ Describing and S_peufymg t_he Excitation
Manganese 0.01 to2.0 Source in Emission Spectrochemical Analysis
Silicon 0.01 to 0.90 E 305 Practice for Establishing and Controlling Spectro-
Copper 0.01 10030 chemical Analytical Curvés
Carbon 0.005 t0 0.25 Yy _ , .
Phosphorus 0.003 to 0.15 E 353 Test Methods for Chemical Analysis of Stainless,
Sulfur 0.003 to 0.065 Heat-Resisting, Maraging, and Other Similar Chromium-

1.2 This test method is designed for the routine analysis of ~Nickel-Iron Alloys®
chill-cast disks or inspection testing of stainless steel samples E 406 Practice for Using Controlled Atmospheres in Spec-
that have a flat surface of at least 13 mm (0.5 in.) in diameter.  trochemical Analysis
The Samp|es must be Sufﬁcienﬂy massive to prevent overheat- E 876 Practice for Use of Statistics in the Evaluation of
ing during the discharge and of a similar metallurgical condi- ~ Spectrometric Dafa
tion and composition as the reference materials. E 1060 Practice for Interlaboratory Testing of Spectro-
1.3 Analytical curves are plotted using the concentration —chemical Methods of Analysis
ratio method as shown in Practice E 158. One or more of th Terminolo
reference materials must closely approximate the composition’ 9y
of the Specimen_ The technique of analyzing reference mate- 3.1 DefinitionS—For deﬁnitions Of terms Used in th|S test
rials along with unknowns and performing the indicatedMethod, refer to Terminology E 135.
mathematical corrections may also be used to correct fo&
interference effects and to compensate for errors resulting from’ ) )
instrument drift. A variety of such systems are commonly used. 4-1 A controlled discharge is produced between the flat
Any of these that will achieve analytical accuracy equivalent toSUrface of the specimen and the counter electrode. The radiant
that reported for this test method are acceptable. energy of selected angly_tlcal lines are converted into (_alectrlcal
1.4 This standard does not purport to address all of the€nergies by photomultlphertubes and stqred on capacitors. The
safety concerns, if any, associated with its use. It is thélischarge is terminated at a predetermined level of accumu-
responsibi”ty of the user of th|s Standard to estab"sh approJated I’adlant enel’gy from the |nternal Standard Iron ||ne or aftel’

priate safety and health practices and determine the applica2 fixed exposure time. At the end of the exposure period, the
bility of regulatory limitations prior to use. charge on each capacitor is measured, and displayed or

recorded as a relative energy or concentration.

Summary of Test Method

5. Significance and Use

1 This test method is under the jurisdiction of ASTM Committee E-1 on S5.1 The chemical co_mposmon of stainless Ste_els must be
Analytical Chemistry for Metals, Ores, and Related Materials and is the direcidetermined accurately in order to ensure the desired metallur-

responsibility of Subcommittee E01.01 on Iron, Steel, and Ferroalloys. gical properties_ This procedure is suitable for manufacturing
Current edition approved Jan. 15, 1994. Published March 1994. Originally

published as E 1086 — 85. Last previous edition E 1086 — 85 (1989). I
2 Supporting data for this test method are on file at ASTM Headquarters. Request * Annual Book of ASTM Standardgol 03.05.

Research Report RR: E02-1023. 4 Annual Book of ASTM Standardéol 03.06.
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control and inspection testing. TABLE 1 Analytical and Internal Standard Lines
6. Apparatus Element Wavelength, nm Concentragc())?ntiwitch Over

6.1 Sample Preparation Equipment _ _ Chromium 298.919

6.1.1 Sample Mold capable of producing castings that are Nickel 243.789
homogeneous and free of voids and porosity. The following Eiégié
mold types have been found to produce acceptable samples. 216.910

6.1.1.1 Refractory Mold Ring having a minimum inside  Molybdenum 202.030 <1%
diameter of 32 mm (1.25 in.) and a minimum height of 25 mm ggégéi Lo
(1.0'in.). The ring is placed on a flat surface of a copper plate 369.265 ’
approximately 50 mm (2.0 in.) thick. Manganese 293.306

6.1.1.2 Book-Type Steel MoJdo produce a chill-cast disk  Silicon SZ;%SA
64 mm (2.5in.) in diameter and 13 mm (0.5 in.) thick. The wall  cqpper 327.396 <0.10 %
thickness of the mold should be 32 mm (1.25 in.) to aid chill 224.699 >0.10 %
casting Carbon 193.092

’ . . . . . Phosphorus 178.2874

6.1.2 Abrasive Grinder a suitable belt grinder, horizontal g, 180731
disk grinder, or similar grinding apparatus. The resulting Iron® 271.441
surface should be uniformly plane and free of defects. These 322.706

may be either wet or dry grinding devices. Grinding materials A Silicon 251.612 can have a small but significant interference from molybde-

. . . . num 251.611. Phosphorus 178.287 may show small but significant interferences
with g”t Sizes ranging from 60 to 180 have been foundfrom unlisted lines or background due to molybdenum, chromium, and manga-

satisfactory. nese. Interference corrections will not be necessary if: separate silicon and
6.2 Excitation SOUI’CEWith parameters capable of produc- phosphorus curves are used for 316 and 317 alloys; the manganese content varies
. ’ . . . only between 0.7 and 1.5 %; and the chromium concentration is held between 17
ing a usable spectrum as described in 10.2 and conforming Q4 20 o,
Practice E 172. B Either iron line 271.441 or 322.775 with narrow entrance and exit slits to avoid
6.3 Excitation Standsuitable for mounting in optical align- interference from manganese 322.809 can be used as internal standard with any
) . . .- of the listed analytical lines. Iron 271.441 is not appropriate for tungsten tool steels
ment, a flat surface of the Spec_|men in opposmon toa COUI"I'[eJr super alloys with high cobalt because of interference from cobalt 271.442.
electrode. The stand shall provide an atmosphere of argon and
may be water cooled. Electrode and argon are described in 7,1 . .
andy7 5 9 interest. Argon of 99.998 % purity has been found satisfactory.
6.4 .Si)ectrometer having sufficient resolving power and Refer to Practice E 406.
Lo . . . 7.2 Electrodes may be 3 to 6 mm (0.125 to 0.25 in.) in
linear dispersion to separate clearly the analytical lines from,. o b .
. - . . . diameter ground to a 90° tip or whatever the instrument
other lines in the spectrum of a specimen in the spectral region

170.0 to 500.0 nm. Spectrometer characteristics for two of th(g]r chlgaitilrj]:aer sri?vccgmgggds{hgorirattzg-tﬁﬁgggIr?rrsgsrcgr. gt?\fr-

instruments used in this test method are described as havin . . ; )
, ) . aterial may be used provided it can be shown experimentally
dispersion of 0.697 nm/mm (first order), the focal length of 1 . ey ;
that equivalent precision and accuracy are obtained.

m. Spectral lines are listed in Table 1.
6.5 Measuring Systeptonsisting of photomultiplier tubes g Reference Materials

having individual voltage adjustment, capacitors on which the 8.1 Certified Reference Materialare available from the

output of each photomultiplier tube is stored and an electronic, .
system to measure voltages on the capacitors either directly %Iratmnal Institute of Standards and Technologynd other

indirectly, and the necessary switching arrangements to prolpternational certificatiqn agencies._ -
’ 8.2 Reference Materialsvith matrices similar to that of the

vide the desired sequence of operation. test specimen and containing varying amounts of the elements
6.6 Readout Consolecapable of indicating the ratio of the P . g varying am
to be determined may be used provided they have been

analytical lines to the internal standard with sufficient precision . . .
to produce the accuracy of analysis desired. chemically analyzed in accordance with ASTM standard test

6.7 Vacuum Pumpcapable of maintaining a vacuum of 25 methods. _These refere_nce materials shall be homogeneous, and
um Hg. free of voids or porosity. _ .

6.8 Flushing Systemconsisting of argon tanks, a pressure 8.3 Th? ri(]afereince matgrlgls shallhcover t.h(? conce?trﬁnon
regulator, and a gas flowmeter. Automatic sequencing shall bréa?ges of the gelmeﬂtsll €ing sofug L Aiimlmlmum of three
provided to actuate the flow of argon at a given flow rate for gererence materials shall be used for each element.
given time interval and to start the excitation at the end of th&y  preparation of Samples
required flush period. The flushing system shall be in accor-

dance with Practice E 406. 9.1 Cast samples from molten metal into a suitable mold

and cool. Prepare the surface to be analyzed on a suitable belt
Note 1—It is not within the scope of this test method to prescribe all or disk grinder. Prepare the surface of the specimens and
details of equipment to be used. Equipment varies among laboratories.reference materials in a similar manner. If wet surfacing

7. Reagents and Materials

7_-1 Argon, ei_ther gaseous or liquid, must be_Of Sl_'lfﬁCient 5 National Institute of Standards and Technology, U.S. Department of Com-
purity to permit proper excitation of the analytical lines of merce, Gaithersburg, MD 20899.
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procedure is used, dry the specimens for proper excitation ireadout or by applying arithmetic corrections. Standardization
the argon atmosphere. will be done anytime verification indicates that readings have
o gone out of statistical control.
10. Excitation and Exposure 11.3 Verification—Shall be done at least at the beginning of
10.1 Be certain the spectrometer is in optical alignment an@ work shift. Analyze verifiers in replicate to confirm that they
has been calibrated in accordance with the instructions of theead within expected confidence interval, as defined in 11.4.

manufacturer. 11.3.1 Check the verification after standardizing. If confir-
10.2 Electrical Parameters-Two different types of sources mation is not obtained, run another standardization or investi-
were employed in the testing of this test method. gate why the instrument is malfunctioning.
10.2.1 Directional Self-Initiating Capacitor Discharge 11.3.2 Repeat the verification at least gvdrh or if the
Source instrument has been idle for more than 1 h. If readings are not
in conformance, repeat the standardization.
Capacitance, pF 0.015 11.4 The confidence interval will be established from ob-
:Egzggzgg tl' H: 2(1)0 servations of the repeatability of the verifiers and determining
Resistance, & residual the confidence interval for some acceptable confidence level in
Potential, V 13 500 accordance with Practice E 876 or by establishing the upper
Eﬁ:tkviﬁge'aﬁem R 28 and lower limit of a control chart in accordance with ASTM
Current pj'lse duration, s 190 Manual MNL78 The latter is the preferable approach since it
Number of discharges/s 240 also monitors the consistency of the statistics of the measure-
ments and provides a way of maintaining a record of perfor-

10.2.1.1 Exposure Conditions
mance.

Flush, s ! Argon Flow 0.42 m3h 12. Procedure for Excitation and Radiation Measurement
Preburn, s 20 Argon Flow 0.42 m3/h . . .
Integration, s 20 Argon Flow 0.42 m%h 12.1 Produce and record the spectra using the conditions in
10.2.2 Triggered Capacitor Discharge Source 10.2. ) )
12.2 Replicate Exposure-Make duplicate exposures of
Prebum Exposure each specimen and report the average. Place the freshly
Pulse Output: surfaced specimen on the excitation stand in a manner to effect
Capacitance, HF (d-c charged) 7.5 25 a gas-tight seal and adequate argon flushing. Position the
gg;?g;gi%“ feosi dual f’fsi dual specimen so there will be a uniform pattern of excitations
Potential, V 950 950 around its face. For example, a disk-shaped specimen should
Peak Curreim, C/i\ 275 100 have a ring of excitation marks around its outer edge and
Current pulse duration, s 250 130 H . .

Number of discharges/s 120 20 approxmatel_y 6 mm (0.25 in.) from t'he edge. Avoid the center
Trigger: of cast specimens because there is more chance of quench
Czpacitance (d-c charged),u F 1-2d | cracks and segregation. Make a good electrical ground. Cool
Inductance, puH residual . . . . .
Resistance. ) rosidual the specimen qfter two exc_ltat|ons to prevent _ove_rheatmg, if
Potential, V 425 required. Examine the specimen after each excitation to evalu-

ate the quality of excitation. Cracks, voids, pits, moisture, or
inclusions will limit the sampling and the accuracy of a
determination. Successive excitations shall be sufficiently

10.2.2.1 Exposure Conditions

Flush, s 2 Argon Flow 0.56 m/h ]
Preburn, s 10 Argon Flow 0.56 m¥%h separated so that the discharge patterns do not overlap.
Exposure, s 10 or 15 Argon Flow 0.56 m®/h

13. Calculation of Results

1. Callbrgtlon., Standailrdlzatlon, a”_q Ve”f'f:atloh 13.1 Average the readings obtained for each specimen. If
111 Calibration—Using the conditions given in 10.2, ex- the readout is not in direct concentration units, use this value to
cite calibrants and potential standardants in a random Sesptain the concentrations from the curves, or related scale

quence, bracketing these burns with excitations of any mateyajyes and concentration by reference to a table that has been
rials intended for use as verifiers. (A verifier may be used as greviously prepared.

calibrant even though it is burned only as a verifier). There

shall be at least three calibrants for each element, spanning thi4. Precision and Bias?

required concentration range. Repeat with different random 14 1 precision—The precision of this test method was
sequences at least four times. Follow the procedure for thgetermined by submitting three stainless alloys to five different
concentration-ratio method as described in Practice E 158aporatories. The interlaboratory testing was conducted in
Using the averages of the data for each point, determingccordance with Practice E 1060. Using reference materials

analytical curves as described in Practice E 305. supplied with the unknowns, in-house reference materials,
11.2 Standardization-Following the manufacturer's rec-

ommendations, standardize on an initial setup or anytime that
it is known or suspected_ that readm_gs _have shifted. Make the 5 MNL 7 Manual on Presentation of Data and Control Chart Analysis, ASTM
necessary corrections either by adjusting the controls on th@anual Series, ASTM, 6th edition, 1990.
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NBS and British Certified Reference Materials for calibration,results obtained by chemical methods and those obtained by

the unknowns, and in-house reference materials were run dhis test method is displayed in Table 3. These data were

three separate days. The precision data for the three unknownbtained by procedures outlined in Practice E 1060.

is shown in Table 2. 14.2 Bias— There is no known bias in this test method.
14.1.1 Accuracy—The three unknowns were analyzed by 15 Keywords

alternate chemical methods by two laboratories independent of

; . 15.1 optical emission; point-to-plane technique; spectromet-
the testing of this test method. The agreement between thﬁec analysis; stainless steel

TABLE 2 Precision Data

Standard Deviation, Single Value Range of Duplicates, 95 %
Element Sample” Average thi
P Concentration, % Within Between (Ry)B. % (R)C, %
Laboratory, % Laboratories, % v 2
Carbon CT-304 0.062 0.0011 0.0033 0.0035 0.0100
CT-305 0.067 0.0015 0.0052 0.0046 0.0159
CT-316 0.061 0.0013 0.0015 0.0040 0.0047
Manganese CT-304 0.765 0.0038 0.0212 0.0120 0.0643
CT-305 1.84 0.016 0.037 0.049 0.111
CT-316 1.66 0.012 0.022 0.036 0.067
Phosphorus CT-304 0.025 0.0004 0.0025 0.0014 0.0077
CT-305 0.025 0.0004 0.0010 0.0011 0.0029
CT-316 0.031 0.0004 0.0012 0.0014 0.0036
Sulfur CT-304 0.022 0.0007 0.0017 0.0021 0.0052
CT-305 0.022 0.0007 0.0018 0.0023 0.0054
CT-316 0.024 0.0006 0.0011 0.0018 0.0034
Silicon CT-304 0.55 0.005 0.006 0.015 0.019
CT-305 0.56 0.004 0.008 0.013 0.026
CT-316 0.72 0.008 0.016 0.025 0.047
Copper CT-304 0.33 0.005 0.022 0.016 0.067
CT-305 0.29 0.005 0.022 0.016 0.019
CT-316 0.24 0.003 0.012 0.011 0.038
Nickel CT-304 9.63 0.055 0.237 0.17 0.72
CT-305 11.97 0.105 0.191 0.33 0.58
CT-316 12.54 0.073 0.242 0.23 0.73
Chromium CT-304 18.65 0.075 0.148 0.24 0.45
CT-305 18.55 0.107 0.108 0.34 0.33
CT-316 17.48 0.053 0.150 0.17 0.46
Molybdenum CT-304 0.316 0.0035 0.0082 0.0109 0.0250
CT-305 0.470 0.0020 0.0116 0.006 0.0366
CT-316 2.44 0.016 0.019 0.052 0.057

A This is a composite of each of the five one-week daily results. This represents a total of 15 determinations. The results reported by each laboratory are on file at ASTM
Headquarters.

B within-laboratory, repeatibility, degrees of freedom = 10.

€ Between-laboratories, reproducibility, degrees of freedom = 14.
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TABLE 3 Accuracy Data

Concentration, % Accuracy, % (95 % Confidence)
Element Sample
Determined” Assumed S, Sw) Sisry
Carbon CT-304 0.062 0.063 0.0025 0.0011 0.0033
CT-305 0.067 0.067 0.0052 0.0015 0.0052
CT-316 0.061 0.061 0.0026 0.0013 0.0015
Manganese CT-304 0.765 0.78 0.025 0.0038 0.0212
CT-305 1.84 1.85 0.027 0.016 0.037
CT-316 1.66 1.67 0.022 0.012 0.022
Phosphorus CT-304 0.025 0.026 0.0015 0.0004 0.0025
CT-305 0.025 0.025 0.0009 0.0004 0.0010
CT-316 0.031 0.029 0.0021 0.0004 0.0012
Sulfur CT-304 0.022 0.023 0.0021 0.0007 0.0017
CT-305 0.022 0.022 0.0017 0.0007 0.0018
CT-316 0.024 0.023 0.0018 0.0006 0.0011
Silicon CT-304 0.55 0.56 0.013 0.005 0.006
CT-305 0.56 0.55 0.014 0.004 0.008
CT-316 0.72 0.69 0.013 0.008 0.016
Copper CT-304 0.33 0.34 0.023 0.005 0.022
CT-305 0.29 0.29 0.007 0.005 0.006
CT-316 0.24 0.25 0.017 0.003 0.012
Nickel CT-304 9.63 9.60 0.223 0.055 0.237
CT-305 11.97 11.95 0.181 0.105 0.191
CT-316 12.54 12.61 0.78 0.073 0.242
Chromium CT-304 18.65 18.57 0.165 0.075 0.148
CT-305 18.55 18.58 0.114 0.107 0.108
CT-316 17.48 17.60 0.184 0.053 0.150
Molybdenum CT-304 0.316 0.33 0.017 0.0035 0.0082
CT-305 0.470 0.45 0.019 0.0020 0.0116
CT-316 2.44 2.45 0.020 0.016 0.019

A All percent concentrations consist of a 15-determination average, the “apparent” outliers were left in because a statistical evaluation of the data is not a satisfactory
reason for eliminating the data values. The results for each individual laboratory is on file at ASTM Headquarters.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).



