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FOREWORD 

Tin* work Coveted b)  ttlifl report was accomplished h\  Krank L. Harris under the 
direction Of Kmil J. ^ ork. Chief, Materials EngÜOeering Dixisinn. Petroleum ami Material- 
Department, U.S. \rmy Mobility Equipment Research and Development Center. The 
work constitutes a part of the IS.  \rm\  Materials Testing Technology (MTT) program 
to provide better procedures in chemical, mechanical, and non-destructive testing tech- 
niques in increase inspection efficiency lor material/materiel procured bj the Army 
Materiel Command. 

in 



CONTENTS 

Section Title Page 

FOREWORD iii 

I INTRODUCTION 

1. Statement of the Problem 1 
2. Background 1 

II EXPERIMENTAL PROCEDURE 

3. Approach to the Problem 2 
4. Results 2 

III CONCLUSIONS AND DISCUSSION 

5. Conclusions 9 
6. Discussion 10 

APPENDIX 

Flow Chart of Changes to INTEN 2 11 

IV 



A COMPUTER-AIDED. EXTERNAL STANDARD TECHNIQUE FOR 

SPECTROGRAPHIC ANALYSIS OF STAINLESS STEEL 

1. 1NTRODI CTION 

1. Statement of the Problem. The problem is to eliminate the necessity of know 
ing or determining the inm content of stainless Bted materials which are being analyzed 
spei tr.)i:i\i|»liirallN in order to identify them or te.-t their conformant cifications. 

2. Background. Quantitative spec^roajraplBoanalysis of metals an^d alloys requ 
the determination of the rati«► of mtenstty of i variable concentration component to thai 
of a component whose concentration is constant within a group of several different 
specimens. In practice > group of -ample-, .it least three or more, whose entire chemical 
content i- known aectiratel) . ace used to prep ilibration graph relating intensit) 
ratio to percent concentration. Material- of unknown chemical content ma) then be 
analyzed by obtaining the intensity ratio for an) given alloying element and reading 
the corresponding concentration from the calibration graph. For thi- technique to be 

ful, however, requires that the ratios be formed between the alloying elements and 
■ me other component (not being analyzed for) which is present at the same ot very 

nearly the same eoneeutration in all -ample- being analyzed, as well a> in the standard 

samples used to construct the calibration graph. 

Staiidess steels and other highl) alloyed materials exhibit a wide variation in 
chemical composition among \ariou> types. Ulis tact make- it difficult or imposaibk 

ilibration Bel of three or more reference standards having a component 
common to all and at the same or nearly the same concentration level in all. This proh- 
lem is sometime- dealt with b) resorting to the concentration ratio technique; how- 
ever, tin.- method is often impractical in a service lal»orator\ dealing VN ith widel\ differ 
ent nonrontine sample types for tin- following reasons; 

The concentration ratio method require.- the establishment of an abso- 
hlte intensity of the internal standard element and an absolute intensit) of each anal) - 
sis element in each of a -cries of several standards. This must he done b) averaging 
main repeated analyses of the standard series. Tin•-•• absolute intensities must be 
I ».ick ground-corrected. 

b.     Plot> of the background-corrected intensit) versus the concentration of 
the internal standard element and plots of background-corrected intensity versu 
centration of each of the analysis elements mn.-t then yield absolute analytical graphs 
which arc straight lines, parallel to one another, and of equal -lope in order for the 



concentration ratio method to be useful. 

c.     The concentrations of all elements in the standards, including those nol 
being determined i»\ emission spectroscope musl be known or determined. 

This report describes a Bpectrographic method For stainless steel analysis 
which avoids tli«- necessit) of using the concentration ratio technique through the use 
of an external standard. 

II. EXPERIMENTALPROCED1 RE 

3. Approach to the Problem. Metallic iron ( KM) milligrams) was selected as an 
external standard. This material was added to the analysis gap .1- a powder contained 
in j graphite cup electrode. The stainless steel samples were in the form of discs, rods, 
or blocks having a flat surface area of .it leasl 0.5 square inch and were used as self 
electrodes. The iron-filled graphite cup counter electrode was arced direct!) to the 
sample. The effect of the added iron was to cause the intensity of iron spectrum lines 
produced in the an to have the same relative level from sample to sample in spite of 

differences in iron contenl from -ample to .-ample. A similar technique has been 
used for copper base alloj s.1 

4. Results«   \ spectrographic procedure using an external standard technique 
w.1- developed lor the anal) -1- of Btainless steels. \\ orking curves were established for 
chromium, nickel, manganese, silicon, and moh bdenum. Eagjhl replicate exposures were 
obtained On each standard to he used tor each of the five elements to be determined, 
and the points were plotted according I«» \>TM recommended practice.2   Bxampk 
manually and computer plotted calibration curves for chromium are shown in Figures 
I and 2.  Figures '■*> and I contain samples of output from the computer for the chromi- 
um analysis. The computer programs employed were written by personnel at the Na- 
tional Bureau of Standard- (N.B.S.).3   \ft«r the working curves have been established, 
the analytical procedure is as follows: 

a. Obtain four replicate exposures on each sample. 

b. Determine the arithmetic mean of inlensit\ rat- 

1 F. L. Harris. "Effects oi Extraneous Materials in the I ni \n.    Ipplied Speetroteopy, 26,3(1972)p. 358. 

2 1973 \imi.al H«)<.k ol \si\l Standards, Part 32, Standard E 305-6F,p. 821. 

SL I». Rasberry, M. Margoshea, and It. I . Seribner, National Bureau of Standard« I« hnieal Not« Wt and Sopple- 
raent, February I')<>}{. 
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RANGE OF CONCENTRATION (ACROSS PAGE) 

8.82915 TO 21.6699 PERCENT 

RANGE OF INTENSITY (DOWN PAGE) = 

4.54012E-2 TO 2.11252 

Figure 2. < lomputer-plotled calibration « ur\ •• for chromium anal) sis. 
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RELATIVE INTENSITY RATIOS FOR CHROMIUM ANALYSIS 

ANALYSIS PAIR = CHROMIUM 2822.4/IRON 2926.6 

PCT. T. PCT. T. INTENSITY INTENSITY INTENSITY 
ANAL LINE INT. STD. ANAL. LINE INT. STD. RATIO 

32 71.9 1.69533 .885532 1.91448 
21.9 59 2.15292 1.07837 1.99646 
18.5 49.3 2.38362 1.25032 1.90641 
23.3 57.5 2.07271 1.10292 1.87929 
19.5 48.2 2.30962 1.27221 1.81545 
21.6 56.3 2.17109 1.12302 1.93326 
19.1 48.5 2.33853 1.26618 1.84692 
25.8 63.1 1.94568 1.01406 1.9187 
24.8 62.9 1.99425 1.01711 1.96069 
23.7 59.5 2.Q5108 1.07032 1.91633 
18.8 52.1 2.36081 1.19711 1.97209 
21.7 58 2.16499 1.09467 1.97776 
18.8 51.8 2.36081 1.20265 1.963 
12.3 37.1 3.02782 1.53576 1.97154 
27.6 63.6 1.86476 1.00646 1.85279 
18.3 51.4 2.39914 1.2101 1.9826 

AVE. INTEN. STD. DEV., COEF. VAR., 
RATIO INTEN. RATIO    INTEN. RATIO 

1.92549 5.43724E-2 2.82383 
END OF DATA AT   2410 

Figur* 3. Computer output from die program INTEN-2, used to compute tntensit) ratio*   lli<- 
L6replicate resnlta wrere from .i typical laboratory sample. 



DEGREE          INDEX OF DETN STD ERROR OF Y 

1 .999167 
2 .952478 
3 1 

3.96781 E-2 
.299705 
0 

WHAT DEGREE DO YOU WANT TO USE?      1 

TERM              COEFFICIENT 

0 .882556 
1 1.39563 

INTEN.             CONC. GIVEN CONC. FOUND DIFF. PCT. DIFF. 

1.53688                    13.31 
1.9803                       18.35 
2.11252                     23.72 
1.1102                       9.09 

13.9007 
19.8007 
21.6699 
8.82915 

.590665 
1.45074 

-2.05012 
-.260846 

4.43775 
7.90596 

-8.643 
-2.86959 

DO YOU WANT PLOT OF CURVE? YESd) OR NO (0) 

^0 
DO YOU WANT RESULTS FOR SAMPLES,  YES(1)  OR NO (0)  ?   1 

RESULTS FOR SAMPLES 

DO YOU WANT AVERAGES ONLY?  YES(1)  OR NO (2) 
INDIVIDUAL RESULTS FOR SAMPLES 

?0 

33                          1.91448 
33                           1.99646 
33                          1.90641 
33                         1.87929 

AVERAGES FOR SAMPLES 

18.8883 
20.0266 
18.7773 
18.4056 

4 
4 
4 
4 

SAMPLE NO.       AVE. INT. AVE. CON.               STD. DEV. NO. OF RUNS 

33                          1.92416 19.0244 .69928 4 

Figure 4. Computer output for chromium analysis on i typical laboratory sample. 



• -.     Determine the deviation of each ratio from the mean, noting winch is 
. This U a doubtful reatdt. 

(I.     Determine toe average deviation for •» single result omitting the doubtful the 
result in this calculation. 

e.     If the ratio of the doubtful result to I hi- average deviation U greater than 
reject the doubtful result. 

The equipment used in this work was a Jamil Vah • >. I Meter 1.1« it mount 
spectrograph; however, an] emission spectrograph having the proper wavelength cover« 
(2300 Angstroms to 3300 Vngstroms) and adequate reciprocal linear dispersion (2.5 to 
3.0 AnL MM) could be used. Table l lists the analytical parameters used. Tables 
_' and 3 summarize the precision of the method and Lii\< .i comparison between results 
obtained with \ ra> fluorescence and optical emission spectrograph). Table 4 com- 
pares the precision data for chromium obtained by manual calculations to that obtained 
from the computer. The precision data were obtained from 16 replicate analyses of a 
typical stainless steel specimen similar in size and shape to the reference standards. 

Table I. Electrical and Photographic Parameters 

Electrical Photographic 

Capacitance 
Inductance 
Added resistance 
rf current 
arc current 

Analytical gap 
Breaks/^ cycle 
Source t\ pe 

0.005>rf 
aitym 
None 

imp 

3.0 amp 
3.0mm 
4 
Spark-ignited V.r.. \n 

Spectrograph Jarrell-Aah 3.4 M Ebert 
Slit Size -lOx 2000 Microns 
Füter     100/28 51 T 
Emulsion   SA No. I 
Pre-Arc time      15 seconds 
Exposure tune   IM seconds 

The modification to INTEN-2, the program written by personnel at the Na- 
tional Bureau of Standard.- to determine relative tntensit) . is described 1>\ the flowchart 
in the Appendix. A list of additional variables is also found in the Appendix. 

The data format for INTEN-2 has been modified as follows: 

a. The first data statement allows for the entrj of string constants containing 
the names and wavelengths of the element being determined and the internal Standards. 

Example: 3592 DATA "CHROMIUM 2822.4", "IRON 2926.6" 



Table 2. Precision Data 

Element VnalysisPair        average Intensity Ratio 
1 loefficienl of Variation 

(Percent) 

Chromium 

Nickel 

Mangan« 

Mol) bdemim 

Silicon 

2822.4 
2926.6 

3012.0 
3091.5 

2049.2 
2926.6 

2816.2 
2926.6 

2516J 

2.02 

3.92 

2.99 

1.13 

2.22 

3.51 

7.09 

8.58 

8.05 

6.03 

\<»I i M d.iia were obtained from 1(> replicate mat]«< - «»i ,(itamkai rted sampl** <>f similar shapr and size 
a» (lu)x' used (<» establish (hr working curves.  The pre« i-u>n i> CXprtSStd in term of tli< coefficient of 
variation among inirn.MI \ n 

Table 3. Comparison taalyses 

\ Ray Fluorescence Spectrograph)     Optical Emission Spectrograph) 
Element (Percent) (Percent) 

Chromium 
Nickel 

18.80 
14.60 

19.00 
14.00 

NOTE: The comparison analyse« were done <>n ■ routine laboratory sample. 

Table 4. Comparison of IV on Data Inr [nte isit) Ratios 

Precisioi i Parameters Values 01 >lain< ;d 
M anual Computer 

Arithmetic Mean 

Standard Deviation 

Coefficient of Variation 

2.02 

0.071 

3.51% 

1.92549 

0.0543721 

2.82383% 

I».     The second data statement enters a string constanl containing onl) the 
name of the elemenl being determined. 

Example:  3595 DATA "CHROMIUM" 

8 



The <>nl\ other modification to tli<' data formal is to alternate the entry 
of the data lor the anal) deal line and the internal standard line, beginning with the 
anal) tical line. 

Elxample: 

3605 I) VI A 2822.4, 3, 21.5 62.4 11.7, 0 
10 DATA 2926.4,3,84.6,80.9,81.2,6 

Line 3605 enters the wavelength of the analytical line, the Dumber of readin 
taken, and tin* readings themselves.   Line 3610 enters the same information for the 
internal Standards,    l-aeh data statement Of this type must end with zero to indicate 
the end of the data entry for that particular line.   A separate block of data begin- 
ning with the appropriate >trin«: constants musl be provided for each element being 
determined 

Sample 

592 DATA "CHROMIUM 2522.\". "IRON 2926.6" 
l DATA "CHROMIUM" 

3596 DATA 2,3.57, I 
98 DATA .563915, .543503 

3600 DATA 1 
3602 DATA 2822.4. 3, 39.9, 39.7, 16.9, 0 
3604 DATA 2926.6. 3, 65.9, 67.9, 73.5. 0 
3900 END 

In the above sample, lines 3596 and 3598 are analogous to lines 900 and 901 in the 
data format of the unmodified program. 

< I INCLUSIONS AND DISCI SSION 

5.      Conelusions. 

a.     The internal standard dilution effect encountered in the spectrochemical 
anaK sis of highly alloyed materials such as standest steels can l»e overcome by the i; 
an added external standard. This results in significant saving of time since it eliminates 
the necessity of knowing the iron contenl of the samples being analyzed. 

h.     The HAS1C language program [NTEN-2 can he modified to give the rela- 
tive intensit) ratio of an analysis pair rather than relative intensities alone.  This makes 
the program useful for applications where it i^ required t<> reference the analytical line 



to an internal <>r external standard line in order to overcome variations in exposure 
among separate spectra in a spectrographic anal) ris. 

6.     Discussion.  An examination of the comparison data in Table 4 indicates a 
significant difference in results obtained by manual calculation and those output l>\ the 
computer, the statistical terms from the computer having the more favorable magnitudes. 
Individual relative intensity values obtained with a calculating hoard using the Seidel 
Transform are quite different from those obtained with the computer uamg the Kaiser 
Transform. The intensity ratios, however, are the same whether obtained from the 
computer ur the calculating board. 

In addition to the changes to INTKIN-2 shown in the flowchart in the Appendix, 
the data format has been altered to allow for the reading of the wavelength and trans- 
mission data of an external or internal standard line immediately following the reading 
of «ach analytical line. 

10 



APPENDIX 

FLOW CHART OF CHANGES TO 1NTF.N-2 

NO'll     Tin- lluvs chart <>f change« t«> I VITA-2 -Imwn here is partial, describing onl) the case where n<> 

itep «>r background corrections ve to be made. The lope, however, i> die same in branches 1 \, 4B, 
u in branch 4. and   I» 

 . 
( READ A3 J 

(READ U(l)) 

1 = 1 + 1 

i] 
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PRINT COLUMN 
HEADINGS 

i 
1 = 1 

I 

'GOSUB 3280' 

LGOSUB 3490> 

Ml^TTI 

id 



CHANGES TO CALIBRATION LOOKUP SUBROUTINE 

LH   J = J + i    H- 

14 



CHANGES TO INTENSITY SUBROUTINE 
. 

BI=K(I)/J(I) 

~i—, 
(PRINT C(l) "\ 

T9,K(l),)(l),BlJ 

T 
RETURN 

L5 



List of Additional Variables Used with Modified INTEN-2 

A Average of intensity ratios 
A3 Number of sets of analytical line - internal standard line pairs. 

R Loop counter 

W9 Wavelength of internal standard line 

S3 Sum of squares of in I end I > ratios 

S Sum of intensity rati<« 

N8 Dummy variable — Stores wavelength of internal standard 
T9 Dummy variable — Stores transmission of internal standard 
Dl Standard deviation among intensity ratios 

VI Coefficient of variation among intensity ratios 

K(I) Dummy variable l<» store uncorrected analytical line intensity in the intensity 
subroutine 

Ml) Dummy variable to store analytical line transmission in tbe intensity subroutine 

L6 Uncorrected intensity of internal standard line 

1.7 Corrected intensity of internal standard 

L8 Uncorrected background intensity near internal standard 
L9 Corrected background intensity near internal standard 

\S String variable — contains name and wavelength of element being determined 
US String variable - contains name and wavelength of internal standard element 

ES String variable - contains name of element being determined 
J(I) Dummy variable used to Stotf \alue> of internal standard inleusitx in the in- 

tensity subroutine 
HI Intensity ratio 
B2 Square of the intensity ratio 

16 
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