L

4

i

ALP

[

€
L
.,
)
@)
24
2.




Standard Reference Materials:

PREPARATION AND CHARACTERIZATION OF
AN IRON-CHROMIUM-NICKEL ALLOY
FOR MICROANALYSIS: SRM 479a

R. B. Mz:u‘inen}go,1 F. Biancaqnieiloz
L. DeRobertis,” P. A. Boyer™
A. W. Ruff®

' Gas and Particulate Science Division
Center for Analytical Chemistry
National Bureau of Standards
Washington, D C 20234

* Metallurgy Division
Center for Materials Science
National Bureau of Standards
Washington, D C 20234

* Statistical Engineering Division
Center for Applied Mathematics
National Bureau of Standards
Washington, D C 20234

U.S. DEPARTMENT OF COMMERCE, Malcolm Baldrige, Secretary
NATIONAL BUREAU OF STANDARDS, Ernest Ambler, Director

Issued May 1981



Library of Congress Catalog Card Number: 81-600043

National Bureau of Standards Special Publication 260-70

Nat. Bur. Stand. {U.8.), Spec. Publ. 260-70, 36 pages (May 1981)
CODEN: XNBSAV

U.S. GOVERNMENT PRINTING OFFICE
WASHINGTON: 1981

For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington, D C 20402
rice $2.30

(Add 25 percent for other than U.S. mailing)



PREFACE

Standard Reference Materials (SRM's) as defined by the
National Bureau of Standards are well-characterized materials
produced in quantity and certified for one or more physical
or chemical properties. They are used to assure the accuracy
and compatibility of measurements throughout the Nation.
SRM's are widely used as primary standards in many diverse
fields 1in science, industry, and technology, both within the
United States and throughout the world. They are also used
extensively in the fields of environmental and clinical anal-
ysis. In many applications, traceability of quality control
and measurement processes to the national measurement system
is carried out through the mechanism and use of SRM's. For
many of the Nation's scientists and technologists it is
therefore of more than passing interest to know the details
of the measurements made at NBS 1in arriving at the certified
values of the SRM's produced. An NBS series of papers, of
which this publiication is a member, called the NBS Special
Publication - 260 Series, is reserved for this purpose.

This 260 Series is dedicated to the dissemination of
information on different phases of the preparation, measure-
ment, certification and use of NBS-SRM's. In general, much
more detail will be found in these papers than is generally
allowed, or desirable, in scientific Jjournal articlies. This
enables the user to assess the validity and accuracy of the
measurement processes employed, to judge the statistical
analysis, and to Tearn details of technigques and methods
utiiized for work entailing the greatest care and accuracy.
These papers alsoc should provide sufficient additional infor-
mation not found on the certificate so that new applications
in diverse fields not foreseen at the time the SRM was orig-
inally issued will be sought and found.

Inquiries concerning the technical content of this paper
should be directed to the authors. Other questions concerned
with the availability, delivery, price, and so forth will
recejve prompt attention from:

O0ffice of Standard Reference Materials
National Bureau of Standards
Washington, D.C. 20234

George A. Uriano, Chief
ffice of Standard Reference Materials
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ABSTRACT

An alloy of weight fraction 0.710 iron, 0.181 chromium,
and 0.109 nickel was characterized at the micrometer level
of spatial resolution by means of electron probe micro-
analysis. This alloy, designated SRM 479a, is of suitable
homogeneity for use as a standard in microanalytical tech-
niques. There 1is no statistically significant variation in
composition within specimens or from specimen to specimen.
SRM 479a is supplied as a disk about 4.5 mm diameter by

0.8 mm thick.

Key Words: austenitic stainless steel; electron probe
microanalysis; Fe-Cr-Ni alloy; homogeneity

testing; Standard Reference Material.
1



I. INTRODUCTION

The National Bureau of Standards maintains a continuing
program to provide standards suitable for quantitétive
microanalytical methods such as electron probe microanalysis
(EPMA), spark source mass spectrometry, and laser probe
analysis. Several standard materials have already been
certified under this program [1-41%. This report describes
the methods and results of homogeneity characterization of
an austenitic Fe-Cr-Ni alloy designated SRM 479%a. This
alloy was produced to provide a reissue of a similar Fe-Cr-
Ni alloy, SRM 479 [4]. Suitable thermomechanical processing
treatments led to a material of acceptable homogeneity for
reference material use in microanalytical methods of analy-
sis. The material preparation and the results of quantita-
tive electron probe microanalysis of the constituent elements
are presented in this report.

IT. ALLOY PREPARATION

The alloy was melted by the nonconsumable electrode
technique [5] in an arc furnace using appropriate amounts of
the raw matcrial in the form of chips and small picces. A
reducing gas atmosphere consisting of 5 percent hydrogen in
argon was maintained within the furnace at a pressure of
about 0.3 atmospheres. This gas mixture was used to prevent
the formation of oxide inclusions during melting of the
alloy. A raw material charge of approximately 128 grams
was melted using a non-consumable tungsten electrode. Each
of three hemispherical buttons was melted eight times, four
on each side, and then allowed to sclidify in a depression

“Figures in brackets indicate references at the end of this
paper.



in the water-cooled, copper-base plate. Finally, che three
hemispherical buttons were placed together over another
depression in the base plate having a rectangular cross-
section of about 15 cm x 1 ¢m x 1 cm, and consolidated by
melting into a single rod. The purities of the raw materials
used were: Ni - 99.99 percent, Cr - 99.99 percent, and Fe -
99.9 percent (Ferrovac E}. The target composition was 10.6
percent Ni, 18.8 percent Cr, and 70.6 percent Fe.

The ingot was annealed for 1 hour at 1120°C within a
sealed quartz tube containing helium at a pressure of 0.3
atmospheres;* The ingot was then swaged to about 60 percent
reduction in diameter, sealed again in quartz, and homoge-
nized for 5 days at 1120°C. Two subsequent swaging and
annealing steps produced the final round rod of 4.5 mm
diameter x 32 cm long. At each step the rod ends were
cropped and the surface etched deeply in a 20 percent nitric
acid plus 3 percent hydrofluoric acid solution. No lubrica-
tion was used during the mechanical processing. Each heat
treatment was concluded by quenching the sealed ingot into
water. Five disks, 1 mm thick, were cut from the final rod
at each end and at the 1/4, 1/2, and 3/4 positions. These
disks were used for electron microprobe characterization of
the material.

ITI. CHEMICAL ANALYSIS

Chemical analysis was performed on representative

portions of the final rod. The samples were dissolved in

a mixture of hydrochloric and nitric acids. Sulfuric acid
was added after digestion and the samples fumed to remove
nitric acid. The samples were then diluted. Nickel was
determined spectrophotometriéally by a dimethylglyoxime
procedure. Chromium was determined by potentiometric titra-
tion of chromium with ferrous ammonium sulfate. The average

of eight measurements for nickel content was 0.109, with a
3



standard deviation of 0.0012 weight fraction. The average
of eight measurements for chromium content was 0.181, with
a standard deviation of 0.001 weight fraction. The amount
of iron by difference was 0.710 weight fraction.

SRM 4792 is issued as =z disk, approximately 0.8 mm thick
x 4.5 mm diameter, in the as-cut condition after diamond
blade slicing. The typical microstructure found on metal-
lographically polished and also etched® transverse surfaces
is shown in figures 1 and 2. The as-polished surfaces
(figure 1) indicate the appearance of the specimens as they
might be used for electron probe microanalyses. Some small
second phase particles were found near the outer edge of the
specimen disks studied. Figure Z shows an example of an
etched surface, indicating the grain size present. Some
small pits and voids that were not completely removed in the
processing treatments can he seen. Tnclusions were rarely

detected in the central portions of the specimens examined.

Figure la. Metallographically polished
surface of one disk specimen,
unetched. M = 160X.

520mL HC1; 20 mL glycerine; 5 mL HNGB; swab for 1 minute at
23°C.

4
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Figure 2b. Metallographically polished
and etched surface of one
disk specimen showing grain
structure present, a differ-
ent area. M = 160X.

IV. PREPARATION FOR ELECTRON PROBE MICROANALYSIS

This material was prepared for EPMA by grinding the
five disk specimens in one metallographic mount on water-
lubricated SiC papers in the usual progression of 80, 220,
400, and 600 grit. Rough polishing was done on a cloth
impregnatedAwith 6-um diamond particles; fine polishing was
done with 1/4-um diamond particles. The specimen was
finished using a cloth'impregnated with 0.05-um AlZOS. In
order to avoid embedding abrasive particles from the polish-
ing steps into the surface, it is reccommended that two or
more cycles of polishing and etching be carried out as the
final steps. Unetched specimens were carbon-coated and
analyzed with EPMA. Pure element standard specimens were
subsequently placed in the same mount as the Fe-Cr-Ni speci-
mens for quantitative EPMA.



V. HOMOGENEITY CHARACTERIZATION

The tests described below were designed to .evaluate
specimen microhomogeneity, or composition fluctuations from
micrometer to micrometer within the specimen, and to eval-
uate macrohomogeneity, or composition differences between
specimens taken from different positions along the rod
length. Testing was done with an NBS electron microprobe at
an excitation potential of 20 kXV. The probe emergence angle
was 52.5°. A point beam (about 1-um diameter) was used.
Three wavelength spectrometers with LiF crystals and sealed
or flow proportional counters were used to detect the Ka
x-rays of iron, nickel, and chromium. The specimen current

was about 4 x 18-8

‘A The highest count rate observed was
ZS,OOO‘counts per second for pure nickel. The shortest
counting period used in these experiments was 10s. For the
alloy, the total number of counts per 10s was about 25,000
for nickel, 25,000 for chromium, and 75,000 for iron.

Since the analysis of the first SRM 475, a new micro-
homogeneity testing procedure has been developed at NBS.
This method was used to check the transverse microhomogeneity
of the five specimens. The new procedure, which is described
in much greater detail in a recent publication [6], uses a
periodic integrator based entirely on digital operations.
With a stepping motor on the stage, the specimen is moved
automatically under the electron beam in steps of 1 to 10
micrometers. X-ray counts are accumulated at each point for
a preselected time period (usually 10 s), and the total
number of counts are then shown on a fast strip chart recorder
as an analog signal which remains unchanged during the next
counting period. - The signal can be digitally multiplied by
any appropriate factor or a bias can be applied to digitally

subtract any desired count rate from the signal display.



The resulting visual display of specimen homogeneity on the
micrometer scale can be quickly obtained. An example is
shown in figure 3.

This periodic integrator trace is typical of those
obtained for all five SRM 479a specimens. Each specimen
was moved in 5-um steps under a l-um (approximate diameter)
electron beam. Counting periods were 10 s. The three
elements were simultaneously analyzed with LiF crystal spec-
trometers. Double-headed arrows to the right of the traces
indicate the theoretical *3-sigma limits about the average
number of counts per counting period, N, for the trace.
Sigma, o, equal to vN, is an unbiased estimate of the
standard deviation, according to Poisson counting statistics.
The *3-sigma region provides a 99.7 percent confidence
limit. Deviations outside this range indicate inhomogeneities,
assuming that no serious instrumental fluctuations are
present.

To the left of the figure is a time-resolved trace made
with a stationary 20 x 20-um scanning raster. If there are
no serious systematic instrumental errors associated with
the testing procedure, this signal should lie within the
t3-sigma limits, as in fact it does. Variations within the
t3-sigma limits are due only to the expected statistical
fluctuations. For a truly homogeneous specimen, assuming a
concentration large enough to produce a signal above back-
ground level, the trace for the moving specimen should be
similar to that of the stationary specimen. This, in fact,
occurs here,

To test the transverse microhomogeneity of each of the
five specimens, two traces such as these, normal to one
another and crossing near the center of the specimen, were
prepared. Each trace was 500 to 600 um in length. Initially
the traces were made with steps of 1-um intervals. No
significant concentration fluctuations were observed at this

spatial resolution. In order to cover more of the specimen,

8
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subsequent traces were made with 5-um steps. No significant
~deviations beyond the *3-sigma limits were observed in any
of the traces.

In addition to the visual traces, a statistical evalua-
tion was made on another homogeneity trace of each specimen.
The same experimental parameters were used for these traces
except that data readings were taken twice on each point.
The equations used in the statistical evaluation are
explained in the reference cited previously [6]. From the
duplicate samplings of each point, the statistical analysis
separates the components of the standard deviation. A
"within" standard deviation, Gy, represents the precision of
repetitive counting, i.e., the error due only to counting
statistics. A "betwcen' standard dcviation,qu, represents
the difference between points. A comparison of these two
standard deviations in weight percent for the five samples
is in Table 1. In no case is Op significantly greater than
Oy, therefore indicating that the total error is due more to
the measurement error than to specimen inhomogeneity. These
conclusions, of course, are based on the assumption that
there are no systematic instrumental errors present. No
evidence of this, such as instrument drift, etc., was
observed.

The expression of these errors in weight percent as
they appear in Table 1 required the conversion of net counts
{(background-corrected) to concentration. The conversion |
can be determined without a calibration plot if there is a
linear relationship between the net counts and concentration
which passes through the origin. This linear relationship
was, in fact, validated for the three elements, iron,
chromium, and nickel, in SRM 47%a.

Five mounted polished cross-sections of NBS steels,
SRM's 4427, 443, 444, 446, and 447, were randomly sampled with
a 20 x 20-um scauning raster at a 20 kV excitation potential
and a specimen current of 4 x 10 %
10

A. The large scanning



Table 1. Comparison of Statistical Data from
Homogeneity Tests (wt. %)

Comparison with

Homogeneity Trace Random Sampling
°w B ops Yoy’ 93’

I Ni .07 .07 .08 .10
Cr .13 0 C W11 .13

Fe .27 .06 .49 .28

11 Ni .08 . 04 .10 .09
Cr .12 .06 .15 .13

Fe .23 .19 .47 .30

TTT N1 .08 0 .07 .08
Cr .10 .07 .10 L12

Fe .22 .10 .26 .24

v Ni .07 .06 .08 .09
Cr .12 .07 .11 .14

Fe .26 .28 .29 .38

v Ni .07 .01 .08 .07
Cr .13 .05 11 .14

Fe .30 .24 .28 .38

raster was used because the microhomogeneity has not been
established in these SRM's.

The concentration range for nickel in the five SRM's is
9.4 to 13.3 weight percent, and for chromium it is 16.1 to
23.7 weight percent. The iron concentrations range from
61.8 to 70.5 weight percent. This was slightly below the
certified composition of 71.0 weight percent for SRM 479a,
but no sudden changes from linearity would be expected ai
slightly higher concentrations. 1In all plots of net counts
vs. concentration the line fell at or near the origin; small
deviations from the origin would probably contribute little

11



to error calculations as the change in slope would not be
large. All subsequent error calculations were made with the
above assumptions.

A random sampling test was also done to evaluate
specimen microhomogeneity. Fifty randomly selected points
were sampled once on each specimen, and x-ray counts were
accumulated for 20 s on each point. The results of this
test are also listed in Table 1. One standard deviation,
ORrgs calculated from the 50 points is expressed here in
weight percent. These values of Opg agree favorably with
the combined components of variance, J%WZ + OBZ

A macrohomogeneity test, designed to evaluate differences
between specimens, was done on all five samples. Two different
operators were used for three experiments. The specimens
were analyzed in a different order in each experiment and
six random samplings were made twice on each specimen in
each experiment, giving a total of 12 random samplings per
specimen per experiment. Counting periods were 20 s.

Three contributions to the errors found in these
experiments were estimated. These are csz, the variance

the variance within

2
E >
a single measurement error. The estimated values of these

between the different specimens, ox >

specimens on the micrometer scale, and ¢ the variance of

variance components in weight percent as determined from the
three experiments for all specimens are:

2

GSZ 032 CE
Iron 0.5863 0.0638  0.0335
Chromium  0.0311  0.0028  0.0070
Nickel 0.0147  0.0016  0.0025

. 2 . .
The between specimen component, gg”, is almost 10 times
. . . 2 .
greater than the within specimen component, op”; i.e., the
macrohomogeneity or homogeneity along the rod length is not

as good as the microhomogeneity of a single specimen.

12



During this work the test results consistently showed a
lower total number of counts for all elements in one end
specimen, which suggests the presence of unanalyzed elements
such as carbon on oxygen. Since only the center portion of
the rod was to be used for the SRM issue, the results
obtained from this specimen were excluded from subsequent
data evaluations. The following variance components were
then obtained (in weight percent):

Excluding Sample 1

0sz GBZ UEZ
Iron 0.2231 0.0671 0.0335
Chromium  0.0265 0.0034  0.0071
Nickel 0.0061  0.0006  0.0025

As expected, the most significant change from exclusion of
sample 1 has occurred in the between specimen component,

2
ag”.

The components of variance can be combined for an
estimate of one standard deviation (l-sigma) of a single

measurement, op. This is given by

s

% s- * oy *og
In weight percent 1-sigma for a single determination is:
Iron 0.57
Chromium 0.19
Nickel 0.10

Assuming similar experimental conditions to those used in
these homogeneity studies, the average of 16 randomly

chosen points on a single specimen should, with 99 percent
probability, lie within the uncertainty interval given by

230w
P Iron 71.0 =1.47

Chromium 18.1 20.49
Nickel 10.9 £0.24
This uncertainty, 30w, is calculated from the estimates of

the variance components according to the eguation
13 '



0e2 0,2 0n2
+ B, E
n S nSnB BSRBH E

O =
b

The uncertainty estimates above for SRM 479a are some-
what larger than the 99 percent confidence intervals reported
for SRM 479 [4]. The values (in weight percent) reported
for SRM 479 were iron #0.80, chromium #0.20, and nickel
#0.12. These values were calculated from a 1.5 percent
coefficient of variation determined from homogeneity tests
on five specimens of SRM 470.

The difference in the uncertainty intervals for the two
SRM's is due to the absence of the between specimen compo-
nent, og, for SRM 479, The homogeneity tests on SRM 479 [4]
showed no obvious differences between specimens.

When the current homogeneity studies on SRM 478a were
being done, only one specimen of SRM 479 was available for
observation. The periodic ratemeter traces indicated that
the one available specimen was slightly less homogeneous
than any single specimen of SRM 47%a. If this is the case,
there i1s a possibility that specimen-to-specimen differences
{along the rod length) that we now see in SRM 47%a were
undetected in SRM 479 because-of the greater heterogeneity
observed within each specimen.

Table 2 compares the two specimens. Using the 1.5
percent coefficient of variation assigned to the micro-
homogeneity of SRM 479, a within-specimen variance term,
og” ¢ GEZ, is calculated. The values of this term for all
elements are greater for SRM 479 than for SRM 478a. These
numbers again suggest that the microhomogeneity of a single
specimen of SRM 47%a is better than for SRM 479. The
standard deviation (l-sigma) of a single measurement 1s also
lower for the newer SRM in spite of the addition of the
large variance component associated with the differences
between specimens, USZ. The 99 percent confidence intervals

were calculated for both SRM's for two different experiments.
14 ‘
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In experiment A, one specimen was randomly sampled 16 times,
while in experiment B, two random samplings were made on
each of eight specimens. The second type of experiment
shows a marked improvement in ox, the standard deviation of
the average, and thus in the 99 percent confidence interval.
One implication of these results is that if the 99 percent
confidence intervals for SRM 479a in experiment A are not
low enough, the only way to reduce these values is to
increase the number of specimens of SRM 47%a sampled.

VI. QUANTITATIVE ELECTRON PROBE MICROANALYSES

The specimens from the 1/4, 1/2, and 3/4 positions as
well as from the one acceptable end were guantitatively
analyzed with the electron microprobe. Two different NBS
electron microprobes were used as well as both wavelength
dispersive (WDS) and energy dispersive (EDS) spectrometers.
All analyses were conducted at an excitation potential of
20 kV.

WDS analyses were done on both instruments with three
LiF crystal spectrometers and proportional counters. A
point beam (1 um or less diameter) was used, and counting
periods were 40 s. The take-off angle for instrument 1 is
52.5° and for instrument 2 it is 40°. The specimen current
8 a.
Standards were read before and after taking data from the

measured on an SRM 479a specimen was about 2 x 10~

SRM 479a specimens. When needed, standards were read
frequently during the analyses to assure that there was
minimal current drift (less than 1 percent). Several (four
to six) randomly selected points were read on each standard
and SRM specimen.
Dead time corrections were made with the equation
N’
1 - N'7T
where N' is the observed count rate in counts per second, N
16
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is the true count rate in counts per second, and 7 is the
dead time in seconds {See ref. [7] for a discussion of this
equation). For instrument 1 the dead time is 3 us and for
instrument 2 it is 1 us. The highest count rate observed at
the specimen current used was 14,000 counts/s for pure
nickel on instrument 1.

An on-line correction procedure, FRAME [8], was used
to calculate the concentrations from the data of instrument
1. Another correction procedure, COR [9], was used for the
data from instrument 2. Although these programs are slightly
different, identical results were obtained when the same raw
data was input for both. COR has an additional correction
for fluorescence due to the x-ray continuum, which in these
analyses did not significantly change the results.

EDS quantitative analyses were done on instrument 2.
The beam current was about 6 x 10_9 A and a 10 x 10-um
scanning raster was used. The accumulation time was 200 s.
Concentrations were calculated with the correction procedure
FRAME C [107.

The results of the quantitative analyses are in Table 3.
For each experiment the instrument used and the technique
(WDS or EDS) are indicated. The first four experiments were
done with pure element standards. A specimen from the
original SRM 479 lot was used as the standard in the last
five experiments. A large discrepancy occurs in the values
obtained for chromium by the two different standardization
procedures. At an.excitation potential of 20 KV, the matrix
correction procedure is apparently inadequate for chromium
in this alloy when using pure element standards. Similar
results were observed in the electron probe microanalysis of
SRM 479 [4] with pure element standards where at 20 kV the
calculated chromium concentration is considerably higher
(19.2 wt%) than the certified concentration (18.3 wt %).
More accurate results (better agreement with the certified
values) were obtained when using the SRM 479 specimen as a
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Table 3.

Electron Probe Microanalysis of SRM 479a.

| Pure Element Standards

Composition (weight percent)

Instrument Technique Fe Cr Ni
#1 WDS 70.6 19.7 10.9
#1 WDS 70.6 19.5 10.8
#2 WDS 70.8 19.2 10.5
#2 EDS 70.8 19.4 10.4
70.70(0.57) 19.45(0.28) 10.65(0.25)
SRM 479 Standard
Instrument Technique Fe Cr Ni
#1 WDS 69.0 18.6 11.0
#1 WDS 71.0 17.9 11.0
#2 WDS 70.0 18.4 10.6
#2 WDS 70.4 17.9 10.6
#2 EDS 69.9 18.7 10.6
70.06(0.90) 18.30(0.42) 10.76(0.23)
Certified Concentrations®
SRM 479 71.0 18.3 10.7
SRM 479a 71.0 8. 10.9

@Nickel and chromium were determined independently by wet
chemical techniques and iron by difference.

standard where matrix correction procedures were minimal due

to the similarity between the standard and unknown specimens.

The errors cited are estimates of one standard deviation for

a single measurement, including the variation between

experiments as well as the variation due to macrochomogeneity,

microhomogeneity, and measurement error.
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VII. CONCLUSIONS

The ternary alloy consisting of 0.710 iromn, 0.181
chromium, and 0.109 nickel, as determined by chemical analy-
sis, 1s suitable for use as a microanalytical standard.

This alloy, SRM 47%9a, has a chemical homogeneity expressed
as a coefficient of variation of not more than 1.0 percent
for each principal element present. The individual region
for which this coefficient of variation is valid is a sphere
of material approximately 1.5 um in diameter. SRM 479

should be useful in any laboratory concerned with the quanti-
tative microanalysis of stainless steels,
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with R. W. Burke. The support of R. K. XKirby and R. Michaelis
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results. Our thanks also to K. F. J. Heinrich who assisted
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APPENDIX

Let P be the true weight percent concentration of a
particular element in the original alloy rod. Any single
(micrometer level) measurement P in weight percent taken at
a randomly selected point of a randomly selected specimen
will deviate from Po because of variation between specimens
(macroheterogeneity), variation within specimens (micro-
heterogeneity), and measurement error. Thus, the deviation
P - PO may be viewed as a sum of "random effects':

P = PO + S8 + B + E,
where,

Po + S = true weight percent concentration in
the sclected specimen;

Po + § + B = true (micrometer level) weight percent
concentration at the selected point of
the selected specimen; and

E = measurement error.

2, GBZ, GFZ are the

variances of the random effects S, B, E, respectively. The

The "components of variance" o

variance, cpz, of the measurement P is given by
2 _ 2 2 2
9p" = og" * og” + op .
If np independent measurements are made at each of n
randomly selected points of each of Ng randomly selected

B

specimens, and if Pijk denotes the kth replicated measure-
ment at point j of specimen i, then the grand average

has variance

—_
3 :
S fghp  Dglghg
Thus, the uncertainty in the average measurement P may be

estimated from estimates of cgz, GBZ, and GPZ. In

1
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particular, an approximate 99 percent confidence interval

for the mean (micrometer level) concentration is

o z c z o) 2 L2
P+ 3| S5 4 B . _E
nNg Nghp Nghphp
Estimates of ssz, GBZ’ op were obtained as follows.

th
Let Yijk denote the k

microprobe at point j of specimen i. And let Dijk represent

count measured by the NBS electron

the background count associated with the measured count
Yijk’ Assuming a linear relationship between the number of
counts above Lhe background count and the (micrometer level)
weight percent concentration, Yijk determines a weight
percent measurement Pijkzgyijk"Dijk)/C where the conversion
factor C depends on experimental conditions (operating

voltage, counting time period, etc.).

Let:
D = average background count,®
g
- 1 B . .. . .
Yij = o 2: Yijk = gverage count at point j in specimen 1,
B k=1 '
h:
- _ 1 — _ . . .
Y, = = }: Y., = average count in specimen i,
i ng ij
j=1
s
Y = Eé- 2. Y; = grand average count,
i=1

5Since the background count is low, it is treated as inde-
pendent of which specimen, or which point within a specimen
is analyzed. Therefore, it is not read for every ijk. D is
actually the average of five readings taken at the time of
the experiment. ‘



S
Ml = nghyp (Yi - Y}Z = "between specimens sum of
oi=1 squares'',
.
MZ = Ng 2 2 (Yi. - Yi)z = "between points within
toi=1 =1 J specimens sum of squares’.

Assuming Poisson variation for the background count and
for replicated counts at each point of each specimen, it
follows that

(i} Y - D is an (unbiased) estimate of Czo

&
-
b4

E
(ii) Mz/ns(np-i) - D is an (unbiased) estimate of Cz(c§2+n
and

2
R
(iii}Ml/(nS—l} - D is an (unbiased) estimate of

2 2 2 2
C (GE FpOp~+ Nplpog 3.

The estimated components of variance are thus taken to

be 5l - 7w [E, o
M
~ 2 2 - ~2
o - Y n C7,
B {nsins - 1) }// e (2)
M M
and = -
n 9s ins - T nglmg - 1)§'//HBQEC ’ (3)
where the conversion factor C is estimated by
C = (Y - D)/PO (4)

with ﬁo equal to the certified weight percent concentration
value determined by chemical analysis of the original alloy
rod.

It is essential to the above computations that the
conversion factor C remain constant throughout the experi-
ment. Since current drift, etc., will induce changes in C,
there are practical limitations on the number of measure-
ments that may be taken in any one experiment. Hence, we
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conducted three separate experiments (each with nS=4, nB=12,
nE=1}, and equations (1)-(4) were used to obtain three
estimates of each variance component; these were (weighted)
averaged to yield the final estimates quoted in the certi-
ficate. ‘
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