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Copper Oxide Precipitates in NBS Standard
Reference Material 482
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Eric 5. Windsor Copper axide has heen detecied in the cop- (2 pum) precipitaies in this same alloy in-

i ) por conlaining allys of NS Standard dicales thal precipilnics are deloctable by
National Institute of Standards and  Referonce Maierial (SRM) 482, This occur- IPMA and thal their composition differs
Technology, rence i signilicand becomse il represcmls gigmificanily mom the cerlilcd alky com-
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hctcrogencily wilhin a standard relference
malecrial that was certified o be homoge-
ncoas on o micrmeier scabe, Onide ooours
as clliptically 1o spherically shaped pre-
cipitales whose stoc dilTors with alloy com-
position. The largesl procipilalies ooour im
lhe Aw20-CuS{) alloy and range in sioo
from submicromeler ap W 2 pm in di-
amcier. Precipilsics ame obscrved using
light microscopy, clecinon microscopy,

and secomdary on mass spectrometry
(SIME). SIMS has demaonsiraled thal the
precipilaics are prescol within all the SEM
4582 wircs thal contxin copper. Only the
parc gokl wire & precipilste frec. Imitial ne-
salis from be analysis of the AuX-CuBD
alkoy imdicale thal the porconlage of precip-
italcs ix less than 1 % by arca. Tilectron
probe microanalysis (EPMA) off large

position. The small sice and key percenl-
nge of these oxide procipilaies minimiscs
the impact thal they have apon the in-
lemded use of this sandard for cloctron
probte microanalysis. Holerogencily
camsed by these owide procipilobes may
hemvcver proclude the use of this standard
for amlomalcd FPMA anolyses and other
microanalysis lechmigues.
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1. Introduction

Standard Reference Matenal (SEM) 4582 was issued
in 1969 by the National Bureau of Standards (NBS)'. It

has been contnuously available to the pubhc for 33
years. The standard consists of a set of s1x wires (Fig. 1).
Each wire 15 of a different compositon within the cop-
per-gold binary alloy system. Two uncoated wires repre-
sent the pure end member compositons of pure copper
(Cu) and pure gold (Au). The remaiming four wires are
alloys with nominal compositons varying in steps of 0.2

" M5 was renamed The Mational Institule of Standards and ‘Technol-
ogy (MIST) im 19K7.
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mass fracoon. For identificabon purposes, each alloy
wire was coated with a different colored paint. Ther
compositon and color 15 as follows: Aw20-CuB0 (red),
Aud-Cutd (blue), Aub)-Cudl) (vellow), and AunB0-
Cu20 {gray). Each wire 15 approximately 5 cm long and
0.5 mm in diameter. SEM 482 was 1ssued specifically
as a standard for microanalysis. Therefore, cach wire
was certihed for both chemical compositon and homio-
gencity on a micrometer scale (Appendix A).

At the ume that SEM 482 was issued. Hemnrich [1]
reported that there was concern about the usefulness of
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Fig. 1. SEM 482, Coppor-{iold hinary alloys for microanalysis. The SRM is a scl of six wincs. Wines arc approxi-
malcly 5. cm bong and 0.5 mm in diamcier. Fach wire has o different composation wilhin ibe copper-godd binary sysiom.

the electron probe microanalyzer (EPMA) as a quantita-
uve ool for chemical analysis. Often, analyses per-
formed on the same matenal by different expernienced
investigators vared 1in excess of 10 % relative. Factors
contributing to these high relative errors included sys-
tematic errors in additon to ermors resulung from the
apphcation of different matnx correction procedures.
Addibonally, Heinnich determined that a major con-
tributing factor to these errors was the lack of standard
matenals of accurately known chemical composition
and microscopic homogeneity [2]. SEM 482 was then
1ssucd n response to this need for chemacally character-
1zed homogencous standards.

Since the tme 1t was issued, SEM 482 has been well
accepted and widely used throughout the microanalysis
commumnity. Uses include the evaluation and modifica-
tion of matrnx comection procedures [3-7), evaluation of
EPMA instrument performance [8], and investigation of
systematic errors associated with electron probe micro-
analysis [9]. To thas day, SRM 482 remains one of a very
limited number of standard reference materials avalable
from NIST that 15 certified to be homogencous on a
microscopc scale [10].

Becently, homogeneity of SEM 482 has been ques-
mctallographically prepared surfaces of the Au20-CuB(0
and the Aub(-CudD wires [11]. The presence of these
spols was then venified by independent preparations per-
formed at NIST [12].

The occurrence of these spots rmses the followang
USRS

(1)} Do the spots represent heterogencity withan the
wires or are they arufacts that were created dunng
mictallographic sample preparation?

(2) What 1= the chemical composition of these spots?

(3) Does the occumrence of these spots affect the use
of SRM 42 az a standard for electron probe microanal-
¥EI5 7

(4} If these spots represent heterogeneity within the
wires, then why were they not detected pnor to certfi-
cabon and why have they not been reported 1n 33 years
sance SEM 482 was issued?

The purpose of this manuscnpt 5 to report results
from work that 1s 1in progress to answer these questions
and investigate the possibility of heterogeneity within
SEM 482, Our investigation centers on the Au20-CuZ()
wire because the spots are largest and appear most abun-
dant 1n this composibon. Therefore, if the spots do sag-
mficantly affect the microanalysis of SRM 482, we
would expect this effect to be most notceable in the
Au20-CuB0 wire.

2. Samples, Preparation, and Initial
Observations

When the wires of SRM 482 were manufactured, they
were drawn as one continuous wire [ 1]. Wire length was

approximately 130 m. Extensive homogencity testing
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was performed prnor o the ssuance of SEM 482 as a
standard for microanalysis [ 1]. This onginal homogene-
ity testing 15 summartzed i Appendix B and Fag. 12,
Historically, there has been only one ssue of SEM 482,
Therefore, wire sets (SEM 482) obtained today should
be equivalent to those purchased 30 years ago.

2.1 Samples

At NIST, three different sets of SEM 482 were used
o mvestigate the reported occumence of spots on metal-

lographically prepared surfaces of these wires. Two sets
were new boxes of SEM 482 obtained from the office of

The Standard Reference Matenals Program (SRMP).
The third set was donated by Carlton and consisted of

pieces of wire from the set that was ongnally reported
to contmn these spots [11]. The wire sets obtamed from

SEMP represent random samples of SEM 482 that are
currently available for sale to the general pubhc. For the

remainder of this manuscript, wire sets purchased from

SEMP will be referred to as set A and set B. Carlton’s
wires will be referred o as set C

2.2 Sample Preparation

At NIST, imitial preparations consisted of one metal-
lographically polished mount from each set (A, B, and
C). The wires were mounted in aluminum so that the

(A)

(B)

samples would be completely conductive in the electron
beam without the need 1o add a conductive surface coat-
ing such as carbon. Each wire was mounted nto a 6.3
mm { [/4 i} dhameter aluminum rod that had been pre-
viously cuat into pieces referred to as “bullets.” Bullets
are approxsimately & mm o 7 mm long. In order to
mount the wires into the bullets, a single hole was drilled
into one end of each bullet (Frg. 2). A #76 dnll bat
produced a hole just shghtly larger than the diameter of
the wire iself. Holes were drilled to a depth of 1.5 mm
andd wires were cut into pieces approximately 2 mm
long. The wire preces were then inserted mnio the holes
and press fit down into the aluminum bullets using a
mounting press. All six wires from each set were pre-
pared in this manner. These six bullets were then in-
serted into a single bullet holder 2354 mm (1 ) 1n
diameter (Fig. 2). At this point the wires were ready for
grinding and polishing.

Samples were ground and polished using a Buchler
Ecomet 3 ¥Yanable Speed GrinderPolisher interfaced
with an Automet 2 Power Head®. As a puide, we fol-
lowed the grinding and pohzshing procedure recom-
mended for the preparabon of copper and copper alloys
by ASM Internatsonal [13]. Our imnal preparation pro-
cedure 15 hsted as preparaton procedure #] 1n Appendix
C.

(C)

Fig. X SHM 452 wires are moanted inlo aluminem bullees prior 1o grinding and podishing. (A) Using a #76 drill hit, a bole
slightly larger than the dismeter of the wire is drilled imlo cach ballel Hodes are drilled 1.5 mm deop. Wire psoces are ool
o & kenglh off 2 mm. {I}) Wire picces are inscricd imo drilled holes. The wine is tbon impressed down inie the holes asing
a maumnting press. () Six bulleis, (one for each wire composition im SREM 4582) with wires impressed, are moanied mbo
254 mam (1 im) dinmeler hallel bobder for grinding and polishing.
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! Cerain commercial oyuipmenl, instrumenls, or materiols ane idemti-
fbod in this paper io fosicr endersianding. Swch identilication does ot
imply recommendation or cndorsement by the Mational Instituie of
Standards amd Tochmodogy. mor does Wl imply thai the maicrials or
cguipment idemtificd are mocessarily the best availabde Tor the parpose.



