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1. Introduction

With the avalabihty of the hirst commercually pro-
duced electron microprobe instruments 1n the early
196(0s, x-ray microanalysis became a sigmficant analyt-
ical techmigque in the Analytical Chemastry Division at
MNIST (then called the Natonal Bureau of Standards).
The person responsible for the development of electron
probe microanalysis at NBS was Kurt. E. J. Heinrich
under whose leadership the Microanalysis Section made
numeraus contributions to iImprovements 10 Instremen-
tation, o the determination of fundamental constants, o
the development of matnx comection procedures, and to
the development of standard reference matenals for mi-
croanalysis. NBS had been imvolved in the development
of metrological and analvtical standards from its begin-
ning, but microanalysis standards presented the addi-
tonal requirement of determining the extent of hetero-
geneity of a research matenial on the micrometer scale.
Only matenials that exhibited mmmmum macrohetero-
geneity could be certified as NBS SEMs for microanal-
VSIS,
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2. Early SRMs

Dunng the mid- 1960s, SRMs being sold as bulk stan-

dards were also evaluated for use as microanalysis stan-
dards. Those that were found sufficiently homogencous
to be used as microanalysis standards were Cartndge
Brass (SEM 478) and Low-Alloy Steels (SREMs 461 and
463) [1]. In the early 1970s several binary and ternary
alloyvs were 1ssued as SEMs for microanalvsis—a
W-20%Mo Alloy (SEM 480) [2], Fe-351 (SEM 4E83)
[3], the Au-Ag alloys (SEM 481) and Cu-Au Alloys
(SEM 482) [4], the Fe-Ur-M1 alloy (SEM 4279 and 47%9a)
[3.6], and a group of four different steels, (SEMs 661-
6564). These matenals were chosen in part because they
were useful standards for quantitative microanalysis and
because they were useful in the determonation of basic
x-ray parameters. In additon, these matenals could be
made with hittle heterogeneity both in the bulk matenal
(from specimen to specimen) and on the micrometer
scale (within each specimen). These matenals were not



Yolumc 107, Number &, November-Docember 20002
Journal of Research of the National Institute of Standards and Technology

readhly smvailable commercially and 1f 50, they certmnly
would not have been analyzed on the micrometer scale
or ceriifed at that level for microhomogencaty. Often
special preparation procedures were required, such as
repeated annealing, o achieve the desired level of ho-
mogeneity i metal alloys. This could be done with
small batches of materials (hke a few hundred grams)
from which numerous microanalysis standards could be
obtaned.

Table | 15 a hst of NBS/MNIST SEMs for microanaly=sis
that were certified between 1965 and the present. Many
are no longer in stock (gray background), although for
some (darker gray background) there 15 more material
for a reissue if needed, but not without a considerable
amount of work. Those with the complete white back-
ground are stll in stock.

3. The Certification Process and More
Recent SEMs

The question often asked 15, “Why doesn’t NIST
provide more microanalysis standards”” There are sev-
eral reasons. Firstly, most pure elements and many stol-
chiometrnic compounds are avarlable commercaally, and
many naturally occumng minerals are svailable. These
can be easily purchased and subsequently evaluated by

the user for microheterogencity. In additon, there are a
few commercial supphers who purchase these commer-
cially avmlable matenals, mount, polsh, and evaluate
them for resale as prepared microanalysis standards.
MNIST does not compete with such providers. Secondly,
the fabrication and evalustion of research materials for
certificabon as microanalysis standards 15 expensive and
ome-consuming. Detmls of the process will be de-
scribed later. For these reasons, NBS/NIST sciennsts
have concentrated their efforts on the development of
more complex matenals that were not available com-
mercially and that might be more useful In quantitatve
electron probe microanalysis (EPMA), e, such as
those that could be used In testing matnx comection
procedures or in determining basic parameters.
Dunng the latter part of the [970s, glasses became
popular as standards, throughout the microanalysis com-
munity. Because they are vitreous solids, many types of
glasses can be made homogeneous on the micrometer
scale. In addinon, trace to minor amounts of elements
can be added to glasses duning the manufactuning pro-
cess without changing the microhomozeneity. This fact
provides the possibility of prepanng standards with
complex compositions. There are several hmitations,
though, with the use of glasses as standards. Not all
oxides or phosphates or combination of oxides or phos-
phates readily form glasses, therefore hmating the num-

Tuble 1. MNIST slamdard reforence maderials for microanal ysis

SEM n. MNamc Isorm Mominal compisition
(% Masx (macl.)
46l & 463 Low Alloy Seocl Rods. = & mm din. I't with ples 15 olhor clemenls al or
= 10 cm bomg mcar irace kevel conceniralions
470 Mincral Glasses for Slices E-411, MgO 50, Ca() el
Microanalysis 2%2% 1% mm' K-412, Mg, Al(:5i0.Ca0). 1)
478 Cartridge lirass Cube and Cylinder Cu-73, ¥m-27
479 Fe-Cr-MNi Alboy Walcr Fe-T1.Cr-18,Mi-11
4%0 Tumgsicm Walcr W-TE, Mo-22
A% Molyhdenum
4481 Crodd-Silver Alloyxs Hix wimes Au NGB0 20:0
Ap AR 100
482 Ceodd-Copper Alloys Six wires A TG B4 200
Cu (N EARERD; 100
483 Iron—3 % Silicon Small shoot 197, 51-3
IRT1-1K75 (ilaxscs For Microanalysis Slices I5 Compasitions of YVarkoes Oxides
(1872, 1E73 in stock) 2%2% 12 mm
H5n Microamalysis Thin Iilm Fiilm on 3 mm Cu K-411 glass {Mg().5i0,.Cat) el))
Mg-5i-Co-l% grid wsed 1o prepare Glm
66 K-411 Glaxs Microsphones 50 mg of 1 pm o 400 pm K-411 glass (Mg 50 Cat) Iel))
diameicr sphones wsod 1o make sphores
Bhil ALSD 4340 Siecl 32 mm X 51 mm Stocls wilh the several addilional
662 AISI BAB1T Swel Cr-¥ roids chomemis in minor and ece amounls
66l Secc]l High-Carbon
fifid Stoc] (Modified)
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ber of glass matrices that can be produced. Also, not all
oxides or salts can be miroduced imto a glass at all
concentrabions without creating some microheterogene-
ity. And most importantly, glasses, especially those
composed of only low atomic number elements, are
more susceptible to electron beam damage than are
mietals, therefore requiring special attention o electron
beam sampling procedures.

Several glasses were certifhied as NBS or NIST SEMs.
These include the Glasses for Mineral Analvsis (SRM
4700 [7], K-411 and K-412, compased of the oxides of
Mg, Al Si, Ca, and Fe. A second group of 15 glasses
were in part certihed as Glasses for Microanalvsis
(SEMs 1871-1873) |8). Fave different glass matrices
were used for each SEM. In each SEM were three
glasses, one of the glass matrnix only and two with the
same matnx but each containing several different oxides
in concentrations of |0 mass fracton or less. Glass
fibres of some of these glasses were also sold as NBS

Research Matenals. More recently, glass microspheres
made from K-4 11, above, were issued as SEM 2066 [9].

K-411 was also used in the preparation of SEM 2063a,
a glass film on a Cu grid that was issued as an AEM
(analyucal electron microscope) standard [10].

There are several misconceptions in the microanalysis
community about NIST and SEMs for microanalysis.
First, there 15 a belef, especially among those who are
just eptering the microanalysis field, that NIST provides
all microanalvsis standards, that NIST will have aval-
able whatever they need, and that NIST can provide a
complete set of “traceable to NIST” microanalysis stan-
dards. This, of course, 15 not the case for reasons cited
above. Second, there 15 also the belief that any NIST
SEM can be used for microanalysis. This 15 false since
miost NIST SEMs are for use in bulk analyses and have
not been tested for microheterogenety. Third, the certi-
fied values are vahd regardless of how the SRM 15 pre-
pared for analvsis. When certified by NIST, much care
miust be taken in mounting and polishing these matenals
for macroanalysis, whether a standard or an unknown
material. In some cases there are specific instructions
on how to prepare an SEM for use as a microanalysis
standard.

As previously mentoned, the certficabon of any
SEM, whether for microanalysis or bulk analysis, 1= a
ume-consuming and therefore an expensive process.
Many people contribuie to the process—microanalysis
scientists, members of the Standard Reference Matenals
Program (SEMP), statisticians, matenals scienibists, and,
in some cases, others from mside or outside NIST.
Therefore, the usefulness of the standard must be care-
fully evaluated before work 15 begun. In the microanaly-
515 community there are a mited number of laborato-
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nes, therefore there may be some difficulty i selling
enough SRMs to jushfy the investment i certfication.
Several questions must be asked. They are as follows:

Would 1t be a useful quahtative and quanbtative stan-
dard for microanalysis?

Would 1t be useful for improving the understanding
andl/or determanation of basic parameters?

Would 1t be useful for quality control?

Is this a matenal that 1z not readily avalable from
commercial sources?

What 15 the sales potential of the matenal if nt s
certified?

How important would this material be for the com-
mercial commumity if it were certihed for microanaly-
5157

Once the work 15 justified, the research material must
be fabricated if there 15 not already a source for it In the
past, some of the SEMs ated above were produced at
MNIST, such as the Fe-Cr-Mi alloy (SEM 479 and SEM
479a), as well as all of the glasses and the glass micro-
spheres. Some were produced commercially, such as
W-20%Mo Alloy (SEM 480) and the Au-Ag, Au-Cu
alloys (SRMsz 481 and 482). Of course, enough must be
produced for distnbution o potental purchasers. Ininal
evaluation would normally imclude bulk physical exam-
nation for such characteristics as clanty in the glasses
and physical robustness to the environment as well as
MICTosCopic examination o evaluate the extent of voads,
inclusions, and multple phases. EPMA evaluation of the
rescarch material would include studies of backscatier
and secondary electron images, quahtative and quantita-
tve analyses, and testing of the within and between
specimien heterogeneity. If the matenal were to fail the
tests, 1.e., if it appeared to be outside of the acceptable
hmits of micro- and macro- heterogeneity, 1t would be
reprocessed, either refabneated or reannealed as oc-
curred in the fabnicaton of the Au-Cu alloys [4]. Some
SEMs, such as the asbestos SRMs, were naturally oc-
curming, 50 a fabricabon process was not necessary, but
a rigorous sample preparabion and evaluabion testing
procedure was necessary.

Usually, at thas stage of the process when the matenal
has been found satisfactory for SRM certthicabon, fund-

ing must be acquired from SEMP to continue the work

that may or may not have begun under some 1mital
SEMP funding. If additonal funds are not obtaned,

work would be delayed or termanated on the progect.
If continued, a sampling strategy for helerogenety
testing 15 designed with the help of the NIST statist-
cians. Heteropeneity testing 15 an extremely important
part of the process of certifyving an SEM as a microanal-
ysis reference standard. Unless individually assigned

certthed compositon and uncertainty values, the speci-



