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UNIT OF MEASURE ABBREVIATIONS USED IN THIS REPORT 
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RAPID IDENTIFICATION OF STAINLESS STEEL AND SUPERALLOY SCRAP 

By R. D. Brown, Jr., 1 William D. Riley,2 and C. A. Zieba 3 

ABSTRACT 

This Bureau of Mines report describes a new methodology for identify
ing and sorting scrap metals using two modern portable instruments: a 
thermoelectric sorter and a hand-held emission spectroscope. The meth
od, tested on a 27-sample stainless steel and superalloy array, makes it 
possible to group and/or identify a typical mixture of high-value metal 
scrap in two or three steps, whereas as many as seven or eight steps are 
needed to perform the same separations using chemical spot tests. 

A portable fluorescent X-ray analyzer identified 19 of the 27 alloys 
in the sample array by name or type; these alloys are included in the 
microprocessor memory. The remaining alloys were identified by using 
the analyzer in its elemental analysis mode and comparing the results 
wit.h alloy specification chemistry. 

1 Metallurgist. 
2 physical science technician. 
3Chemist. 
Avondale Research Center, Bureau of Mines, Avondale, MD. 
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INTRODUCTION 

Conservation of strategic metals such 
as nickel, cobalt, and chromium, and the 
minimization of dependence on imports 
through improved methods of recycling 
scrap materials are among the objectives 
of the Bureau of Mines Materials and 
Recycling Technology program. One aspect 
of this research has been to improve Lhe 
efficiency of recycling by introducing 
and evaluating new technologies to iden
tify and sort scrap metals (9, 11, 13).4 
Because the United States is almos~to
tally dependent on imports of the criti
cal metals nickel, cobalt, and chromium, 
emphasis has been given to the reduction 
of downgrading and discarding complex 
scrap materials containing these ele
ments. The traditional scrap sorting 
techniques such as object and color 
recognition, apparent density, magnetic 
properties, spark testing, and chemical 

4Underlined numbers in parentheses re
fer to items in the list of references 
preceding the appendix. 

spot tests (8-9, 14) are usually inade
quate for sortTng~he complex materials 
containing these elements into discrete 
alloys. Contacts with superalloy recy
clers indicate that separation into dis
crete alloys is ultimately the only ac
ceptable way of recycling these alloys 
without recovering individual elements 
through pyrometallurgical or hydrometal
lurgical processes (!). 

Reliable identification techniques are 
necessary because a penalty is exacted 
for contamination of a scrap product. 
Table 1 lists National Association of 
Recycling Industries-Institute of Scrap 
Iron and Steel (NARI-ISIS) specifications 
for some stainless steel and nickel-base 
alloys. The classification "Sabot," for 
example, calls for clean 18-8 grade 
stainless steel clips and solids with 
minimums for nickel (7.0 pct) and chro
mium (16 pct); and maximums for mo
lybdenum (0.5 pct), copper (0.5 pct), 
phosphorus (0.045 pct), and sulfur 

TABLE 1. - Some typical NARI-ISIS classifications 

Classification Definition 
Rusten ••••••••••• 11 to 14 pct straight 

chrome stainless. 

Rusthirty........ 14 to 18 pct straight 
chrome stainless. 

Obole 1 ••••••••••• Ferronickel-chrome ••••• 

Sabot •••••••••••• 18-8 stainless steel 
(clean scrap). 

lISIS specification only. 

Specification 
11 to 14 pct Cr, 0.03 pct P (max), 0.03 
pct S (max), 0.50 pct Ni (max). Other
wise free of harmful contaminants. 
Material to be prepared to individual 
consumer's specifications. 

14 to 18 pct Cr, 0.03 pct P (max), 0.03 
pct S (max), 0.50 pct Ni (max). Other
wise free of harmful contaminants. 
Material to be prepared to individual 
consumer's specifications. 

12 pct Cr (min), 12 pct Ni (min), 0.50 
pct Cu (max). Free of other foreign 
elements. Material shall be sold on 
basis of description and analysis. This 
category excludes all stainless steel 
grades that are covered elsewhere. 

7.0 pct Ni (min), 16.0 pct Cr (min), 0.50 
pct Mo (max), 0.50 pct Cu (max), 0.045 
pct P (max), 0.03 pct S (max). Other
wise free of harmful contaminants. Ma
terial to be prepared to individual con
sumer's specifications. 



(0.03 pct); and otherwise free of harmful 
contaminants. Within the 300 series, 
type 316 stainless steel contains 2 to 3 
pct Mo. Other less-common grades such as 
type 317 also have significant amounts of 
molybdenum. To meet the Sabot specifica
tion, these grades must be removed. In 
this case, there is an additional in
centive for separation because of the 
high value of molybdenum. 

There are several ways to identify 
scrap metals: by simple comparison to 
known samples, by group identification, 
by alloy identification, by qualitative 
analysis, and by quantitative analysis . 
Each way, respectively, requires greater 
accuracy in chemical analysis for suc·' 
cessful identification. Since alloy com
positionc consist of ranges rather than 
exact compositions, alloys can be identi
fied from elemental analysis of lower 
precision and accuracy than is ordinarily 
expected from an analytical laboratory. 
The sorter can often identify the alloy 
by determining the amount of only a few 
of the elements present in a given sam
ple . One alloy can sometimes be picked 
out of a group on the basis of only one 
element. The group identification, for 
example, Sabot, requires still less 
inherent accuracy in the analysis because 
the group identification can be made with 
greater latitude in the actual chemi
cal analysis. Comparison analysis 
gives the least information--that is, are 
the standard and sample the same?--but, 
in some cases, this is enough. The 
stainless steels again provide a good 
example. Assume that it has been estab
lished that the unknown is 18-8, one of 
the 300 series. Semiquantitative chemi
cal analysis and comparison with alloy 
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specifications will determine the alloy 
of the unknown. The presence or absence 
of 2 to 3 pct Mo will establish whether 
the sample is one of the high-molybdenum 
grades (for example, 316 or 317) or 
not. Table 2 lists the methods studied 
and how well they supply the required 
information. 

Approximately 25,000 tons of superalloy 
scrap and 140,000 tons of stainless 
steels are downgraded yearly during re
cycling (1, 4). This downgrading repre
sents a loss-in inherent value of approx
imatly $100 million for the superalloys 
and $225 million for the stainless 
steels. Scrap identification and seg
regation are necessary first steps to re
duce downgrading. 

Techniques such as thermoelectric re
sponse, emission spectroscopy, and fluo
rescent X-ray spectrography offer poten
tial to improve the accuracy and ease 
with which identification can be accom
plished. This report describes how these 
techniques can be used to identify and 
sort mixed alloys into alloy groups and 
into specific alloys. Each of these 
techniques can be used singly with some 
success, particularly X-ray spectrog
raphy. A combination method that en
hances the individual sorting efficiency 
of the thermoelectric and emission spec
troscopy methods has been devised. A 
flowsheet for this combination method, as 
applied to stainless steels and super
alloys, is presented. A rapid dissolu
tion technique and subsequent atomic 
absorption analysis procedure for check
ing the results of more rapid instru
mental methods is presented in the 
appendix. 

TABLE 2. - Information grid for methods tested 

Thermoelectric Portable emission X-ray 
sorter spectroscope spectrograph 

Elemental analysis ••••• Usually no .... Sometimes •••••••• Yes 
Alloy identification ••• Somet imes ••••• Often •.•...••.... Yes 
Group identification ••• Yes ••••••••••• Yes •••••••••••••• Yes 
Element presence ••••••• No •••••••••••• Yes •••••••••••••• Yes 
Comparison ••••••••••••• Yes ••• •• •••••• Yes •••••••••••••• Yes 



4 

EXPERIMENTAL PROCEDURE 

SPECUiEN PREPARATION 

Stainless steel and nickel- , iron--, or 
cobalt-base alloy samples, typical of 
those alloys prevalent in current scrap 
operations, we re used in this study and 
are listed in table 3. In prac-" 
tice, alloys are speci f i ed by r~nges of 
composition, maximum allowed, minimum 

required, or "balance" for each element 
present. The " nominal" values in the 
table represent the middle of the allm .. ed 
range or values most often used. 

All of the identification techniques 
used in this study ~n be interfered with 
by mill scale and other surface impuri
ties. Therefore, unless it was clean. 

TABLE 3. - Major element concentration of alloys used in this study 

Alloy class Major alloying elements, wt pct (nominal) Others 
Fe Ni Cr Mo Co Cu Ti 

Stainless steel; 
201 ••••••••••••••• 70 5 18 n.m. n.m. n.m. n.m. Mn 
301 •• ••• • ••••••••• 73 7 17 n.m. n.m. n.m. n.m. Mn 
303 ••••........••. 72 9 18 n.m. n.m. n.m. n.m. Mn 
304 ............•.. 69 9 19 n.m. n.m. n.m. n.m. Mn 
316 •••••••• • • • •• • • 72 10 16 2.5 n.m. n.m. n.m. Mn 
321 ••..•• 0 •••••••• 72 9 18 n.m. n.m. n.m. 5 Mn 
347 ••••••••••••••• 70 9 17 n.m. n.m. n.m. n.m. Mn, Ta + Cb 

Nickel-base alloys: 
Monel 400 •..... •. . 1. 0 67 n.m . n.m. n.m. 31 n.m. Mn 
Monel K500 •••••••• 1.0 67 n.m. n.m. n.m. 29 .6 Al, Mn 

Inconel 600 •••••• • 8 . 0 75 16 n . m. n.m. n.m. n.m. Cu, Mn 
Inconel 625 ••••••• 2.5 61 22 9.0 n.m. n.m. .2 Ch, Al, Mn 
Inconel X-750 ••••• 7.0 70 15 n.m. n.m. n.m. 2.5 Cu, Cb, Al, Mn 
Inconel 718 ••••••• 19 53 19 3.0 1.0 n.m. .9 Cu, Cb, Al, Mn 

Hastelloy B-2 .•.•. 200 65 1.0 28 1.0 n.m. n.m. Mn 
Hastelloy s. Q ••••• 1.0 66 16 15 n.m. n.m. n.m. Mn 
Hastelloy C-276 ••• 6.0 55 16 16 2.5 n.m. n.m. Mn, W 
Hastelloy G ••••••• 19 42 22 6.5 2.5 n.m. n.m. Mn, Ta, Cb 

Nickel 200 ..•..... n.m. 99.0 n.m. n.m. n.m. n.m. n.m. 
Nickel 201 ••...••• n.m. 99.0 n.m. n.m. n.m. n.m. n.m. 

Nimonic 75 ••...••. 3.0 75 19 n.m. n.m. n.m. .4 Mn 
Nimonic BOA e _ ••••• n.m. 75 19 n.m. n.m. n.m. 2.4 Al, Mn 
Nimonic 90 •.••...• n.m. 59 19 n.m. 16.5 n.m. 2.4 Al, Mn 

Incoloy 800 ••••••• 46 32 21 n.m. n.m. n.m. n.m. Mn 
Incoloy 825 ••••••• 30 42 21 3.0 n.m. 2.2 n.m. Mn 

Iron-base alloy: 
Haynes 20 MOD ••••• 46 26 22 4.0 n.m. n.m. .4 

Cobalt-base alloys: 
Haynes 188 ••...•.• 3 22 22 n.m. 36 n.m. n.m. W, Mn 
Haynes 25 ••••.•..• 2 10 20 n.m. 51 n.m. n.m. W, Mn 

n.m. Not maJor-



each sample was prepar e d by wet grinding 
using 240-grit silicon carbide abrasive 
belts, followed by degreasing with ace
tone and air drying. Wet grinding was 
chosen to prevent any heat-related struc
tural changes that might affect the 
thermoelectric measurements. Since many 
critical applications of cobalt- and 
nickel-base alloys require wear- or 
oxidation-resistant coatings, it is good 
procedure to remove the surface layer 
before identification is attempted when
ever the presence of a coating is 
suspected. 

THERMOELECTRIC INSTRUMENTS 

Thermoelectric instruments for identi
fication of metals and alloys are based 
on the Seebeck effect (the principle of 
thermocouples). The magnitude of the 
potential difference depends on the tem
peratures of the two junctions and on 
their composition. Thus, if an unknown 
metal forms a junction with a known metal 
8t a known temperature difference, the 
unknown metal may be identified. How
ever, this potential i s als o s ensitive t o 
changes in microstructure and surface 
conditions due to heat treatment, cold 
working, etc. The magnitude of this 
change in potential is small for the 
alloys used in this study, usually less 
than 1 pct. An extreme example is 304 
stainless steel; the instrument reading 
increases 6 pct when the cold work in
creases from 0 to 75 pct. In this case, 
the austenite structure is being trans
formed into a structure like martensite, 
owing to the cold work. This kind of 
effect is fairly small when compared Hith 
the changes in instrument readings that 
occur with changes in composition from 
alloy to alloy. For example, nickel 
ranges from 32 to 75 pct for the super
alloy samples used in these tests. The 
corresponding change in instrument read
ings (from 611 to 708) is more than 
15 pct. (See tables 3-4.) 

A Technicorp model 
SeparatorS was used 

850/950 WT Alloy
to measure the 

SReference to specific equipment does 
not imply endorsement by the BuMines. 

TABLE 4 . - Thermoelectric measureffi2nc s 
for stainless' steels, Monels, and 
superalloys 

• .1 

Average t hermoelectric 

Alloy class 

Stainless steel: 
20 1 ••••••••••• 
301 •••••..•••• 
303 .......•.•. 
304 ..... •• ...• 
316 ..••• • •••.• 
321 •• • • ••• •••• 
347 ••••••••••• 

Nickel-base 
alloys: 

Monel 400 ••••• 
Monel K500 •••• 

Inconel 600 ••• 
Incone1625 ••• 
Inconel X-750. 
Inconel 718 ••• 

Hastelloy B-2. 
Has telloy S ••• 
Hastelloy 

C-27 6 •••••••• 
Has telloy G ••• 

Nickel 200 •••• 
Nickel 201. ••• 

Nimonic 75 •••• 
Nimonic 80A ••• 
Nimonic 90 •••• 

Incoloy 800 ••• 
Incoloy 825 ••• 

Iron-base alloy: 
Haynes 20 MOD. 

Cobalt-base 
alloys: 

Haynes 188 •••• 
Haynes 25 ••••• 

response (copper
base probe tip), 
arbitrary units, 
SS 302 standard 

585 
597 
603 
602 
587 
591 
586 

343 
352 

698 
644 
677 
640 

726 
660 

650 
626 

466 
460 

691 
708 
693 

611 
625 

610 

632 
637 
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thermoelectric response of t he alloy s 
listed in table 3. Newel l ( 9) has 
described other thermoelec t r ic i nst ru
ments that could be used fo r t hese 
measurements ,. The Alloy- Separa tor i s 
supplied with changeable probe tips of 
various proprietary composition s . Wi th a 
wide variety of probe tips , mo r e ef 
fective separations can be pe r f o rmed . 
The probe tip is the "known " a l l oy i n the 
couple and is maintaine d at a cons t ant 
temperature, so the vo l tage s i gnal ge n
erated is a function of the comp os i t ion 
and, to a lesser degree, the micr ostruc
ture of the sample to be identif i e d . The 
unit operates in both digital and anal og 
modes. The digital mode was use d for 
these tests. 

The unit, shown i n f i gu r e 1, is ope r
a t e d by install i ng one of the selectable 
p r obe tips and allowing the p r obe about 
10 min t o heat t o equilibrium tempera-' 
t u r e . Then the ci r cu it is closed by 
c lippi ng t he u nknown s peci men t o the 
lead wi r e and touching the hot probe 
t ip to t he s pe cimen . The instrument 
i s ca l i b r a t ed t o an arbitrary value 
us i ng a standar d o f t ype 302 stainless 
s tee l. 

Th e calibration, r e quiring several sec
onds , s hould be checked periodically. 
The measurement s we r e repeated many times 
in o r der to establ i sh the precision ob
t a inable wi t h t h is t ype of device . Sam
pl e s of each a l l oy lis t ed in table 3 were 

FIGURE 1. ~ Bureau researcher measuring the ther moelec t r ic response of stainless steel sample . 



measured at least five times , with peri
odic restandardization of the thermo
electric sorter . The unit was stable 
during runs of several hours, over sev
eral days. Some of the samples were mea
s u r ed several times , ove r a per i od of 
weeks . The system was quite stable , 
showing the same small amount of devi a 
t i on , <2 pct , in t he long-t erm t e st i ng a s 
in the day-to-day tests . 

OPTICAL EMI SSI ON 

A Clandon Metascope , a s mall ha nd-held 
spectroscope that employs a n Amici 
straight-line pri sm with a wavelength 
range of 420 to 650 nm, was used for thi s 
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study ( 9, 13) . An 80-nm wavelength range 
can be v iewed in the spectroscope at one 
t ime. Samples are excited by a vibrating 
tungsten or molybdenum electrode driven 
by an ac solenoid . 

The Metascope, shown in figure 2, con
sists of two units: (1) a variable 
t r ansforme r , which provides power to a 
varia bl e-voltage vibrating--electrode ac 
a r c source used to vaporize and excite 
t he sample , and (2) a hand- held unit 
c ontaining the prism and optics necessary 
to observe the spectral lines in the 
des i r e d range. The spectra can be viewed 
thr ough an eyepiece or recorded using a 
camera e 

FIGURE 2 • • Bureau res earcher exam ining type 316 stainless steel sample for molybdenum content 

with the Clandon Metascope. 
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The instrument is calibrated by adjust
ing the vernier drum so that the eyepiece 
pointer is located using lines of known 
wavelength . Other lines can then be ob
served by adjusting the vernier to bring 
the desired range of wavelengths into 
view" The wavelengths corresponding to 
the elements of interest are found on 
calibration tables supplied with the 
ins trument. 

The Metascope can be used in different 
modes. The simplest is to determine the 
absence or presence of a given element in 
the sample by looking for a specific line 
or lines corresponding to that element. 
Knowledge of alloy specifications is then 
used to decide if the sample is a given 
alloy. Further, this device can be- used 

to semiquantitatively determine the 
amount of a given element present in the 
sample by comparing the intensity of the 
line in question with its intensity for a 
standard. The relative amounts of an 
element present in two samples can be 
determined in this way without reference 
to an absolute standard. Finally the 
alloy can be grouped or specifically 
identified if the operator has the expe
rience to recognize the spectral patterns 
corresponding to the various alloys . 

X-RAY FLUORESCENT SPECTROGRAPH 

A Texas Nuclear model 9266 Alloy Ana
lyzer, shown in figure 3, was used for 
this study. This energy dispersive in
st-rument generates X-rays using iron-55 

FIGURE 30 Q Texas Nuclear 9266 Alloy Analyzer o 



and cadmium-109 r"adioactive sources and a 
scintillation counter for detection. It 
offers a combination of both alloy iden
tification and elemental analysis. The 
instrument consists of a hand-held probe 
containing the sources, filters, the 
scintillation detector, and associated 
electronics, and a microprocessor unit 
which controls the source and filter 
selections. Alloys with spectral inten
sities and compositions stored in the 
instrument memory can be identified by 
name. Other alloys can be identified by 
comparing the elemental analysis with 
alloy chemistry specifications. The ele
ments that can be used for alloy identi
fication are Cb, Co, Cr, Cu, Fe, Mn, Mo, 
Ni, Ti or V, and W. Intensity-composi
tion data for 66 alloys are presently 
stored in the instrument's memory. To 
operate the unit, a clean, flat surface 

r. 
;, 

is presented to the analyzer, and either 
the identification or the analysis mode 
is selected. 

COMBINATION METHOD 

A combination method has been developed 
using the thermoelectric sorter and the 
optical spectroscope. The ne~: procedure 
requires only two or three steps to iden
tify each alloy. The thermoelectric 
so~tel is used first to identify some 
samples by alloy and to place others 
into groups of alloys. Then the optical 
spectroscope reduces groups into spe
cific alloys. This procedure is much 
more efficient than previous spot 
testing schemes, which required seven or 
eight steps for making the same 
identifications. 

RESULTS AND DISCUSSION 

THERMOELECTRIC MEASUREMENTS 

Table 4 lists the results of the ther
moelectric measurements for the 27 alloys 
tested, using a copper-base alloy probe 
and type 302 stainless steel as a stan
dard. Table 5 lists results for only the 
nickel-base alloys, using a nickel-base 
probe and both type 302 stainless steel 
and nickel 201 as standards. The selec
tion of the best probe-standard combina
tion for a given array of unknowns is an 
empirical process. Incoloy 825 and 
Hastelloy G are poorly resolved using the 
copper alloy probe or the nickel alloy 
probe with the stainless 302 stan
dard. The nickel alloy probe with the 
Ni 201 standard significantly increases 
the ease of separation. The resolu
tion between values for the Inconel 
625-Hastelloy C-276 pair is poor for 
the nickel probe-stainless steel stan
dard combination, better for the copper
stainless steel combination, and excel
lent for the nickel-nickel combination. 
However, this combination is not always 
the best. For Inconel 600 and Nimonic 
75. either probe with the 302 stain
less standard gives a wider difference 
in readings than the nickel-nickel 
combination. 

TABLE 5. - Thermoelectric response 
of nickel-base alloys (nickel-base 
probe tip) 

Alloy 

Inconel 600 •••••••••• 
InconeI625 •••••••••• 
InconeI718 •••••••••• 
Inconel X-750 •••••••• 

Incoloy 800 •••••••••• 
Incoloy 825 •••••••••• 

Hastelloy C-276 •••••• 
Hastelloy B-2 •••••••• 
Hastelloy G •••••••••• 
Hastelloy S •••••••••• 

Nimonic 75 ••••••••••• 
Nimonic 80A •••••••••• 
Nimonic 90 ••••••••••• 

SS 302 
standard 

703 
656 
650 
679 

615 
633 

655 
728 
635 
668 

690 
713 
693 

Ni 201 
standard 

986 
917 
920 
952 

865 
883 

929 
1,018 

895 
94'5 

989 
1,020 

962 

The operator must be aware that values 
for different alloys are sometimes unre
solved and that overlap can exist. A 
value of 615 could represent a superalloy 
or a work- hardened 304 stainless sample. 
But a value of 590 is clearly a stainless 
steel. while one of 660 is clearly a 
superalloy. 
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The tables reveal two key items. Thel.'e 
is a good first separation between the 
stainless steels, Mone1s, nickels, and 
supera110ys by groups. Further separa
tions within the supera110y group are 
possible as described in the section 
"Combination Method." 

EMISSION SPECTROSCOPE 

The optical spectroscope was used for 
both elemental and alloy identification. 
From the first series of measurements, 
specific identifying elements were deter
mined, such as molybdenum to separate 316 
from other stainless steels and cobalt to 
separate Nimonic 90 from other Nimon
ics. In the second series of measure
ments, discrete alloy identification was 
attempted. 

In the first case, the C1andon Meta
scope was used to separate 316 stainless 
steel (2 to 3 pct Mo) from the rest of 
the 300 series «0.5 pct Mo) stainless 
steels. Figure 4A shows a spectrum for 
302 stainless stee1~ which contains <0.5 
pct Mo, with the marker on the 547.69-nm 
nickel line in the center of the field of 
view. Figure 4B, with the marker on the 
553.30-nm Mo line and with the 547.69-nm 
Ni line just to the right, shows that the 
molybdenum emission is easily discernible 
for type 316 stainless steels. The spec
tra can be compared easily if viewed "on 
end" with the line of sight nearly par
allel to the page. 

This instrument also allows the sorter 
to segregate mixed scrap on the basis of 
a particular element. Figure 5A shows 
the spectrum for a Nimonic alloy. In 
this case, the instrument was adjusted to 
the 547.69-nm nickel line. The nickel 
line is very intense in the Nimonic 
alloys (59 to 75 pct Ni); thus, high
percentage-nickel scrap can be separated 
from low-nickel scrap on the basis of the 
observed intensity of the nickel line. 

Use of the spectroscope mainly for 
single-element determinations of presence 
or relative amount is not difficult and 
should be learned quickly by most oper
ators. Comparing photographs of the 

spectra, while more tedious, is much 
easier and requires considerably less 
skill than mental comparison of visual 
observations. While it does require much 
more operator skill, spectral pattern 
recognition can be used to identify 
alloys or groups of alloys. 

Figure 4A and 4B show that 302 and 316 
stainless - stee1s- have similar spectra 
except for - the molybdenum lines. In fig
ure 5, the spectrum of the Nimonic alloy 
shown is substantially different from 
that for the stainless steel. For exam
ple, in the stainless steel, directly to 
the right of the 547.69-nm Ni line is a 
series of iron lines; they are much less 
intense in Nimonics than in the stainless 
st-eel. Examination of figure 6 shows 
distinct differences between the s pectra 
of a Haste110y and a stainless steel. 
The Haste110y spectrum has two strong 
lines to the left of the nickel line, 
which are the 553.30- and the 550.65-nm 
lines for molybdenum. These lines are 
very intense, indicating that this alloy 
has a much higher concentration of molyb
denum than d-oes s ta!n-le·ss s .tee1.-

Two problems are the "memory effect," 
resulting from the carryover of some of 
the preceding sample as residue on the 
electrode, and reproducible image inten
sity. The first problem was solved by 
cleaning the electrodes with emery boards 
between each use. The second problem 
required that the operator take special 
care to properly hold the instrument on 
the sample to obtain a stable, repro'·' 
ducib1e arc. 

X-RAY ANALYZER 

The Texas Nuclear fluorescent X-ray 
spectrograph is oriented toward the 
identification of supera110ys. Seventeen 
of the 27 alloys used for this work are 
included in the memory of the instrument. 
The device identified 16 of the 17 by 
name. The elemental analysis for each 
supera110y in the array was sufficient so 
that the correct identification could be 
made by comparison of X-ray-determined 
values and alloy specifications. While 
this mode is relatively tedious, it 
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FIGURE 4. ' Comparison of spectra for 302 stainless steel and 316 stainless steel . A, 302 stain 

less steel (po i nter set on the 547.69 -nm nic kel line); B, 316 stainless steel (pointer set on the 553.30-

nm molybdenum line ) .. 

11 
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FIGURE 5. - Comparison of spectra for a Nimonic and a stain less steel. A, Nimonic 75 (pointer 

set on the 547.69-nm nickel line); B, 302 stainless steel (pointer set on the 547.69-nm nickel line). 



FIGURE 6. - Comparison of spectra for a Hastelloy and a stainless stee l. A, Hastelloy S (pointer 

set on the 547.69-nm nickel line); B, 302 stainless steel (po inter sei on the 547.69"nm nicke l line), 

13 
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complements the direct identification 
mode and makes the instrument successful 
in separating the entire superalloy group 
into individual alloys. Details of the 
identifications are listed in table 6. 

TABLE 6. - Fluorescent X-ray spectro
graphic results 

Alloy In memory? Identification 
S S 201 •••••••• "200," set 200 or SS 

for 202. 
S S 301 •••••••• 
SS 303 •••••••• 
S S 304 •••••••• 
SS 316 •••••••• 
SS 321 •••••••• 
S S 347 •••••••• 

No SS 
No SS 
Yes 304 
Yes 316 
Yes 321 
Yes 347 

Monel 400 ••••• Monel 
Monel K500 •••• Monel 

Inconel 600 ••• Yes 
Inconel 625 ••• Yes 
Inconel X-750. Yes 
Inconel 718 ••• No 

Hastelloy B--2. No 
Hastelloy So •• No 
Hastelloy Yes 

C-276. 
Hastelloy G ••• Yes 

Nickel 200 •••• Yes 
Nickel 201 •••• No 

Nimonic 75 •••• No 
Nimonic 80A ••• No 
Nimonic 90 •••• No 

Incoloy 800 ••• Yes 
Incoloy 825 ••• Yes 

Haynes 20 MOD. No 

Haynes 188 •••• Yes 
Haynes 25 ••••• Yes 

Monel 
Monel 

Unknown or 600 
625 
X-750 
Unknown 

B 
Has telloy C-4 
C-276 

G 

Ni 200 
Ni 200 

600 
600 
601 

800 
825 

UHB 904 

188 
25 

Inconel 600 was the only alloy in the 
unit memory not identified for each sam
ple tested. Misidentified samples were 
alloys not contained in the memory. The 

Nimonics were 
Haynes 20 MOD 
as Has telloy 
Has telloy C-4_ 

identified as Inconels, 
as UHB 904, Hastelloy B-2 
B, and Hastelloy S as 

The misidenti.fications are possible 
because of the limited number of elements 
used for positive identifications of the 
alloys in memory. The device compares 
the values of the unknown with the ranges 
of expected values; positive correla
tion gives an identification. In each 
case, the misidentifications are actually 
"correct" for the particular elements 
matched by the instrument. But one or 
more additional matching tests would be 
needed in each case to resolve the 
misidentifications. 

The program in the instrument can use 
up to seven elemental tests for a posi
tive identification, but in most cases 
uses only three or four. Precise knowl
edge of the sorting program used in the 
Texas Nuclear device is proprietary. The 
difficulty of finding the best way to 
program such a unit in order to avoid 
overlap was explained in detail by Marr 
(2). The designer has to aim for separa
tions (identifications) based on the 
usual compositions occurring in practice 
for each of the alloys. The ranges 
allowed in the composition specifications 
often involve some overlap. This is why 
strict alloy identification for the 
stainless steels is more difficult than 
for the superalloys. 

The Texas Nuclear unit identifies both 
Monels tested simply as "Monel." In the 
elemental analysis mode, it can dis
tinguish between Monel 400 (no titanium) 
and Monel r:500 (0.6 pc t TO. The ex
pected range for molybdenum and columbium 
in Inconel 600 appears to be set too low. 
Consequently the unit failed to identify 
this alloy. The iron content of 
Hastelloy B is 6 pct as compared to less 
than 2 pct for Hastelloy B-2. Therefore 
measurement of the iron concentration 
would discriminate between these two 
alloys. This same logic applies to 



t he Hastel l oy Sand C-4 and the Haynes 
20 MOD and UHB 904 unresolved pairs, 
using cobalt and copper concentration 
respectively. Nickel 201 is simply 
extra-Iow-carbon pure nickel. Using the 
analyses for iron, titanium, and co
balt would resolve the Nimonic·'Inconel 
misidentifications. The elemental anal
ysis for Inconel 718 is easily matched 
to its composition apecification. The 
unit is set to identify stainless 
steels with 7.5 to 10 pct Mn as "200 ," 
the same range as for type 202. Stai n
less steel 201 has 5 to i. 5 pct tfn and 
is sometimes identified as "200" and 
sometimes as "s tainless. " But in all 
cases the high manganese reading in the 
elemental analysis mode would indi
cat".e the .7.00 serie8, The instrument suc
ceacfully identifies each individual 300 
series stainless steel in its memory, 
but problems arise for similar alloys not 
in memory. Sometimes these alloys are 
identified as one of the stainless steels 
in memory. Sometimes the instrument 
cannot decide which particular stainless 
alloy to call the unknown. Comparison of 
elemental a nalysis results with alloy 
specification is tedious here, because 
the specifications do overlap. But the 
instrument is successful in first in
dicating stainless steel, and then 
specifically indicating the special 
stainless steels: 316 and 317 (Mo), 321 
(Ti), 347 (Cb), etc. The "ordinary" 
stainless steels not in the memory, for 
example, 301 and 303, fit right into 
the Sabot scrap classification (table 1), 
so in real world practice, the problem 
disappears. 

COMBINATION METHOD 

The Secondary Resources group at the 
Bureau's Avondale Research Center has 
devised a combination scheme that takes 
advantage of t he high efficiencies and 
low cost of two of the methods studied, 
thermoelectric and optical emission anal
ysis. The costs of the thermoelectric 
sorter and optical spectroscope are about 
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$4,200 and $5,600, respectively , whereas 
that of the X-ray analyzer is about 
$23,000. 

The thermoelectric measurements (tables 
4 and 5) show that it is relatively easy 
to identify the 200 and 300 series stain
less steels in this array of samples. An 
instrument reading of 585 to 615 produces 
a fraction that may contain 201, 301, 
303, 304, 316, 321, and 347 stainless 
steels, Incoloy 800, and Haynes 20 MOD 
(table 4)., All that is needed to prodJ2ce 
the Sabot gyada of 18- 8 stainless steel 
is to remove the 201, 316, 321, and 347 
stainless steels and the two superalloys . 
This can be accomplished by using the 
portable spectroscope. For example, 316 
stainless steel can be identified by its 
molybdenum content, while 321 and 347 
stainless steels contain titanium and 
columbium-'tantalum, respectively. The 
201 stainless steel contains manganese; 
both superalloys contain larger amounts 
of nickel and chromium than any of the 
stainless steels, and the Haynes 20 MOD 
contains molybdenum. 

Using the relative amount8 of molyb
denum present as a key, the superalloy 
component obtained from thermoelectric 
measurements can be divided into three 
fractions. After some practice, this 
kind of determination is fairly easy to 
make. Fraction 1, comprising superal
loys with no molybdenum, includes Inconel 
600 and 750; Nimonic 75, 80A, and 90; 
and Haynes 25 and 188. Fraction 2, 
superalloys containing medium amounts 
of molybdenum (3 wt pct), includes In
coloy 825 and Inconel 718. Fraction 3, 
superalloys containing high amounts of 
molybdenum (6 to 28 wt pct), includes 
Inconel 625 and Hastelloy B-2, S, C-276. 
and G. 

Combining the thermoelectric response 
and optical emission spectroscopy tech
niques resulted in the simplified sorting 
flowsheet shown in figure 7. The first 
step in the flowsheet is to subject the 
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Mixed scrap 
I 

585-615 

~ 
200-300 series stainless ateel alloy!! . 
Incoloy 800, and Hayna. 20 MOO 

'" '" M 

o 
~ 

\' 

6:<:>-725 

fdimenie , Hastelloy , Inconel, 

Incoloy 825, and Haynes 25,188 

Monels Nickel 

Mn Mo 

300 serle~ stainless 
stool alloys 18·8 (Sabot) 

.--------' 

y 
200 series stainless 

steel alloys 

316 stainless steel 

No Mo 

+ Inconel 600,750; 
NlmOnlc 75, 80A, 90; 

anaHaynes 25 ,188 
Sorter data : 

Haynes: < 640 
Others: > 675 

Incoloy 825 
end Inconel 718 

Sorter data : 
825: 625 
718: 640 

>8 pct Mo 

Inconel 625 and 
Hastelloy B-2, S, C·276, G 

Spectroscope sorting by 
special elements 

FIGURE 7. - Instrumental identification technique for sorting stainless steels , nickel alloys, and 

superalloys; readings in arbitrary units. 

samples to thermoelectric measurements. 
This results in--

1. A 200-300 se ries 
Incoloy 800-Haynes 20 
(585-61 5). 

stainless steel
MOD fract i on 

2 . A Monel f raction (340-355) . 

3. A pure nickel fracti on ( 460-470) . 

4 . A superalloy fraction (625-725) . 

Using the spectroscope. we can then 
identify and separate from each o ther 
low-molybdenum 18-8 grade stainless 
steels (Sabot). 316 stainless steel , 
Haynes 20 MOD, Incoloy 800, a nd the 200 , 
321, and 347 stainless steel fractions , 
respectively , by the presence of nothing 
special, molybdenum, high nickel and 
chromium with molybdenum, high nickel and 
chromium alone , ID~nganese , titanium, or 
colubium and tantalum (t able 3). The 
same spectroscopic technique can be 
applied to the superalloy fraction. This 

results in the three sup2ralloy fractions 
of high , medium, and low molybdenum con
tent . By reapplying the thermoelectric 
data, or observing the spectra again, 
these frac tions can be further broken 
down into alloy classes. For example, 
t he medium molybdenum fract ion can be 
segregated into the indi vidual alloys In
conel 718 and Incoloy 825 on the basis of 
the thermoelectric readings: 625 for 
Incoloy 825, and 640 for Inconel 718. 
The high-molybdenum fraction can be sepa
r ated into the individual Hastelloy and 
Inconel components by using thermoelec
tric readings or further observations of 
the spect ra. The flowsheet in figure 7 
for the combined procedure shows graph
ically how these separations are com" 
pleted in two or th r ee steps. 

The increase in ease and efficiency is 
shown by comparing t his to a flowsheet 
(fig . 8) for making a similar separation 
by a traditional chemical spot test 
routine . 



Dark green to blue 

300 series stai nless sleel s. 
400 series stai nless steels , 

In co loy alloys 

Mixed scrap 

Magnetic 
Nonmagnellc, 

slightly magneTic 

400 serIes stainless 
steel alloys 

300 ser ie s sta inless 
s l ee l alloys 

In co loy alloys 

N o color, red or yellow brown 
-.--.-~----~-~ 

Hastelloy. Inc on e l. Nimonic. 

No reaction 

+ Hasl elloy , Inconel. 
Nimonic alloys 

Inconel alloys 

Monel. N ickel 

Slue-g reen spot 

t 
Monel alloys 

Pale green and 
yellow - brow n , 

Nimon ic . 
Hastelloy alloys 

Pale green 
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Nic kel 

In colayallo ys 300 series stainless 
Sle el,alloys 

316 stainless steel 

i 
Nim onlc alloys 

300 series s tainless 
slee l alloys 

(,a-a Sabol fracl lon ) 

" 

Haslelloy alloys 

FIGURE 8 •• Conventional metals identificatiofl techniques for separating nickel · base and stain o 

less alloys, 

CONCLUSIONS 

Traditionally, the identification and 
sorting of scrap metals has been carri ed 
out by skilled sorters using various 
physical and chemical tests. New tech
niques, such as thermoelectric response, 
emission spectroscopy, and fluorescent 
X-ray spectrography, improve the accuracy 
and ease of rapid identification. 
Twenty-seven stainless steel and super
alloy samples were used in laboratory 
investigations of these techniques. The 
selection of an identification method is 
generally determined by the potential 
value offered by the increased degree of 
separation. The use of the techniques 
described above may not be warranteG for 
less valuable materials. In addition, a 
certain amount of presorting is neces
sary; it is extremely useful to know what 
types of alloys may be present so that 
standards for instrument calibration may 
be selected. 

Thermoelectric response is inherently 
a comparison method of identif i cation 
because individual elements cannot be 
quantitatively determined. The measured 

response is the resultant o f effects from 
a ll the elements present; the effect f rom 
a single element is difficult to i s olate 
except when the specimen array is very 
well defined. 

Although it is inherently capable of 
quantitative analysis , emission spectros
copy is generally also used as a compar
ison method. The response is due to the 
amounts of i ndividual elements present , 
but it is difficult to recognize specific 
alloy patterns or to accurately estimate 
quantitat ive amounts without considerable 
training and skill . It is fairly easy to 
learn the skills necessa ry for recogniz
ing the patterns of alloy types and for 
estimating r~lative amounts of an element 
pres ent in different samples . The ther
moelectric sorter and optical emission 
spectroscope have been combined to form 
an efficient, low-cost sorting system. 

The X-ray spectrograph identifies many 
al l oys direct ly t hrough an integral com
pute r programmed to process the X-ray 
counts from a number of elements present 
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into a r eadout of individual alloy~. 

Sometimes an alloy is misident i f i e d be
cause of the small number of programmed 
identifying elements, but results a re 
generally excellent when this class of 
instrument is used within the expe c t ed 
r ange of a l loys . While i t i s a t edious 

pr ocess compared wi th direc t r eadout of 
t he alloy name (bu t still only several 
minutes per unknown) , the co r rect identi
f ication of any alloy within the design 
r ange can be made by using the elemental 
analysis mode and comparing the r esults 
with alloy specifications . 
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APPENDIX.--ANALYSIS OF STAINLESS STEELS AND SUPERALLOYS BY FLAME ATOMIC ABSORPTION 
SPECTROSCOPY: RESULTS FOR Co, Cr, Cu, Fe, Mn, Mo, and Ni 

INTRODUCTION 

The increasing use of new alloys is 
making rapid scrap identifica tion by t he 
traditional color, spark, and chemical 
spot tests more complex. Flame atomic 
absorption spectroscopy (FAAS) is an 
alternative to these traditional tests 
and a good method of spot checking or 
verifying results obtained by more rapid 
methods. By comparing the results with 
chemical composition tables for alloys, a 
positive identification of the sample can 
be made. 

Atomic absorption spectroscopy is 
highly regarded as an analytical tech
nique owing to its relatively high speed 
of analysis, selectivity, sensitivity, 
and simplicity (12).1 In atomic absorp
tion, a dissolved sample is aspirated 
into a flame where it is converted into 
an atomic vapor which absorbs light from 
a primary light source (hollow cathode 
lamp). A series of calibration standards 
is prepared for each element such that 
all of the samples to be analyzed fall 
within the linear range of this standard 
curve. Based on the linear relationship 
between the absorbance and concentration, 
the concentration of the elements in the 
sample can be determined. 

A procedure has been reported using a 
rapid, high-pressure, acid dissolution 
technique carried out in polycarbonate 
bottles which allows total analysis of 
samples from single solutions (2, 7). 
This method was found suitable for the 
stainless steels; however, the other al
loys required that an acid digestion bomb 
be used to achieve complete dissolution. 
Decomposition with HF under pressure in 
an acid digestion bomb is definitely ad
vantageous in comparison to standard 
time-consuming decomposition procedures, 
particularly when considering super
alloys. A relatively interference-free 
matrix is created by the addition of a 
boric acid solution (.?). 

'Underlined numbers in parentheses re
fer to items in the list of references 
preceding the appendix. 

Using this method, stainless steels, 
nickel-base alloys and superalloys, iron
hase alloys, and a cobalt-base superalloy 
have been successfully dissolved and ana
lyzed for Co, Cr, Cu, Fe, Mo, Mn, and Ni. 

EXPERIMENTATION 

Equipment 

1. Drill press. 

2. Boiling water bath (4-L beaker 
with ~2 in H20, four bottles fit at one 
time). 

3. Polycarbonate 
wide-mouthed with 
caps. 

bottles, 2s0-mL, 
polypropylene screw 

4. Acid digestion bomb (Parr #4749, 
23-mL). 

5. Liquid dispensers, Eppendorf pi
pets (0.1-- to O. 5-mL) , pipets (1- to 10-
mL), graduated cylinders (10- to 100-mL), 
plastic and glass. 

6. Atomic absorption spectrophotom
eter (Perkin-Elmer model 373). 

7. sO-nm nitrous oxide burner head. 

8. Hollow cathode lamps for Co, Cu, 
Cr, Fe, Mn, Mo, and Ni. 

9. Welder's grade acetylene, high
purity nitrous oxide, and dry end oil
free compressed air. 

10. Fume hood. 

11. Oven. 

Reagents and Solutions 

1. Standard reference solutions of 
1,000 ~g/mL for each element of interest. 

2. Boric acid solution (1.5-wt-pct)-
mix 15 g high-purity boric acid crystals 
(99.9 pct) with 1 L H20. 
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3. HCI-HF acid mixture (7:3)--use con
centrated reagent-grade acids.2 

4. HN0 3--concentrated 
acid. 

reagent-grade 

Sample Preparation 

1. Drill samples--turnings or drill
ings are acceptable. 

2. If the sample is a stainless steel~ 
place a 0.100- to 0.250-g sample into 
250-mL polycarbonate bottles. If the 
sample is something other than a stain
less steel, go to step 9. 

3. Pipet (plastic) 5-mL of the 7:3 
HCI-HF acid mixture, followed by 2 mL of 
HN0 3 , into each bottle. Screw caps on 
tightly. 

4. Place bottles in the boiling water 
bath for 15 min. 

5. Remove bottles and cool in running 
water for 2 min. 

6. When cool, remove 
bottles and add 93 mL of 
boric acid solution to 
Screw caps on tightly. 

caps from the 
the 1.5-wt-pct 
each bottle. 

7. Return the bottles to the boiling 
water bath for 15 min. 

2particular care should be taken when 
working with HF. It is an extremely haz
ardous liquid and vapor. It causes burns 
which may not be immediately painful or 
visible. Refer to the chemical label for 
specific details. 

8. Remove bottles and place in cold 
running water until completely cool. The 
solutions are now ready for analysis. 
Refer to the analysis procedure section. 

9. For samples other than stainless 
steels, place a 0.100-g sample into the 
Teflon cup of an acid digestion bomb. 

10. Pipet (plastic) 5 mL of the 7:3 
HCI-HF acid mixture, followed by 2 mL of 
HN03 , into the cup. 

11. Assemble the bomb, making sure 
that it is closed as tightly as possible. 

12. Place the bomb in a preheated oven 
at 1500 C for approximately 1 h. 

13. Allow the bomb to completely cool 
before opening (~3 h). 

14. Disassemble the bomb. Pour the 
solution into a 250-mL polycarbonate 
bottle and add 93 mL of the 1.5-wt-pct 
boric acid solution. The solution is now 
ready for analysis. 

Analysis Procedure 

Table A-I summarizes the standard 
atomic absorption conditions for the ele
ments of interest. All dilutions were 
made with distilled water in volumetric 
flasks, using a micropipet. The standard 
curve for each element was prepared by 
diluting a standard reference solution 
(1,000 ppm) down to the linear working 
range as given in table A-I. Each sample 
solution was diluted so that the result
ing element concentration fell within the 
linear working range of the element's 

TABLE A-I. - Standard flame atomic absorption conditions (1Q) 

Element Wavelength, Slit width, Gas mix Flame type Standards, 
nm nm J.lg/mL 

Co ••••••••••••••••••••••• 240.7 0.2 NzD-CzHz Lean 1,3,5 
Cr ••••••••••••••••••••••• 357.9 .7 NzD-CzHz Rich 1,3,5 
eu ....................... 324.8 .7 Air-CzHz Lean 1,3,5 
Fe ••••••••••••••••••••••• 248.3 .2 NzD-CzHz do. 1,3,6 
MIl ••••••••••••••••••••••• 279.5 .2 Nz D-C2H2 do. 1,3,5 
Mo ••••••••••••••••••••••• 313.3 .7 NzD-CzHz Rich 10,30,50 
Ni ••••••••••••.•••••••••• 232.0 .2 NZD-C 2HZ Lean 1,3,5 



standard curve. Therefore, the necessary 
dilutions of each sample solution vary, 
depending on the element of interest and 
the original sample weight. 

For the elements where interferences 
have been experienced when using an air
acetylene (air-CzHz ) flame, a nitrous 
oxide-acetylene (NzD-CzHz ) flame was used 
to reduce or eliminate potential chemical 
and/or matrix interferences. The SO
mm-N20 burner head was positioned at the 
optimum height for analysis of chromium 
and was used at that height for the re
mainder of the elements. All of the ele
ments requiring an Nz O-C zH2 flame were 
run consecutively. Furthermore, to in
sure consistent flame conditions, the 
elements requiring a lean flame were run 
one after another, followed by those 
requiring a rich flame. Otherwise, the 
elements were run in random order. 

Distilled water was used to set the ze
ro point. During the analysis procedure, 
the zero point was checked following each 
sample, and the standard curve was rerun 
at the end of each element analysis t o 
check for drift. Standard linear re
gression analysis was applied to the 
data, and the elemental concentrations 
were determined for each sample and con
verted to weight percent. 

RESULTS 

Tables A-2, A-3, A-4, and A-S summarize 
the analytical data obtained for samples 
of stainless steels, a cobalt-base super
alloy, nickel-base alloys, and iron-base 
alloys, respectively. Standard devia
tions are reported, as are the alloy 
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specification for each element (6) and 
the actual heat analysis where available. 

TABLE A-2. - FAAS results for the 
analysis of stainless ste~ls, 
weight percent 

Element FAAS I Specification (6) 
SS 304 

Co •••••• 0.OS7±0.01O NS 
Cr •••••• 19.1 ±1.6 18-20 
Cu ••• ~ •• , 116± .OSO NS 
Fe •••••• 71.6 ±1.8 Balance 
Mo •••••• .174± .060 NS 
MIl •••••• 1.68 ± .070 2 (max) 
Ni •••••• 8.72 ± .83 8-12 

SS 316 
Co •••••• 0.193±0.303 NS 
Cr •••••• 16.S ±1.0 16-18 
Cu •••••• .397± .OSO NS 
Fe •••••• 72.0 ±2.3 Balance 
Mo •••••• 3.09 ± .71 2-3 
Mn •••••• 1.8S ± .090 2 (max) 
Ni •••••• 12.S ± .83 10-14 
NS Not specified. 

TABLE A-3. - FAAS results for the 
analysis of a cobalt alloy, 
(Haynes 2S), weight percent 

Specifi- Heat 
Element FAAS cation analy-

(.2) sis 
Co •••••• SO.S ± 1. 9 Balance SO.92 
Cr •••••• 20.1 ± .040 19-21 19.83 
Cu •••••• .112± .10 NS NS 
Fe •••••• 2.38 ± .020 3 2.31 
Mo •••••• .29S± .010 NS .31 
Mn •••••• 1.S2 ± .040 1- 2 1.46 
Ni .••••• 10.S ± .63 9-11 10.04 
NS Not specified. 
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TABLE A-4. - FAAS results for the analysis of nickel-base alloys, weight percent 

Element FAAS Specification (6) Heat analysis 
MONEL 400 

Co ••••••••••••••••••••••••••••••••• 0.258±0.060 NA NA 
Cr ••••••••••••••••••••••••••••••••• .635± .46 NA NA 
eu •..........•...•........•........ 33.4 ±1.8 31.5 NA 
Fe ••••••••••••••••••••••••••••••••• 1.56 ± .0lD 1.25 NA 
Mo ••••••••••••••••••••••••••••••••• .344± .93 NA NA 
Mn ••••••••••••••••••••••••••••••••• .843± .57 1 NA 
Ni •••••...••.•..••••.•••••••..•••.. 63.6 ±2.5 66.5 NA 

HASTELLOY G 
Co ••••••••••••••••••••••••••••••••• 2.26 ±0.38 2.5 1.8 
Cr •••••••.••••••••••••••••••••••••• 20.1 ± .070 21 -23.5 21.62 
eu .............•.•.....•........... 2.08 ± .030 1.5- 2.5 1.75 
Fe ••••••••••••••••••••••••••••••••• 19.3 ± .75 18 -21 19.34 
Mo ••••••••••••••••••••••••••••••••• 7.70 ± .57 5.5- 7.5 6.63 
Mn ••••••••••••••••••••••••••••••••• 1.36 ± .020 1 - 2 1.33 
Ni •••••••••••.••••••••••..•••.••••• 45.5 ±1.9 Balance 44.08 

HASTELLOY C-276 
Co ••••••••••••••••••••••••••••••••• 2.38 ±0.070 2.5 2.18 
Cr ••••••••••••••••••••••••••••••••• 15.7 ± .47 14.5-16.5 16.12 
Cu ••••••••••••••••••••••••••••••••• .230± .21 NA NA 
Fe ••••••••••••••••••••••••••••••••• 6.27 ± .080 4 - 7 6.02 
Mo ••••••••••••••••••••••••••••••••• 20.7 ±2.2 15 -17 15.29 
Mn ••••••••••••••••••••••••••••••••• .560± .0lD 1 .43 
Ni •••••••••••••••••••••••••.••••••• 50.5 ± 1. 9 Balance 56.02 

HASTELLOY B-2 
Co ••••••••••••••••••••••••••••••••• O. 19 3± 0 • 0 lD 1 <0.10 
Cr ••••••••••••••••••••••••••••••••• .106± .0lD 1 .40 
Cu ••••••••••••••••••••••••••••••••• .047± .0lD NA NA 
Fe ••••••••••••••••••••••••••••••••• 1.00 ± .0lD 2 .86 
Mo ••••••••••••••••••••••••••••••••• 34.2 ± .62 26 - 30 27.84 
Mn ••••••••••••••••••••••••••••••••• .1l7± .0lD 1 .16 
Ni ••••••••.•••••••.•••••••••••••••• 70.5 ± 1.0 Balance 70.60 

INCONEL 625 
Co ••••••••••••••••••••••••••••••••• 0.225±0.040 NA NA 
Cr ••••••••••••••••••••••••••••••••• 21.1 ± .85 21.5 NA 
Cu ••••••••••••••••••••••••••••••••• .365± .020 NA NA 
Fe ••••••••••••••••••••••••••••••••• 4.56 ± .080 2.5 NA 
Mo ••••••••••••••••••••••••••••••••• 10.1 ± .060 9 NA 
Mn ••••••••••••••••••••••••••••••••• .140± .0lD .2 NA 
Ni •••••••••••••••.•••.•••••••••.••. 57.2 ± .31 61 (Ni-Co) NA 

INCOLOY 825 
Co ••••••••••••••••••••••••••••••••• 0.04 ±0.010 NA NA 
Cr ••••••••••••••••••••••••••••••••• 22.1 ± .11 21.5 NA 
Cu ••••••••••••••••••••••••••••••••• 2.06 ± .070 2.2 NA 
Fe ••••••••••••••••••••••••••••••••• 29.9 ±1.4 30 NA 
Mo ••••••••••••••••••••••••••••••••• 3.77 ± .040 3 NA 
Mn ••••••••••••••••••••••••••••••••• .270± .0lD .5 NA 
Ni ••.•••.•••.••.•. ................. 41.4 ± .92 42 NA 
NA Not available. 
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TABLE A-5. - FAAS results for the analysis of iron-base alloys, weight percent 

Element FAAS Specification (i) Heat analysis 

INCOLOY 800 
Co ••••••••••••••••••••••••••••••••• 
Cr ••••••••••••••••••••••••••••••••• 
eu .••..•....••.•............•....•. 
Fe ••••••••••••••••••••••••••••••••• 
Mo ••••••••••••••••••••••••••••••••• 
Mn ••••••••••••••••••••••••••••••••• 
Ni ••.•••••••••••••••...•••.•.•••••• 

0.066±0.01O NA NA 
18.5 ±2.7 21 NA 

.605± .010 .38 NA 
47.5 ± .23 Balance NA 

.265± .010 NA NA 
1.26 ± .46 .75 NA 

33.0 ±1.6 32.5 NA 
HAYNES 20 (MOD) 

Co ••••••••••••••••••••••••••••••••• 
Cr ••••••••••••••••••••••••••••••••• 

0.51O±0.030 NS NA 

eu ................................ . 
Fe ••••••••••••••••••••••••••••••••• 
Mo ••••••••••••••••••••••••••••••••• 

21.1 
.09 

45.8 
5.93 

± .54 
± .010 
± 1.4 
± .34 

21-23 21.87 
NS NA 

Balance 46.16 
4- 6 4.23 

Mn ••••••••••••••••••••••••••••••••• 
Nt ••••••••••••••••••••••••••••••••• 

.897± .030 2.5 (Max) .84 

NA Not available. 
NS Not specified. 

24.8 

DISCUSSION AND CONCLUSIONS 

Using the standard atomic absorption 
conditions presented in table A-I, sig
nificant interferences were not encoun
tered. The experimental values are in 
agreement with the published stan
dard values and heat analyses, where 
available. 

During the initial dissolution proce
dure, a reduction in the acid volume may 
occur owing to the reaction of the acid 
with the sample. However, with a sample 
of less than 0.500 g, the volume loss is 
less than 1 mL. Therefore, the final 
volume is reduced by less than 1 pct 
after the addition of the H3B0 3 solution 
(~) . 

The determination 
in a single sample 

"u.s . GPO , 1984-705- 020/ 5008 

of several elements 
frequently requires 

± .50 25-27 25.89 

that more than one dissolution procedure 
be performed (1). These conventional 
methods are time consuming, particularly 
for the dissoluti~n of superalloys. The 
reported procedure, dissolution and anal
ysis, requires at most 6 h for the 
autoclave-dissolved samples and 1-1/2 h 
for the bottle-dissolved samples. The 
6 h includes 1 h for the dissolution and 
5 h for the autoclave to return to room 
temperature. The actual sample analysis 
requires about 45 min. This time in
cludes running the sample and the stan
dard curve for each of the seven ele
ments. Consequently, up to a point, the 
more samples run at one time, the more 
efficient the procedure becomes. 

Comparing the experimental results with 
chemical composition tables for the 
alloys provides a sufficient method for 
alloy identification or verification. 
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