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A SEMIQUANTITATIVE SPECTROGRAFHIC METHOD FOR

THE ANATYSIS OF MINFRALS, ROCKS, AND ORES

by

C. 1. Waring and C. S. Annell

ABSTRACY

The auentity and cowmplex nature of materisl received for
anal!vais in the spectrographic laboratories of the Geological
Survey hav= emphasized the need for a spectrographic method to
determine = waximuim number of elements in a limited time with a
reasonsbls cegree of accuracy. The semiquantitative method des-
cribed determines 55 elements in one arcing of a 10-mg sample,
requires a minimum of sample handling thus reducing the changes
of contamination, detects low concentrations of elements, and
is rapid. The umethod has been used to complete 15,000-20,000
determinations during a nine-month period. Of these determina-
tions 304 were checked chemically and indicated approximately

10 disagreements, In the magnitude of one 1lO-percent bracket.



INTRODUCTION

The spectrographic laboratories of the Geological Burvey
receive for analysis each year a very large number of samples of
radioactive minerals, rocks and ores in connection with the
investigation of radiocactive raw materials, a program in which
the Survey is engaged for the Atomic Energy Commission. It is
desirable to know the trace-elements content of this material and
for many purposes it 1s necessary to gain some knowledge of the
amounts of major constituents present without going to the trouble
of making chemical analyses.

The quantity and complex nature of the samples received have
emphasized the need for a spectrographic method to determine a
maximum number of elements in a limited time with a reasonable
degree of accuracy. In spectrographic.parlance such a method is
termed "semiquantitative" and the results are usually repbrted in
orders of magnitude of weight percentages of the elements (not the
oxides),

A survey of the literature l/ reveals that several slightly
similar methods are being applied in other laboratories on méterials
of a different nature. As a starting point, it was decided to use
powdered samples in order to eliﬁinate costly dissolution techniques.

As it was not intended to provide complete quantitative data, the

1/ Meggers, W. F., Emission spectroscopys Anal, Chemistry,
vol, 22, no. 1, pp. 18-23, 1950.




internal-standard, buffer, and carrier-distillation methods were
not comsidered, nor could eny definite advantage be anticipated
in employing the cathode-layer method with i*s critical optical
alinement. Ahrens g/ compared the cathode-layer and anode-exci-
tation methods and found them epproximstely equally sensitive.

An investigation of the verious excitation sources indicates
that the direct current arc gives the best sensitivity or produces
a higher degree of sample excitation so that lines emitted by
elements in low concentrations may be recorded. The interrupted
direct-current arc supplied by the Mwltisource produces a similar
degree of sensitivity with the added advantage of simple operation.
The nature of the interrupted arc would lead one to expect better
control and attack of sample. It was hoped that this source would
contribute to the reduction of interference of other elements or
matrix effects.

Owing to these advantages the Multisource was seclected to
excite the graphite-mixed samples, which had been placed in the
crater of a graphite electrode at the positive side of the arc.
The purpose of the graphite addition was to prevent the formation
of mobile beads of molten salts, oxides, or metals, to assist in
the volatilization of elements of high boiling points or of elements

existing in extremely nonvelatile compounds, and to steady the arc

g/ Ahrens, L, H., Qualitative spectrochemical analysis of
miﬁerals and rocks: Ge¢l., Soc. South Africa Trans. 49, pp. 133-154,
1946,



with a minimum of spraying or mechanical loss of sample.

In the present state of development of spectrochemistry an
exact solution is precluded. This paper presents a practical solu-
tion that is being studied as it is applied to a wide variety of
materials, with the hope that the method either will prove to be

sound or will give basic data leading to a more exact solution.
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OUTLINE OF METHOD

7

The guide followed in working out the method and orgenizing
this paper was an unpubl;shed tentative outline for a suggested
method of emission spectrochemical analysis, issued about 1948
by Committee E-2 on Spectrographic Analysis, American Society for
Testing Materials.

A method is provided for determining 55 elements in one ex-
posure. Table 1 shows the minimum concentration of the elements
detectable by the method. Better sensitivity for many of these

elements may be obtained by special methods.




Table 1.-~Threshold or visual detection limits of the 55 elements
included in the semiquantitative spectrographic method

Based on 10 mg of sample

Minimum conc. Minimum conec.
Element . detectable Element detectable
(in percent) (in percent)

As 0.1 Mo 0.001
Al 0.,0001 Mg 0.0001
Ag 0.001 Mn 0.001
B 0,001 Na (0.0001)1/ 0.1
Ba 0.001 Ni 0.001
Be 0.001 Nd 0.01
Bi 0,001 P 0.1
Ce 0.1 Pt 0.0l .
Co 0.001 Pb 0.01
Cb 0,01 . Pr 0.01
Ca . 0.01 Rb 10.0
Cu 0.0001 Re 0.01
Ca 0.0001 Sb 0.001
Cr 0.001 Sr 0.0L
Cs 1.0 Sn 0.01
Dy 0.01 Sm 0.1
Er 0.01 Si 0.0001
Fe 0.001 Sc 0.1
Ga 0.01 Th 0.1
Ge 0.001 Tl 0.1
Gd 0.01 ‘ Ti 0.001
afr 0.1 Ta 0.1
Hg 0.1 U 0.1
In 0.001 v 0.01
K (0.,0001)1/ 0.1 W 0.1
La 0.01 Y 0.001
Li (0.0001)1/ 0.1 Zr 0.001

Zn 0.001

;/ A second exposure is necessary to produce the high sensitivity
listed.



The method is applicable when samples must be inspected

previous to quantitative spectrographic or chemical analysis.

For many purposes the gsemiquantitative results are sufficient,

and eliminate the expense of quantitative tests. The selection

of a few samples from a large quantity of materials for more
accurate tests is one of the most important applications of the
semiquantitative spectrographic method. All of the elements listed
in table 1 mey be checked in one exposure, except the alkalles, Li,
Na, and K, at concentrations of leds than"0.l percent, which require
a éecond exposure in the red region of the spectrum (5500-8000 A).

The method has been applied to the‘analysis of the following:
phosphate rocks, élays, sandstones, limestones, slags, coal ash,
sulfur ore, sphene, allanite, apatite, zircon, microlite, galena,
idocrase, carnotite, hewettite, sphalerite, thorite, vanoxite,
uranothorite, brannerite, davidite, bastnaesite, miscellaneous
precipitates, tap- and mine-water residues, leach products, and
other types of materials,

A powdered sample is weighed, mixed with graphite, and placed
in a prepared electrode, which is subjected to an interrupted
direct-current arc. A grating spectrograph permits a range from
2250 to 4750 A to be covered on two adjacent spectrographic plates.
After processing the plates, the quantities of unknown elements
are estimated by visual comparison of certain lines of the elements
in question with those on steandard plates. A standard plate is

prepared for each element, with the percentaée of the elements



decreasing from 10 to 10'”. In preparing the standard plates, an
inorganic-solution technique is employed. Standard solutions are
prepared from the purest chemicals obtainable. These solutions

are added to the electrode cups, and evaeporated before arecing.
Apparatus
Excitation source - Applied Research Laboratories, Multisource
interrupted direct-current arec.
Spectrograph ~ Jarrell-Ash 21-font, Wadsworth-mounted grating.
Intensity control -~ Applied Research Laborstories neutral filters.

Viewing box ~ Jarrell-Ash.

Developing equipment ~ Applied Research Laboratories rocking
developing tank, plate washer, and drier.

Electrode cutters
A - Lower electrodes, designed to cut 1/4-inch electrodes
(outside diameter (.22 inch, inside diameter 0.19 inch,
depth of crater 0.12 inch, depth of shoulder 0,12 inch).
B - Upper electrodes, hemispherical 0.06~-inch radius.

Miscellaneous glassware, etc.
Procedure
Preparation of standard plates

Standard solutions are prepared from "C.P." and "Specpure"
chemicals, usually 10 mg of the element per milliliter of solu-
tion (see appendix 1 for the composition and preparation of standard
solutions). These solutions are diluted until 0.1 ml of each equals

10.0, 1.0, 0.1, 0.01, O 0Ol, and 0.0001 percent based on a 10-mg sample.



A 0.1-ml aliquot is added to the sealed 2/ electrode cups from

a micropipette and permitted to dry on an asbestos-covered hot
plate (temperature approximately 100°C.). A few milligrams of
pure graphite are added to the remaining salts in the electrodes.
The electrodes are arced for 60 seconds. The following Multisource

conditions and plate-processing conditions are used:

Capacitance ‘ 60 microfarads
Inductance 400 microhenries
Resistance 15 ohms
Initiator high

Phase 9]

Strike strike position
Amperes 12

Spectrograph Jarrell-Ash

Distance from
electrode to slit 53.5 ecm

S1it 25 microns
Optics arc image focuéed on grating
Emulsion 1-L (Eastman)

Development 4 minutes at 18°C. + 1/2°C., D-19
Gap 5-6 mm

Transmission 64 percent

2/ Seal is made of 1 percent parafin + benzine solution.



Analysis of unknowns

A 10-mg sample is weighed, mixed thoroughly with two parts of
pure graphite in the weighing pan, and placed in the electrode cup
through a small glass funnel drawn from pyrex tubing. ‘The unknowns
are arced for a period of 60 seconds. Spectra of iron.&/ and also
of an aluminum alloy are recorded on each plate, along with the
spectra of the unknowns. Reference boints for locating lines and
a general index of exposure, plate sensitivity, and development
thus are obtained. The aluminum alloy of known composition also
serves as a standard, when arced for 120 seconds at 32-percent trans-
mission, with no change in the other conditions. The above conditions
for recording the aluminum spectra were determined experimentally.
After the plates are processed, the quantities of unknown elements
are estimated by visual comparison of certain lines of the elements
in question (table 2) with those on standard plates. The results
are reported in the following brackets: over 10.0 percent, 1.0-10.0
percent, 0.1-1.0 percent, 0.01-0.1 percent, 0.001-0.01 percent, and
0.0001-0,001 percent. Work has been planned to include a lower per-
centage bracket (0.00001~0.0001 percent), as a few of the elements
are detectable in concentrations of less than 0.0001 percent.

4/ Lower electrode is 1/4-inch iron rod, upper electrode is

carbon (0.06-inch hemisphericel radius). Arcing time 60 seconds,
4-5 amperes, 300 volts, transmission 64 percent.
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Table 2,-=Arc lines used in the semiquantitative method

Wave Wave Wave
Element  lengths  Element lengths  Element lengths
(in 4) (in A) (in &)
As 2780,2 Cb 335804 Ge 30391
234948/ 309442 26914
2288512 287545 2651,2
Al 30927 Ca 346642 Gd 3671.2
308242 326141 364692
305949 2176349 335846
266044, 228840 308200
265245
2575,1 Cu 327440 Hg 435803
2568,0 324746 365002
2824 04 31256
&g 3382,9 24,9202 253645
328047 229349
In 451163
B 249768 Ca 44,5646 325609
24,9647 422647 2710,3
3179.3
Ba 5535,55 3158,9 K 769849
4554..04 766409
3071.6 Cr 4289,7 4047 02
427408 4Qdgl
Be 3321.3 425403 3447167
234846 278047 344504
27699
Bi 3067.7 273149 La 442949
2897.9 433308
Cs 459360 338009
Ce 4222.6 455565 333705
418646 33474
4040,7 324705 1i 6707,9
Dy 3645042 274143
Co 3465,8 345433
345345 3407.8 Mo 425169
344902 3393,58 319400
3405,1 317004
3283.5 Fe 3100,31 28161
324368 3099697 -
. 30999 » 29h4.2
B ST 3020,65 2574, 2
2801 259904 .
TRT2E 2598,38 s 313%.7

3072.5



Table 2,-~Continued

Wave Wave Wave
Elemant, lengthe Elemert lengths Element lengths
(in 4) (in 4) {(in A)
Mg 4351572 Pr 424150 T1 377507
285241, 422543 352%4
279545 420647 - 35192
27799 276749
277657 Rb 4215,6 23796
L201e8
Mn 279845 3350,9 T4 337248
260547 324240
259347 Re 346005 323940
257645 323465
Sb 326745 322492
Na 589549 28779
5890,0 25981 Tn 457he3
330269 252845 3642e1
330263 2311,.5 3311.2
Ni. 249249 Sm 4L6CT 3 4] 428749
343366 34bly5 424347
347408 335143 356606
300245 256945 28374328
2320,2 2837187
Sn 326243
430346 2839.9 318544
3328463 318440
84, 29877 3283k
P 255409 288146
255343 252865 W L30Rel
253547 252401 (2 Via
255460 2516 30947
243502
Pt LdL 206 Y SR42e3
206447 Se 391148 31956
304204 390745
26504/, 3369, 0 Zr 355645
301943 343842
I 287353 25524/, 339169
RB3341
266352 Th 461905 Zn. L680,1
P67 o2 401941 334540
S [TVES TN I 328243

82535, 0
b2 % g e



iz
DISCUSSION

The choice of lines to be employed for estimating concentrations
of the elements i1s guided by the major components of the sample and
by possible interferences., For example, when inspecting a spectro-
gram for zine, the zinc line (3302.6 A) cannot be used if the sample
contains greater than 1.0 percent of sodium, because of sodium (3302.3 A)
interference. The zinc lines, 3345.0 A and 4680.1 A are used instead.
More than 10 percent of uranium interferes with thorium, 2837.3 A;
therefore thorium, 4619.5 A or 4019.1 A, should be employed. Titanium,
3242.0 A, in amounts more than 0.l percent will interfere with yttrium,
3242,3 4,

When the sample contains more than 0.1l percent chromium, the
.2780°7 A chromium line has an undesirable effect on arsenic 2780.2 A.
Chromium, 2731.9 A, and arsenic, 2349 84 A, are substituted. Cerium
lines, 4186.6, 4040.7, Lol2 4 A, below a 1.0-percent concentration
are masked by the cyanogen band. The cerium line, 4222.6 A, occurs
in a clearer part of the spectrum, and has a detectable l;mit of
0.1 percent,

The presence of 5 percent or more of calcium fluoride has a
general enhancing effect on aluminum. The spectrum of aluminum
in concentration of about 0.01 percent then appears ten times too
intense., This effect was not observed in phosphate-rock samples.

In feldspar samples a depressing effect was observed on aluminum
to the extent that a percentage estimation of this element could

be incorrect by one bracket.
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Table 1 shows the threshold values or visual detection limits
of the elements included in the wmethod. The method is not designed
for maximum sensitivity, but is applicable rather for a general
treatment by which 55 elements may be checked on one exposure. Ix-
rerimental data suggest that increased sensitivities can be obtained
for some elements by increasing the arcing time to 120 seconds, thus
insuring complete consumption of the sample., This conversion is
planned when time becomes available to prepare the proper standard

Plates.
RESULTS AND TABLES

The method has been empl;yed to complete 15,000-20,000 deter-
minations during a nine-month pericd. Of these determinations 304
were checked by chemical methods and indicated approximately 10
disagreements, in the magnitude of one bracket, with the spectro-
graphic results. Comparison of chemical and spectrographic analyses
are shown in tables 3-8, Some of the results were borderline cases
in the sense that there was some doubt as to which of two adjacent
brackets they belonged. This, however, is true of any procedure
which involves assigning the results to one of a series of arbitrary
categories. Because no particular element was the chief offender,

the sampling and segregation may be at fault, and not the method.
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APPENDIX 1

Composition of standard solutions

The following standard solutions were made from compounds and

elements available in the laboratory. Many of the compounds and

elements used were Johnson, Matthey and Co. "Specpure" grade (J and M).

The compounds were dissolved in distilied water unless otherwise noted.

Element Compound
standardized used Solution
Ag AgliOs, reagent
Al A1C15+6H20,C.P.  Compound dried in oven at 140°C, and
dissolved in cold acidified Hx0.

As As503, Nat. Bur. 1:1 HNO3, heated. Diluted to volume
St. No. 83a with Hg0.

B EbBOS’ CcPo

Ba BaCl,*2H20,C.P.

Be Be, metal, Dilute HC1.
J and M

Bi Bi, metal, 1:1 HNOg. Diluted to volume with Hz0.
J and M

Ca CaCls*2H20,
anal, reag.

Cb Cb, metal, 48 percent HF. Diluted to volume with
J and M HNO5, comnc.

cd CAClp*23H20,
C.P.

Ce CeOz, J and M HoSO4, conc., heated to form amber, Ce(S04)z.

6 percent HoS0s added to form colorless
Ce2(S04)3. Diluted to volume with Hz0.
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Element Compound .
standardized  used Solution

Co CoClg<6H20,C.P.

Cr KoCrz07, C.P.

Cs CsCl1l, C.P.

Cu Cul, reagent Dilute HC1.

Dy Dy=0s, J and M  1:1 HCl. Diluted to volume with Hz0.

Er Er0s, J and M 1:1 HCl. Diluted to volume with Hz0.

Fe Fe, metal, Dilute H2S504-

J and M

Ga Ga, metal, C.P. Aqua regia. Diluted to volume with HgzO.

Ge GeOpz, C.P. HF, 48 percent. Hz504, conc., added
and heated to drive off HF. Diluted
to volume with Hz0.

Gd Gdz03, J and M Dilute HC1.

HE HfOp, J and M Dilute HoS04, heated, and Hz0p, 5 percent,
added until dissolved. Diluted to
volume with Hz0.

Hg HgCls, reagent

In In, metal, HNOs, conc. Diluted to volume with H20.

J and M
K HKCgH404, Nat.
. Bur, Stand.

la lag0s, J and M Dilute HC1.

Li LipCOg, reagent Dilute HC1.

Mg Mg, metal, Dilute HC1.

J and M
Mn MIlClg L"HZO’C r-P:-
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Element Compound
standardized  used Solution
Mo Mo, metal, Aque. regia, heated. Diluted to volume
J and M with Hz0.
Na NaCl, reagent
Nd Ndz0s, J and M 1:1 HC1l. Diluted to volume with Hz0.
Ni Ni, metal, 1:1 HNOs, heated. Diluted to volume
J and M with Hz0.
P NaH2P04,-H20
C.P.
Pb Pb(NOz)2, C.P.
Pr Prg011, J and M 1:1 HCl. Diluted to volume with HzO.
Pt Pt, sheet Aqua regia. Boiled down several times
with HC1l, conc., to drive off HNOs.
Diluted to volume with H30.
Rb RbCl, J and M
Re Re, metal, HNOs, conc. Diluted to volume with HzO.
J and M
Sb SbIs, C.P. Acetone + HCl, dil.
Sc Sc2(804)3 +5H20,
J and M
Si 810z, pure NasCOs fusion. Diluted to volume with Hz0.
Sm Smz0s, J and M Dilute HCl.
Sn SnClp-2H0,
reagent
Sr SrC0g, reagent Dilute HCI.
Ta. Ta, metal, 48 percent HF + HNOg, conc. Diluted
J and M to volume with Hx0.
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Element Compound. .
standardized used Solution
Th Th(NOg ) 4« 4720,
c.p,
Ti Ti0z, C.P. 48 percent HF + Hp0z. HoS04, conc.,
added and heated to drive off HF.
Diluted to volume with Hz0.
Tl TJ-NOS 5] C oP °
U (U02)(C2Hg02) 2+
EHQO » C . P ©
v NH4VO5, C.P. Hot Hz0.
W W, metal, L8 percent HF + HNOz, conc., heat.
Diluted to volume with Hz0.
¥ 1203, J and M 1:1 HCL and heat. Diluted to volume
with Hz0.
Zn 7n0, reagent Dilute HC1.
Zr Zr0CLa-8H20,

C.P.



