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SPECTROCHEMICAL DETERMINATION OF BERYLLIUM 
IN MINERAL BENEFICIATION PRODUCTS 

by 

M. J. Peterson 1 and J. B. Zink 2 

ABSTRACT 

Spectrochemical methods were developed to determine beryllium in the con­
centration range 0.0015 to 4.0 percent in siliceous mineral beneficiation 
products. Two methods are described. They are (1) a fusion-peLlet-spark 
procedure (spark method) and (2) a sustGining alternating-current arc proce­
dure (arc method). In the spark method the sample is fused with lithium tetra­
bora te and vanadium pento:~ide. The refiU It ing bead is crushed, mixed wi th 
powdered graphite, and briquetted. This is analyzed spectrographically using 
controlled high-voltage spark excitation. In the arc method the sample is 
diluted with germanium metal, graphite) and vanadium pentoxide. Weighed 
charges ~re packed into cupped graphite electrodes and subjected to excitation 
with a sustaining alternating-current arc. Vanadium serves as internal stand­
ard for both methods. Effects due to matrix variations in samples and stand­
ards are eliminated either by fusion with lithium tetraborate in the spark 
method or by dilution with germanium ~nd graphite in the arc method. Beryl­
lium determinations show deviations from accepted chemical values of approxi­
mately 5 and 8 percent for the spark and arc methods, respectively. Analyses 
can be made more rapidly by the arc procedure wIth a sacrifice in precision 
and accuracy. Either method can be applied to the determination of beryllium 
in silicate rocks. 

INTRODUCTION 

Beryllium alloys and compounds are required for applications in the 
fields of aircraft) atomic energy, a nd space vPhicles. Future needs will 
require sources of this element that a re not presently being mined. 

lResearch chemist, Colle~e Park Metallurgy Research Center, Bureau of Mines, 
College Park) Md. 

~Physic3l science technician, College Park Metallurgy Research Center, Bureau 
of Mines, College P~rk, Md. 

Work on manuscript completed April 1962. 
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Bureau of Mines research activities at the College Park Metallurgy 
Research Center, Maryland, have included efforts to economically recover beryl 
from low-grade ores. 3 /\ 

In connection with the work reported by Shelton,S the need existed for a 
rapid, accurate method to determine the beryllium content of siliceous prod­
ucts resulting from beneficiation tests. Petrographic examination of benefi­
ciation products showed the minerals present in major amounts to be feldspar, 
quartz, and muscovite. Lesser quantities of beryl, garnet, pyrite, and iron­
magnesium minerals were also present. Wide variations occurred in the propor­
tions of the various components in the beneficiation products. Consequently, 
any method of analysis for the determination of beryllium in these products 
must be insensitive to major compositional differences among samples. The 
concentration range to be expected was from 0.002 to 4.00 percent beryllium. 

Chemical determinations for beryllium in concentrations below 0.01 per­
cent usually require separation procedures that complicate the analysis and 
thus affect the accuracy of results. Two publications describe sensitive 
£luorometric methods. 6 7 

The advantages of optical emission spectrochemical methods of analysis 
include speed, high sensitivity, and usually increased accuracy and precision 
over chemical methods in the low concentration ranges. 

A number of publications describe specific spectrochemical procedures for 
the determination of beryllium content in rocks, ores, and mineral products. 
Marks and JonesB have presented a total energy method. CreitzS has described 
a fusion-pellet-spark procedure. Others employing arc-type excitation have 
been reported by Pieruccinf-o and by Alekseeva and Rusanov. 11 

3Lamb, F. D. Beneficiation of New England Beryllium Ore. BUMines Rept. of 
Inv. 4040, 1947, 9 pp. 

4Shelton, John E. Flotation of Beryl From Northeastern Pegmatites: A 
Progress Report. BuMines Rept. of Iov. 5767, 1961, 10 pp. 

6Work cited in footnote 4. 
BMay, Irving, and F. S. Grimaldi. Determination of Beryllium in Ores and 

Rocks by a Dilution-Fluorometric Method With Morin. Anal. Chern., v. 33, 
No.9, 1961, pp. 1251-1253. 

7S111, Claude, W., Conrad P. Willis, and Kenneth J. Flygare, Jr. Improve­
ments in the Fluorometric Determination of Submicrogram Quantities of 
Beryllium. Anal. Chem., v. 33, No. 12, 1961, pp. 1671-1684. 

BMarks, Graham, W., and Betsy M. Jones. Method For the Spectrochemical Deter­
mination of Beryllium, Cadmium, Zinc, and Indium In Ore Samples. BuMines 
Rept. of Inv. 4363, 1948, 27 pp. 

BCreitz, E. E. Spectrographic Determination of Beryllium in a Variable 
Matrix. BuMines Rept. of lnv. 5407, 1958, 10 pp. 

)OPieruccini, R. (Spectrographic Determination of Be in Same Sedimentary 
Rocks of the Toscan-Emilian Appenines.) Spectrochim. Acta, v. 2, No.6, 
1943, pp. 269-290. 

llAlekseevB, V. M., and A. K. Rusanov. (Spectroscopic Method For Quantitative 
Determination of Beryllium in Ores and Minerals.) Zhur. Anal. Khim.) v. 
12, No.1, 1957, pp. 23-29. 
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Several techniques have been used by the Bureau at the College Park Metal­
lurgy Research Center. These include direct-current arc procedures employing 
the total energy principle both with and without the use of internal standards. 
Several diluents were tried with these methods, including lithium carbonate, 
copper oxide, and germanium metal. A solution-spark method was also used. In 
this procedure the sample was fused and dissolved in acid, and the solution 
was sparked using the porous cup arrangement as described for the analysis of 
titanium. l3 These methods, although useful for the analyses of many sample 
types, did not produce results of Bufficient accuracy to permit calculation of 
metallurgical balances from the beneficiation tests. 

Two approaches to this problem were undertaken, and the investigations 
were carried on concurrently. These resulted in the development of two meth­
ods, one employing a fusion-pellet-spark technique, and the other a powder 
technique utilizing the sustaining alternating-current arc for excitation. 

OUTLINE OF METHODS 

Fusion-Pellet-Spark Method 

Spectrochemical procedures employing spark excitation of samples invar­
iably yield more precise results than those employing direct-current arc 
excitation. This is due primarily to the close control maintained over the 
electrical parameters of the spark circuit that affect the character and 
reproducibility of the spectr.1. Also, greater precision can be expected from 
random sampling of the specimen because of the intermittency of the spark. 

The procedure as developed is similar in basic principles to those 
described by Price, 3 Tingle a nd Matoch;1 , 14 and Creitz; 5 however, the details 
differ considerably. 

Part of the pulverized sampl e is fused with lithium tetraborate (Li~~ ~) 
and vanadium pentoxide (V 05)' The resulting glass bend is crushed, mixed 
with powdered graphite, and briqu etted. This is analyzed spectrographically 
using controlled, high-voltage spark excitation. The sample pellet is rotated 
during the excitation period. Spectra a re recorded photographically and 
evaluated by the usual method s of photometry. Vanadium serves as the internal 
standard for the determination of beryllium over the concentration range from 
0.0015 to 4.0 percent. 

12Peterson, M. J. Spectrochemical Analysis of Titanium and Titanium Alloys 
by a Porous Cup-Spark Method. BuMines Rept. of Inv. 5256, 1956, 15 pp. 

13 Price, W. J. Spectrographic Analysis of Complex Oxides With Particular 
Reference to Slags and Or es. Spectrochiro. Acta, v. 6, Nc •. 1, 1953, 
pp. 26-38. 

'4Tingle, W. H., and C. K. Natocha. Spectrochemical Analysis of Nonmetallic 
Samples. Anal. Chern., v. 30, No.4, 1958, pp. 494-498. 

16 Work cited in footnote 9. 
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Sustaining Alternating-Current Arc Method 

Rozsa and Uguccinilr have described the sustaining alternating-current 
arc and claim certain advantages for it over the direct current arc as a spec­
trographic source. Chief among these are increased precision and sensitivity 
of detection for the refractory elements. 

A common practice in the College Park laboratory is to use a mixture of 
germanium metal and graphite as a diluent in procedures for the analysis of 
many types of powdered samples. Excitation, however, is by means of the 
direct-current arc. The advantages of using germanium as a diluent are 
described by Strock17 and include (1) more nearly parallel volatilization 
behavior for many elements, (2) a liquid temperature range (958° to 2,700° C) 
conducive to the formation of homogeneous melts with many sample types, (3) a 
favorable ionization potential (8.13 volts) with respect to elements that may 
be determined, and (4) the ability to contribute conducting particles to the 
arc. 

The method as developed represents an attempt to take advantage of the 
desirable characteristics of germanium as a diluent and the reproducibility of 
the sustaining alternating-current arc source. 

Part of the samp Ie is diluted with a mixture of germanium meta 1, graph ite, 
and vanadium pentoxide. Weighed charges of this mixture are packed into 
cupped graphite electrodes and analyzed spectrographically using the sustain­
ing alternating-current arc. Vanadium is used as internal standard for the 
determination of beryllium over the concentration range from 0.003 to 2.00 
percent. 

Details of the two procedures, including standardization, operating con­
ditions, ;Ind results of analyses, are given in subsequent sections of this 
repor t . 

EQUIPMENT 

Excitation for the two methods is obtained from a commercial spectro­
graphic source unit capable of providing a high voltage, air-interrupter-type 
sparkle and a sustaining alternating-current arc.l~ The specific excitation 
parameters for each method are listed in sections describing the procedures. 

16Rozsa, J. T., and O. W. Uguccini. Efficient Continuous A.C. Arc. Applied 
Spectroscopy, v. 12, No.2, 1958, pp. 33-35. 

l?Strock, Lester W. Quantitative Evaluation of a Metal Base Method for Deter­
mining Major Constituent~ in Nonmetallic Samples. Applied Spectroscopy, 
v. 7, No.2, 1953, pp. 64-7l. 

l)IEnns, J. H. and R. A. Wolfe. An Air Interrupter Type Spectrographic Light 
Source. J. Opt. Soc. Am., v. 39, No.4, 1949, pp. 298-304. 

19 Wor k cited in footnote 16. 
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The spectrograph used in Dual Gratin~O type providing an average recip­
rocal linear dispersion of 4 angstroms per millimeter in the first order from 
each grating. For the two procedures described in this report, however, one 
grating only is used. External optics consist of a step-filter lens at the 
slit) cylindrical lens, biprism, primary aperture, and two spherical lenses. 
The spherical lenses produce an image of the discharge at the primary aperture. 
This image is focused onto the gra tings. Other items of equipment and acces­
sories are listed in table 1. 

TABLE ~. - Equipment and accessories 

Item Remarks 
Arc-spark stand .... . 
Pellet holder ...... . 

Microphotometer ..... 
Developing machine .. 
Briquetting press .. . 
Mixer-mill ......... . 
Denta 1 amalgama tor .. 

Plastic and tungsten 
carbide capsules. 

Plate dryer ........ . 
Graphite crucibles .. 

Do. 

Preformed graphite 
electrodes. 

Spectroscopic plates 

Equipped with water-cooled electrode clamps. 
An accessory item to th~ urc-spark stand. Accommodates 

1/2-inch-diameter pellets in lower electrode clamp ~nd 
rotates at 10 revolutions per minute. 

Recording type. 
Rocking tray typ e ) temperature controlled. 
To form 1/2-inch-diameter pellets. 
To grind and blend samples and standards. 
To mix standards and samples with diluent prior to 

arcing. 
Accessories for mixer-mill and amalgamator. 

Electric h~3ter and blower. 
I-inch outside diameter, 1-1/4 inches long, 3/4 inch 

inside diamet er, 3/4 inch deep cup. 
I-inch outside diameter, 1-1/4 inches long, 3/4 inch 

inside diame t er, 1/4 inch deep cup. 
3/16-inch diElme t er, 1-1/2 inches Long, United Carbon 

Products typ es lOS-V and 105-S. 
Eastman Spectrum Analysis No.1. 

STANDARDS 

Four pulverized beryl-conta ining ore samples were chemically analyzed in 
several l aboratories by independent methods. Va lues of 4.04, 1.99, 0.50, a nd 
0.094 percent Be are considered to be correct, and these samples are used as 
primary s t~nd8rds for each method. Oth er s tandards were prepared to obtain 
intermediate values by blending two of these. To extend the range to lower 
concentra tions, dilutions were made in beryllium-free .1northoclase, 
(Na, K')a O'Ala 03 ·6S102 . A separa t e s e ries was prepared by adding beryllium 
oxide to quartz and making successiv e dilutions. Dilutions were mixed in 
plastic capsules by means of a mixer-mill. Samples and diluents were ground 
to minus 200-mesh prior to b lending. Standard pellets for th e spark method 
were prep;lred by combining portions of the 0.094 percent standard and anortho­
clase into fusion mixtures. Details are given in the section describing the 

2°Reierence to specific makes or models of equipment is made to facilitate 
understanding and does not imply endorsement of such brands by the Bureau 
of Mines. 



6 

procedure for this method. The compositions of the standards are listed in 
table 2. 

TABLE 2. - Composition of standards 

Standard Percent Nature of standard Diluent 
Be 

33 4.04 Natura 1 sample, chemically None. 
analyzed. 

34-A 1.99 do. Do. 
34-B 1.68 Blend of 34-A and 36 ......... Standard 36. 
34-c 1. 52 do. Do. 
34-0 1. 36 do. Do. 
34-E 1.05 do. Do. 

101-A 1.00 Synthetic, BeD in quartz ..... None. 
35 .50 Na tura 1 sample, chemically Do. 

analyzed. 
10l-B .50 Dilution of 10l-A ............ Quartz. 

35-A .30 Blend of 35 and 36 ........... Standard 36. 
IOI-C .25 Dilution of lOl-B ............ Quartz. 
101-0 .125 Dilution of 101- C ............ Do. 

36 .094 Natural sample, chemically None. 
analyzed . 

lOl-E . 063 Dilution of 101- D ............ Quartz. 
101-F .031 Dilution of 101- E ............ Do. 
101-G . 010 Dilut ion of 101- F ............ Do. 
36-A . 0564 Dilut ion of 36 ............... Anorthoclase + Lia B4 ~ + Va 06 
36-B .0376 do. Do . 
36-C . 0188 do. Do . 
36-D . 0094 do. Do . 
36-E . 00564 do. Do. 

lOl-H .005 Dilution of 10 I-G ............ Quartz. 
36-F . 00376 Dilution of 36 ............... Anorthoclase + L1a B4 ~ + Va Of; 
36-G .00188 do. Do . 
36-G-l . 00094 Dilution of 36-G ............. Fused bead 

36-G-2 .00047 do. 
(anorthoclase + L~B4 D.y + Vans 

Do . 
36-G-3 . 00024 do. Do . 
36-G-4 . 00012 do. Do. 

EXPERIMENTA L 

Vanadium was selected for use as possible internal standard to be added to 
samples and standards in constant amount. A number of vanadium spectral lines 
of suitable intensity occur in the same wavelength region as the beryllium 
lines to be used for analysis. Excitation potentials for the vanadium- and 
beryllium-ion lines employed are somewhat similar, although not ideally 
matched--approximately 13 electron volts for beryllium and 11 electron volts 
for vanadium. 

Moving plates were used to study the volatilization behavior of beryllium 
and vanadium. Data obtained were plotted as percent transmittance versus time 
in seconds. Figure 1 shows typical volatilization patterns of the two 
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elements when a IS-ampere direct-current arc was used as the excitation source. 
Figures 2, 3, and 4 show patterns for the two elements at various concentra­
tions of beryllium when the Bustaining alternating-current arc at 20 amperes 
was used. Data for these curves were obtained from samples mixed with a 
diluent containing germanium metal and graphite. Proportions used were 1 part 
sample, 9 parts germanium, and 10 parts graphite. Vanadium in solution was 
added to the diluent (0.025 percent) as internal standard and was present in 
constant amount in all sample charges. Weighed charges of 15 milligrams were 
used. Details for the preparation of the diluent and sample charges are given 
in the section, "Procedures." 
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The direct- and 
alternating-current arcs 
produced similar vola­
tilization patterns for 
the two elements. The 
vanadium shows a pattern 
with intensity maxima 
and minima that are more 
pronounced for the 
higher beryllium concen­
trations. At a concen­
tration of 0.5 percent, 
beryllium was volatil­
ized in less than 50 
seconds with the 
alternating-current 
source. The beryllium 
persisted for a t least 
90 seconds with th e 
direct-current a rc. 
Beryllium-vanadium inten­
sity ratios obtained 

.I L-____ ~ ______ ~ __ ~ __ ~~ ______ ~ ______ ~ __ ~ __ ~ with the direct-current 
0.1 0.2 0 .4 0.6 1.0 2.0 4.0 6.0 10.0 arc were not adequat e ly 

INTENSITY RATIO 

FIGURE 6, • Analytical Curves, Arc Method, 0.25 to 2.0 
Percen t Beryll i um. 

reproducible; ther efore, 
the direct-current 
source was abandoned for 
this ana lysis. The voL!· 
tilization curves show 

that it is necessary to arc for 90 seconds with the alternating-current arc to 
completely volatilize the vanadium; consequently, a period of 90 seconds was 
selected. Beryllium-vanadium intensity ratios of adequate reproducibility 
were obtained, and analytical curves wer~ established to cover the concentra­
tion range from 0.003 to 2.0 percent. 

The volatilization behavior of beryllium And vanadium using the fu sion­
pellet spark procedure is illustra ted in figure 5. The nearly paralle l behav­
ior undoubtedly accounts in large measure for the greater precision obtained 
for this method compared with the a lternating-current arc procedure_ Exposure 
times of 12 to 48 seconds provided beryllium-vanadium intensity ratios suitn­
ble for the preparation of analytical curves in concentration ranges from 
0.0015 to 4.0 percent. 

Matrix variations in samples and standards caused no difficulty in either 
procedure. For the alternating-currenl arc method blends of the primary stand­
ards wer~ used to obtain intermediate points on the curves shown in figure 6. 
Standards below 0.094 percent beryllium were prepared by diluting in anortho­
clas e . Values plotted on figure 7 are alined with higher values obtained from 
chemical analysis of naturally occurring samples. Figure 8 Aho~s ~nalytical 
curv e s for the spark method prepared from chemicdlly cmalyzed natura l samp l es. 
Values obtained from standards in a quartz bnse are in agreement with those 
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obtained from chemically 
analyzed natural samples 
diluted in anorthoclase. On 
figure 9, values at 0.06, 
0.03, 0.01, and 0.005 percent 
beryllium 3re from standards 
in a quartz base. Further 
evidence that matrix differ­
ences in samples analyzed 
caused no difficulty is pro­
vided by the agreement 
between chemical and spectro­
chemical values as shown in 
table 3. The chemical method 
employed was a fluorimetric 
procedure modified from that 
described by Fletcher, White, 
and Sheftel. 2 ' 

PROCEDURES 

Fusion-Pellet-Spark Method 

Sample and Standards 
Preparation 

Samples are prepared in 
this manner . The following 
materials in the quantities 

.001 ~--~----~--~~~----~--~-----~~~ 

0.1 0.2 0.4 0.6 1.0 2.0 4.0 6 .0 10.0 given are placed in a plastic 

INTENSITY RA TID 

FIGURE 7. - Analytical Curves, Arc Method, 0.003 
to 0.3 Percent Bery!1 ium. 

capsule: 2.29 grams of lith­
ium tetra bora te (Li~~, 0.,. ) , 
250 milligrams of sample or 
standard, and 25 milligrams 
of vanadium pentoxide (~, O~). 

The capsule is capped tightly and shaken on the mixer-mill for 3 minutes with­
out mixing balls. The contents of the capsule are carefully transferred to a 
3/4-inch-deep graphite crucible Bnd placed in a muffle furnace at 1,000° C for 
15 minutes. The crucible is removed from the furnace, and the fused melt is 
poured immediately into a shallow-cupped graphite crucible and allowed to 
cool. The cooled bead ia placed in a plattner mortar and broken into small 
pieces. These pieces are transferred to a tungsten carbide capsule with two 
tungsten carbide grinding balls, placed on the mixer-mill, and ground for 3 
minutes. Approximately three-fourths of the pulverized bead is screened 
through a 200-mesh sieve and put in a labeled glass vial; the remainder is 
discarded . Three hundred milligrams of the screened pulverized bead is mixed 
with 600 milligrams of pelletizing graphite in a plastic capsule. Mixing is 

~lFletcher. Mary H., Charles E. White, and Milton S. Sheftel. Determination 
of Beryllium in Ores. Ind. and Eng. Chem., anal. ed., v. 18, No.3, 1946, 
pp. 179-183. 
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accomplished with 
the mixer-mill; 
however, no mixing 
or grinding balls 
are used. The 
contents of the 
capsule are trans­
ferred to the mold 
of ,) br ique t t ing 
press. A 1/2-inch­
diameter pellet, 
i1pproxima te ly 
l/8-inch thick, is 
formed by applying 
pressure at 60,000 
pounds per square 
inch for 15 sec­
ond 5 • TIl c f L.1 t 
surfaces of each 
pellet are rubbed 
lightly on u piece 
of smooth paper to 
prepare the sur­
face for sparking. 
The pellets are 
somewhat hygro­
scopic and .ire 
therefore stored 
in a desiccator. 

TABLE 3. - Comparison of chemical and spectrochemical results 

Sample Spectrochemical percent Be Chemic.:!! J Remarks 
Arc method Spark method percent Be 

3-B ............. - 0.16 U .16 Feed sample. 
118 ............. - .098 .10 Do. 
4·45 ............. - .43 .42 Do. 
761 ............. - .34 .36 
860 ............. - 1.27 1. 28 
866 ............. 0.040 .045 .043 
876 ............. .14 .13 .15 
883 ............. .19 .l9 .20 
891 ............. .54 .54 .53 
937 ............. .0037 .0040 - Rock sample. 
938 ............. .015 .012 .014 Do. 
939 •.•.••...•..• - .024 .029 Do. 
940 ............. .0024 .0018 - Do. 
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Standard pellets are pre­
pared in the manner as 
described for the samples . 
However, for standards below 
0.094 percent beryllium, dilu­
tions of standard 36 are made 
during the fusion step. The 
appropriate amounts of stand­
ard and anorthoclase diluent 
are mixed with the lithium 
tetraborate and vanadium 
pentoxide prior to fusion. 
The standard beads so produced 
are then made into pellets . 
To prepare standard pellets 
with concentrations of beryl­
lium below 0.00188 percent) 
dilutions of standard 36-G are 
made. Extremely small weigh­
ings are avoided by preparing 
a beryllium-free "blank" bead 
from anorthoclase) lithium 
tetraborate, and vanadium 
pentoxide. This is ground to 
minus 200-mesh and then used 
a s a diluent to make standards 
by successively diluting the 
pulverized bead of standard 
36-G. These mixtures are made 
into pellets with graphite, as 
descr ibed for 'the samp les, and 
stored in a desiccator. 

Excitation, Exposure, and Development Conditions 

The lower electrode clamp of the arc-spark Btand accommodates the pellet 
holder. A motor, contained within the stand, provides for rotation of the 
pellet holder at 10 revolutions per minute. The pellet is placed in the 
holder, a 3/l6-inch-diameter graphite electrode (type I05-U) is held in the 
upper clamp, the gap is adjusted to 2 millimeters, and the spectra are pro­
duced using the excitation conditions given in table 4. The exposure and 
development conditions are given in table 5. 



TABLE 4. - Excitation conditions, spark method 

Parameter 
Peak vo Itage .......................................... volts 
Pr irnary vo 1 tage ......................................... do. 
Capacitanc e ..................................... microfarads 
Induc tance ..................................... microhenr ies 
ReHistance added ....... . ............................... ohms 
Radio frequency current ................ . ...... , ..... amperes 
Discharges per ha If cyc Ie ................................. . 
Air pres sure ......................... pound s per s quar e inch 
Ana lyt ic a 1 gap ........................................... D1Tl1 

Auxi 1 ia ry spark gap ...................................... ann 

Value 
15,000 

128 
0.0025 

200 
None 

4 
7 

2.75 
2.0 
4.0 

TABLE 5. - Exposure ;md dev(·lopment condit ions! spark method 

Variable 
Spectral region . . ........ . 
S lit width ............... . 
S lit leng th .............. . 
Prima ry a perture ......... . 
Step filter lens ........ .. 
Pr e-exposure ............. . 
Exposu re ................. . 

Emulsion ................. . 

2400 to 3400 A. 
0.02 DlW. 

2.0 mrn. 
1. 5 rmn. 

Conditions 

10-, 100-percent transmitt;lnce. 
10 sec. 
12 to 48 sec, variable depending upon Be 

concentration. 
Ea stman Spectrum Analys is No. J plates. 

13 

Development .............. . 
Stop bath ~nd harden~r ... . 

Ea stman DK· 50, 5 min a t 70° F, diluted 1:1. 
Po ta s s ium chrome a lum, lO-percent solution for 30 

FixinG· . ................. . 
Washing .................. . 
Dryinu' .................. . 

sec. 
Ea stman ~cid-fixing powder solution for 2 min. 
Runninp, ,,,ater for 5 min, rinsed in distilled water. 
Blower and heater for 4 min. 

Photometry 

The emulsion c;llibration curve i:·; established using a direct-current iron 
arc and a 2-step filter, ASTM Designa tion E 116. 22 Data from a preliminary 
curve ~re used to construct th e final ca libra tion curve. This is plotted in 
two segment s according to th e method described by Harvey. 2 

The ana lytic.:Jl line pairs and concentra tion ranges are listed in table 6. 
Typica l a na ly tica l curves covering th e various concentration ranges are pre­
sented in figur es 6 ) 7, 8, and 9. 

Transmittance mea surements o[ the pa irs of analytical and intern~l stand­
ard l i ne s listed in table 6 appropriate to the c oncentration range are 

22 American Society for Testing Materi Is. Method.s for Emission Spectrochemi­
cal Analysis, 1~60) pp. 12-35. 

23 Harvey, C. E. Spectrochemical Procedures. Applied Research Laboratories, 
Glend.:Jle, Calif., 1950, pp. 80-81. 
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converted to intensity ratios by means of the emulsion calibration curve. For 
each concentration range, the intensity ratios obtained from spectra of stand­
ards are plotted relative to concentrution on logarithmic coordinates. Ana­
lytical determinations are made by converting transmittance measurements for 
line pairs in the spectra of unknowns and control standards to intensity 
ratios, and the concentrations are read from the analytical curves. Average 
values obtained from duplicate spectra of the same pellet, corrected for any 
curve shift by at least two control standards on the same plate, are reported 
for each determination. No background corrections are necessary. 

Sustaining Alternating-Current Arc Method 

Sample and Standards Preparation 

A diluent composed of 9 parts germanium metal, 10 parts graphite, and 
0.025 percent added vanadium as internal standard is prepared as follows. 
High-purity, polycrysta lline germanium meta 1 is :',round in p last ic to minus 
200-mesh. A standard solution of vanadium, 1 milligram per milliliter, is 
prepared by dissolving 178.5 milligrams of vanadium pentoxide in HN0

3 
and 

diluting to 100 milliliters. Thirty grams of graphite powder is weighed into 
a vycor dish and placed on a hot plate. Dropwise additions of the solution 
are made, totaling 14.25 milliliters. Care is taken to avoid contact of the 
solution with the dish. By maintaining the dish and contents hot, the solu­
tion evaporates readily from the graphite and contact of solution with the 
dish is avoided. This operation is performed in a well-ventilated hood. The 
mixture is heated over a meker burner for 10 minutes. After cooling it is 
transferred to a plastic capsule and 27 grams of the pulverized germanium 
met~11 is added. This is mixed on the mixer-mill with three pl.:..lstic balls for 
10 minutes. 

Standard samples are prepared according to the procedure described in the 
section on "Standards. " The powder standards and samp les are prepared for 
arcing by the following procedure. Twenty-five milligrams of pulverized sam­
ple (minus 200-mesh) is mixed with 475 milligrams of the germanium-graphite­
vanadium diluent. Mixing is done in plastic capsules, using two liB-inch 
plastic balls, for 55 seconds. The mixer is a vibrating-type dental ~malgama­
tor. Fifteen milligrams of the diluted sample or standard is weighed into a 
3/l6-inch-diameter graphite electrode (type 105-S), and the charge is tamped 
with the polished end of a glass rod. 

Excitation, Exposure, and Development Conditions 

The sample-containing electrode is placed in the lower clamp of the arc­
spark stand. The upper clamp is fitted with a 3/l6-inch-diameter graphite 
(type l05-U) electrode. The analytical gap is adjusted to 4 millimeters, and 
the spectra are produced using the sustaining alternating-current arc source. 
Excitation, exposure, and development conditions arc given in table 7. 



TA
B

LE
 

6
. 

-
L

in
e 

p
a
ir

s
. 

c
o

n
c
e
n

tr
a
ti

o
n

 r
a
n

g
e
s,

 
an

d
 

ex
p

o
su

re
s 

E
x

ci
-

E
x

ci
-

T
o

ta
l 

S
te

p
 

A
n

a
ly

ti
c
a
l 

ta
 ti

o
n

 
In

te
rn

a
l 

ta
ti

o
n

 
C

o
n

c
e
n

tr
a
ti

o
n

 
E

x
p

o
su

re
 

fi
lt

e
r,

 
fi

lt
e
r,

 
M

et
h

o
d

 
1 i

n
e
, 

~-~
 

p
o

te
n

-
st

a
n

d
a
rd

 
p

o
te

n
-

ra
n

g
e
, 

ti
m

e,
 

p
e
rc

e
n

t 
p

e
rc

e
n

t 
ti

a
 1

, 
1 
in

e
, 

~\
 

ti
a
 I

! 
p

e
rc

e
n

t 
se

co
n

d
s 

tr
a
n

s-
tr

a
n

s-
v
o

lt
s
 

v
o

lt
s
 

m
it

ta
n

c
e
 

m
it

ta
n

c
e
 

F
u

si
o

n
-

1 
2 

B
e

 
1

-2
6

5
0

.6
3

 
7

.4
0

 
V

 1
1

-3
1

1
8

.3
8 

1
1

.0
0

 0
.8

0
 

to
 

4
.0

 
12

 
N

on
e 

10
, 

10
0 

~H
. 
ll

e
t-

3
B

e 
1

I-
3

1
3

1
.0

7 
1

3
.2

2
 

V
 1

1
-3

1
1

8
.3

8 
1

1
.0

0 
.2

6
 

to
 

l.
O

S
 

12
 

N
on

e 
1

0
, 

10
0 

sp
a
rk

. 
3

B
e 

1
1

-3
1

3
0

.4
2 

13
.2

2
 

V
 1

1
-3

1
1

8
.3

8 
1

1
.0

0 
.1

2
 

to
 

.3
4

 
12

 
N

on
e 

11
0

, 
10

0 
B

e 
1

1
-3

1
3

1
.0

7
' 

1
3

.2
2

 
V

 1
1

-3
1

1
8

.3
8 

1
1

.0
0 

.0
19

 
to

 
.1

2
 

12
 

N
on

e 
1

0
, 

10
0 

B
e 

1
1

-3
1

3
1

.0
7

 
1

3
.2

2
 

V
 1

1
-3

1
2

6
.2

2 
11

. 0
2 

.0
1 

to
 

.0
6

 
24

 
N

on
e 

10
) 

10
0 

B
e 

1
I-

3
1

3
0

.4
2 

1
3

.2
2

 6
V

 
1

I-
3

1
0
2

.3
0 

1
1

. 0
5 

.0
0

15
 

to
 

.0
1 

4
8

 
N

on
e 

3
3

) 
10

0 

S
u

st
a
in

in
g 

4B
e 

1
-3

3
2

1
.0

9 
6

.4
3

 5
V

 
1

1
-3

1
1

8
.3

8
 

1
1

.0
0 

.5
0

 
to

 
2

.0
 

90
 

4
.6

 
6

, 
2

5
, 

10
0 

ac
 

a
rc

. 
B

e 
1

-2
4

9
4

.7
3

 
7

.6
8

 5
V

 1
1

-3
1

1
8

.3
8 

1
1

.0
0 

.3
 

to
 
~.

O
 

90
 

4
.6

 
6

, 
2

5
, 

10
0 

4
B
~
 

1
I-

3
1

3
1

.0
7 

1
3

.2
2

 5
V

 
1

1
-3

1
1

8
.3

8 
1

1
.0

0 
.2

5
 

to
 

.5
0

 
9

0
 

4
.6

 
6

, 
2

5
, 

10
0 

6
B

e
 

1
1

-3
1

3
1

.0
7 

1
3

.2
2

 
V

 1
1

-3
1

02
.3

0 
1

1
.0

5 
.0

3
 

to
 

.3
0 

90
 

1
.7

 
3

3
, 

10
0 

B
e 

1
1

-3
1

3
0

.4
2

 
1

3
.2

2
 6

 V
 I

I 
-

3
1

0
2

.3
0 

11
. 0

5 
.0

0
3

 
to

 
.0

3
 

90
 

1
.7

 
3

3
, 

10
0 

-
-

-,M
ea

su
re

m
en

ts
 

m
ad

e 
in

 
10

0 
p

e
rc

e
n

t 
fi

lt
e
r 

st
e
p

 
on

 
a
ll

 
li

n
e
s 

ex
ce

p
t 

w
he

re
 

o
th

er
w

is
e 

in
d

ic
a
te

d
. 

G
U

n
rc

so
lv

ed
 

B
e 

d
o

u
b

le
t 

a
t 

2
6

5
0

.6
1

5
 

an
d

 
2

6
5

0
.6

3
6

. 
E

x
c
it

a
ti

o
n

 p
o

te
n

ti
a
l 

is
 

7
.4

0
 
v

o
lt

s 
fo

r 
ea

ch
 

li
n

e
. 

:J
M

ea
su

re
d 

in
 

10
 

p
e
rc

e
n

t 
st

e
p

 
o

f 
2-

st
e
p

 
fi

lt
e
r.

 
4

M
ea

su
re

d
 

in
 

6 
p

e
rc

e
n

t 
st

e
p

 
o

f 
3

-s
te

p
 
fi

lt
e
r.

 
5

M
ea

su
re

d
 

in
 2

5 
p

e
rc

e
n

t 
st

e
p

 
o

f 
3

-s
te

p
 
fi

lt
e
r.

 
3

M
ea

su
re

d
 

in
 

33
 
p

e
rc

e
n

t 
st

e
p

 
o

f 
2

-s
te

p
 
fi

lt
e
r.

 

V
1 



16 

TABLE 7. - Excitation. exposure, and development conditions--arc method 

Variable 
Voltage .................. . 
Current .................. . 
Ignition ................. . 

Spec tra 1 region .......... . 
Slit width ............... . 
S lit length .............. . 
Primary aperture ......... . 
Step filter lens ......... . 
Pre-exposure ............. . 
Exposure ................. . 
EIDU Is ion ................. . 
Development .............. . 
Stop bath 3nd hardener ... . 

Fixing ................... . 
Washing .................. . 

Drying ................... . 

Conditions 
423 volts. 
20 amperes on short circuit. 
By controlled spark or by momentarily shorting the 

the electrodes. 
2400 to 3400 A. 
0.02 Dml. 

2 or 3 mm, depending upon step filter used. 
1.5 mm. 
100-, 33- or 100-, 25-, 6-percent transmittance. 
None. 
90 sec. 
Eastman Spectrum Analysis No. 1 plates. 
Eastman OK-50, 5 min at 70° F, diluted 1:1. 
Potassium chrome alum, 10-percent solution for 

30 sec. 
Eastman acid-fixing powder solution for 2 min. 
Running water for 5 min, rinsed in distilled 

water. 
Blower and heater for 4 min. 

Photometry 

The emulsion calibration curve is established according to the procedures 
described for the fusion-pel let-spark method. Analytical curves are prepared 
from spectra of standard samples using the line pairs for the appropriate con­
centration ranges as listed in table 6. Curves are plotted as described for 
the spark method. Values for unknown samples are obtained from spectra of 
duplicate samples. Control standards are exposed on each plate to correct for 
any possible curve shift. Background corrections are not necessary. 

ANALYTICAL RESULTS 

Typical results of spectrochemical analyses by the two methods described 
are shown in table 3, together with chemical values where available, of the 
same samples. The accuracy of the results on individual samples depends upon 
the validity of the primary calibration standards and the reliability of chemi­
cal analyses of comparison test samples. Repeat analyses of primary standards 
show deviations from accepted values of approximately 5 percent for the spark 
method and 8 percent for the arc method. Chemical results on individual test 
samples at concentrations above 0.05 percent beryllium show the same devia-
t ions from spec trochemica 1 va lues. 

Tables 8 and 9 give the methods of calculation. Results shown in table 8 
are from analyses by the spark method; those in table 9 are from analyses by 
the arc method. Each beneficiation test provides a number of individual prod­
ucts with varying concentrations of beryllium. For each test, the analyses of 
the products are used to determine the percent beryllium recovered, and this 
value, the calculated feed, must agree with the analysis of the feed to 
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produce a material balance. The calculated feeds for 10 tests are shown in 
table 10. All samples in each test were analyzed by the spark method; samples 
in four tests were analyzed also by the arc method and by chemical means. 
Errors in the recovery of individual products. in sampling and in weighing 
that originate outside the spectrochemical laboratory, are possible causes of 
deviations between analyses of feeds and calculated feeds. 

TABLE 8. - Material balance calculation. spark method 

Test Product Product recovered, Percent Be (B) Be recovered, calculated 
weigbt-J)ercent (A) (A) x (B) x 0.01 

125 ....... 860 3.58 1.27 0.0455 
861 .91 1.30 .0155 
862 2.71 .41 .0111 
863 3.32 .35 .0116 
864 6.63 .14 .0097 
865 13.69 .11 .0150 
866 69.16 .045 .0310 

Tota 1. . - 100.00 - .1394 (ca lcu1ated 
feed) 

Spec trochemica 1 GlnB. ly sis of feed ......................... 0.14 
Chemical analysis of feed ................................. 15 
Calculated feed from chemical analyses of products ........ 15 

TABLE 9. - Material balance calculation, arc method 

Test Product Product recovered, Percent Be (B) Be recov eted, ca l culated 
weight-percent (A) (A) x {B} x 0.01 

128 ....... 888 2.76 1. 56 0.0430 
889 .73 .47 .0034 
890 .91 1.37 .0125 
891 3.35 .54 .0181 
892 5.65 .30 .0169 
893 12.54 .15 .0188 
894 74.06 .040 .0296 

Tota l .. - 100.00 - .1423 

Spectrochemica 1 ana lysis of feed ......................... 0.14 
Chemical .:lnalysis of feed ................................. 15 
Calculated feed from chemical analyses of products ........ 16 

Table 11 presents the results of a sampling experiment. Four split-out 
portions of ,1 feed sample were prepared outside the spectrochemical laboratory. 
Each portion was analyzed using the pellet-fusion-spark method. Three fusions 
from each portion were made. Duplic~ce exposures of one pellet made from each 
fused bead were used to obtain the results. The maxi.mum deviation of the ana­
lysis of anyone split-out portion from the mathematical average analysis of 
the four portions is less than 6 percent. 

Coefficients of variation (v) were determined using the values for the 
individual fusions shown in table 11. These data, together with other preci­
sion data on the spark and arc methods, are shown in table 12. 
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TABLE 10. - Calculated feeds for individual tests 

Test Number of Feed ana lysis, percent Be Calculated feed, percent Be 
No. samp les (spark method) Spark method Arc method Chemica 1 

in test 
1 ...... 6 0.034 0.037 - -
I-B .... 7 .034 .033 - -
111 .... 10 .16 .16 - -
125 .... 7 .16 .14 0.16 0.15 
126 .... 7 .16 .12 .15 .14 
127 .... 8 .16 .15 .17 .20 
128 .... 7 .16 .14 .14 .15 
129 .... 6 .16 .15 - -
131 .... 7 .14 .13 - -
133 .... 7 .14 .13 - -

TABLE 11. - Results on separate portions of one sample 

Sample portion Fusion Percent Be, average Average analysis 
of duplicates on 1 pellet of 3 fusions 

{ A 0.0340 } 621 ................ B .0330 0.033 
C .0310 

{ A .0370 } 622 ................ B .0315 .033 
C .0320 

{ A .0360 } 623 ....•.••.•...•.. B .0335 .036 
C .0390 

{ 
A .0365 } 624 ................ B .0350 .035 
C .0345 

Average ......... - .0344 -
DISCUSSION AND CONCLUSIONS 

Time requirements for the two methods described are considerably differ­
ent. One operator can make 18 beryllium determinations in one 8-hour day by 
the arc method; however, only 8 determinations can be performed in one 8-hour 
day by the fusion-pellet-spark procedure. The difference in determinations is 
due to the time necessary for preparing the fused bead, allowing it to cool, 
crushing, screening, and pelletizing. The stated times include requirements 
for sample preparation, weighings, exposures of samples and sta.ndards for one 
concentration range, plate processing, line measurements, and calculations. 
If analyses were performed with direct reading equipment, thus eliminating the 
photographic process, the times required for analyses would be reduced appre­
ciably and precision and accuracy may be Lmproved. 
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TABLE 12. - Data on precision 

Sample Method Average concentration, Coefficient Number of 
percent Be of variation1 determinations 

621-624 Spark 0.034 7.0 12 (pellets from separate 
Feed fusions). 
880 •••. do. .079 4.8 23 (sparkings of I 

pellet). 
891 .... do. .52 5.1 23 (sparkings of 1 

pellet). 
925 .... Arc .070 9.3 27 (arcings of separate 

charges of 1 samp le) . 
965 .... do. .68 7.4 27 ( a rcings of separate 

charges of 1 samp Ie) . 
l· Coefficient of variation (v) is calculated a9 follows: 

where 
x = average concentration in percent, 
d difference of the determination from the mean J 

and 
n ~ number of determinations. 

Exposures for the calculation of the coefficients of vari~tions in each 
case were made on 3 plates on different days. 

Volatilization behavior curves for the arc procedure show that the vana­
dium internal standard and beryllium do not volatilize ~t the same rate; how­
ever, at varying concentrations of beryllium the volatilization patterns are 
similar. By using a total arcing time of 90 seconds J intensity ratios are 
obtained suitable for establishing the method. The use of some element other 
than vanadium as internal standard, which shows a volatilization pattern more 
nearly like that for beryllium, would be desirable. Also, the need to use 
atom-ion line pairs could probably be circumvented by employing some other 
element. For the spark procedure, the nearly parallel volatilization behavior 
of vanadium and beryllium shows that this requirement for internal standard­
ization has been achieved. Excitation potentials are reasonably closely 
matched except in the highest concentration range where it was necessary to 
use an atom-ion line pair. 

Effects due to matrix variations in samples ~nd standards were eliminated 
in each procedure--in the arc method by dilution in germanium metal and graph­
ite and in the spark procedure by fusion with lithium tetraborate. Wide vari­
atlons in matrix composition of the mineral test products analyzed caused no 
difficulty. 

Either of the two methods described is satisfactory for determining beryl­
lium content of siliceous mineral te8t products and in silicate rocks. The 
accuracy and precision achieved with the fusion-spark-procedure is superior to 
that obtained with the arc method; however, where time requirements dictate 
that a faster method be used, the arc procedure can be employed with an 
accompanying sacrifice in precision and accuracy. 
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