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ATOMIC SPECTROSCOPY METHODS AFTER ENRICHMENT
ON ION EXCHANGERS

(Figs. 2, Tabs. 6)

Abstract: Owing to low contents of gold in majority of geological
materials, procedure of its determination by OES and AAS alter prelimi-
narv enrichment using ion exchangers has been worked out. Conditions
of two preconcentration procedures using strongly basic anion exchanger
have been studied and their efficiency has been cempared with extraction
procedure. Reliability ol the results obtained by proposed analytical pro-
cedures has been examined, whereby OES method with excitation in elec-
tric are shows advantageous metrological and economical parameters.
Using OES, determination limit of 0.001 ppm Au has been obtained when
inweight of the sample is 5 g.

Pe3wae: Beny HU3KNX COACPMAHNI 30/0T2 B ODONBIUIICTEC FCOJOTHUCC-
KX MaTepuanes OwsUl paspadoran MeTol cro onpejencuud upu noMouin Q3C
1 AAC nociae npeaBapHTeNbHOro HADOIANCHIT HCNIOAL3Yn HOHHOOOMCHHYIO
CMOJIY. BRUIE M3YUEHDBI YCIOBUS JIBYX NPHEMOB HAOOrACHHIS TPHMCHHS CIUIb-
HO OCHOBHBIC AHHOHNUTHL 1 MX MOUHOCTh CPABHIIBAMACHK € 2KCTPARIIEn. By
HCCACJOBAHA TOUHOCTL PC3VALTATOR TONVUCHHMX TIPCUIOMKCHHBIMIE aHAIITI-
YCCKIIMIT MeTojami, mpiyues mertoj ODC ¢ BO30YMKACHIICM B 2JACKTPHUCCROIN
Jvre 0DHAPYIKIBACT BLIFGJHBLIC MCTPOJOTHUCCKIC I DKOHOMIMCCKIC Hapa-
amerpoel. Flpusensss O2C, npn Hasecke npodsl 5 ¢ ObUE TTOTYVUCH JMHT Olpe-
JeciicHus 0,001 't Au.

Introduction

According to Vinogradov (1962). contents of gold in majority of geolo-
cical materials are present in clark concentrations. Its average conteat in the
Farth's crust is 2.3. 107" (5. 107", in ultrabasic rocks. 4. 107", in basic rocks,
15,1077 " in granitoid rocks). Average contents of gold in meteorites. minerals
and rocks. as well as forms el its occurrznce and geochemical conditions oi
gold-bearing regions evolution are presented by Shcherbakov—DPe-
irezhogin (1964). Geochemical study of gold is deall with also by Vincent
—Crocket (1960) and its distribution — by Sighinolli—Gorgoni
(1977).
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Owing to the most frequent, relatively low contents ol gold in various types
of raw materials, its determination requires application of analytical methods
characterized by high detectability, but also in these cases its preliminary en-
richment is needed. At the same time, its distribution in rocks and minerals.
as well as form of its occurrence should be taken into consideration. Tedious
and cumbersome gravimetric method with fire-assay enrichment which has been
until lately the most applied method in our country has been gradually replaced
by more efficient methods, such as neutron activation, atomic absorption spectro-
metry, spectrochemical analysis, ICP. stripping voltammetry. spectrophotometry.
etc. Among the given methods only the neutron activation analyvsis does not
require preliminary chemical enrichment of gold.

At determination of gold by atomic absorption method which belongs to the
most used ones at present, extraction of its chloride auri complex in methyl
isobutyl ketone (Sighinolfi—Santos. 1976: Stresko, 1979. and
others) or dibutyl sulphide in toluene (Rubeska et al. 1977: Cambel et
al., 1980: Branch—Hutchison, 1986, and others) is most often used in
enrichment processes. Survey determination of gold in raw materials by atomic
absorption using exiraction agents is dealt with also by Weiss et al. (1975).
Determination of gold in geological materials using AAS with flame and electro-
thermal atomization after its extraction with n-dibutyl sulphide in toluene is
described by Weiss et al. (1983). Au contents can be generally determined
by means of above-mentioned methods from 2.1077",. Determination of low
Au contents (ppb) by atomic absorption spectrometry with flame and electro-
thermal atomization after extraction of bromide auri complex in amyl acetate
is described by Haddon—Panthony (1980) and using coprecipitation
with Hg by Kontas (1981).

Extraction enrichment, e.g. in form of gold carbonates in chloroform is also
used for its spectrochemical analysis. Organic phase containing enriched gold
is evaporated at presence of collector (e.g. graphite powder) as presented by
Byrko et al (1976). Vorobyova et al. (1974) determine gold in a similar
way using diphenylthiourea in acetone for extmaction. Tarasova et al. (1974)
and Khitrov et al. (1980) usad ion exchangers for preconcentration of gold
from decomposed sulphide and sillicate samples. After ignition and mixing
with graphite powder the samples were sprinkled into arc discharge. Using this
procedure, the authors obtained precision of determination of -+ 15" and limit
of determination of 0.01 ppm. Savinova et al. (1983) used polymer of
thioether as a sorbent for spectrochemical determination of gold and platinum
metals.

In the present work a procedure of determination of low gold contents in
geological materials after its preliminary enrichment on ion exchangers was
worked out. This excludes work of organic extraction agents, as they may have
in some cases negative influence on working environment.

Experimental

The samples from various types of silicate rocks with gold contents deter-
mined by other independent analytical procedures or certified were analyzed
in order to work out methodic procedure using atomic absorption spectrometry
(AAS) and optical emission spectroscopy (OES).
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Preparation of samples:

Owing to the possibilities of simultaneous determination of platinum metals,
various, generally used decompositions by acids (HF + HCIO,, HBr + Br, aqua
regia) as well as by addition of reduction agents (metallic Sn, solution of SnCl,)
were tested. Availibility of individual types of strongly basic anion exchangers
was studied. ANKB-15 (U.S.S.R.) and Amberlite IRA-400 (U.S.A.) were applied.
The latter seemed to be the most suitable regarding its higher exchange capacity
(2.5 mmol g).

On the basis of the obtained results (Medved et al., 1985), the following
preconcentration procedure was found as the most suitable for determination of
gold:

5—10 g of sample are mixed with 2—4 g of NH,NO, in a porcelain crucible
and it is gradually heated until evolution of gases and oxidation of sample are
finished. The crucible is then heated at 600—650 °C for 30 min. in a furnace.
After cooling, the sample is transferred to a beaker (it is broken up with
glass rod if necessary) and 0.5—1 g of NaCl are added 1o stabilize chloride auri
complex in the solution. 30 ml of HCl and after 10—15 min. 10 ml of HNO,
are gradually added to the mixture. After finishing of nitrogen oxides evolution,
the solution is carefully boiled for 20 min. and evaporated on water bath to
wet salts (not to dryness). Cal. 100 ml of 3 mol/1 HCI] (according to volume of
centrifuge vessel) are added to wet salts and after their dissolution by boiling,
non-decomposed residue is centrifuged at 4000—4500 rot. min. for ca. 10 min.
Pure solution is poured out and the residue in the vessel is centrifuged again
after its mixing with 3 moll HCL 0.15 g of Amberlite IRA-400 are added
to the joint solutions (ca. 150 ml). After 2—3 hour treatment on water bath at
max. temperature of 75 °C, gold is separated from the solution,

In the case of determination of gold by AAS method (or OES-ICP) the fol-
lowing procedures may be applied:

A. Decanted anion exchanger is oxidationally burnt at max. temperature of
500 °C, the residue is dissolved in 8 ml of aqua regia and completed with water
to 25 ml.

B. Decanted anion exchanger is eluted twice with 10 ml of 5" thiourea in
0.01 mol 1 HCI.

In order to verify the above procedures using ion exchangers, gold was de-
termined after preconcentration by another method. After decomposition, the
sample was completed to 100 ml and gold was extracted by 10 ml of isoamyl
alcohol (Bazhov et al, 1976). Iron was reextracted in 0.1 mol 1 HCl and gold
was determined in organic solvent.

At spectrochemical determination of gold, besides ion exchanger, 0.05 g of
spectrally pure graphite powder are added ot the joint centrifuged solutions be-
fore filtration (SU 602 Elektrokarbon Topolé¢any). After filtration, the residue is
thoroughly washed with 1" HCI, filter is burnt and ignited for 1 hour at 500 °C.

Conditions of analysis:
Atomic absorption spectrometry

Atomic absorption spectrophotometer AA 875 Varian was used for determi-
nation of gold by AAS method. Hollow cathode lamp worked with the current
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of 4 mA. Measurements were carrvied out at wavelenght of 242.8 nm using
deuterium background corrector. Halfwidth of spectral interval was 0.5 nm.
Gas flows: air — 153 1 min.; acetylene — 1.5 I'min, (at atomization with isoamyl
alcohol) and 2.5 1 min. (at atemization from water solution).

Basic solution of gold containing 1 mg of Au'ml was prepared by dissolving
of 0.1 g of metal in 10 ml of warm aqua regia. The obtained solution was eva-
porated on water bath almost until dry and the residue was dissolved in 2 mol 1
HCl and completed with the same acid to 100 ml. The soluticns were further
prepared by dilution or by another treatment according to corresponding
working procedure.

Optical emission spectroscopy

In order to establish the conditions of spectrochemical determination of gold
using D.C. are, optimum exposure time of 120 s was determined by method
of normalized evaporation relation curves (P15 k o, 1964).

On the basis of spectrochemical similarity with gold, cobalt and germanium
were tested as reference elements and gallium trioxide, lithium carbonate.
lithium fluoride, sodium chloride and potassium carbonate as spectrochemical
additives.

The course of normalized evaporation relation curves (Fig. 1) shows that
gallium trioxide proved to be the most suitable spectrochemical additive. Better
simultaneous evaporation was reached when cobalt was used as a reference
element.

On the basis of the achieved results.
0.01 g of Ga,0,; with additive of 0.1"
of Co,0; is added to the residue after
ignition of ion exchanger with gra-
phite powder and the mixture is ho-
mogenized and used for spectrochemi-
cal analvsis.

Spectra of samples and of cali-
bration standards prepared in the sa-
me way using solutions of gold with
the known concentrations were analy-
zed spectrographically under the con-
ditions given in Tab. 1.

Measured blackening values of gold
. ) spectral lines of 267.59 nm and of the
50 00(% ) corresponding background. as well as
of cobalt spectral line of 252.13 nm are
transformed to Y wvalues (log I) by

means of emulsion calibration curve

Fig. 1. _an'm:ﬂ[xe(l evaporation l'eIaii_m for the area of 250 nm. Analvtical

curves for spectral lines: 1 — Au 267.591 3 2 i A " s

nm Co 252.136 nm: 2 — Au 267.591 nm e calibration curve is plotted in coordi-
265.117 nm. nates AY versus log C (Fig. 2).

El Co,Ge
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Table 1

Conditions of spectrochemical determination of gold

Spectrograph

Spectral range
Intermediate diaphragm
Slit width

Kind of illumination
Electrode material
Sample bearing electrode
Counter electrode
Electrode gap

Kind of emulsion
Developer

Kind of excitation

Voltage

Current

Exposure time
Photometer
Spectrochemical additive
Line of analyzed element
Line of reference element

PGS-2

210—390 nm (¢ =05.65), m=1

3.2 mm
0.020 mm

three-lens with intermediate stop
graphite, Elektrokarbon Topoléany

SU-308

SG-359

3 mm

ORWO WU 3

ORWO R 09 (dil. 1 :20)

D.C. arc, anodic polarization

of sample bearing electrode
220 Vv

6 A

120 s

MD — 100

Ga,0,

267.59 nm Au

252.13 nm Co

Table 2

579

Resulls of determination of gold in geological materials by AAS method after its pre-
concentration by extraction in isoamyl alcohol and by ion exchanger (A method)

Sample No.

ppm
1 305
2 2.0
3 85
4 6.9
5 1.9
6 6.8
7 2.3
8 5.2
9 4.4
10 4.4
11 0.8
12 2.7

ppm

[5-]

Lo U e U W U138 = D
[ER=NERFR_R- R RN R g

Extraction A method

Extraction
Sample No. ppm
13 0.9
14 5.5
15 0.3
16 3.4
17 6.6
18 3.3
19 1.6
20 6.8
21 1.8
22 I 6.0
23 2.3
24 1.8

Results and discussion

A method
ppm

Lot iy ool e e o o
Nk Mo ion -

Comparison of the results of gold determination by AAS method after its
extraction enrichment with the results obtained by enrichment in accordance
with A method is listed in Tab. 2 and in accordance with B method in Tab. 3.
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Table 3

Results of determination of gold in geological materials by AAS method after its
preconcentration by extraction in isoamyl alcohol and by ion exchanger (B method)

| Extraction B method - Extraction B method
Sample No. ppm ppm Sample No. ppm ppm
25 2,19 2.30 30 0,34 0.20
2 3.06 2.95 31 1.70 1.7a
27 4.27 4.35 32 1.00 1.08
28 2.14 2.35 33 1.02 1.13
29 | 1.89 1.75 34 0.20 0.12
Table 4

Statistical evaluation of dependence of results obatined after extraction on results
with the use of ion exchangers

A method B method
Correlation coefficient 0.993 0.992
Orthogonal regression
coefficient 0.942 1.004
Table 5

Gold contents determined in standard sample JAM E-19

Xi_a ‘2,03_: 2,19_: 2.03; 1.75; 2.06: 1.75
Cxe 2004025 :
x e
[ & o leee, - -
[ s___ - _6.11 o - - a -
Explanations: x, -, — repeated determinations (ppm); Xy — recommended value (ppm):

% — arithmetical mean (ppm);: s — standard deviation (ppm): sy — relative standard
deviation (",).

Correlation coefficients (1) and orthogonal regression coefficients (W,,,) of the
results of analysis after enrichment on ion exchangers in dependence on the
results obtained after extraction enrichment (Tab. 4) were calculated by means
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of procedure described by Holdt (1964). Covariance necessary for calculation
of the given values is determined according to Plsko—Florian (1980).

As it results from the data given in Tab. 4, correlation and orthogonal re-
gression coefficients do not significantly differ from one in the both cases.
This fact proves a good agreement of the results obtained by described precon-
centration procedures using AAS in the given concentration interval.

The reliability of the whole analytical procedure was also examined by repe-
aled analysis of the standard sample JAM E-19 prepared by the Czech Geologi-
cal Bureau and tested by round-robin analysis in 8 laboratories. Recommended
value of gold content in this sample is 2.00 + 0.25 ppm (Spaé¢kova et al.
1985).

AY

107
Au 267,59 nm

Co 252,13 nm

NS 1 T o logC 2
0.005 0.05 05 5 0 C g

Fig. 2. Analytical calibration curve for determination of gold, spectral lines
Au 267.59 nm Co 252,13 nm.

Results of repeated analyses using B method of enrichment with subsequent
determination of gold by AAS are given in Tab. 5.

Agreement of average value with recommended value was examined by t-test.
Cn the basis of experimental data t = 0.367 was obtained. Table value [or de-
gree of freedom f =6+ 7—2=11 equals on probability level of 95"} to
L = 2.201 (O wen, 1966). On the basis of comparison of the cbtained wvalues
it was proved that the used procedure provides accurate results not loaded by
systemaltic error.

By means of described OES method. gold can be determined in the samples
oi geological materials in the range from 0.005 ug to 50 yg what corresponds
to concentrations from 0.001 to 10 ppm when inweight of the sample is 5g. In
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Table 6

Comparison of results of gold contents in geological materials determined by different
analvtical methods in various laboratories

i o

Laboratory and method of determination (contents are in ppm)

CS. Uranium Certified
Sample Present work Geog ,S"u vey Survey reference
rno Straz. p. Ralskem materials
Khitrov—
OES AAS Neutron Kortman
activation v
(1974)
1 0.16 0.11
2 0.46 0.40
3 1.30 1.04
4 1.80 1.62
46 0.011 0.011
68 0.460 0.427
MIV-1 0.32 0.40
PIM-1 0.13 0.09
Ryzik 0.05 0.03

DIM-1 0.09 0.07

the case of determination of higher gold concentrations it is possible to use
(after enrichment) the corresponding aliquot part.

From comparison of attainable limit of determination with average gold con-
tents in geological materials, as mentioned in the intreduction, good applica-
bility ol the proposed procedure to analysis of these contents can be stated.

Samples with known gold content as well as certiifed reference materials were
used for examination of reliability of analytical results (Khitrov—Kort-
man, 1974). Gold contents were determined gravimetrically in the given sam-
ples after fire-assay enrichment, by AAS method after preconcentration by
means of isobutyl ketone or dibutyl sulphide and by neutron activation.

Owing to very low gold contents in the analyzed rocks lyving at the level of
tenth to hundreth of ppm. a good agreement of our results with the values gi-
ven in Tab. 6 was obtained by the above procedure. In the given concentration
area it corresponds to hitherto achieved experience with determination of gold
carried out after preliminary extraction enrichment by AAS method.

Accuracy of spectrochemical dztermination established from repsated mea-
surements is characterized by relative standard deviation of 7" .

On the basis of obtained results and operational safety of work it can be
stated that spectrochemical determination of gold after its preconcentration
on ion exchangers, i.e. without use of organic solvents, represents well appli-
cable method of determination of this economically speciallv significant ele-
ment characterized by sulficient detection limit as well as by reliability of
achieved results, whereby requirements concerning economic parameters are
fulfilled too.

Translated by O. Misaniova
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