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Abstract. The aim is to develop a procedure for gold analysis of carbonaceous ore cyanidation tailings bearing
gold in an adsorbed form. The proposed procedure includes high-temperature washing of the solid phase of tailings
using a filter followed by transferring the adsorbed gold to the washing solution. The filtrate is analyzed separately,
the solid phase undergoes standard fire assay, and the total gold grade is calculated by summing the gold in the
solution and that in the solid phase. Using the proposed procedure, the proportion of adsorbed gold not detected
by standard fire assay decreased by 4.1 times, from 38.2% to 9.3%. The studies were conducted using additions of
gold solutions with a gold balance estimation. This additionally allowed gold adsorption isotherms to be studied by
natural carbonaceous matter under cyanidation conditions. It was shown that at a gold concentration of 0.01-0.05
mg/dm3 typical of industrial cyanidation tailings, the adsorbed gold value was significant at the level of 0.1-1.1 g/t.
These gold losses are directly determined by the preg-robbing activity of the raw material. The K constant of Freun-
dlich isotherms plotted as the Au loading of organic carbon, g/t vs Au concentration, mg/dm3 was 303-3037 g/t,
which is only an order of magnitude lower than that for commercial activated carbons. However, the greater mass
of natural carbonaceous matter and its extended surface result in substantial gold losses with cyanidation tailings.
The developed analytical procedure can be used to refine the actual gold losses with cyanidation tailings of carbo-
naceous raw materials.
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METAAAYPTUA

HayuHas ctatbA
YAK 669.213.63:543.57

MeToAMKa NOArOTOBKU YIAUCTOCOAEPIKALLUX XBOCTOB
LMaHUPOBaAHUA K NPoO6UpPHOMY aHaAU3Y 30A0Ta

A.B. BbiBanbues?, IU. BoinowHukos?~, 0.A. XMenbHULKaA®
L3 pKYTCKMI HayUYHO-MCCAEAOBATEALCKUI MHCTUTYT BAGropOAHbIX M PEAKMX METAAOB M aAMa3oB, MpkyTck, Poccusi

Pe3rome. Lienb - pa3paboTka METOAMKM aHaAM3a 30A0Ta B XBOCTax LMAHMPOBAHUA YTAMCTOCOAEPXALUMX PYA,
COAEpXaLLMX 30A0TO B copbupoBaHHOM dopme. B npeanaraemoit MeToanke nepeBop cOpOUPOBAHHOMO 30A0Ta B
pacTBOpP OCYLLECTBASIACA MYTEM BbICOKOTEMMEPATYPHOM OTMbIBKM TBEPAOM $a3dbl XBOCTOB Ha GUAbTPe. Mpu 3TOM
dUABTPAT aHaAM3UPYETCA OTAEAbHO, TBepAas dal3a NoABEpraeTcs CTaHAAPTHOMY NPoBUPHOMY aHaAM3y, a pacuyet
COAEPXaHUSA 30A0Ta B UCXOAHOM 06pasLie BEAETCA Mo CyMMe 30A0Ta B pacTBOpe M TBepAol dase. Mo UcnbiTaHHOM
METOAUKE, AOASI COPOUPOBAHHOIO 30A0Ta, HEONPEAEAAEMOTO NPOOUPHBLIM aHAAM30M, B CPEAHEM CHU3UAACK C 38,2
70 9,3% - B 4,1 pasa. MccaepoBaHUA NpoBeAEeHbl METOAOM A0ODABOK M3BECTHOIO KOAMUYECTBA 30A0Ta, UTO, KpOMe
OCHOBHOM LIEAW, MO3BOAMAO M3YUUTb M30TEPMbI COPOLMM 30A0Ta NMPUPOAHBIM YTAMCTbIM BELLECTBOM B YCAOBUSX
uMaHMpoBaHusa. NokasaHo, UTO NPU KOHLIEHTPaLMK 30A0Ta B XUAKOW dase nyabnbl Ha ypoBHe 0,01-0,05 mr/ame,
XapaKTePHOMN AASt XBOCTOB LIMAHMPOBAHUSA NMPOMbILUAEHHbIX NPEANPUATUIR, AOASI COPOMPOBAHHOIO 30A0Ta COCTABUAA
0,1-1,1 r/1. AaHHble noTepu Au HanpAMY OMNPEAEASIOTCA COPOLMOHHON aKTUBHOCTbIO Cbipbsi. KoadduumeHT K
nzorepm OperHAANXa, NOCTPOEHHBIX B BUAE 3aBMCUMOCTU COAEPXaHUA AU B YTAUCTOM BeLLECTBE (B I/T) OT KOH-
LeHTpaunn Au B Xuakon dase (B mr/ame), coctaBua 303-3037, UTO AULLb Ha NMOPAAOK HUXKE, YUEM AAA TOBAPHbIX
06pasLoB akTUBHbIX yrAen. OAHAKO MPEBOCXOASILLLEE KOAMUYECTBO NMPUPOAHOIO YTAMCTOrO BELLLECTBA M €ro pa3BuTas
NMOBEPXHOCTb MPEAONPEAEASIIOT BbICOKME MOTEPU 30A0Ta C XBOCTAMW LMaHMpoBaHWA. PaspaboTtaHHass MeToAMKa
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aHaAM3a MOXET 6bITb MCMOAb30BaHA AAS YTOYHEHUA PEAAbHbIX NOTEPb 30A0Ta C XBOCTaMW UMaHNPOBaAaHUA YTAUCTO-

COAEpPXaLLEero CblpbA.
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INTRODUCTION

Studies show that preg-robbing ores and
ore processing products cannot be easily pro-
cessed by cyanidation and require additional
treatment to increase gold recovery* [1-13].
The chemical analysis of preg-robbing ores
and ore processing products can be challeng-
ing since the results of gold fire assay are often
lower than actual [14-17]. The authors explain
the difference by the volatility of carbonaceous
gold species at a temperature above 300°C.
An improved procedure was developed to de-
termine gold in the samples of preg-robbing
ores and ore processing products by fire assay
[18]. The procedure includes the pretreatment
of samples by roasting with the addition of cal-
cium and barium oxides and peroxides which
minimize the formation of gaseous carbon and
sulphur oxides and the losses of gold species
with gases during fire assay.

Irgiredmet has been studying preg-robbing
ores and ore processing products for many
years. The institute discovered that the results
of the gold fire assay are lower than actual
when the tailings of preg-robbing ore cyanida-
tion are analyzed [19]. Fire assay often cannot
determine up to 50% of gold adsorbed by the
solid phase during cyanidation. The authors
explain the difference between fire assay re-
sults and actual gold content by the presence
of gold in the solid phase in the adsorbed
form, i.e. nonmetallic, atomized state. A frac-
tion of atomized gold does not form any large
enough metallic particles during the analysis.
Also, it does not get wet by lead and remains
encapsulated by borosilicate slags in the form
of a real solution or nanoscale inclusion caus-
ing the erroneous results of fire assay. Similar-
ly, this assumption is confirmed by lower fire
assay results when the evaporated samples of
cyanidation tailings are analyzed that consist
of non-preg-robbing ores without organic car-
bon and carbonaceous gold species but con-

tain some gold in a nonmetallic form before
fire assay.

The studies were carried out to improve the
accuracy of fire assay when it comes to the cy-
anidation tailings of preg-robbing ores and ore
processing products. The method involves the
recovery of hard-to-determine detect adsorbed
gold from the solid phase into solution. The
solution is analyzed for gold separately. Then,
the solid phase is analyzed by standard fire as-
say. The gold content in the feed sample is cal-
culated by summing gold in the solution and
the solid phase. The high-temperature wash-
ing of the solid phase was tested to recover ad-
sorbed gold from the samples before fire assay.
The solid phase is washed using a filter. The
slurry is heated to 90°C and retained for a cer-
tain time followed by the filtration and washing
of cake with heated water or a specific solution
using a filter. Increasing water temperature re-
duces the preg-robbing of the solid phase. The
equilibrium distribution of gold also decreases
and shifts towards the solution while absorbed
gold transfers to the liquid phase of the slur-
ry. In addition to temperature, the method in-
volves the washing of cake with heated water
which contains no gold. As a result, the equi-
librium further shifts towards the solution and
the extra-elution of adsorbed gold takes place.
The method has been already patented by the
authors for commercial application [20] but it
can be also practical for analytical purposes.

OBJECTIVE OF STUDY

The objective of the study was to investi-
gate gold adsorption from cyanide solutions by
natural carbonaceous matter and develop a
procedure for the analysis of gold in carbona-
ceous cyanidation tailings.

MATERIALS AND METHODS
The materials of the study were the cyani-
dation tailings of preg-robbing ores and ore
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processing products from four mines in Rus-
sia. The chemical composition and size dis-
tribution of the products are summarized in
Table 1. The experimental procedure included
the “contamination” of samples with a speci-
fied quantity of gold. Then, a fraction of each
sample was divided into two parts. One part
was analyzed by direct fire assay with atomic
absorption spectrometry (AAS) finish while an-
other part was subjected to high-temperature
washing followed by the analysis of a resulting
solution and the fire assay of a washed sample
with AAS finish.

Preparations. All cyanidation tailings had
been produced during “standard” static labo-
ratory experiments under the following condi-
tions: each subsample mass of 1.00 kg; tem-
perature of 22-24°C; pH (slurry) = 10.8-11.2
(adjusted by the addition of CaO); NaCN con-
centration of 1-2 g/dm3; liquid-to-solid ratio
(L/S) = 2:1; cyanidation time of 48 h; fresh
activated carbon addition of 10 vol. %.

After “standard” cyanidation at room tem-
perature, activated carbon had been replaced
by fresh adsorbent followed by high-tempera-
ture treatment under the same conditions
except temperature (85-90°C) and time
(3 hours). Then, activated carbon was again
replaced by fresh one followed by the second
stage of high-temperature treatment. The pur-

pose of these manipulations was to maintain
the integrity of the experiments, i.e. to maxi-
mize the recovery of adsorbed gold from cyani-
dation tailings. The tailings of high-tempera-
ture treatment contained 0.33-2.76 g/t of
gold. It was presumed that this gold was fine-
ly disseminated in minerals and could not be
leached with cyanide.

After the separation of activated carbon,
the slurry was cooled and sampled (~10% of
the slurry volume) for the analysis of gold con-
tent in solid and liquid phases (3 replicates),
see Table 1. The gold concentration in the
liquid phase was below the detection limit
(<0.005 mg/dm?3) and assumed as 0 mg/dm?3
in calculations.

Main experiments. The cake of each cy-
anidation tailings slurry sample was divided
into 5 equal parts (0.18 kg of solids each) and
mixed with the various quantities of synthetic
Na[Au(CN),] solution containing 86.2 mg/dm?3
of gold. Then, the samples were agitated at
room temperature for 48 hours to adsorb gold
by the solid phase. After agitation, 1/2 (0.09 kg
of solids) of each slurry sample was collected
and filtered using a Buchner filter funnel. The
filtrate was subjected to AAS for gold analysis.
The wet cake was weighted, dried to a constant
mass at 105°C, and analyzed for initial mois-
ture content calculated by weight loss. The dry

Table 1. Characteristics of the studied carbonaceous preg-robbing cyanidation tailings
Tabaunua 1. XapakTepucTMKu UCCAEAOBAHHbBIX YTAUCTBIX COPOLIMOHHO-aKTUBHbIX XBOCTOB LIM@HWMPOBaHMSA

Product characteristics Value
Qre . Ore cyanidation | Tailings of gravity Tailings of flotation
cyanidation ) . s concentrate
Product s tailings - tailings cyanidation S
tailings - Mine 2 ~ Mine 3 cyanidation -
Mine 1 Mine 4
Name Product 1 Product 2 Product 3 Product 4
SiO2, % 67.8 76.4 61.9 41,5
Al,O3, % 14.2 12.4 18.4 11,2
Component Feiwr, % 3.40 4.18 1.16 15,4
P Ser, % 0.40 0.55 0.27 11,9
Corg, % 0.34 0.60 0.52 2,8
Au*, g/t 0.33 0.56 0.45 2,76
Mass fraction of -0,071 mm size, % 89 94 95 98
Mass fraction of -0,16 mm size, % 100 100 100 100
Slurry L/S 2:1 2:1 2:1 2:1
Slurry pH 10,9 11.0 11.2 11.0
NaCN3concentrat|on in liquid phase, 12 18 15 11
g/dm
Au concentration in liquid phase,
3 <0.005 <0.005 <0.005 <0.005
mg/dm

Note: Au content after two stages of cyanidation tailings treatment by high-temperature adsorption process.
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cake was subjected to gold fire assay with AAS
finish (3 replicates); the results were averaged.

The second part of each “gold-contaminat-
ed” sample (0.09 kg of solids) was washed at
high temperature to recover adsorbed gold into
solution and calculate the quantity of recovered
Au. For this purpose, the slurry was heated to
90°C and retained at this temperature for 10
min. Then, the slurry was collected and filtered
using a heated Buchner filter funnel and washed
with 0.20 L of water heated to 90°C combin-
ing barren and washing filtrates. After measur-
ing the volume of each combined filtrate, it was
subjected to AAS for gold analysis. The washed
cake was dried to a constant mass at 105°C
and subjected to gold fire assay with AAS finish
(3 replicates); the results were averaged. The gold
content in the solid phase before washing was
calculated summing precious metal contained in
filtrate and washed cake and normalized to the
initial sample mass. Table 2 summarizes the re-
sults of gold washing from the solid phase.
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The time of bullion smelting was 45 min at
1080°C. Flux composition was as follows (per
25 g of a sample): 40 g of lead oxide, 120 g
of soda, 30 g of borax, 3 g of metallic iron,
and 3 g of flour. The time of cupellation was
45 minutes at 905°C. The resulting gold
beads were dissolved in aqua regia followed
by AAS of solutions.

RESULTS AND DISCUSSION

Table 2 presents the results of sample
“contamination” with gold. Adding a specified
amount of Na[Au(CN),] was used to determine
the correct isotherm of gold adsorption by the
solid phase and organic carbon directly under
cyanidation conditions, i.e. without the pre-
liminary removal of carbonaceous matter and
at a characteristic composition of salt in the
slurry liquid phase. The isotherms are shown
in Fig. 1 and Fig. 2.

Fig. 1 a indicates that the fraction of ad-
sorbed gold was 0.1-0.4 g/t, 0.2-0.8 g/t,
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Fig. 1. Isotherms of gold adsorption by the solid phase of cyanidation tailings (a) and natural organic carbon in cyanidation

tailings (b)
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Table 2. Results of experiments on carbonaceous cyanidation tailings “contamination” with sodium dicyanoaurate
Tabauua 2. Pe3yAbTaThl ONbITOB MO «3apaXeHnto» YIAMCTOCOAEPXKALLMX XBOCTOB LIMAHWPOBAHUSA AMLMaHOaypaToM

HaTpus
Experimental Design
Produced by fll'_tratlon after Added Au
an experiment .
- . Adsorbed Au undetermined
_ Added Auin Au in cake by fire assay
Experiment | Au for Au Filter cake (Igy Au Iqss
No. solid |concentration ! ke by fire in liquid
phase, in liquid mg?sttejre assay phaseand | gper1t| gper1lt
g/t phase, o | with | residual cake | of solid | of organic| g/t %
mg/dm3 content,% AAS, | moisture), g/t | phase | carbon
g/t
Product 1
1
(blank) 0 0 16.2 0.33 0.33 0 0 0 0
2 0.33 0.015 175 0.54 0.63 0.30 88 0.09 31.1
3 0.67 0.029 15.5 0.71 0.95 0.61 180 0.24 | 39.1
4 1.00 0.054 18.9 0.93 1.23 0.89 262 0.30 | 33.3
5 1.30 0.073 17.0 1.14 1.50 1.16 340 0.36 | 30.8
Product 2
6
(blank) 0 0 14.3 0.56 0.56 0 0 0 0
7 0.33 0.008 14.7 0.70 0.88 0.31 52 0.18 | 56.6
8 0.67 0.023 18.4 0.90 1.19 0.62 104 0.29 | 455
9 1.00 0.035 15.0 1.08 1.50 0.93 155 0.42 | 445
10 1.30 0.058 15.5 1.37 1.76 1.19 198 0.39 | 32.3
Product 3
11
(blank) 0 0 14.3 0.46 0.45 0 0 0 0
12 0.33 0.037 15.5 0.62 0.71 0.26 49 0.09 | 35.3
13 0.67 0.13 17.2 0.73 0.89 0.41 79 0.15 35.2
14 1.00 0.18 16.9 0.94 1.13 0.64 123 0.18 | 26.8
15 1.30 0.26 16.8 1.04 1.28 0.78 150 0.24 | 29.3
Product 4
16
(blank) 0 0 19.1 2.75 2.78 0 0 0 0
17 0.99 0.073 20.8 3.19 3.62 0.84 30 0.43 | 50.2
18 2.01 0.11 17.6 3.74 4.57 1.79 64 0.83 | 45.9
19 3.02 0.23 17.9 4.17 5.37 2.56 91 1.20 | 45.9
20 3.88 0.31 18.3 5.13 6.09 3.26 116 0.96 | 28.8

and 0.3-1.1 g/t at an Au concentration in the
liquid phase of 0.01 mg/dm? (typical for cyani-
dation tailings from existing mines), 0.03 mg/
dm3, and 0.05 mg/dm?3, respectively. It should
be noted that this fraction is quite significant
and represents direct gold losses with cyani-
dation tailings caused by preg-robbing. In oth-
er words, this gold would have been recovered
without preg-robbing.

As Fig. 1 b illustrates, the K factor of Fre-
undlich isotherms (Au concentration (mg/
dm?3) of the liquid phase vs. Au content (g/t)
in carbonaceous matter) for organic carbon

https://ipolytech.elpub.ru

was 303-3037. K value for activated car-
bon typically varies from 3,000 to 30,000.
It means that preg-robbing is only one order
of magnitude lower for natural organic car-
bon than activated carbon. However, a larg-
er quantity of natural carbonaceous mat-
ter in the feed (proportional to the process
streams of activated carbon and natural
carbonaceous matter in a cyanidation plant)
resulted in significant adsorbed gold losses
with cyanidation tailings.

From 30.8% to 56.5% of adsorbed gold
(38.2% on average) was not determined in
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“contaminated” samples by direct fire assay
with AAS finish.

Table 3 summarizes the results of the
experiments on the high-temperature wash-
ing of adsorbed gold from cyanidation tail-
ings to improve the accuracy of fire assay.
The combined filtrates from washing con-
tained 0.073-0.82 mg/dm?3 of gold. It is

ISSN 2782-6341 (online)

higher than the gold concentration in the
initial liquid phase (0.015-0.31 mg/dm?3),
even at the ~1.8-times dilution of solutions
using washing water, and confirms the re-
covery of gold from carbonaceous matter.
The washed solid phase contained less gold
(0.34-3.04 g/t) than the solid phase with-
out washing (0.54-5.13 g/t, see Table 2)

Table 3. Results of experiments on high-temperature washing of adsorbed gold from carbonaceous cyanidation

tailings

Ta6auua 3. Pe3ynbTaThl OMbITOB N0 BbICOKOTEMMNEPATYPHOI OTMbIBKE COPBMPOBAHHOIO 30A0Ta U3

YIAUCTOCOAEPXALLMX XBOCTOB LMaHNPOBAHUA

Experimental Design
Added before each Produced after each experiment by
experiment slurry filtration Au content
in initial Added Au
Experiment Initial Au Au content solid undetermined
Initial Au . Final Au . phase by | by washingand
No. content concentration Combmed concentration | " washgd balance |washed cake and
I Solid 11 liquid phase, | M18% lin jiquid phase, | @K€ Y i€ | (washed | solution analysis
phase, 3 volume, L 3 assay with
mg/dm mg/dm cake +
gt AAS, &/t |filtrate), g/t
gt | %
Product 1
21
0.33 0 0.364 0 0.34 0.34 0 0
(blank)
22 0.63 0.015 0.359 0.073 0.34 0.60 0.03 10.6
23 0.95 0.029 0.360 0.15 0.37 0.91 0.04 5.7
24 1.23 0.054 0.352 0.21 0.41 1.12 0.11 12.3
25 1.50 0.073 0.371 0.25 0.45 1.33 0.17 14.2
Product 2
26
0.56 0 0.367 0 0.54 0.54 0 0
(blank)
27 0.88 0.008 0.353 0.071 0.58 0.84 0.03 10.5
28 1.19 0.023 0.355 0.15 0.59 1.14 0.05 8.5
29 1.50 0.035 0.371 0.20 0.62 1.37 0.12 13.0
30 1.76 0.058 0.351 0.28 0.68 1.66 0.10 8.4
Product 3
31
0.45 0 0.363 0 0.45 0.45 0 0
(blank)
32 0.71 0.037 0.363 0.079 0.45 0.69 0.02 7.0
33 0.89 0.13 0.374 0.16 0.47 0.87 0.01 2.7
34 1.13 0.18 0.370 0.22 0.51 1.05 0.07 10.7
35 1.28 0.26 0.354 0.31 0.50 1.20 0.08 10.2
Product 4
36
2.76 0 0.363 0 2.80 2.80 0 0
(blank)
37 3.62 0.073 0.362 0.20 2.85 3.51 0.12 13.3
38 4.57 0.11 0.350 0.44 2.90 4.39 0.18 10.0
39 5.37 0.23 0.345 0.72 2.97 5.27 0.10 3.7
40 6.09 0.31 0.373 0.82 3.04 5.82 0.27 8.1
128 https://ipolytech.elpub.ru
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Fig. 2. Fraction of adsorbed gold undetermined by direct fire assay according to the standard procedure vs fraction of adsorbed

gold analyzed using high-temperature washing

Puc. 2. 3aB1CUMOCTb AOAM COPOMPOBAHHOIO 30A0Ta, HEOMPEABASEMOro MPOBMPHbLIM aHaAM30M, M0 CTaHAAPTHON METOAMKE U
10 METOAMKE C MPEeABapUTEAbHOMN BbICOKOTEMMEPATYPHON OTMbIBKOH 30A0Ta

as specified by the analysis data. However,
the head gold content was higher in the ini-
tial solid phase without washing (0.60-5.82
g/t) by balance calculations than by direct
analysis and closer to actual values deter-
mined by the amount of gold added in the
experiments.

From 2.7% to 14.2% of gold (9.3% on
average) was not determined in the “con-
taminated” samples by high-temperature
washing followed by the analysis of solu-
tions and washed cake as well as by balance
calculations. It means that the proposed
procedure reduced the fraction of such
gold from 38.2% to 9.3% on average, or by
4.1 times.

Fig. 2 shows the fraction of adsorbed gold
undetermined by direct fire assay with AAS fin-
ish and by the proposed procedure as a func-
tion of the amount of adsorbed gold in the sol-
id phase.

CONCLUSIONS

Gold losses due to preg-robbing were esti-
mated using the isotherms of gold adsorption
by carbonaceous matter. The value of loss-
es varied from 0.1 g/t to 1.1 g/t for the slur-
ry liquid phase with a gold concentration of
0.01 mg/dm?3 to 0.05 mg/dm? which is typical
for cyanidation tailings from existing mines.
The data and the procedure can be used in
the scientific and engineering studies of new
gold-bearing materials.

The paper describes a new procedure for
the analysis of gold in the liquid phase of car-
bonaceous cyanidation tailings. The advantag-
es of the procedure include less measurement
error compared to standard fire assay; the er-
ror was reduced from 38.2% to 9.2% during
the experiments. The procedure can be used
in existing mines for a more accurate estima-
tion of actual gold losses with carbonaceous
cyanidation tailings.
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