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Table 1- Chemical composition of coal sample

F sk oliee Fsge S ol %C % O % N %S % H
Moisture content % Ash Content %
1.21 47 80.85 5.46 1.12 0.88 10.85
55
50 cumulative OVersize (ai,— s, saitesdl o39)
45 B ash (,.515)
40
35
2 30 31.6
=S 25 304 .
20
15 19.2
10
g
> e 0
0
0-1 1-2 2-475 4.75-12.5 »125
(}ﬁlﬁ)&bc :J'|.L:|

particle size (mm

RSV [ PR T IWE 1 LSRN SO }.:JUT 9 (&N yw HUT Fe] <10 i LW
Fig. 3- Results of particle size distribution and ash content analysi

SrSosll asilow (295 (20 9 Au; silew 4l
sl daole;] sl 51 e (F JS2) ol
5T S e gy 5 oSt T gl o S Ll
Z9> Play) Jol> Jole .l plodl 2SS v
Slo 35 51 oolaal b sl ja 51 (wlgiul jo 5
Fd (59, 0aile BL v Jled g Blo VO o,les (yoily
A (59 dilow Gailed (Bb 5l pliebsl jslais 4 5
lasloe ;o ailow Chle s 5 95t o Slo

A g pSeilail Lol

Jled o JLE3 1Y S
Fig. 2- Image of active coal

P loT ol
a0 VY sles j0 Cd> slaislesl 5 o sy
el i S5 J318 55 5 ol bngons o5 5l
bz glcd gy i sl o
5 aslyp i JEd g ondigandls sl KiwlEd
Bged ] a5 CuiF cpay b plxil cadgasails
VO sl b ozyae algal b e S Jled
S 3 g5y an Al o B Ay, (e e

Clan (g yte e Vov glas,)l B) algiul ;o 54290

IWAY Ldls oY olas supd il )98 o larmms pole aslilad

\YY



e Olysyy @b (5 51,8 als IS aAlbl ws Ol 51 aslew Bl ald pw ) Hleas

DS S

S50 e Ve £l
High=100 mm

o e VO

~1

~

v

[T

Soadled
Coal

s B sloiale3T I Silods g F S

Fig. 4- Schematic picture of cyanide removal tests

plsl sl il ganainl o Jue FIVO I 255 5 Y
(ganails @iz slogsenSTi 5o i ool
VO gyl b zyoe ailgiwl 2l j0 SawJled digal
S S Jolae (39 ¥ Jgar ;o ol aidn ) (5 e e
el saal il (5 e Lo VO gl )| B ygunST)3 2
E,IT ailow (sl Dlay S JLES diges (555
Joleo wz ¥ sz ,3) ab i, (s teden Vo
5o oolaul 5590 dilgiul (g e due Voo gl | U ol
2 9 20 (Sl ssnl Lix slaiolesl sl
25 650l 3enST o sl B P ey ks
Vx4 azg Lol onal ¥ Jgoaz o il @l oS
Slde i hlo fe koo V-V (gamails (genST 8
ool azdo o Lo ANVE Glie 4 (g5 20
S S ol L LS & e s o S
o S i 3BT s ell sl e Lie
Sldiges S jlase sl i Oldes plodl
FIVO 51 55,5 9 Y-FIVO slagygnsTd o Siw Jled
(el aily ralS oy Y g VY i e o
Vol S ol b alyd et d S lade Ll
22)3 VA Jlade ay ygenlygilow plonil 5l G o e
3 S DS gadily eSSt E o ol adly lial
Ao, VY sgas 0 caslidl S s e e )

b3l sl g,

G918 Al 5 albl v O 5l gusbow Joloxe
A oga> 0 ol PH a5 cnl oo ags o)ly0,5 b
ol ) TOC s, il aslew clile ool
) s ks YA (e 5 bl asll g
HCN 4 CN™ ol gl o1 sl ygo o (g 5o 5lus]
@rSoslul el o 5 3VL 5 3 pl pH o
Jslors 3l oalil b 5 M ygel i (39 2 331 wiilons
s plonil 0,5 Bl il 5 Jge /o) oY

9y SlaS 5 g el Ldzr g JE) oy sl
o oolo ClE ey adds, 5 S ¥olas ayly oole o5
2 ol (ol cdale) swile 3L cdale 5 Lil> (g,
oo gl |y S¥olas oyl il aals 352 ol glales
5 2595 (slo Jas a25% oo b D (sloloras)
(Lietal, 2013) aciwa Lulg, ol 0aisS oLy gdaig,
Sheslinad b i anld eisnl 5 G ol o

A )y N9 B g gV (ool slaJoe

Sl iy S JES gaails 4l
Cdx> 0 S Jed alyd ojlail 156 cwy p sl p
A Gl 6w 5l solaiwl b Ko Jled diges cduilow

CEIVO V=Y ) o ygennST 5 0 e e FIVO o ¥

IWAY Ldls oY o las supd L )98 o larmms pole aslilab

YA



S JUES Gaisalls hliko sy 55 p9iloms o795 (9 5 yiuS S =Y 3o

Table 2- Ash content and flow rate of cyanide in different sized frictions of coal
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Fig. 5- Amount of cyanide consumption using raw coal of different sized frictions
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Table 3- Flow rate of cyanide in different frictions of processing coal
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Fig. 7- Amount of cyanide consumption by processing coal in different sized frictions
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Fig. 8- Amount of cyanide consumption with using by mixed coal with cyanide, in different sized frictions
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Fig. 9- Isotherm consumption graphs according to Langmuir model
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Fig. 10- Isotherm consumption graphs according to Frondlich model
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Table 4- The Isotherm parameter of cyanide consumption on raw coal
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Frondlich model

Langmuir model
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1> 0.983 0.2913 1.0158 0.8381 8.4602 0.0012
12 0.9892 0.2072 1.0476 0.8167 14.9476 0.0020
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Introduction: Contamination caused by tailing dams of mineral processing plants is one of the most important
problems facing the mineral industry and that causes many environmental problems. Among these, we can
point out to the contamination caused by the tailing dams of gold processing plants. This wastewater contains
significant amounts of cyanide and its compounds. So far, various biological and chemical methods have been
investigated for eliminating cyanide in gold processing waste. One of the methods used by researchers is the
use of natural absorbents such as activated charcoal, due to the ease of use and the its reusability.

Materials and methods: In this research, the adsorption of cyanide of the tailing dam wastewater of the
Zarshuran gold processing plant (35 km from Takab, West Azarbaijan Province) using Shahin Dezh coal mine
(about 100 km from the plant) was investigated. Cyanide adsorption experiments were performed on a
laboratory scale under two modes of using crude charcoal and processed charcoal. First, the charcoal sample
was poured into the cylinder up to the height of 75 mm. In the next step, the effluent containing cyanide was
added to the cylinder (up to 100 mm) and the cyanide output flow rate was measured. After the experiments,
charcoal samples were dried in open air, and ash percentage analysis was performed for each of them. The
resultant solution of each test was filtered with Whatman paper No. 75 and analyzed for cyanide content.

Results and discussion: According to the results of the experiments, the granulation fraction of -2+1 mm had
the highest output flow rate of 8.16 mL.min! and the lowest flow rate was related to particles less than 1 mm
in size. The highest output flow rate for processed charcoal was obtained at 10.61 mL.min in the granulation
fraction of -2+1 mm. Based on analysis of the amount of ash, after the cyanide adsorption operation, the amount
of ash in fractions of —4.75 and +4.75 = 2 mm decreased by 0.7 and 3.7%, but, after cyanidation, the amount
of fractions + 1 mm increased by 11.8%. In all experiments, cyanide adsorption using crude charcoal has the

* Corresponding Author. E-mail Address: a_ghardashi@sbu.ac.ir
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highest absorbance value for grain size in the range of -2+1 mm. The amount of cyanide adsorbed in this
fraction for crude coal, processed coal and coal mixed with cyanide using a mechanical stirrer is 42.3, 31.78
and 21.88%, respectively. In this study, isotherm adsorption models of cyanide on charcoal were also studied
based on Langmuir and Freundlich. The absorption process in all granulation fractions matched most closely
the Freundlich model, indicating that that adsorption of cyanide follows a multi-layer adsorption onto the
heterogeneous surface of the charcoal. The adsorption phenomenon occurs in different absorbent intake regions
as a result of various forces, both physical and chemical.

Conclusion: The results of this study indicate that processing the charcoal does not have any effect on the
absorption of cyanide, and physical properties such as particle size and the specific surface area of coal are the
most important factors in the absorption of cyanide. The results of this study indicate that the use of coal from
the Gozlu mine Shahin Dezh, located a few kilometers from the tailing dam, with a grain size of -2+1 mm, in
the form of crude in the bed and bottom of the dam, can significantly reduce the cyanide contamination of
underground water resources.

Keywords: Charcoal, Gold cyanidation, Isotherms, Surface adsorption.
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