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B T HTEORHBC A P 52 8T LAl , 2 AR A
TR G A7, B3 A PATRE kA, A2 o3 53 i
G,

HH 2R 1A H B BT 4 MR 67 598.23 g/t AR
infi7528.67 g/t T 514.7 o/t BREM 48 295.3 g/t,
BRERE 8 813.0 g/t, F K 60.57 %,
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Table 1 Chemical composition analysis results of carbonaceous gold-bearing materials

FE S w(Au)/(g-t™) w(Ag)/(g-t™") w(Cu)/(g-t™") w(Fe)/(g-t™") w(Ni)/(g-t™) w(C)/%
1 585.4 521.8 1500 48 600 8900 60.54
2 612.1 552.3 1476 47 550 8725 59.91
3 597.2 511.9 1568 48 736 8 815 61.27
SEE 598.23 528.67 1514.7 48 295.3 8 813.0 60.57
1.2 &8 1.3 RIS THHE
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Table 2 Carbon phase analysis results of carbonaceous

gold-bearing materials

AR5 w(C)/%
A1 B 57.61
A LB 2.71
VI EN 0.25

S 60.57

R3 BREBSYBHESWHFESITER
Table 3  Particle size distribution characteristics analysis results

of carbonaceous gold-bearing materials

R /mm Gy A%/ %
+6(JHL) 0.01
-6~ +3 (kL) 0.03
=3~ +1.18(4kL) 78.21
-1.18 (ki) 21.75
At 100.00
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Fig. 1 Combustion behavior of carbonaceous gold-bearing materials at different ashing temperatures
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HEREE S35 2 mAhekgy,) 4 mAhekgy,) .6 mAh-kgy,) |
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H P 2 ] i R AR XU A AR T R T 4
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g. 2 Tests results of air supply for ashing
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8 A5 1 K AR IR BE 550 °C, K Ak At XU &
6 m/Ah-kgy,) , BHZJEEE 5304 60 mm, 80 mm, 100 mm,
120 mm 140 mm, JCA [FPRHZ 5B 58 4 AL ],
IRACLE SRR S Je KR ek, B2 R

F [ 3 0]« it R JEE B BN, 56 4 K AL B
TR R FE K, AL JRE R AR st 10 IR 2 386 T 4 )
1ERHZ R B I 100 mm BB BT, KALRCR B E T
Féo JETF UL, B SRl Z R4 100 mm,
3.1.4 R

RIS 2 BHE R FE 100 mm, JRALTREE 550 °C, K

IS, - MBI 6 m/Cheke) o 3 HEBEIURIS A 2 F 4
SE ek o ) RGHEET, IR L% 4, | -
| L 050 £ 22 4 AL S M T R B R B K, 4
Ear S B AARRUBE I IR IR , [R5 2 A8 2 h
= 30| 035 1% WAL R, 2 0 ) 2 A2 0, S
% ol 030 3 FE4 (B BG4 JAL (0 53 5 Tk iy, &

s o SO B 4 06 5
56'0 " s o - 015 TCI AR S KGR ST KEE T B & SRk 4
LR /mm T RACALBR S , RALZE I 1k 99.64 %, 43 i or 7 ' 4
B3 HEEERRER 2y 4L . YT EREE AR T RS BOUMS S I 1R 55 R
Fig. 3 Material layer thickness test results S Al S5 % 4 e BRI AR AT AR B
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Table 4  Air supply method test results
ML TR i 1?“‘;‘))/ Bh wOm wlckm ggoke i o0 W
Ykt 1.93 585.40
I KAy 0.48 2 329.89 3.98 99.64 74.87 5.254 1.85 20
. Ykt 2.19 585.40
PR Y x 0.54 1 547.60 4.05 99.72 75.31 5.50 2.06 18

3.2 RUMESKIEERE
3.2, 1 RAGKHAS TS e e

FERHZ R EE 100 mm  JKAL IR JE 550 C R AL AR
it 6 mY/(h-kgy, ) &5 T AT KA . FED N IR B R i
500 °C B, PR FF R k08 Je 5o IR AL AR S i etk A 7
R o A A5 LR S .

K5 RWESS YRR
Table 5 Ashing flue gas pollutant detection results

5% e VIR

TakY (mg-m™) J£/(mg-m™)
I ) 242 824 200
AR 93 850
FMILAL A (HF) 13.6 6
KEITAEY) 0.21 1
I E ) <0.618 10
RS BB RE (bR 2, 9%) 1
UIRERTIR 511 50
B HAL AW (L Beit) 0.01

H1 28 5 TN AE R T & 4 Rk IR Ak B AR 1 AR
A K F 33505 Y vk B R AR L AR OF ) 2R VR h
824 mg/m*, 8 S HiAk A5 %) (HF ) ¥ J¥ 35 5] 13.6 mg/m®,

W ARV FE =35 511 mg/m?,
3.2.2 KA IR

Wi IR 32 R TR | AR TR B il
RSB TR AT AL o X T AR IR A R
CBY) AR B, W WL E AR FBoA i dsbird (kR
TR PG SR % . T HF iEk, W) 32 ZAK
TR AR

ZA WA A 7= TR P, AT — B B i
FL T RE 2 UAR 4804 o ff  FRL A Ao R e A 8
W, R h & S A A3 %, R A,
LA R0 HKe A R A A A 2 [ o e i R
RS RN 7o P~ o 1 A N eI o N
Ve— W B AL B R 782 R BE 100 mm, AL IR
JiF 550 °C, IKALHE KR 6 m¥/(h-kg ) 444 T % K AL
S AT LS B HEROR I
3.2.2.1 BB R

PR B O SS  ZEME IR R LL 0.5 L/m’, Bk
W N % .3 % .5 %7 % .9 %51 F A7 IR
ARSI IR 45 5 L 4.
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Fig. 4  Alkaline solution dosage test results
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Fig. 5 Spray liquid-gas ratio test results
H 11 5 70 20 BEAE WML L BT, IRk
Wi AR AR AR B ULL AR 1 Lm?
B, 7 T AR R R 1T B 2 50 mg/m LA T o KA R
N AT BN 5 % BRI o 1 L B 25 F

TR W AR R ORy ) 2R B AR S
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Table 6 Chemical composition analysis results of ashes

L%y Au Ag Cu Fe Ni Si0,

w/(g-t™") 233193 769.7 6050 190320 36230 14800

3.3.1  ERMRERA Aol

B 150 g JK 3 047 3 AT S, R FHEh IR A =
HF FE TR L 4 1 TR 90 °C | SIS E] 2 h (1 2514
N AT AR L PR AR AR B, RS0 R A SR
BT A S BB VBRI, R A e ) 4 e
T3hT S5 R WK 7,

2% 7 W] AL R il B R R Al | B 4 T
KTF23 000 g/t, FH4775 8.89 %, I EHIEH96.35 %.
3.3.2  fEMRER AR AL

W 150 g )R 43 4T 3 WFATIR SR |, ok HI G MR 15 3=
SR FE R G 41 RE 90 °C S N EHE] 2 h i A5
IR B A AL Ab B, 45 R DL 8

H 2 8 AT 1 I 433 ok i PR B e SR i f , v 43
£ KT 10 000 g/t, F- 1 7 % 20.67 % , V- ¥ B W&
97.87 %,

3.3.3  HERBRAY— T K & BR 2R 4l gh

W 150 g JKAr#EAT 3 UROFATIR SR , A0 3R — (RS IR R
%) AHFRAETR ) W e 4 1 TR 90 °C g i i
2hi IR (TR S EARVEIR A W E 401,
TR 90 °C VAR 2 h REGEE R WO,

FH 2% 9 PN JE i R R R 42— E KB &) D8
BIr2R10.8 %, F244: 57 12.95 o/t LITER 4 it
WREAE Ry R i A, P2 3 96.81 %

3.3.4  FYHOGHR R A PR Al g

FE 3 1 T B R A 15 g IED 20 ¢ A7 52 5 o THT R
3, L FI KRR 33 g B 17 g, B ALET 4> 9 N
50 .60 g.70 g 45 14 T iE AT 4T A IS0 I B 2 8 4l 3K
5 g g R W& 10,

®7 HBBRFRAKHEER

Table 7  Test results of hydrochloric acid impurity removal and purification

HEHE TEW .
B HHR /% i
Fi/e w(Au)/(g-t™) PARF/mL p(Au)/(mg-L71)
13.6 25002.23 1160 1.57 97.21 T B R
12.1 27 569.77 1200 1.48 95.37 8.89 % , - ¥ H K
14.3 23599.78 1200 131 96.48 96.35 %
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Table 8 Test results of nitric acid impurity removal and purification
HICR /% fagts
Fitit/g w(Au)/(g-1™") AL p(Au)/(mg-L7) ’

31.6 10 849.00 1260 1.25 98.01 g O B e R

32.1 10 670.21 1200 1.41 97.92 20.67 % , - ¥ ELCR

29.3 11 662.44 1200 1.39 97.69 97.87 %

xR WERBRHEA—IKFEHRPRALBER

Table 9 Test results of "nitric acid impurity removal—-aqua regia gold dissolution" impurity removal and purification

RS R/ fagta
. Jii/e w(Auw)/(g-t!) RFY/mL p(Au)/(mg-L71) ‘
R 44.6 7765.17 1 000 1.31
G - 16.2 14.04 500 681.04 97.35 . .
BT 22 10.8 %, P14 7 12.95 ¢/t
LR 439 788022 1050 1.27 e L : -
B VAU b 4 B vk B2 A O 4 e B AT, oF
LH= 158 13.91 550 612.77 96.35 =
FIHICE 96.81 %
PR~ 44.1 7827.83 950 119
P - 16.6 10.91 500 676.60 96.72
R0 SEFBURERR R LR
Table 10 Test results of lead collection smelting impurity removal and purification
PbO /g Hrdn /g BB/ SR B 4 ot ik /g S HRIE T /g wE R Au)/(g-t1) HICFE/ %
50 44.80 0.314 0.035 89.60 3.31 99.17
60 53.05 0.310 0.035 93.42 6.22 98.37
70 58.82 0.307 0.035 98.59 9.38 97.41

3R 10 AT FEAS I R S SV E R T L il R A
TR EMCRE S E LB R 50 g B, BRI
2179917 %, WeBHE RS 45 A 3.31 g/t ifF—2
AR &, ESCRANET TR
3.3.5 FALR I

IBURIF B 5 ) K 9 R i 200 g A3 1 LA PE A 4
Hh B T — 2 T SN RO I A R A g rh it
FriR% TRl a8 S8 AR 8% LU 3T pH {2 11.5, 5 3
PEFERIBR RS, IE47 48 h 93z B . SR 45
e, i U I AT R & A, DL SR AR
XK R R R, RIS R 11,

F11 BURHAKELER
Table 11 Test results of cyanide leaching

AN /% p(Au)/(mg-L™) BHR/%
0.2 338.91 21.8
0.4 348.23 224
0.6 365.34 23.5
0.8 432.18 27.8
1.0 399.54 25.7

M2 11 A SR B &R 0.2 % ~ 1.0 %I, K
IR 21.8 % ~ 27.8 %, HALR R ATHA

AL HROR  fE pH=11.5, B HH IR
A8 h 4T A S A A e A TR A R Ak R

frafeis ik, AR AR 12,
F12 FEMEAFHELRHARER

Table 12 Test results of cyanide leaching with oxidant addition

ST S p(Au)/(mg-L) B /%
432.18 27.8
SRR 1% 576.76 37.1
LR 1% 596.97 38.4
SR 1% 567.44 36.5
LA 1% 656.05 42.2

FH 2 12 W] 0 78 i AU R o] 2 B T IR A3 (433
R Ho i AL SN AL IR R Rk B
RIEATREFAE 42.2 %,

v i B2 TSR FH I M e W R — e T L A — 163
AR IR R R T Y A R AR 1 4 L 3y
98 % , TE TR %Ky 42.2 %G I T, SEBR 4 DR AL
H41.36 %.
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WRAEARX IR L2 2B A AR , ASBIEFEXT e 234
T SRR AR R 13,

M3 13 I 255 %5 R RTINS 45 R, Icmik o 3%
S SO B T2 D IR AR — R R Bk 24— K
IR
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Table 13 Comparative analysis of gold recovery processes for carbonaceous gold-bearing materials
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Experimental study on gold recovery process for carbonaceous gold-bearing materials

Yang Mingyuan', Shen Xin®, Qiao Zhan', Lu Donghui’, Sui Ting’, Bai Yang’, Zhang Shibiao'
(1. Changchun Gold Research Institute Co., Ltd.; 2. Inner Mongolia Pacific Mining Co., Ltd.;
3. Hulunbuir Ecological Environment Protection and Development Center;

4. Inner Mongolia Mining Co., Ltd., China National Gold Group Co., Ltd.)

Abstract:To address the challenge of gold recovery from carbonaceous gold-bearing materials, by analyzing
the chemical composition, carbon phases, and particle size distribution, the characteristics of the carbonaceous
gold-bearing materials were investigated, providing a basis for process optimization. This study explored the optimal
operating conditions for key processes such as ashing, impurity removal, and leaching. The results showed that employ-
ing the ashing—nitric acid impurity removal-aqua regia gold dissolution—smelting gold recovery process achieved a
direct recovery rate of 96.81 %, significantly enhancing gold recovery rate. The process acts as an effective technical
solution for the gold recovery from carbonaceous gold-bearing materials. The findings solved environmental issues dur-
ing the treatment process, realizing effective resource utilization. This approach has both economic and environmental
benefits, offering scientific basis and technical support for gold recovery from similar materials and contributing to the
technological progress and sustainable development of the gold industry.

Keywords:carbonaceous gold-bearing materials; ashing; impurity removal; leaching; gold recovery; smelting



