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XM oFH BR

BB R—FUBANR. PERONERAY B PERSRM IR © . EER
PN EER LY HERER, RRETRKTHIERRR. R R 10030t, B 5RHN
1.92g/t, &MY 66.15%, BEIKKL 64.64%. WEXAEHFEEEELRTT 10 AW
FHERA ST ERRR. e RAL36g/t, BINK061%, £MHEKK8Y.75%. Lk
HRMED, HFERRBERANEST HERIARCEBISRELER KT .

1 BHARSENE

BBLREWERFEE, EAEREARTFER, SBEREKENTLHERTS
W, ER—MEMNEEY. HEREEIT:

-2Au+4CN+0,+2H,0—~2Au(CN);+H,0+20H- (1)

4Au+8CN +0,+2H,0—~4Au(CN);+40H" ®)

LhEL, BRSNHEBRERAFEMRARRK LB T, SN, SARTENHAR
ERBET, REBLERR. KBIEE (1) REAER. RERSBOINEE (2)
AW,

MERBAENRTUERY, BEFELSHER, SAHEEE. FUEERTRS, 4F
BB L e, SREABNAR T, SMNEREESWYRE. fo%RE. B
EMENSESHX. SNALHRERN, SSREERRETALHBERNEE. K&
MKRIERE, LB RPA ALY M E SERERE 2 IL[CN]/ [0,]=6 i, &MHER
HEEBRAM. TRAEEP, WY 0.02%—0.06%NaCN AIKMEH, HIHEHNK
Y RUBEESTLER, EFRMNCHORE, BT THRE SN E R,

BBERETZABRER—ER—RBEN—REXMBE— LR —IEERSTF.
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TaEYyWAR. EBNARE. HETHSET. ﬁ&%ﬁf.ﬂ:%ﬂ‘@ﬂﬁ#ﬁ‘ MR&

¥, SRAKY. &ﬁﬂ:&ﬁﬁﬂ"
KA. RzE. SBEF. §FEPRAH 57T W RN 3%—5.5%,

0.074mm M & & 71.26%,

!ﬁﬂ:%ﬁﬁﬂ‘% BRETHERNBEE. E%

(<0.038mm) U5 SEERA 4.42%.

SMIRHBIESDH=FAE: RE&N 8287%.
DHEAREAaKkS b 1472%.

HHED L 3.7%.
SHEFEUSHRFTAY—ARE. BEF. SEFBAFE U= ENE.
£, EMRESEARS. ALESSRRESGHRY, A5 UENENE, XF

PR €& (0.074—0.038mm) 5 24.31%,

an e

BWEN 1229%, k&N 499%. ¥
REE&EHENE, FEETRETORRAHZE;
NRENERS, FEFTESARD: A4SR), £BTRKE PR R

NiLBMBEREY, SRR, HREERK. 0.25—0.125mm MHERHRT 18
—33 X, 7 0.5—0.25mm MISNHEMMME 65—70 X. BULER, SRH, REME

B A REK .

AT YFHBRRL, RV RERT A, ﬁ#ﬁﬁﬁéﬂ“ﬁ AR, RMOBIKRT
RIOBAFIR. WALHIREE. B ARINE. BUNESEENT EPERLRIER,

a. RPWHFAEBRBENE R
HREKH: NaCN HE 0.2%; T ANE-10mm; pH H 10—11; BHE$ME 30 X,

HRERLFEL,
1 FRPANRRLER
Table 1  Test resuit o_l' alkall protection

o ®» wom %) o YyaRk By aa . 2. 71 3. 350 F 4
& % tkg/ ty) (ks / #) Au(g/t) Au (g/1) (%)
I-10 CaO 3 20 29 091 68.62
n-20 NaOH 0.75 20 29 1.09 62.42
m-21 Na2,CO,4 0.65 20 29 0.99 65.86

MALERTURY, EREMNREEZHT, R CaO. NaOH. Na,CO, REMEMHR
PEEt, AEMBHENSHRAR, R CaO hiF. GRMEESR, HE&MBHE
. R—HESFLBAHRIM.

b. MALHMKBEXT & B AW

HREH: FARE-10mm; AKXAR 3kg/ ty: pH10—11; BIEE 30 X; Wk

W&E 0.03%—0.20%, AKBLERERE 2,
%2 WWRERBERE
Table 2 Test resuit of sodiwm cyanide concentration

B NaCN NiCN ik Vaak [T T s &M
B W (%) (kg ty) (ks / ) Au g/ | Au(g/v) (%)
mn-8 0.03 0.80 21 29 1.55 46.00
n-9 0.06 1.30 21 29 1.42 51.00
n-10 0.09 1.50 21 29 1.30 55.17
m-15 0.12 20 20 29 0.96 66.90

I-19

0.20

3.0

20

29

0.91

68.02
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B LR, MEFAREENEN, SHRNRBELT, SFENERRERR
B 0.12%K, BRERLHKE, SHBRBRRBAR. FIMKERR, AUERL
YRR, HERBPARELAAR, FRAFT-SEERERE. Bit, ERE,
FACGRE WK B B 0.12% M1,

c. JRF B U BEXT & B H R R
WK %A NaCN ¥ 0.12%; CaO &t 3kg/ ty; pHI0—11; BHHTE 30 X;

FEHREE 2—25mm. RXBERILE 3.
3 RyBRHNEREK

Table 3 Leaching test for particle size of ores

® R =t A VaRER izt p7T0A Bk ERIL¥

&% s (mm) (kg/ ¥) Au (g7 Au (/1) (%)
T-29 ~2 1.2 29 0.46 84.20
n-22 ~5 20 29 0.74 74.40
o-25 -10 20 29 0.96 66.90
o-24 -25 20 29 1.45 50.00

MEITUEE, ZRTERERE, BaHE, MEBBNERAMMN £MRHE
B TEE. Y9 AEEE—2mm 8, SHBHETRET 84.1%, HBEHEI-10mm K,
EMBHEN 66.9%. HEEFHKAA, FEARARTAGRER. BLAGBRN, 5
A W8 R W e —10mm,

d. B EHEN &8 R R

ELREEWBRAEZSENEMLE, F#TRENERR. £0RIEHESE B NEKZEL
XKEARA 1.

TRER()

1 i 1 i i

5 10 15 20 25 30

BHBE (O
Bl &RtinESREECREA

Fig. 1 Relation between leaching time and extraction rate of gold
Wit ERERR, BET R ANEERN A RBHIERE.
FR &M 29g/t FARBRE-10mm; FIALHBEBIEE 0.12%; FIALHAR
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2.0kg/ tp; FEALSHE 3kg/ typ; pHE 10—11; BB 1X; FALBE 30X, K1
x. Bt 096g/t; &BHH 66.90%.
22 BERRBRERFEMEBLETH

M) ZEEFE&7 08 FRBEREFALST HNRERERT AHEREE.

TEPEEHRSTERME 1.60g/t, SR 1.44g/t, . 8. 8. & HSEHB
EFHRRL, FHZET HE—RET

FEEHT Y AREIREY, RaTYWHIAEA. FRA. A8, Bz K
A%. R RaEG BRERKEREE, BEP FAELMRERE, KT T4um i
& 90%, BARE 4.5mm, B/PMRE/NT 0.0lmm. ARELBRHIE, BHERR. 8
HiR. RBRBOR.

SRR E AT 74um K5 64.05%, 40um LI TFH L 10.85%. BT HHEERA
25.39g/t, MEARGT FHESBRXTHNERET ISR,
221 FATBHEREHR

AR RERR, UHRAT ANTEABEAREAG (LK.

4 RETERIBER
Table 4 Results of rolling bottie fest for primary ores

NaCN 3
(%)

NaCN R
(kg/ 1)

AxpAR
(kg/ 1)

RBE&N
Au(g/t)

BHAE
(mg /L)

piliE3 ¥ .20
Au(g/t)

ERE
(%)

0.04

0.625

2.10

0.45

0.350

1.33

66.04

0.07

1.05

1.35

0.45

0.550

1.80

76.63

0.10

1.50

1.25

0.63

0.408

1.65

62.96

KR, R RTEREA. AR 76%.
222 HBRFEERTR

a. RN BE X 4 82 R A B R

BEFEM: ¥ AERM1.60g/t T AER 20kg; 5 A8 E <10mm; HASHE
1.10g/ t; pH {f 10—11; W4LIR L BHE 30 X.

B BACPIBERIRE N 0.04%, 0.07%, 0.10%.

HRMREREKY, HERAMEERNM, SHBEEEMN. ERAEHKRELTH,
2SR B REE, HRAGRERS, SHENTIEANAR, RERE. FHik, ®it
YK BE IV #E 0.04% —0.07% a1, &1EIE#EIX 73.27%.

b. EABRBEXN &R NENER

REFAWEERRTRER, EAFAHBBEEN 0.07%, #T5 aABNE
RE, HMBEEHFEN. 5 GABRBE: 5 10, 20mm. RBRFREREH, HBEEA
By ARNEAR/D, £MBRERER. AYBEIBREAT AEERMRPHITH, B
MR RINAR, EXERFR, NELARSTERFNER, KERARSHEEERN
BEN, BHARESSEN/NF 20mm,

c. BiiitaIx &8 HERMNE W
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HRBHREANE: EARY AR <20mm, HAWE HEHFFRT.

1.8

TREE(%)

5 10 15 20 25
BHintE (X
H2 &BbnES5&REROTLAR

Fig. 2 Regularity of gold extraction rate by gold content in solution and leaching time

1—&BHE (%) 2—BHEHM (mg/L)

MNERPIRZER (H2) ofUFES, BERLNEANND, SHRERABHM B
HBHESRAB TR, HBHE 25 XLE, SHBBRMMERAKHE, BHAPEE
BORMZEMRE £40.02mg/ L. HMATR, &5 HERNEAE 25—30 XA,

MR LR R, ERERBZTANBREREN:

B ARE <20mm; FILRBEBIEE 0.07%; FALHTE 1.0kg/ 15 AR (HiL
§5) M 1.10kg/ ty; pH{H 10—11; BHNE 30 X; K 1X; BESTE 039/t
SMRINRK 73.27%.

23 REgEBEEALREYA

BB EEILET AB, IR TP WAy WESENRFAHEN B a1,

BT AN SELGRRREY, T RENTFHRE—MN 3—S5g/t, FHHRILTH
BRX, &@THR1—2g/ 1.

TaA¥BRAREE, —HARKT 6%, EERSM. BH. & #ERLS. F
FlTFE&MBRIE.

TAHVYARLEEGY, ETYHEERES. BT HiePRD>, SSEM
0.2%., ERTYEERFED . BET . FETFENEALY,. HKRI&OA. KET
MEXRIRAGR, PEEVE. BWIFA%.

SFEBERMVTYHRERFE, KTF 0.074mm MER G 62.5%.

AT WENRAR: KT T REWHEL, AR, HMEAT. BERIA.
231 FALWIEEX B HEHE R

HRHREZG: T AR 1.49g/ t, HER(ELS)RR 0.22kg /t, pH A 10—11, #
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LR IR 0.04%—0.10%, ¥ AR E-20mm, BH 20 X. HRFXERLE 3.

SRHR(D)

100

B

A

0.04 0.07 0.10
RILHHRED)

H3 NaCNREL5SBRHEIXE

Fig. 3 Relation between NaCN concentration and leaching rate of gold

232 FAABNEXNERBRNERH

FEABRREN 10mm Z-30mm 3, EMBHEBEEARLK, XRHZET AR
A, WREH, &€RBRS, BTHER. EREIH, MEr-EdZHRY, Wy ikl
ESHEE AN, ERESNBENH. SRERH, TAABRRERE 20mm HiF.
2.3.3 BHEEX &R HENE R

ERHR(D)
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Fig. 4 Relation befwean leaching time and leaching rate of gold

1—&BHE (%); 2—BRH{E (mg/L)

KRS, SHBRBEERR, B —X., ENBHENTX 62.62%, Bil 20
R, &HRHEAIL 96.08%, MERTSFTREZ LN ANMMTHE TR, £RHM
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KA, XASRAXST REBRTA. B ER RO R LE 4.

B ERRR, BERTBERBASHN: R SGM 1.49/t, ABTANE
—20mm, F{LE5AR 0.22kg / ty, pH {H 10—11, WALHAR 0.45kg/ ty, WALPIKE
0.07%, 220X, BEKHIME 0.06g/t, &K THR LR 9593%.,

3 BRASTHREFNLENOLE

Bt EREARFERET ARBEENFTREZA, FEERNSBHEYRBEX. 5
FREADR (. & BRSNELY) REBAMTENBH. W, HE&FEHT
S0, R, SEMTEEKLYE 2.0kg. MESIIST, SH. BEE, EWEN
VR BEERILML 045kg, BB HEDLE.

PR RU R A NEARABRE, BARERSHBH, BSLETRTR
B NREICEALT, SHHH, SRERS, SHBIER, k0% E; X
FE&EIRMAATE, BEIRAKE, SHBHERE 15% A4 MEREFTERK
#, HEHEM. HAETR SNBHEE6S%HES.

o, SRNERBGRECEEERENBHER. BWST THNEEE, RH
FHAERE, MESLLSTHEE—ENE, HhTRFEIRATRF, £RB0R
4, BETERE HRIRIRLT.

4 & iF

41 FHA=EAREATERMOEBUET AERERRIA, S&RBNT GLAR: OF AF
Wi, RAERALRIELER, SHTYRBLFIHET. OF AP A IHREDE,
HRETYL, URS R EELEHR ORKNE/D; ORET L HANZAHRL,
PR R B R ORI IBE. BTRIENSRYESHIY IR,

42 EBRHR-FEIES. BERE. £FRAE. RBRORETE, HHNEELE
RRAET A, AT HERRERSMEBFERAL DAERT AT YEHE, EWT
AHRREMRFRE. Wt ELAENT A7 REE.

43 FATYAREBRREMNMER, FELHRBLUET RRBBAFRAOMA, HEHR
ERT ARERTENPR, FR, FEBANTIRFOHBLER LA, UBRFHES
B,

5 $ETR

1 Lopes R F, Lehoux P L,A review of problems in optimizing extraction in gold heap leaching. CIM Bulletin,
1988, 81 (915): 836—89.

2 BT PESRARIRN. RANETRREARDIR. 199%.
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STUDY ON THE PRINCIPLE AND EXPERIMENT OF
HEAP LEACHING METHOD FOR GOLD EXTRACTION

Cai Shuxia Zhang Yun
(Zhengzhou Institute of Multipurpose Utilization of Mineral Resourses)
Abstract

The authors summarize the present situation of heap leaching method for gold extrac-
tion in China and discuss the principle and the feasibility of the method.

As objectives of the research project, Maoling gold deposit in Liaoning, Chapuzi
gold deposit in Sichuan and Zijinshan gold deposit in Fujian were studied in their mineral
composition, gold occurrence, the feasibility of heap leaching, and the influence of ore
size, sodium cyanide concentration and leaching time on the extraction rate of gold.On the
basis of the study, the technical conditions for the three types of ore were determined with
good indexes.

Maoling gold deposit is one of As—bearing sulphide type, with low—grade ores, For
ores of 2.9g / t gold, 10mm in size, w (NaCN) =0.12%, and 30days’ leaching time,
the extraction rate is up to 66.90%.

Chapuzi gold deposit is a disseminated carbonate—type and suboxidized deposit with
low—grade (1.6g/t) gold.When ores size is 20mm, w (NaCN) =0.7%. and leaching
time is 30days, the extraction rate will be 73.27%.

Zijinshan gold deposit belongs to Fe— bearing siliceous oxidized type with poor
ores.The grade of gold is 1.49g / t. For ores of 20mm in size, w (NaCN) =0.07%, and
20 days of leaching, the extraction rate may be 95.93%.

The performence of heap leaching for the three types of ores are also compared. The
properties of ores are belicved to affect the extraction rate greatly. The more cyanide—con-
suming material the ore contains, the more difficult extraction for gold is. The As and S
content, and the oxidizing and weathering degree have a great effect on the extraction re-
sult. And, the particle xize and embedding pattern are direct factors affecting the extrac-
tion of gold.

Key words Gold ores Heap Leaching



