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Abstract: Thermal decomposition kinetics of main gold-bearing sulfides pyrite was investigated by TG—DSC thermal
analysis at different heating rates. The microstructures of pyrite before and after decomposition were analyzed by SEM.
The results show that the thermal decomposition temperature of pyrite is between 400—800 °‘C. The mass loss rate is
approximately 26%. The TG curves move in the direction of high temperature with increasing the heating rate. This
means that the same conversion can be gotten at higher temperature. The temperature range of the maximum pyrite
thermal decomposition reaction rate of pyrite is between 600—700 °C. The apparent activation energy E and
pre-exponential factor 4 were calculated by Kissinger and Ozawa-Doyle methods, and the values are 259.23 kJ/mol and
1X 10", respectively. According to Coats-Redfern equation, linear regressions were carried out by common mechanism
functions of thermal decomposition. It is defined that the thermal decomposition process of pyrite conforms to the
Mample principle by Malek method, and the corresponding mechanism is the random nucleus and the consequent growth.
The differential equation of thermal decomposition reaction was deduced as well.
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Table 3 Relationship between pyrite transformation rate and reaction temperature at different heating rates

B T/K

(‘C'min™") a=30% a=40% a=50% a=60% a=70% a=80% a=90%
5 847 855 863 868 874 879 889
10 860 869 877 883 888 894 902
15 889 898 904 910 916 924 937
20 891 901 906 913 919 928 940
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Table 4 Regression results of kinetic parameters
Mechanism E/(kJ-mol) 4 R
function 5 °C/min 10 ‘C/min 15 C/min 20 ‘C/min 5 C/min 10 C/min 15 ‘C/min 20 ‘C/min 5 ‘C/min 10 ‘C/min 15 ‘C/min 20 ‘C/min
D, 32412 332.64 31123 305.02  1X10"™% 1X10"%2 1Xx107"% 1Xx10"% 09765 0.9892 09418 0.9462
D, 383.88  393.15 37042 36294  1X10M2 1X10%% 1X10%Y 1X10%%° 09872  0.9957 0.9611  0.9648
D 464.71 47467  451.07 44176  1X10%%° 1Xx10%% 1Xx10*9 1Xx10*"7  0.9951 09981 09799 0.9824
D, 41032 419.82 396.78 38871  1X10%% 1X10%% 1X10"% 1X10%% 09908 0.9974 0.9686 09719
3D 65597  667.12 642.67  628.89  1X10%% 1x10%% 1X10%"7 1X10¥* 09937 0.9880 0.9962  0.9965
F 269.67  274.86 26249 25679 1X105% 1X10%Y 1X10"7 1X10"" 09964  0.9948  0.9900 0.9915
4, 127.62  130.11 123.65 120.79 1X10%7 1X10%7 1X10%° 1X10%3 09959 0.9942 0.9887  0.9903
A5 80.27 81.86 77.38 75.45 1X10*% 1X10** 1X10*° 1X10** 09955 0.9936 0.9871  0.9889
R, 205.31  210.00 198.16 19393  1x10"™2 1X10"" 1X10"* 1X10"* 09919 0.9978 0.9702 0.9734
R; 225.14  230.02 217.94 21327  1X10%% 1X10%® 1x10"* 1X10"* 09947 0.9980 0.9784 0.9810
2.0 A BRI SRR E 1, R IUR, BORLI 2
THCALBEFIFLI . 700 °C B BEARAT A A 303 fift S 3 A
1.5¢ BT, R A B BN AR AR 2 L, ORI
B AR ], T A AR 8 0 R AR S 2 3R
g 10} (L 5(b)), BB AR IR I 2 2 B AR 46
JER AL, R AE SRS G B L A7 Bl AR B
0.5} T, AEIXEEEAL TG A AT I R, BRI S A
BT 17 P ) RO AR %, Bt S .
0 BEAT, IR H I 2, ARSI 1] N A,

4 YN IR y(a)-a Ihik
Fig. 4 Curve of y(a) vs a of pyrite thermal decomposition
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Fig. 5 SEM images of pyrite before(a) and after thermal
decomposition at 700 ‘C(b)

1 IHE T LA IF SR A R I 5 2 Ko R 2
3 Zig

1) KM TG-DSC # o trikxf FEH S i
BRAT I iR I REREAT AT, AR A i R X TR
400~800 C, JuERHBEIREFAE 26% /45 B THIR
HRRR, TG Mgk milh X ks, RI7S2AH [
AT T (R R o TR R0 il B K S IV 6 (1)
i LR 600~700°C

2) KH Kissinger 15l Ozawa—Doyle ¥2:#i 2 ) 5
BRA IR S NG AL RE E FIFRTTIR 7 4 4054 259.23
kJ/mol A1 1 X 107,

3) SR iR FE R A Mample HATYEN,
FLR LI R BELSAZ ARG S 2R, 13 BIAHN ) 5)
IES G R

REFERENCES
(11 HEE, Bk, DL MBS WAk B EOR IR A ik

JE[]. BUARH L, 2014(5): 2324, 33.
LEI Zhan-chang, YU Jie, MA Hong-rui. Statue and development



5525 %5 8

R, A

LTSI R TR R E) ) A

2217

[10]

[13]

of pretreatment technology for the refractory gold ore[J].
Modern Mining, 2014(5): 23—24, 33.

NAN Xin-yuan, CAI Xin, KONG Jun. Pretreatment process on
refractory gold ores with As[J]. ISIJ International, 2014, 54(3):
543-547.

IDA D M, AGOSTINO O, STEFANO U, FRANCESCO F,
FRANCESCA B, FRANCESCO V. Roasting and chlorine
leaching of gold-bearing refractory concentrate: Experimental
and process analysis[J]. International Journal of Mining Science
and Technology, 2013, 23(5): 709-715.

OB, BES 0 IR AR SR R P T AL B U
U], A &8 GREH ), 2013(4): 39-41.

WANG Rui, TANG Dao-wen, YANG Cong. Pretreatment of low
temperature roasting for refractory gold ore[J].
Metals (Extractive Metallurgy), 2013(4): 39—41.

S R ﬁ;u |§/Jf: . HMEAL L S kG
TR pe - AR IR R R [J]. A G488 ¥R, 2014,
24(3): 831-837.

LI Feng, DING De-xin, HU Nan, PENG Zhi-cheng, CHEN Wei.

Roasting oxidation-thiosulfate leaching of gold from refractory

Nonferrous

gold-bearing sulfur concentrates[J]. The Chinese Journal of
Nonferrous Metals, 2014, 24(3): 831-837.

BOYABATA N, OZER A K, BAYRAKCEKENC S,
GULABOGLU M S. Thermal decomposition of pyrite in the
nitrogen atmosphere[J].
85(2/3): 179-188.
IS0, SRR N AT LR MR S LB S [D
AR EE K2, 2011: 32-39.

FAN Bo-wen. Heating phase of pyrite and their magnetic

Fuel Processing Technology, 2004,

1. AR

property[D]. Chengdu: Chengdu University of Technology, 2011:

32-39.

HU Gui-lin, JOHANSEN D K, WEDEL S, HANSEN J P.
Decomposition and oxidation of pyrite[J]. Progress in Energy
and Combustion Science, 2006, 32(3): 295-314.

BT, BRR G, A, TR, R LRGSR
(K1 R B) T3 (0]

HU Hui-ping, CHEN Qi-yuan, ZHANG
Ping-min, CHE Hong-sheng. Kinetics of thermal decomposition

YIN Zhou-lan,
of mechanically activated pyrite[J]. The Chinese Journal of
Nonferrous Metals, 2002, 12(3): 611-614.

LU Wei-zhi, YU Dun-xi, WU Jian-qun, ZHANG Lian, XU
Ming-hou. The chemical role of CO, in pyrite thermal
decomposition[J].
2014(4): 1-8.
SUPRIYA N, CATHERINE K B, RAJEEV R. DSC-TG studies

on kinetics of curing and thermal decomposition of epoxy-ether

Proceedings of the Combustion Institute,

amine systems[J]. Journal of Thermal Analysis and Calorimetry,
2013, 112(1): 201-208.

BT, R FBEERRR P RS 2]
BN K 254 (A R RHEIR), 2009, 26(2): 45-47.

LU Ren-yu, DONG Jun. Kinetics of thermal decomposition of
magnesite in nitrogen[J]. Journal of Guizhou University (Natural
Science), 2009, 26(2): 45-47.

KT, REH, XURRE, BN, RA, SKARE, sk

. A B4R AR, 2002, 12(3): 611-614.

[14]

[16]

[17]

[19]

[20]

TE KB R 4 AE G P R > i B D3 E RS D
2011, 52(6): 342-345.

SONG Li, ZHU Jian-jun, LIU Qi-xiang, HONG Jian-he, YUAN
Liang-jie, ZHANG You-xiang, ZHANG Ke-li. Study on kinetics
of thermal decomposition of anhydrous NH4AI(SO,); in argon[J].
Chemical World, 2011, 52(6): 342—345.

RFER, BUH2E, & MR, MU ARARR A IR SO IR
BB R B S 240, MR, 2011, 40(12): 2189-2292.
ZHANG Sheng-chun, HANG Zu-sheng, LI Dong, YING San-jiu.
Study on the thermal decomposition kinetics of polyphenylene

- ALEEE S

sulfide (PPS) by non-isothermal thermogravimetry[J]. Applied
Chemical Industry, 2011, 40(12): 2189-2292.

HU Hui-qing, CHEN Qi-yuan, YIN Zhou-lan, ZHANG
Ping-min, ZOU Jian-peng, CHE Hong-sheng. Study on the
kinetics of thermal decomposition of mechanical activated
pyrites[J]. Thermochimica Acta, 2002, 389(1/2): 79-83.

B, BRI, B, BHIUEL, BPhE. EUURYT R R
TRRCIR BB I W PR AL 0], RERR Fh A4, 2013(11):
1564-1570.

LI Ping, CHEN Tian-hu, YANG Yan, XIE Qiao-qin, XIE
Jing-jing. Effect of heat treatment in nitrogen on mineralogy
characteristics of colloidal pyrite[J]. Journal of the Chinese
Ceramic Society, 2013(11): 1564—1570.

gk, TR, B SR R TR BT R S )
SEMRIT[I). A AW AR, 2014, 33(2): 391-396.

ZHANG Qiang, HE Hong-pin, TAO Qi. Decomposition kinetics
of magnesite deduced from thermogravimetric analysis[J]. Acta
Petrologica Et Mineralogica, 2014, 33(2): 391-396.

XUFKAR, THERN, ZEvOR. BRI R Jr AR IV AL LT]
THLER T, 2011, 43(11): 15-18.

LIU Xin-wei, FENG Ya-li,
differential equations of magnesite thermal decomposition[J].
Inorganic Chemicals Industry, 2011, 43(11): 15—18.

2= K, ZEROR, DS, BRG], GRS HHENT A

LI Hao-ran. Establishment of

UL Bk

20Kk R 1 AR SRR 2 8 B ) 0] A AR, 2014(2):
576-582.
LI Ge, LI Zeng-he, MA Hong-wen, CHEN Deng-li.

Non-isothermal decomposition kinetics of nano-Mg(OH), using
thermal CIESC Journal, 2014(2):
576—582.

ey, HiKE, SEE, SR, — KRR A R iR
1%, P EA 4 2], 2003, 13(6): 1523—-1527.
YANG Hua-ming, YANG Wu-guo, HU Yue-hua, QIU
Guan-zhou. Kinetics analysis of thermal decomposition reaction
of diaspore[J]. The Chinese Journal of Nonferrous Metals, 2003,
13(6): 1523-1527.

LIU Xin-wei, FENG Ya-li, LI Hao-ran. Thermal decomposition
kinetics of magnesite from thermogravimetric data[J]. Journal of
Thermal Analysis and Calorimetry, 2012, 107(1): 407—412.
BIZRAE, AR, BORGEL. AT sh M. 2 B bt B
£ RRAE, 2008: 48.

HU Rong-zu, GAO Sheng-li, ZHAO Feng-qi. Thermal analysis
M]. 2nd Ed. Beijing: Science Press, 2008: 48.

(WE £ @)

gravimetric analysis[J].

kinetics[



