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Co-pyrolysis Characteristics of Coal Gangue and

Sludge by TG-MS/FTIR

LI Hao, FU Yuan, GE Peng, JI Yanping', DU Haibo, WU Xiaofan, LI Qing
(CCTEG Hangzhou Research Institute Co., Ltd., Hangzhou 311201, China)
Abstract: The accumulation of coal gangue, a major solid waste generated from coal mining activities,
poses increasingly severe environmental and ecological risks, such as soil contamination, water
pollution, and landscape destruction. As an advanced thermal conversion technology, pyrolysis has
emerged as a promising approach for coal gangue resource utilization due to its advantages of clean
disposal, high efficiency, and minimal secondary pollution. Among various pyrolysis strategies, the co-
pyrolysis of industrial organic sewage sludge with coal gangue has been considered an effective
approach to enhance the pyrolysis characteristics of coal gangue and to achieve synergistic resource
utilization of the solid wastes. In this study, a coupled thermogravimetry-mass spectrometry (TG-MS)
and Fourier transform infrared spectroscopy (FTIR) technique was employed, enabling real-time
monitoring and comprehensive analysis of the pyrolysis process to investigate the thermal

decomposition characteristics, kinetic properties, volatile distribution, and interactions during the co-
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pyrolysis of coal gangue and sludge. The results revealed a significant synergistic effect in the co-
pyrolysis of the mixtures. Specifically, the main pyrolysis process of the mixtures consisted of two
distinct stages: the first stage (210-410 °C) dominated by the decomposition of light organic
components in sludge; and the second stage (410-584 “C), primarily involving the cracking of heavy
organic matter in both coal gangue and sludge. Notably, the differences between the experimental and
theoretical thermogravimetric (TG) curves of the mixtures were negative, serving as direct evidence of
the synergistic effect. Furthermore, calculations of key pyrolysis performance parameters confirmed
that the addition of sludge effectively improved the overall pyrolysis performance of the mixture. Three
widely used pyrolysis kinetic models—Kissinger—Akahira—Sunose, Ozawa—Flynn—Wall, and
Starink—were applied to calculate the activation energy. The results showed that the activation energy
of coal gangue and sludge alone ranged from 314.00 to 321.55 kJ/mol and 236.13 to 240.73 kJ/mol,
respectively. A direct comparison of the data indicated that the addition of sludge significantly reduced
the activation energy required for the co-pyrolysis of the mixtures, thereby lowering the energy barrier
for thermal decomposition. Additionally, FTIR and MS results demonstrated that while coal gangue
produced almost no detectable volatile products due to its high ash content, the interactions between
metal minerals in coal gangue and volatile components released from sludge significantly promoted the
generation of light hydrocarbon species (e.g., C,H;, C;H:, and C;H: frgments). In conclusion, this study
demonstrates that the synergistic effect in the co-pyrolysis of coal gangue and industrial organic sewage
sludge enhances pyrolysis performance, reduces activation energy, and increases the yield of high-value
gaseous products, providing a valuable theoretical reference and technical support for the resource
utilization of coal gangue via pyrolysis and offering a sustainable solution for the joint disposal of coal
gangue and sludge.

Keywords: Coal gangue; Organic sludge; Co-pyrolysis; Kinetic characteristics; Synergistic effect

0 5| B

S AEFR B L ) AR AE L IR AE 2 hk
Tk b SR B SR R
7 A AR R AR K A A A K AR R Y,
2024 FAERF A R T A F 8.08 42N, Xf -8 | Hb
ORISR I 1 B o A AU o R A L
IR E L BB RS RRE, SEA M EA
PR, 25 A FIHREAL . Bl EEF A AR E
IRF] 70 AZME, ARAL G KR e VR, LAY
KA T H 4R a] REXT i 3 A T 7Kk i
Y R A A ERE ST R RS
PREETY e Ah, M BUALE [ RN I 5 35 & U8 A1
LA R e 24 3t i ) PRIk, BT e i i A
JRERF A 38 v L R R R Rk iR A
A

H A AT A 255 A 8 A 45 i A
N N g A i v R L (i e
U Ve AR A Bk Al B RVE
— I R R A B R, R LA S BT A e A
2

TG E AL RTGE IR AL AL B, 22 55 RIR S5 4T B AT
g T B B R R R L BV R
b5, Hoh i H R R A AL TTE AL
ROR W, Y2 TR A AR e R Y
5% . ZENG U BF T AT i RRAT, & B H
A 2 7 UL BE 3 Rl R 750~800 °C. CAO 251" B 5%
KB, BREAT A A A R P AR A B B S AT A
Ay BOHe HE S TE A SE . XU 250 s 1R[]
ARVERF A R PERE, KB 500 °C B i A 7l
WA SR AT WARAS . BT A e R4y VR4 &
O3 00 A SO B s R AR, RO e R
NS, B xbZ A, HRTRTSY R D TR
Ko AR B R A P PR S T A L
fifp, PR THH AR PEREY . DU SR % B AR By R Y
IRINRT LA REARARERT A St T35 A 5 1 ] B i v 7
AR HUO 521 B MO A 55 a0 S B ol 45
Yynic, K BRMIAL B 45 TR W AR S EAT 4 A B A S
. WANG 2522 ki 5 BT i, % R
TR R T H, A

15 IR 5 AT A B R (H,. CO Fil CHL)



IS 0 0 AR i S 7 ), R — v A T T R
B, LIN %038 1 TG-FTIR # AR W5 15 R 5
A LRI Y, K B LGS TR S TUA B
TR T AR 2 e i, LIU 485 R R A 2
S s TR AL SR T LA B SR, AR,
Ti5 U BB 7 1 AR S A TR A, FE AT A
Pt B B A TS U AR T AR £ 1847
T Ak A B [ sk s 2 Hy s e HE . 15 R BB IR
AT AR THEEAT A S R0, Hob R4 AT 42 44
fire AN AR e R

A B8 3 ] TG-FTIR/MS = 3¢ JH % 4%,
AR B 12 L R R =AM
JE XA 7 5 75 e S P R S Rl R AT 5T, 4R
5% A LA 1 3 R 0 i BV L PR E
A S PR IR MR PR RE S I . R 3 B
B Sy EA R AR AR A TR AL RE S A . LR
SATIERT A 55 TR R AR TR LU P o R R
PEMIR SR o e AN, 3 a4 TS5 F A R A M AT

A 515V IE PR R 0 S AL AR T i
BERT A7 5 75 98 2L PR S LB R4, 4 TR
A AR RE, SEBUBERT A1 OB IR R 4R Bt e
Heh

1 EWEHEFZE

1.1 SKIER

ABI S I I BEA A R B At B, 5 T R
AR o TR KA BE T BT 55 e e
HEAE T 100 °C K T4 24 h, TS 2 i sk HLRY
e, 15 2k 42 /N F 0.5 mm B9 RE 5o OB AT A
(CG) 558 (SS) & A A i it L #ATBIR, 155
S ASLIAEIR AW, In 44 CG(100% CG) . SS
(100% SS) . C1S3(25% CG F175% SS) . C1S1(50%
CG #1 50% SS) Fl C381(75% CG H125% SS) . *
FHITZE A (2 E Elementar 2\ &) Vario EL M4
H 8902 43 M 430 A1 Tk 53 B A 53 B A vt R AR A
P, 5 FE A r Py BRI L2 1.

x1 BRiFATREREREMERRIE

Table 1 Characteristics of coal gangue (CG), sewage sludge (SS), and their mixtures
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Fig.1 Pyrolysis mass loss (a) and thermogravimetric (TG) rate curves (b) of CG, SS, and their mixtures
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Table 2 Pyrolysis characteristics of CG, SS, and their mixtures at a heating rate of 20 °C/min
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Fig.2 Experimental and calculated thermogravimetric (TG) curves of CG, SS, and their mixtures (a),

and AW curves of the mixtures (b)
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Table 3 Pyrolysis performance parameters of CG, SS, and their mixtures at a heating rate of 20 “C/min
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Fig.3 Pyrolysis performance parameters of coal CG, SS, and their mixtures
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Fig. 7 Release curves of ion fragments and product distribution during the pyrolysis of CG, SS, and their mixtures
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