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Abstract: The combustion characteristics and gas release characteristics of the Wuhai coal gangue, the Suqian coal gasi-
fication fly ash, and their mixtures were revealed by thermogravimetric mass spectrometry analysis. The co-combustion
mechanism of the Wuhai coal gangue and the Sugian coal gasification fly ash was studied by combining the physicochem-
ical properties of the two fuels. The thermogravimetric analysis results indicate that the Wuhai coal gangue has better igni-

tion characteristics than Suqian coal gasification fly ash. The ignition characteristics of the mixtures are improved by the
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Wuhai coal gangue, while the high-temperature combustion characteristics are improved by the Sugian coal gasification
fly ash. The combustion kinetics were analyzed based on the Coats-Redfern (C-R), Flynn-Wall-Ozawa (FWO), and Kis-
singer-Akahira-Sunose (KAS) methods. The results show that the apparent activation energy of the Wuhai coal gangue is
48.25—-152.22 kJ/mol, and the combustion reaction conforms to the Jander model. The apparent activation energy of the
Sugian coal gasification fly ash is 106.34—312.79 kJ/mol, and the reaction conforms to the reaction level model with
n=1/4. When the mass ratio of the Wuhai coal gangue to the Suqian coal gasification fly ash was 1 : 3, the apparent activa-
tion energy was 102.24—301.58 kJ/mol, which corresponds to the synthesis of a nuclear growth model. The interaction of
these fuels was examined by comparing the deviation between the theoretical and experimental weight loss rate of mix-
tures. The results show that there is a significant coupling effect between the Wuhai coal gangue and the Suqian coal gasi-
fication fly ash, mutually enhancing their combustion characteristics. This promoting effect is gradually strengthened with
the increasing mass proportion of the Suqian coal gasification fly ash. Based on the comprehensive co-combustion charac-
teristics and gas release characteristics, the better mass ratio of the Wuhai coal gangue to the Suqian coal gasification fly
ash is 1 : 3. NH; is released during the volatile fraction and fixed carbon combustion process. The temperature corres-
ponding to the peak intensity of the NO and NO, release is essentially consistent with the temperature corresponding to the

maximum reaction rate on the thermogravimetric curve.
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Table 1 Ultimate and proximate analysis of coal gangue and coal gasification fly ash

- LAk H7/% TCRIIT/% O M - ke
My Aag Vaaf FCy Caa Hyq Nad Sad (O e
e 3.02 75.17 14.37 7.44 11.66 1.72 0.22 2.12 6.09 521
AR 5.22 37.93 2.70 54.15 54.19 0.68 0.70 1.18 0.10 19.02

T ORGSR 2200

1.2 RWEERFE
1.2.1 -l

R T I AN 36 [ TA (AR A |l AR 77 1
TGAS5 RIE/IHHLAN Discovery MS Ui 4H 1l .
P AT IR R 3% SR (BEGA), 1817l B
4 20~1 000 °C, HEERG B FE+1 °C N, Discovery MS
R AR T AR LA I A ) 153, Al g A4 AH
X F B G B AE 1~ 100, FH5 RGN 6 s, 47
PSRN B A Z 0] R AN S5 0 B A4S 1% 42, S T B Ak
SRV EE, T AN SN AT A B AT IR
PE T RGN A 1 s

EGAJP

l
L =

L —
CO,, NO,
B g <] NH,
JRIEAX
=Y oI

K1 PR -BUER R o
Fig.1 Schematic diagram of thermogravimetric mass

spectrometry test system

W29 5 mg HIRRREE 5L 3 Sl e SR AR R
R RS ARA LR, o TR RFHREE,
AR SESEHI 4 1 #THSRE, WA TG-
MS R, K J A A B Y 50 mL/min.
TR 1 AR B B R DL [) THIE R R [R5 R
o], DA 20 G ImFAE 815 °C, 43T PR AR rh sk Y
Tt AR I B R N B 12 S8 R be it R rh 32
SARFEY) (40 NH;, NO., CO, Fll NO, 25) 2853 i A%
FELR WD B T B, s Mo BT R N 2k i v A AR R i
FEPE . HON B H R A 0 I3 i AR P Ak T35/
R, SIS S A B S BOF AR RS
ME] HON FUEAH, 5 7 RTRF ST 4 SR —3
1.2.2 BBkt

TR B B LR A BRI B R R AT 25
GV . 7E TG-DTG 4k i al I TG-DTG Y14k
VR B KR BE T B kLT AR AL K 5 98%
Xof IO B4R B S SCOMIRIRRLE T, 2 5 T E LAY
FAERREHIRGEPERE

1) R TR E R . DTG M2k F R BRHE R
Pl A v A O AR T 3, SO (T 1 P B Ay e K i
A R (da/ db) g » Yo/min, e KT TS Al R
TRIRBHFE R A R S 7 i B0 1 i, BT I )
JEICHE T 50 KT B AR AU R AL, RS S I k)



ERR| MEEINEE, AT A 5540 R IR — TSR A LR 4637
B, BRGEAR R L AR TR DL 30 X AN TR R) BY 2 W75 Ak BE Al |

2) ATRAVERE R, AT BRI TS A Fi RAERARL 1Y AT 5
JNERE T, TERHE R T3RR3R AR I ] R
R RAHIX — X R f a3 . TR HE B08R =y, SRR)
AT R i PO H
(da/ dt)ex

T?

3) BRBERFIETR AL . BRBERR TR BT S AL RS
ORFE RN, 28 B PE U ORI bt RE 1Y) B 22
S0, H AR B U AR 0 R B e i T, Rk
W)

Fiy =

(D

(da/ dt)pay (daf d)mean
- T,
FH s (do/ db)ean N DTG 1 25 H 19 £5 5 78 b 3
%, %/min.
13 RBITR

PR EHR IS T 00 0L 2, FBAF A A T

RN [FE B L X A A 53 ORI e Rt Y
R, HARGE T H—IR SIR A BRBH SRR R

S

(@)

x2 RE-FGEREIR
Table 2 Thermogravimetric mass spectrometry

test conditions

S T IR BRI THE#Z/(C - min ™)
1 — 10
2 e iye — 20
3 — 30
4 — 10
5 AR — 20
6 — 30
7 1:3 20
8 1:2 20
9 1:1 20
10 A I N AW/ 2:1 20
11 3:1 10
12 3:1 20
13 3:1 30

14 BRI NFEFE

Bl 15 SR TR — R T O R 7 3 RN AR 7Y
WG Ik RN TCEEARLNE (AR SRRk ) FRS )
AR FMIEALRE, 2K T HAR RS ML T,
RERYFL A 7 AR T S AP L R B B, AT A AT AR
B RE R E . AR SCES A UL L 2 By sl is B %
WT AL BE S SR LB R 2 Coats-Redfern!'>** >

TR MR, Hob Coats-Redfern FR33815500

a="0"" o 100% 3)
mgy— msg
1n[G(“)] =1n(AR)—5 &)
T BE.]” RT

Horb, mo BB IR BT 5, mgs my, A RARE RN
FEABAHBE S B, mg; me HPVBHANR IS i, mg; o
MR BET B ISR, %; A FFEHTE T, min 5 Ea iy
KI5 I N 22 LG AL BE , kJ/mol; R A BRAR S AR H 4L, B
8.314 J/(mol - K); B A FHEH %, °C/min; G(a) AL
FREA . R UT 51n[G(a)/ T2 ML A M,
XX (4) BEAT LN, G i G H T R I RER A
BUIERVAT 3 B R UG L RE Ea FIAERTIEF 4.

Flynn-Wall-Ozawa(FWO) 7% Fll Kissinger-Akahira-
Sunose(KAS) 7 & L 7Y (1) 45 1 Ak 28 T0 bR BB 7R R
PP, BT R WS AL AR Ea, 1T (T 4 b

FWO 7.
AE, E,
In f=In Re(@ -5.331- 1.052RT (5)
KAS 7.
B AR E,
In T2 In Eg(@) RT (6)

Hrh, g(a) AP R B3 3145 . 7 FWO I HI
KAS 3% il i 8 g o, 15 2] 1In pLA Ko In /T 5
VT BYZAE R FR, FIHLE B B R 3R BRI 1
it E,o
1.5 #W&EEA

AT A 5 A ORI e B P A TR AR
A HLEE, s 2 FORHE R R ThOR R AE A HAE A,
PUBERT A AL RO 50 T 45 0 it AR b R il 2R
Feaih, H BN R] (B TR i L atb AT A, 15 2R A FF
B N pin R N e S M A i = R

Seal = 0caSca + BoraSara 7

Horr, S,y kot AR AL R IR E, %/min; acg.
Bara FIERFATFISAL IR BT 85388, %5 Sca AN Sgra
BB A AR Y o AR Ak IR B A, %/min.
238 A PV AE 5 TR A R I a1 1) O 25 K PE A
B oy Z B A AR R, Hoh 22 AS BT A
KH

AS = Sep = Sea (8)

Hor, Sey 0 B R B HAR IR, %/min. Y

AS>0 B, R A BB BT AR (b B SL gl K T



4638 # %

F #®

2024 4F55 49 4

HLSAE, RUEAT A 530 COR B 02 B2 A7 e I il A
s )2, AS<0 B}, 5 i B A7 FE AR HEAE s AS=0 I,
A FEANTEAEA EAE . AS 406 B 52 B i sl 4
HEVE 5055

2 GRS

2.1 BREFARESSAE R B R R
BT A1 53 R EAREE A SR G AR TG-

DTG HZenlal 2 Pz, fil&l 2 nl o, —p0pt iR
MOBHERR b B A7 A — R L, 2R G B
410~680 C. LY BL I E A 2 FhEON: #5473 BT
H S R R R B A SR A A . B RRHELEE
TR, 45 A2 2 T AT IR, SRBe R i) A e fiE
g T T 2% [ 5 T R R R A BLAR, o T A [T 2 ke 114
SRR, kb SN A ) ZURR R 5 TR ek A
AREIEMR,

100

80

TR 50 %

60

40

—a— AT

—o— S MK R A=1
—A— SR IR A=
—v— AR T A=
—— ALK L AT A=2

" DTG

HAMIEZ/(% + min™)

i
L
[\ S}

|
|
|
|
|
|
|
|
|
|
0

—_— = N W

—— TR T AT A=3
—>— SRR

200 40
LE/PC

600 800

K2 AFEBIRHASEAT A5 OKE TG-DTG #hZk

Fig.2 TG-DTG curves of coal gangue and coal gasification fly ash under different mixed ratios
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Table 3 Combustion characteristics of coal gangue and coal gasification fly ash under different mixed ratios
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Fig.3 Deviation graphs and mass spectrum curves of CO, for coal gangue and coal gasification fly ash under different mixed ratios
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Fig.4 Fitting lines for different conversion rates of coal gangue, coal gasification fly ash and mixtures

i BURL N A0 AR R AT BE 22, H5 0 T AR THT 3] N
P38 BT FH A IS ), DA T S B30 I B G g o 21
% M1 Coats-Redfern 5 3 At #A B8 52 7 1) #1345 R

K, XFF Coats-Redfern 325, 3= BT KHRBHR B [ v 15k
PR ALZRAE 0.1~0.9 S X [1] P 9 2R WL T A6 e T
PE . TRA R S I e AR 5 A =2 1] B A
AL KO e W A7 RN S B, 8 By B Y | A AR
TSRS | b SR GBS I AP A e
WG ACREHEATIHAA, G55 W3R 5. ARV R A5
153 2] () R W 1 BEAS [A], BRERT A 1% 22 0835 1L g Ry
48.25~152.22 kJ/mol, i it b4 & I = 4E9 ] (Jander
T ) AR SCHE RBUR KB 0.993, U045 F2 B
Uf, AT A BRSO AT I RO A, I ABE AR 0L
x5

TEALRE R 122.22 kl/mol, AL CRKAR R AIL 3L bR £ Y
FMIEALBE N 106.34~312.79 kl/mol, L4 n=1/4
() 2 N 2 BB AR AR AR R A O ME R BUER KR,
0.999, FWMIHALAE K 129.30 kI/mol., AT A 554K
KB LA 12 3 B R R UG L RE R 102.24~
301.58 kJ/mol, Z&T 15 R A KA AH SC 1 R B K,
h0.999, IR FUTE L AE A 102.24 kI/mol, 12
TR LU (TR G ARG S I 55 BBk R AR 1) Fr) AL 2
J A AR, 2 3 A EAE AT AR YRR R Y
JALEE

TR AR A 1 U0 TE A RE B BEAT A1 5 Ak UK
TBRBERT AR, WA 5 )N, 5 FT SO
A fESEVE A — 3. TR A BB RA SR L A n] 2R A

ETF Coats-Redfern ix B A B AR TR W& L B8

Table 5 Apparent activation energies of different fuels based on the Coats-Redfern method
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