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Abstract: With China's urbanization advancing, the annual volume of municipal solid waste (MSW)
collection continues to rise. MSW gasification has gained significant attention due to its large

processing capacity, economic benefits, and low pollutant emissions. This study systematically
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investigates the effects of reaction temperature and equivalence ratio (ER) on MSW gasification using a
fixed-bed reactor, focusing on syngas composition, tar formation characteristics, and slagging behavior
of gasification ash. Additionally, the transformation of tar compounds and the fusion properties of
gasification ash under varying conditions are explored. Experimental results show that increasing the
gasification temperature enhances MSW decomposition and tar cracking, leading to higher syngas yield
and calorific value. As ER increases from 0 to 0.3, tar conversion into oxygenated compounds such as
aldehydes, ketones, and acids is promoted, significantly improving syngas calorific value. However,
when ER exceeds 0.3, excessive oxidation of CO and H, reduces syngas quality and calorific value. At
an optimal temperature of 700 “C and ER of 0.3, the highest syngas calorific value of about 23.51
MJ/Nm’ is achieved, with increased gas yield and reduced tar formation. X-ray fluorescence (XRF)
spectroscopy and ash fusion analysis indicate that MSW gasification ash primarily consists of SiO,,
Al,O;, and CaO. As ER increases, the hemispherical temperature (THT) and flow temperature (TFT) of
the ash rise, suggesting a decrease in slagging propensity. However, slagging tendency calculations
indicate a significant tendency for slagging under various conditions, posing potential risks to long-term
gasifier operation. This issue is attributed to the high content of alkali metal oxides (such as Fe,O; and
K,0) in the gasification ash. These oxides react with SiO, and AL,O; to form low-melting eutectic
compounds, reducing ash viscosity and increasing adhesion, thus exacerbating slagging at high
temperatures. The study further highlights that gasification ash composition is highly sensitive to
operating conditions. Slagging issues can be mitigated by adjusting the MSW feedstock composition or
by adding SiO, and Al,O; as additives to improve reactor stability. Additionally, while increasing ER
promotes syngas yield by facilitating tar cracking, excessive ER leads to undesirable oxidation of
valuable syngas components, resulting in a trade-off between syngas production and calorific value. In
summary, reaction temperature and ER play crucial roles in determining MSW gasification efficiency
and stability. Proper optimization of these parameters enhances syngas quality while reducing tar
formation and slagging risks. The findings of this study provide theoretical support for the industrial
application of MSW gasification technology and offer new insights into optimizing syngas composition,
improving ash behavior, and advancing sustainable waste-to-energy conversion.
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Fig. 1 Experimental setup diagram

1.4 HWAHE
14.1 AWK FUHHT 7 i

K F Panna A91 AU S AH (4 354X, K Agilent
Carboxen 1000 IE 7o, XA AT kel , 43
SR PTG 25 (TCD) ALK AN 2§ (FID)
M# H,. CO. CO,. CH, fll C,~C; HIEZr=4)
142 Bbawsix

K FH 7890B/5977A S AH €8 3% - 5 1% 1 FH AR
XFMSW S AL G B = ki b, BT
NIST14.0 K¥5 JZE FAF 19 GC-MS Y6 i35 i A4k
HYIR Sy o
143 RIEESHF ik

S5 % i CAF Digital Imaging 7 JK 1 &5 43 7
{L(FE[E CARBOLITE A # ) X} MSW JA& sS4 7
Kl . K3 GB/T 219—2008 #i <2 114 F 4 vk I
BRI R ) ST U (Tor) | AR (Tp) L 22K
TR (Toyp) TSN (Tp)

1.4.4 KRGS ik

K M4 TORNADO HUfCR £ X S48k RE
T (18 [F Bruker 28 7)) X} MSW Ak JK i# i 47
XRF 7307, 7158 K i vh 45 41 53 (R A 5 i
14.5 ZEHBSH

FRUKLL B/A,. it Lt G, fE4R L S/4,, B85 L
FIC R B 858 255 FRE A T2 HI Wt K i 45 e i
i FESEY, R (1) ~(4) BRI B/A,. it
Fb G, REFR L S/4,. BRES EE FIC IRk, 45X
Hh w AR I 20 43 09 o A R, PR o LK 3.

B/A, = w(Fe,0; + CaO + MgO + Na, O+ (1)
K,0)/w(Si0, + ALO; + TiO,)

G =100-w(Si0,)/w(SiO, + Fe,0; + CaO + MgO)

(2)
S /A, = w(Si0,)/w(Al,05) (3)
F/C = w(Fe,0;)/w(Ca0O) (4)

x3 SBEEEFRER

Table 3 Indicators for determining the degree of slagging

LR
E 24
B LRED JHE
Tsr/C >1 390 1.390~1 260 <1260
B/A, <0.206 0.206~0.400 >0.400
S/A, <1.87 1.87~2.65 >2.65
G >78.8 78.8~66.1 <66.1

FIC <0.3 5%, >3.0 0.3~3.0 T 1

JR A 456 85 Rul v FHF 53 A1 I 19k 15
g, HatB kX (5):
Rul = B/A, x w(Na,0) (5)
Hrh: B=w(CaO +MgO +Fe,0; + K,0+Na,0);
A, = w(SiO, + AlLO; + TiO,) .,
— BN, Rul<<0.2 I} J 3 5 B AR 100 35 16
A], 0.2<Rul<0.5 Bf JK i 2 B A5 95 V5 i 1], 0.5<
Rul < 1.0 B R 52 3™ F 35 V50 1], Rul>1.0 B K
EE e | g a MR I
BR 25 B HREL R B T W i 45 A R
HitE I an=(6):
R =1.24B/A, +0.28 x w(Si0,)/w(ALO;)
~0.0023ST -0.019G +5.4 (6)
— BN A, R<1.50 Hb R i 5 PR fole 4% s A 1]
1.50<R<2.25 WK i 52 B 25 25 W 1 1), 2.25<R<
2.50 i i 52 B0 ™ B 45 A ), R>2.50 B K i 5
PRAEH ™ H WS i ; ST 8k iR B U



174 - g I

A

5539 B4 2 4

T MSW HUfE£E Ko U ) 5% % . 48 6T &7
PR AR, WO SC AR R 4 i 25 A 4
B A, S BYFIET MSW 11 258 155 DL, A= 40 o 45 s 25
BB A; Wit (7).

A; = w(MgO + Fe,0; + ALO;)/w(CaO)  (7)

(7)Y 43 F T A 0 0 i LA R
(I FH, PRI 38 BOBR K, A= 0 5 1 A i e
T DA R s 45 s 1 L HLAT B s, Lok
Ui, A>5 B 52 LR A W A0 ], 2<4,<5 B K
P P AV ], A5<<2 WG BB T A
]

2 HERMTiE

2.1 MSW S {45
211 Fa%

MSW FEAR RS & F T 1 7= R (Gv) Rtk
AN 2 i o I RT LU Y, MSW A4 R
PR R EZ IR E R, 2 ER iy 0(Rg=0) B}, Bl %5
L BE 500 °C - FFZE 800 °C, Gv M 0.04 Nm'/kg
ETFE 022 Nm'kg, X J2 T T AE G54
HE MSW H [ 285 41 43 1) FA A 065 i 1) 224, A i
SR, 7E ER MO FHEE 0.5 B9 AR, 4% 0 i
AT R Gy BRITE S, 2R T 0, BElE
B T 0 4 . SR TR R [ AR 4 43 rh A B TR A
Ak, (ABE# ER M3 —THa, R &R 5
24 Ak, 1 CO, Al H,0, 87 R=0.7 Z4F ~ MSW
Ak Gy TR RE B B R M. <k
S EARTE T O AR R SChitie.

0.4
03 /0/
—TO‘D Q/ o
02
3
B
G
0.1 —@-500 C
—@-600 C
—@-700 C
—9-800 C
0 , , , ,
0 0.3 0.5 0.7

Ry
B2 SEEHNSEFZHZN
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Table 4 Main components of ash under optimal operating conditions gomh %
H
T4
Sio, CaO ALO;,  Fe,0, K,0 MgO TiO, P,O, Na,0 Cr0O; MnO Zn0 oAl
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Table 5 Ash melting point under different
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Table 6 Analysis of the degree of ash slagging under different gasification conditions
A Ts/C BIA, /A, G F/C Rul R 4
600-0 1174 0.453 4.144 68.265 0.363 0.407 3.125 1.345
600-0.3 1184 0.476 4.170 69.110 0.350 1.643 3.121 1.403
700-0.3 1164 0.418 4.470 71.290 0.343 0.954 3.092 1.425
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