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Effects of critical viscosity temperature and flux feeding ratio

on the slag flow behavior on the wall of a coal gasifier

Insoo Ye', Changkook Ryu" , Bongkeun Kim"
ABSTRACT

In the entrained-flow coal gasifier, coal ash turns into a molten slag most of which
deposits onto the wall to form liquid and solid layers. Critical viscosity refers to the
viscosity at the interface of the two layers. The slag layers play an important role in
protecting the wall from physical/chemical attack from the hot syngas and in
continuously discharging the ash to the slag tap at the bottom of the gasifier. For coal
with high ash melting point and slag viscosity, CaO-based flux is added to coal to
lower the viscosity. This study evaulates the effect of critical viscosity temperature and
ash/flux ratio on the slag behavior using numerical modelling in a commercial gasifier.
The changes in the slag layer thickness, heat transfer rate, surface temperature and
velocity profiles were analyzed to understand the underlying mechanism of slag flow and
heat transfer.
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Table 1 Conservation equations Syngas, Fly slag
. _ ] Slag composition
Mass: m,,, =m, + mdepos[z
0.65m 43° ! Compounds wt.%, Coal wt.%, Flux
Energy: Hout = Hin + Qcond,in + Qcond,out Top ?One ALO; 29.2 1.7
Momentum: v ; CaO 2.7 85.96
. Fe,0; 3.62 0.51
Mout M + Md&pusir 1 K>,O 0.7 -
Ad dv i MgO 0.9 244
+——| ru— |+ pgVcosf ! Na,0 03 -
rdr dr ! Si0, 574 6.82
6.50m 1.86m ! SiO; 3.1
- I Main body T, 13 -
:E: <:| Deposa't ; Misc. - 2.89
D £ 1
Pttty . ngr
2 <] Deposit i Wall conditions
i gfeﬂ’:,'g’; — i (mm]  k[W/mK]
L el ! Metal 6.3 43
S E:_:, <:| Deposit v ! Refractory ~ 0.016 8
s 030 ‘ Bottom s 543K
iy 1 . m
& ! T l7go Ngoné feam 10000 W/m*K
T, Liquidslaglayer
Fig. 1 Basic concept for the numerical model. Liquid slag

zoh &3 Aol UF wasie] zata 9
o, 77t 28] LRI BAL B A4S
Zo Ag Aol WolH = waol T,

AEd mdo @AS THe) A8 B Aol

A= Table 13 7

% ”°

& o]AlElEr 2249 FRHA AL Fsle] )
A TH9]. o] W §8E IEdAU EHa F
T X&EH o7 By ujio Fig. 19 Y
Ebdh o} o]l AR HAMAA S FAste W
Aoz uHIPL. F, 3| Fo] FAHH T
A F7F AAAAS FUlEl 25 ¥ %

o
= =
of wet A FHe] AYHES AASA. Al
AL YR fA A G A

CEEES
Ak A& FANA ola A% @
ag Sxo] AAHEW, nASd1E UEIe
ddg Aol oJs) TelAT. Al o] &

Y17 AASEE TevE AAsA
Ao g FAe Fig. 29 yERA 23

o =2

9] Prenflo 7}2=38}7|[3]2A4 UlF &%+ 1800 K

ola ¥HE Fuyy 17401?—_ W%WD} At
o] 3| T "HHe RHEHE F2 F 4 kg/sEA
1750 Ko £x=2 A tﬂﬂdoﬂ ﬁ%‘o}ﬂl A
= Aoz AAsdh aua R s
245 B8 FuEde FHA3, 10-12]8 4§
kgl c). ol 3 71%5&73_011 &} Table 2¢l LJrE}

2.5-100 Pa-se] H <ol
9}, TP Fou &S

Agol v &I A
et dAREsE A
1349-1710K 2] H ol &

Fig. 2 Gasifier geometry and operation conditions

Table 2 Simulation cases

Ash: calcined flux 4:1, 4:2(ref.), 4:3, 4:4

Critical viscosity (Pa's) | 2.5, 10, 25(ref.), 50, 100
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Fig. 3 Liquid slag layer thickness for different
feeding rate (4 cases)
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Fig. 4 Temperature profile in the liquid slag layer
at the slag tap for different ash/flux ratios.
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Fig. 5 Solid slag thickness for different ash/flux
ratios.
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Fig. 6 Liquid slag thickness for different critical
viscosities.
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Fig. 7 Temperature profile in the liquid slag layer
for different critical viscosity (5 cases)
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