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Mathematical Modeling of Sintering Process Considering Influence

of Changes in Void Fraction and Apparent Particle Size in the
Bed on Pressure Drop

Eiki Kasal, Jun-ichiro YAGI and Yasuo OMORI

Synopsis:

A laboratory-scale sintering simulator was developed for the purpose of measuring changes in process
variables of the sinter bed in the course of sintering. The changes in pressure drop, bed—temperature and
composition of outlet gas were measured by the simulator for mini—pellets which were modeled for actual
sinter mix. A numerical analysis was carried out on the pressure drop, through estimating increases in
void fraction and particle size by considering disappearance of coke due to combustion and coalescence of
particles and formation of macro—pores due to melt-formation.

Resultant equations for the changes in void fraction and particle size obtained were applied to a mathe-
matical model of sintering process developed. Good agreement was obtained between computed results

mnttnnIammag

and measured data by using a sinter—pot.
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Fig. 1. Schematic diagram of a sintering
simulator.
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Table 1 wHRELMEZRT. ACP ofhEE CaO

Table 1. Experimental conditions for sintering
simulator.

Particle size of coke 1.00-2.00 (mm)
Particle size of ACP 2.00-2.83 (mm)
CaO concentration for 7, 10,

shell layer of ACP 15, 20 (wt%)
Coke weight on sample bed 0.1 ()

Coke weight in sample bed 0.057, 0.076, 0.095 (g/cm3-bed)

Particle size of alumina 2.0 (mm)
Preheating temperature 850-890 (§(®)]
Initial flow rate of gas 0.472, 0.236 (m/s)
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Fig. 2. Changes in permeation resistance index
(K), bed-temperatures (T, T,) and combustion
rate of coke with time in the course of sintering.
(Alumina-coke mixture)
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Fig. 3. Comparison between measured and com-
puted curves of pressure drop for alumina-coke
mixture.
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Photo. 1. Sectional view of the sample bed
(ACP(C10)) after sintering in height direc-
tion.

HEBIIS\NT 2 — 27 212 9voly w5 B 2%, F D
FIEEH BT, REEC X RO DD D BPIK T
DFEHEAMN ST STIEE~OFBRELS % B K
ERIEhAID, (3)RbD dy ix7 v s FRER
{#H L.

T, (3o g, vy FOFECHWDFADHE
B, Elxhi BREEY#ER LK. Fig. 3 &, b
BRI XV B bR EROREA LA EME & R L
THAT. BERRLL—RLTWBHEDT, =2— 7 ARG
cEMCEE IR L ik, kR ok cHIR
DOHEENTRETH B LEZ bhb.

LasLighi b, ACP k=2 — 27 Z0BRAFTIEBIC O
T, FRROFECHEBYR LB RREN L —K L
ot ANEBEO CaO % 10wty & L7 ACP
(LIF ACP(C10)) &\ CHERE KB A 1T D7 B 0 30k
BofEE fliE% Photo. 1 @iid. BThd7 A3 H
RIZFORIREHEE LTV AS, IMRRBIRERL, &
RELTRV .,y FOBRIGRLCRT V. Brie, @
N HFREEORFAAEE L, RET ERRF 2R LT
Wh. Fihe, 2— 7 AR EMEBECHBE L ACP O

vy, FEEEO ¢ (0.405) R LT, FERi% o
FHETTE O BRI X 0 18 i e 12 0.43 BEIEM
LCWwhb. hi, »AFhcBsELisvESry O
INEBBEROSIL, B XIoT2v .y FMBOZER
Lok Uik LRI RS, ZhboBguliofkE
Mk o> ACP REhc o T bR BEIhic. Ll
5T, ACP &2 — 7 ADBREFHFCOVTL, Fil
D (2)Rofiwe, B> REG O dp 3510 e O
mAEEL, (4)~(6)RX v FhrfhoZbeith
L.

aFm/a[:Km'(Tb_Tl)'(l—Fm) RN D)

de/ot=K, .apm/ag_;.(; Rgyeeevveveeee (5)

ddy=Kyp- 4F - (6)

ZZC, Fm m%ﬁ%ﬁoﬁmﬁf%b @M@%ﬁﬁ
HEBWEE T, & CaO-Fe,0, 2 THRRERY % 2K
BT AL U T sk b Fe (17 O I A D B (L AR & s
DWHIBEE T box b L. ¥k, BB e A
A EEx bh, BEZORBEERC I OoTHRD LR
RO RPN A — e EE L, BT 5 ERER
LT (1—Fm) oRFEAVE. Tibb, MEED
B L E LR T KD B VIEKREILER ES, B
WO 7 ARRDOAE— R Sh, BotErr~ta
R FAEMT A EER LD THSD. Fu L
(4)KX2% 0 (Tp—T1) MNEDETHIHML, A
DIEDEHTIZEL Lic\. Thbb, Fm PRKELED
Fofplt, BT ECEOMERERETS. Kn Ko Kip
3, FRENEREE, iR, RTEEnextToEE
ERTHD, ACP (C10) #HHEE LCHE LEER
LEHEA BT A R IBRTA—E T 4 v T 4 Y
71 Yo C K;m=0.032, K,=0.23, K4,=0.034 5%
Foo (4)~(6)YRicX b bhice, dp 2 (3)RfRA
L, ABBOEBROBRELLEE L.

Fig. 4 &=, ACP(C7), ACP(C10), ACP(C15) &
2 — 7 ADBREFEBICOWT, LEOHERIVED
N ERORBE R EHE i LR T, mE,
EERGHNCRE W THE I —&LTWw5., Ll
235, ACP (C20) s\ ik, Fig. 5-(a) &Rt X
S B\ —FMNE bhe ot BERGORRBZ X
h, MESRBEBTO7 4 FBRETLRE L TCWA
ONBEI NN, FOBTERIRA7mm cEL,
CaO 15wty LT ACP it 2~3mm THoD
EXRLTKREL, ¥t0BLE1 D, CoBRIX
DT, FTH7 Vi FRBORTHIOZERIHAE I, FA
MhDBET bhie 2 ERTIROAR—FKDOFRRTH S & #
XS, Ok, BT LULBMEN7 VI 7B TEE

— 69 —



1570 % MW

$ 70 4 (1984) il

‘ _éj—Computed ----- Measured ~-—Fm
1 T L T T T 1.00
ACP(C7)L. ACP(C10)
wy Y s
i/ e c
' Coke:dwt%| Coke:4wt%
Sor Gas:20U/mirT § Gas: 201/mirrf0.50
st | t ~40.25
0 i 1 [ 1 L i 1 1 1 [l
-— T ] ¥ Ll T T L}
A ACP(C10) ACP(C10)
g
ET T T THos—
EN—— =1/ 0
a Coke:3wth| 3 ,/ Coke:Swt %
&% Gas: 20 Umin] Gas: 20Uminl> 0%
© E
® 25t S
g g
& o F—t—t— =
A ACP(C15) ]
&
7 .75
50 Coke:4wt¥lg| / Coke: 4wty 5o
Gas: 20 ming~x. l' Gas:10 U/min
51 4 H +0.25
| N
0 I 1 - | A L I/ l 1 1 0
0 50 100 150 200 0 50 100 150 200 250
Time ( s

Fig. 4. Comparison of measured and computed
changes in pressure drop with time at various
experimental conditions.
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Fig. 5. Measured and computed curves of pressure
drop for ACP(C20)-coke mixture at two different
experimental methods.
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REFBO(5), ()X A L T e IV dp &R
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S E L OEMEI T 5 KA Appendix iR L
7o, ThboERAY, Sl X gL,
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DS Lic. BoRHE e R AR %A i 3 s,
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Table 2. Conditions of sinter pot test and

computation.
Pot test Computation
2 min 2 min
Town gas Composition
Ignition 5000 kcal/m3 H,O: 14.5%
CO; : 5.4%
23.5 I/min 0, 2.8%
N : Balance
Coke size (mm) 1-3.36 2
Coke content  (wt%) 4 2.75
Raw  Moisture (wt%) 2.9 3
Mix Pellet size (mm) 2-2.83 2.42
Bulk density (g/cm3) 1.82 1.82
Core : Shell 48.5:51.5 1:1
Ignition 150 150
Pressure drop (mmAq) 2-13 min 200 200
13 min- 250 250
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ThT\W5b.
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T3, Case 1 BT 50, @DBEABXRME TD Tmax KB
LU, Wiy —ARBWTOE FHCOBNERER T £
— vicHERR bW 5, Flame Front Speed ¥ X O
EEUAD Thax IR —FHLTWA. Case 2 k>
T, 2=0 TOe— b5 -V K& HEIED Dh
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Fig. 6. Comparison of measured and computed
changes in pressure drop of bed and superficial
gas velocity through bed at two differant cases.
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Fig. 7. Measured and computed changes in bed-
temperatures with time at two different cases.
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5. & =

VRS BRR D IRBET, RIS DRSS T I E 5 B R
OEFRTOBBTEMETH D, R R ST 55
—HI7RER D PONIEBL I h T, F 2 cABRI s
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B, 22T, 2— 7 ART-OREERC X H1H5H e ORI
Eieb o EREEL, EHROHELTV, BRYENE
EWETHERLS—FH LI, =1y F EERCHE—
THETDa— 7 2 LOREFER &5 58k r — AL
B BHAREE LTSN R e 5 ERE R mix ©ouT,
Rose & Dasa® i} ¢ 0B b EHE L dy OBE{LOZE
ERLLKFH € F AR X TEY e 7 AREE(LDE
BEZETVWS. LrL, EEERcR T, iz
4wt D= — 7 ZAOKEIBEEE RO 7T~8voly %4
DB, ZOHKT e OWIMER LA LT R
BRFOLDEEZ BRA. LichoT, 2—7 ARE
glEfvcig& 5, BRcHE s RENF ol TR LE
Z AR, BREEE R X ORI, BB DR
WBERE B oOTERENE(LT AR iE L, AR
TREE o, #HERMCED LWL b0 LHEIh
5.

PMm.}K%Ltl5K,%ﬁm#5dp®%m%ﬁ
AR LCEETH B A, FOFE BRI
WRETHDH EELONSE. FO—D2ODRLRE LT, B
MmO KRB OWHEE » BERETEE LY HVTEL O
FENCTdy ZERBIL L. ZOFE, o TidiEt
BrroBobhicBeiziz—%1Len, dp ©onTit
i) B AENESRE. 5% T8, X hEEM
7t dp BIEHEOBRFNBHE IS D, kil ™ HoH
H&LTEZLDNAERXIIE TS &, (1)BollfEc
X o@EoREd, (i)@EomE), MBS, ()&%
M X v EShABARE B0 TREOMHESY, (iv)
fUBERh RO E, SE¥Fohs. ¥, (i)wpgdL
TR, B ~0 (3)R0#EHOZYHT > ThH
Bt oA SD EEZ DS,

EEEH T Uy, ACP %L v 3 o
v— T HEMTCHEIR, =T ARERTLEHE LR
BINGE EMERGFEN BT HHEBEE L, AHEMELSE
IEN B —FHFTHERE RO TBEEL LIRS, f
RSB AOERE LT, Yo v— 20X
DOTEALRB IO AT 2 — 2 2EEEH L rhdb
BIRRD T I uw—HAEF 5oz &, (5), (6)KoD
FWP A TRTEDTHD EHE IR DD, BHELA XS
o bOROWHEBLEW, i, RIGEERSD S\
BT — 2 S AL B D, 2D T
T, Fie, REFARET B EBOHEE % EiE
Bkl LIGH T 586, SRR T 57 — 25
DETH Y, HCRREER, RIKORERT - Kk,

"t Erosion MB% LA » » 24)07:4 Dilation W% L TR FE
BE oI b & TROLE

FeO & oEE, hoHWtohb e dp,
BIREHRF T REAAE IR TV 5.

6. % B

BErs B O BRBET 2 DEEESE T2 S RO EHEOE
B AL FACHAE T A HN T, B $ = v— 2 &(F
WL, =FAEE (ACP) A L4 0ERB L0
FROBITEIT\, KD X 5 iR %2B1.

(1) =2—7 A0REER X ORI AR, ZBHEERS X
O A BT 5 R o FREEYE LT, Bk
[BoBEH R I TRELEEL, AXFho(4)~(6)
R EARI L.

(2) EEOBSEEE LIS 7 v e 2O E
FARBRL, FHEERYEF AR AVCHRBRA
RIBETHZ L, TOZYHEHRIEL.

B> bz, AR 1T 5 ehic h BRHRE, #HE)
SxBb ol FHARUE=RINIFIE, K1 AR,
B 4TI Tt 7 & O R O SR AT B U<
B L ORERTOTWIEWRHEALVF o v — 2
Reth, RREKCELEHOBLYETS.
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- [EFH o B 375K
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ot

[ 3
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pb(CS+ Ty 9Cs/0Ty)
R A T: )
- O, OWAEIER

a(Coz/pg)”Jrs 3(Co,/pg)
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g ot

C 3
:—R(a)_< o ); MGHRjy -+evemereeesen (19)
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