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Method of Determination of Parameters Included in IsHiDA-WEN's Model

Synopsis :

Takeaki MURAYAMA and Yoichi ONO

A method of determination of the rate parameters (chemical reaction rate constant, effective diffusivity in
the product layer and effective diffusivity in the reaction zone) and Thiele’s modulus included in Isi-
pA-WEN's model is proposed. With this method, those parameters can be determined easily from reduction
data. This method was examined by being applied to the reduction curve calculated by Isuiba-WEN's model
and the experimental data of gaseous reduction of iron oxide pellets. This method was useful especially in

the case of smaller value of Thiele’s modulus.
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(b) Second stage model.
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Fig. 2. Reduction curve illustrating the method of
determining the values of rate parameters in Isur-
pa-WEN"s model.

10

3 ,. .
o8k Ef=—72(¢coth<b -1)

(&'

(-)

0.6[-

04

Ef

0.2~

1
i
I
[}
1
I
}

(VN 5 10 15
@' zrodkviDso (-)

Fig. 3. Relation between effectiveness factor E;

and Thiele’s modulus ¢".

CLHHXDS k, BKRES. 5512, (4)RXX v @22)R %
18%. E;=F,»b ¢ »EickEocvrnT, (22
X9 D, k%5, '

Dso=(7'o/ ¢’ )2 ku .................................... (22)

2:2-3 D, DPEE '

() Rx2E#T B &,

E(Cs®— Cue)/ (76Cs0)
={r,(1-&)1+ &G+ (2/&GIF—-1)]/6
—[Dso/ (ko7o)1In[ Lusinh (¢)/
sinh(¢" &)1/ Ds+ {1+ In{ ¢ sinh (¢")/
sinh (@ &n) ]/ (koto) + F / (3ky)ooeeeeeeees (23)

Ihib,

Ds={ro(1—&)l1+ &+ (2/&)(F —1)]/6

—[Doo/{ksro)]In[ Znsinh (¢) / sinh (¢ & )11/
[t(CAb”‘ CAe)/ roCso—ll+ln[§msinh(¢')/
sinh (¢" &n) 1t/ (koro) — F / Bky)] eveeeee (24)

EERF— s » o F>E 3R+ 557—% (4, F;) %
WoL, $F02)RXEBECT F i d 5 ¢, 23K
B, CHRNCERGERATAHE, D, HKEA.

3. B H #l
9%, Table 1 IZ/RTEMZIRICEREL, (5), (8),
Ror(12), (14)Fiz X > CTEHE L 72 Isua-Wen EF L
it it Fig 4 &R YT. ZoF—#ic bl

DHEEERLTCAS. ¥, (&, F) ¥REL 2
n‘f&[:)&\’\ﬁ§’ ;U{%*ﬁ& Lf, (3.6min,0.50),

Table 1. The condition for the calculation of the
reaction curve shown in Fig. 4.

3Fey03+ CO=2Fe304+CO;

T=1273K, ,=0.622 cm, P4=0.134 atm, P4,=~0.0 atm,
Cy,=7.93%10"3 mol/cm?®, $'=5, E;=0.48

k;=17.165 em/s, D;=1.0 em®/s, D,;=0.771 cm%/s, k,=49.8 s~ !

10 -
Fe20:~Fe 10, S
0.8 1000°C s ®=5
2.58NUmin /’ Ef= 0.48
N 0.6 r=0622cm / kf= 717cml/s
= 048 Ds=1.0cm?/s
w 04 H Dso=0.771cms
i kv=498 s
! _ -2
oz /- s
i35 P =0134atm
0 1 1 1
0 5 10 15

Time (min)

Simulated curve based on ISHIDA-WEN's model.
Fig. 4. - Reduction curve of a hematite pellet to
magnetite with CO-CO, gas mixture (Example 1).
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B—ERREP VG E L&E%%ﬁ@ﬂmi@%féb
COFFERFER . EoERAREBENRVIEGEITE,
R NEEMNIELD, TELLZTEREEbDN DTS
WR/NEEFESZEH L TEREEIICEVSI HiEdd
BH.oESDLTCHEBIB T W&, BTF—5 %
b &I, to, te, F, # @B ICELEETT A v T4 07
ETAHLEWSAELDS.

Fig. 6~8, Table 4~6 I2i% ¢" OEIFKE WIEAIC
RfEE#A L op RS, KEOMERLE RICEIRA
LT —=9 DT RTEFRRL TRV, KT D, O
#fE (Representative value) & & %Dk, D, ®FHHE
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Table 3. Example of determination of the para-
meters k,, D,, D,,, and ¢ ’(Example 2).

Case I il |
Table 2. Example of determination of the para- ;gf(tg)(mi") (1)-899 (2)36 (3).26
meters k1)7 st Dso, and ¢’. (Example 1. Refer to Ej.(_) 0:099 0.26 0:36
Fig. 4.). $7(—) 29.3 10.4 7.2
k, (1/s) 186 67.2%2 46.7
Case 1 I I D,, (cm?/s) 0.0818 0.233%2 0.343
t. (min) 3.28 3.5 3.6 i+ #y (min) F(—) Dy (em®/s) | Ds(cm®/s) | Ds(cm?/s)
Fe (=) 0.45 0.48 0.50 5 0.550 1.63 0.501 0.217
Ef(—) 0.45 0.48 0.50 6 0.624 1.33 0.509 0.263
é (—) 5.44 5 4.73 7. 0.685 1.12 0.493 0.282
k, (1/s) 53.2 49.8 47.8 10 0.825 0.897 0.483 0.322
Dy, (cm?/s) 0.695 0.771 0.825 13 0.919 0.849 0.495 0.352
5 5 5 15 0.961 0.850 0.506 0.367
# (min) F(—) D, (cm®/s) | Ds(cm®/s) | D (cm®/s) 17 0.987 0.853 0.508 0.373
4.045 0.55 3.782 0.936 0.402 "
4.474 0.60 2.275 0.999 0.601 D,* (em?/s) 0.992 0.504%2 0.317
4.947 0.65 1.777 1.003 0.699 At (min) 0.274 0.0707 0.478
5.473 0.70 1.541 0.998 0.756 At (—) 0.0291 0.00847 0.0425
6.063 0.75 1.415 0.998 0.798 _ .
6.736 0.80 1.335 0.999 0.829 1p=0.3 min
7.523 0.85 1.279 1.001 0.854 * : Representative value
8.484 0.90 1.238 1.002 0.873 * 2 : Optimum value used for the calculation of reduction curve in
. ’ - . - Fig. 5
10 7 o
F9203"F9304 ,/
0.6-1000°C S
2.76NUmin /,’ @' =104
To | re=0.615cm , Ef =026
kf =7. 44cm/s
w 0.4 ) Ds=0.504cms
o :observed Ds0=0.233cm?/s
02~ / —:calculated kv =672 s
Cso= 0703x10 . o ,
. s g-aomOrem? Fig. 5. Reduction curve of a hematite
% 5 10 15 20 pellet to magnetite with CO-CO, gas

Time (min)

mixture (Example 2).
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FexO ~Fe 4
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08 g900°C

5NI/min

TO0.6|- re=0.569cm y 4

P'=48.4 , Ef=0.0607

~ PcS=1atm , kf =856cm/s
W 04F / Ds=0.191cm/s
b ’
’ o : observed Ds0=0.0367cm?/s
02 4 —: calculated kv =265.8 s’
.00607) (50=0.0412g ctomo/em? Fig. 6. Reduction curve of a wustite
o 110 2'0 3'0 %0 pellet to iron with CO gas (Example 3).
Time (min)
10
FexO-Fe
0.8 __CO
0
?r)ﬁlr?win PS-1atm @'=275
0 0.6 _r -0 577‘ o= Ef=0105
o= f;n kf=8.48cm/s
uw 04F J/ Ds=0.207cm?/s
/5 o :observed Dso=0.0705cm?/s
02 # — :calculated kv=160 s v
7 .60109 CS0=0.0391-ctomo
0§ i 110 210 3'0 70 Fig. 7. Reduction curve of a wustite
Time (min) pellet to iron with CO gas (Example 4).
10 Table 4. Example of determination of the para-
| FexO~Fe @' =657 meters k,, D;, D,,, and ¢ '(Example 3).
H2 Ef =0045 . -
o8 Case 1 I i
g&fq kf =23.2cm/s - e ” -
min ¢ (min . . .
To6- Ds =0789cm?/s F.(-) 0.049 0.0607 0.1167
~ | Dso=0.102cm?/s E (—) 0.049 0.0607 0.1167
] 4 $'(—) 60.2 48.4 | 247
w 04 ! o:observed kv =1340s %, (1/5) 333.3 265 8*2 131.1
—:calculated Cs0=0.0418 D,, (cm?/s) 0.0297 0.0367 *2 0.0696
g-atomO/cm3 2/ 2 oy
0.2 b - t (min) F(—) D, (em®/s) D, (cm®/s) Ds (em®/s)
Pyz =1atm 10 0.402 0.196 0.186 0.137
15 0.518 0.200 0.192 0.154
00 02,0045) 110 210 30 20 0.607 0.197 0.191 0.159
. L 25 0.679 0.196 0.190 0.162
Time {(min) 30 0.740 0.195 0.190 0.164
35 0.789 0.192 0.187 0.164
Fig. 8. Reduction curve of a wustite pellet to iron Pa—
ith H (E le 5) Dy* (cm?/s) 0.199 0.190*2 0.150
wi 2 gas \Example o). At (min) 0.146 0.0704 0.606
At (—) 0.0121 . 0.0102 0.0367

T, BERIICERD T A=y —FEH L CRIEE
faake, EBRTFT— /000 TP RN ERBEED
NI XA—F—"R@EEE Lz, ZORELLTRIRS
NBPRE At L O RE AL, 2 H .

N
Atz(l/N)é‘lltci—tdil ........................ (25)
Atfz(l/N)“‘?I(tci——tdi)/tdi| ............ (26)

S, NEF— 58, b by R ZRERUSE F, ©
BE OB O EERMEETHS. 72 2,
Table 5 @ Case [ & Case [ & Ti&, A, ICWE&HED
NS, At DHIE, Case NOHFHFIEABMIIEL,

% : Representative value

% 2 : Optimum value used for the calculation of reduction curve in
Fig. 6 .

Case [ D, DEDOFHEUTHBHI LAbhb. Al
DHEFHLIEAFBCEELDA. HBHEICIGLET At
EALEFEWFIFAERB W, ¢ AKREWVEAEICIE, B
— BB DOIABAEL BN T, /87 A =5 — ORENH
Lwve, 2k, ¢ 2KREWVEHEICRRIUNEE TV
ASEUIGERATE A0 T, KRG ETVEEBE LT
ko7 D, DD Ista-Wen £F VD D, Of & KED
WO fEo T, REBHEETVICK2BITHR LS
FEZh D, b KIS Fig. 8 (Table 6) OIS, RS
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Table 5. Example of determination of the para-
meters k,, D;, D,,, and ¢ ’(Example 4).

Case I il I

t (min) 1.0 1.6 2.2
F.(—) 0.0655 0.1052 0.1403
Ef(-) 0.0655 0.1052 0.1403

"(— 44.8 27.5 20.3

k, (1/5) 256 160*2 115
D,, (cm?/s) 0.0424 0.0705*2 0.0926
¢ (min) F(—) D, (em?/s) | D, (cm®/s) | D;(cm%/s)

10 0.449 0.273 0.208 0.177
15 0.575 0.269 0.220 0.196
20 0.664 0.250 0.212 0.192
25 0.734 0.238 0.206 0.189
30 0.791 0.230 0.201 0.186
D (em?/s) 0.252 0.207*2 0.184
At (min) 0.249 0.122 0.207
At (—) 0.0190 0.0159 0.0221

% : Representative value
%2 : Optimum value used for the calculation of reduction curve in
Fig. 7

Table 6. Example of determination of the para-
meters k,, D,, D,,, and ¢ '(Example 5).

Case I Il i}
i, (min) 0.1 0.2 1.0
F.(—) 0.0225 0.045 0.194
Ef(—) 0.0225 0.045 0.194
$7(—) 133 65.7 4.4
k, (1/s) 2679 1340*2 250.6
Dy, (em?/s) 0.0492 0.102%*2 0.393
t (min) F(—) D, (em?/s) | Ds(cm®/s) | Ds(em®/s)
2 0.333 0.294 0.776 0.320
3 0.443 0.353 0.814" 0.455
4 0.533 0.395 0.832 0.527
5 0.605 0.420 0.819 0.553
6 0.666 0.439 0.809 0.569
7 0.718 0.452 0.798 0.577
8 0.765 0.448 0.802 0.595
9 0.803 0.512 0.791 0.596
10 0.837 0.533 0.784 0.598
11 0.864 0.544 0.766 0.589
D* (cm?/s) 0.438 0.789%2 0.518
At (min) 0.843 0.0746 0.333
Aty (<) 0.131 0.0106 0.0451

* : Representative value for each case

* 2 : Optimum value used for the calculation of reduction curve in
Fig. 8
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(1)K TEFEEN B INT A=

F: Kok (—)

kp: WEZIRHLZ IR U 72 7 ABEEY E B B4R (em/s)
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Be# (min) or (s), Vry: ¥ AWE (cm®/s)
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