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Approximate Analysis of Metallic Oxide Reduction with Mixtures
of Hydrogen and Carbon Monoxide

Tadashi CHIDA, Noboru SAKAI, and Teiriki TADAKI

Synopsis :

An approximate and simple mathematical model is proposed in order to analyze the reduction behavior
of a metallic oxide pellet with gas mixtures of hydrogen and carbon monoxide, The model used is the
(single interface) unreacted—core shrinking model, and the following assumptions are made : the gas mix—
ture of hydrogen and carbon monoxide is considered to be as a single-component gas so that oxide pel-
lets are reduced with this imaginary gas, and the apparent reaction rate constant k2 is proportional to the
real constant k. The correction factor «(=*4k2/k) can be evaluated approximately by the assumption that
the reaction rate at the reaction surface is calculated by summing the reduction rates due to hydrogen and

carbon monoxide. The evaluated values of « are in a relatively good agreement with the experimental
results, These facts show that the simple model proposed can be applied to the reduction processes with

mixtures of hydrogen and carbon monoxide.
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Fig. 1. Unreacted-core shrinking model.

Thbh, hOEEAT 2 — 2 DBERICEECIETE
Wi UARRY A CCHEBCER x5,

ABSULBAF A X HRBIEE X REM 7B —RTT
HATORBILEE CREUMBETELNE 5 0% RET
HH0CTHD, BROER KGR 2—RHE=< 7 v
BRWTESRTS.

IC, KD X5 RIFESBEREE# 2%, 2ED A
EBOBEHA (A% H, B% CO LEZTI\V) H
[Etk S, ERIEL, Bk S, 4N THHEE52E 5.

A45,8, T=2 A/45,8, wrererrniereninininnnn (1)
B+45,S; &= B/ 45,8, ---mcemrvenrnrminaeenen (2)

VW¥, Fig. 1| WR3T—REE FALCE VT, KIGARE
Tl r=r KEITHEMERHYICH DI AABIY
BOMIEERIARTELONABLD LTS,

(—7a) =kp(CA—Cg) oreverereremeniinnnnnn (3)
(—78) =kgp (Cg—C%) e (4)

HERHBE BT 5 AR LU BOILEERILI T T hE
ZHIRELRI Dea B XU Dep i X O EBLTE, F70, o
AR EBBBREETEL 0L L,  LICET
HREERRETHE, —RiEe FAOEERS LOER
SEFIKD X 5B,

d dY 5

X <X dX> 0 (3)

d dYy

71}?( 2a'X )_0 (6)
X=17T

Ya=Yap, © Y= Ypp (7)
X=X, T

dYp KNAI’

dX D "%

e X=7'/fo, X,=r1/70, Ya= (CA“CX)/GO’ Y=
(Cg—C3)/Co, Na=kato/Den, D=D.p/Den, K=kg/
ka, Co=Cap+Cpp,—Ci—C5 THDH, Cap BIV Cgyp
RENTHREBEABTETHARBIVCBDREE, G %
IO Cy FNENARB IV BOFREHERECTHS. T,

RIGRAOBMEEIARC LV E 2 bR 5.

_‘i";' =Yalx, FEYp|x, rorrereerireenn (9)
T=0 T X=1l-oooiniiiinninen (10)
Fet2 L T=s,tkaCo/rops, TH Y, ps, LEE S, ©
ENFETHS.
()~ (BYRIBEH ML Z &M TE, X=X, Tkl
¢ H YAaRIV YeiXkODO X 55z bhs*

Yy
Ya=——ZAb .. 11
AT HNLX, (1- X)) (n

Ygy

Yg=

K
L+ 5 NaXi(1—Xy)

(i), (A2)K%& (9)RRAL, HGEHEA0) D &
TR LRADBORD.

1 1 1
2 (=X =5 (1= XD 4= (YmD

YauY D—K)2
Y aK/D)(1—X,) +—AnYBo(D—K)*

NEDV'1+4R/Ng
(X,—q)(1—p)  YaptYaoD
1 — Toeeeenen (13
" E ) (—g) Na (13)
i

=%(1+1/1+4R/NC)'
¢ =5 (= VTTERING)

NpK
Ne=—2=(Yap+YppD)

R=Ypp+KYg
THD.

(1)t — R 7 11 £ b Rebte RIGHED (i
X, EKTRET OBHRTH D, b 5 AKIEEF 11Kk
AL HRES.

F=1—X3 e (14)

(9RO HHIERFHO M D (=Den/Den) (I
R ATHB HiO %5 L0 COp DRIED BB A,
L, &% Hy-COD 2HAREEZE LT D=1 Lis{
TEMTED,

LichioT(13) Rk kA Lis%s.

5 (- XD (- XD+ 3 (Vs
+YarK) (1-3) + A2
W X=p(=p) _ T

(X,=q)(1=q) ~ Na

o5 ) CAGEM T ABEOCERTHAINE Na BY¥ ABEOERE /s
D(5)~(B))RDOBMRBEBCRKDLNZL. UL, BELD O~
TW3EIRIE Y AERMBEEFKOBRITDOABRELTV B L
Al EeMTENE, B, (12)KEkx 5.

e (15)

— 80 —



A

KRFEE—BILRFEDIRE# R X 5 &BER LAY D& IT K IE D EAAE 7 1487

W No=NpK Thd.
3. JE & B W

BEF AL AHBTLTOEBRCOWTRE D115 K
BT K=1 LB & AP EDBRS.

Mg (= XD-5a-xD}+1-X=T

(16) RALBETCH A ADH % VTR LA EE D
nad X, "ToOEFErDOSDOTHS. Wi, (16)Rick
DT REEUTHZ L &F LS.

(LB)RE ()R X > TEBP LI E X (1)KL bR
FHEEERILNTOLIDTH L, Thi ki &
BLZETHE, Ny B3XUT ki 25T0DT N,
Ta L EELIRETHSHH.

2Fh, (1O)RxKREis.

Ni{53 (- XD-g (- XD}+1-X,=Ts

.............................. (17)
TC, ADBTOEEER £ YROL5CEBETSHLOD
ET5.
B2 @k g woneenvensnsseressoosossorssisossainasniinass (18)

DEWHWEFEFa2BEA L TR X H (15) X%k
LPFnzs®xE2zs. L X, oL 2Tan
—SE L AT, TOALUTTIEETH S.

(18)3K & »
Ni=aN, (19)
Y LT 3 AT S R L)}

Liskhirn (19, Q0% AN)NefRALT

mm{éa—xn—é«L_Xﬂ}+u_xg=aT

Lien Lichio2Tair ROLICKRES.

o = -x, . (22)

T_NA%«L—XD—%KI—XD}

o AT, X, ®HToBFIT (B)REEE Ltk
Wi binvs., QKA TEHEETS X5 (15)RN%H
WT 2R EABEHDD LKA LS.

Y 1- X,
- Yo (1K) _Yap(—K)
R S R A (7 e 77

=0 0-p))

M X—p) (1—q)

1.0 T ] T T
Na=5 — Theoretical

| K=05 ---Average
09 P o 0.2 == |
0.8 -.- __________ 0.4 H——-r:’—’:i

O

07F

e —— 06 __———_/_fi
0.6 Yeo=0.8 ]
05 1 ] 1 ]

0 02 04 06 08 10

Fig. 2. Relationship between correction factor
a and position of reaction surface in a case of
Np=5 and K=0.5.
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Fig. 3. Relationship between correction factor
a and position of reaction surface in a case of
Na=5 and K=0.2.

1. FSIEBRBEIUVEER

()R bbb X o T air X, OEHMBIRTH D
T X, DEC X b a3k 5. Lo LEDELEA
FTFREA8) R X VR F AT OEEIELHC—%E
LRI RRAUAET S, Fig. 2 R X003 o £
1, Na=5t—%Fitl, K% 0.5k J00.2 &L Ew
BB OV aDEXR LSO THS. K=0.5 D
& (Fig. 2) Wik X, X% anZbRiphEl, 3iF
—E LA B, K=0.2 LX< eokBs (Fig
3) IR a DERIIRRPRELILDTVWB IS5 THS.

L L, ZOFETLELHRIZIaR—Ficihice s
L5ChB. ¥, aDFHECOWTELSL. FHE

KmﬁkoaDﬁﬁﬁ%ﬁ::fﬂﬁmﬁﬁjydx/

— 8l —



1488 # r W

s 67 4 (1981) 9 2

10 L T T T
™\ ~~""Average values
09 F "N\— %(Na=0) -
08 |- \\\ -
b \\\\
07 - \\\ -
Na=5
06 | K=05 N
05 1 I ] L
0O 02 04 06 08 10

Ysb

Fig. 4. Relationship between correction factor a
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Fig. 5. Relationship between correction factor «
and dimensionless bulk gas concentration Yg, in
a case of Ny=5 and K=0.2.
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