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RIGAEDKFE T 2 RE (mol H,/ cm3)
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it (em/s )
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v(t): (2:22)XDOET (s cm)

¢ . FiEIck B Thiele B = = VEYp® ( - )
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KB ARBEET.
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Y.

n : BNEREO-FNIOKNIGHOBESZXRT.

N : RIGEE2TR3. NenOER—HT 3.
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i 1 2 3 4
S h m w Fe
t m w Fe -—
h,m,w : ~Nv&4 b, 252440, 92%42ERT,
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BRlEr s 2L FEw0P® 2p—>13, BEREBETOSE, Plicy
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2oT, KPHE, ERONTERERHLED ET5bDTHAN, %
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FIALTETHE 2Rk, —oORIGEZHVWKREREIHET S LKL
b, B Ly VBT S ALEEF2EIMT 2. ARCERERIKESD
ABTHEEDCREFEL2L VAEIT S, 35k, FhE2RELBEEL TEN
BEZUPZEUCERERLRLT, MiBELOLELEAATT.

Jill]

-10 —



22 k= 13
A—RERKB8 VT, &
T ORE. S 2 & &
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Fig. 2-1. Schematic representation of the
apparatus used;dimensions in mm.
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(a) Axial distributions along
the center —line of the 54mm
I.D. tube.

(b) Axial distributions along
the center—line of the 156mm
I.D. tube.

(c) Cross—sectional distributions
in the 156mm I.D. tube.at the
position of a pellet; O and
® are in directions 90° apart.

Fig.2-2. Temperature distribution profiles in the
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ors.
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OBEZBIFTOBEOBEOES (t=0)icE>7z.

EEZKMI3, BUEE 600~1000°C, # XJiKE 0.095~20N! /min
T, AL LT, KIAE24%, HE110+£002cm, EE27+01g,
HE/ 51g /cm3, 0 JHEE 39g,//cm®, OKBRBEEE <LV » + 2{HH
L1z, ZDLEDH{EIZ Table2:1 DEBHTH 5.

Table 2-1. Chemical analysis of the sample pellets.

Component | Total Fe | FeO |SiO; |Al,0; | CaO | TiO, | MgO P S Others

Weight % 67.5 0.2160.753(0.334 | 1.62 | 0.028|0.020{0.010|0.001| 0.758

g ELT AR

WHBITTLUIZR L v b OBiEEE % Photo. 2:1 1T, EPMAIC & 2 77
R Fig.2.3 WRTH, ERBICENTS <2 o M0 135 i L8
BMTHBEVABE. ETevy NARERETS, dr= 54cm, 5N /min
DHE, ETOHICEN 3 RKME, 600, 800, 1000°C TxhTh 10,
20, 30°CEETHbH, HEHN/NI WV, T T, AHETIREIC, vy b
BAOOH 2B ZHEE LT VR D6, BROBFSZSEFRRICHT
5 —RERRGHKE SV ERY B itz

AR ARARSsinaseiniNan 0 REARARE

Hf Fey O Fe
H
11
pu
L ]
1 cm H1t ——lb
(a) (b) () [ 48 um
F=0.37 F=0.50 R=071 =5 e
0.2N¢,/min 5N¢/min 5N./min

Fig. 2-3. Oxygen concentration
profile measured by EPMA
over cross section of a

5 pellet after 48% reduction

(dr =5.4cm, 800°C). (d;=5.4cm, 800°C, 2N//min).

Photo. 2-1. Cross sectional views of
partially reduced pellets



2:3-1 #EAN 2BERALOMRN

47532 9 7 TN W 22 Ho W RWCY W WA BEM DS, BREBAE LRSS
UIa® 3 05, 73 FERFIEE, ZRITES2RNAIEICISKESG I, <
vy MicBlET A it s, £z, RIBERORNBEKIE, 73 FERE
WETER SN, SOREFNOBEREZE TV Yy MEFTHE, N-7
Ve RXT XA 2B BHIRESS D EEbN S, & T 5,
Taylor®™ 1t X ©uig, kKK

289 ( L/dg) > Um dy /Dy, vy, (2-1)

PHEIh 2581, BEBEITMOLHOFENKE L, Ligs->ThER
DIHILRT XA 2RHEEBELTVAHEEICE vy VEETON ZBE
i, BEE LR —LEBATE JvnEahTws., AEREB TR,
(21)XVBWEINTB Y, SHLIFRAOBEET, <Ly MIB
& ( closed—open ( semi—infinite )R ) THAHZ &5, Ly MEA
OH, ¥»¥2BREOHRENELT ZOFRIELEZTALLT, HH=ET
( dispersion model) WKHSLWA VW $FYTh s EELLNB.

HIE
T

Cho=Cuplexp(Pe-Z) erfc(~VPe-Z/c/2+~Pe-Z-7/2)
+ erfc (s Pe Z/v/2—-~Pe-Z-t/2)} /2  (2:2)
ceT , |
r:t/o;a%L/u;meﬂpd/D,Z=L/w (2-3)
ax,%ﬁ%%%%%@gb%émuaﬁ%%mé.
Clﬁgb# Cup “ ' (2:4)

a. DERHOFME
Ry UK Pe REHET 254, IYREENS I CERHNTOSHIRK



Dy (J=B,C,E) 2RDTHDBEND 3.

(1) FEBITH T 5 DERK O FE

ELNBERICHEE L2 L S OMBRBICONTIE, McHenry 5 %7 Aris
PN L > THIE S N TV 305, BRI TS VB O BIRK O E HIfH -,
H#HAD 750, Bischoff 5900 i3 REHRNBICH 2 HED B 20w
A1, —EOD 57 v 2RHL CTHRBE 2R, —BRELOERE%
AT, vA 7 VIBPICHT 2 T HEROBEREZY 22 v M (Sc= o/
(0 Dx-x)) %5 4 —4 & LItHE ( XH30 D Fig. 2 ) THEL T3,
LT, CAEMOTERBOZL 4/ VX, vaty b (Sc= gy
S Cog, Duyn,) = 1) 106 5 DERH = FET 5.

@ ZEREWICB T 55 EERE O FE
EENICBT 3 0BEHE D, J=C, E) i, ArisPick o TR0 &
SILKDENTNAS,

Dy = Dy, y,* um d°/ (1192 Dy, _\) ( 2:5)

—7, Bischoff 51, EROBAKSVT s KHBEOHA L ARO KK
(XHK30DFig. 1) 2R LTHH, Sc=1D0HBERKZTON» 55HAM -
12D fER 25 )X» 686N Dy EEIZE—H (AEROKHETIR
1 15% BEUN) LT3, Lzd-T, 2Tk (25 )RKick h 5
FREEFIMTAC LTS,

b, 7 UV Pe B LM HKEE 0 O

Fig. 2.2 WRT L CRISERARBESTVEET 258, RESET
B, JABICBITS <2 LI Pe 8L PP EIERE ( mean residence
time ) 6 25T 2 BENH 5. LBEEEFHAOBELLIZ, S@HH
DEMEHENT/HNIVOT, chBPEEL T, EF0EEDORE » ikt
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FNRIFREREBOXKE XD DO~V » FUBE COEFOXHEICE

VT, BREREECRARERE2ZOXBEORE L LITHED 7 VI Pe;
L EER 0, OFEMEODO—fHl% Table2 -2 ITRT. DL > SFHERD

SHIMLT, LT THERKE Table 2+2. Values of Pe; and 6; at the

B P ) maximum and the minimum temper —
i3 B Pe; 8L U 0; OfF atures in the sections of empty
LLT. BERE LBIERE tube and packed bed.

’ = =

> A= o
s\ tEshszxhrho Section Temperature CC) | Pey (=) | 0, ()

BOXHER2FHAT I LI

800 (max.) | 0.47 |44.8
Uiz, 0

Empty tube 730 (min.) | 0.50 |48.1

zo T, T3 emgepg  Facked bed off 1730 (max.) 1 1.13 {310

) 3
alumina balls' 470 (min.) | 1.22 |415
013, RXDL>IcERIN 5.
Condition :dy=5.4cm, 800°C, 0.2 Ni /min

0 = 0. + 6 + 0y (2:6)
0o= Lo/ U, 0 =Ly uy , Op =Ly un (2:7)
TLT,0, 34753 vy 2 b RICEAOE TOEEDOXMEOFIH HEFHT
HbH, BEDHOFBRIRALCL > IKMEKLTH S, 28, (2-2)KXFOD
Pe-Z DEIZ2WTH, BEOXE S v =>OXE2AKICH T 5 E% XK
DT HIER VY, ChP2ERICHET 2 &bl 0n. EENI
EERECTEBATALDICLECEEAZBEAHOZBIINIVEELS
hz., z¢T, 2ROXBicH T 5 Pe-Z Ofi%, SEHND 7 v T 55K

EEEEEO = O>OXBED Pey - Z; O, $75b LKA

Pe-Z = Peg - Ly, dg +Peg -Lg/dy (2-8)
PeB =uB~dR/DB, PeE=um~dR/DE (29)

OETELT A L, TOXIICUTEHELRZPe-Z L 0 DEDOH %
Table 2-3 12, £ (2-2 )X LB LA RORELEILEZ Fig. 24 i



RY. Pe-Z =0 PLBEHEN ( backmix flow ), Pe-Z = H»RER
( plug flow ) DFETH H, AEBOFHE T, WEOHHENSESINE

L2 %,
Table 2-3. Values of Pe-Z and ¢ at various
temperatures and flow rates.
dr Temperature| Flow rate Pe-7 0
(cm) °cH (NI/min) (=) (s)
0.2 13.0 111
600 5 57.6 4.4
5.4 0.095 6.0 182
. 800 0.2 11.4 91
5 57.2 36
0.095 5.4 155
1000 5 52.9 3.1
800 0.2 0.7 867
20 .4 .7
15.6 . 26 8
0.2 0.6 749
1000 20 49.2 7.5
’ PeZ=0 P
0 ’9\#”“ y’ﬁ_—“"‘"
1 ] .
= I,' g \/. 174
o K u
T 4 / /]
Q05 - O~
S0 Yor|
0 : / &
G H K / W
I : 0 / 8
© i / /
H 7/ /
|i /
i/’ /// id
0
0 0.5 1 15
T=t/60 (-)

Fig. 2:-4. Hydrogen—concentration changes, calcu—
lated by Eq.(2-2), at the position of a pellet
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Clair® 13, RISERIBWTEITY 2 LERY % & Of 05Z2RE 2K
ELUTETHTZAONEZAL D, vy rOEDLHDOH ZMHOBER2EH L1
W, TZTRATZEORERXODVWTHBIRL, NZEHRZRT X ITEIE 20
ABCERT B,

WESV oy MEITOKEY RBRE Cq,, 1 (2:2) XTREA, <vy b
RITDKERA ABRER Cy , ERUTHL L, RIGHEE CBTHRERIRE
LBEomENRERIE, 2¥FD0X 5K ’s.,

Cinp Vo + g, = Cy,a Vo (2-10)

R D ER U KESRIX, vy VER»LEBHARERLTO LD
T, TTRIKAREBCIE, COMBMUTET —BMOKERE NV H R EH
BEOES. DSVTEXOREN 21, vy b REZHE T~ It
STKERZSOIRBATVW . LIATHERI-TEERER 2, [
BRIZH2ROET L YOHEBESH, KICENORENT, HRWRZ 0
BT, ¥AEPICBEINIEE I, BRABOAMO <L v ME
WMTI, FFH—SBE Cu,a KE-TWEBDEEALNS. L bk
BRICEEZTHT 28I, RNUFHRZRELTWE2D, #2EEOEDLY
DIKFEFARBELLT, TDL 3 f;S]Zt’;j%FgEﬁza 2 HN B & BIFSESIC
K%.C@E@ad,&Vthﬁ@mﬁﬁ;%ECaa&&vy}%ﬁw
KFEH AP Cup PEASITHEE LTRAOL 5 ELTHL.

Cy =(1-K)Cab+x-c%a (0=k<1) (2-11)

Px:)

(2:10), (2-11) K& b

C = Cfi,0 + £-nn, / Vg (2-12)

Hoa

E2h, ZTrRNXEBEROFTEDOERE 2RI RKTH 2. $ bbbtk



DBH T £=0(Cq, = Chy , BRFEICHE) SINZHERLZEL S0

B, £=1( Cyy, = Cy,, BREATHNICHIE ) BNKEH 2 ZE U 1
BEKHMT 20, —RICIR, FRCNSOPEREOBEL2E3DEEx
bhB.

2:3-3 HERIGEE
NTE4 MRV y FOKEYRICL ZETLRIES—FAEREIGKE 71T
eV, X HITUZIEPT & Ik U 72 & = RS N4 8

Miyr = .—4717'!,2 k;k(CI,{kzb = Cu, 0 ) (2-13)
BEBREZRE U ICRAILE

Ngya = —47% D ( Cypoy—Cuyp ) /(1 /7, =1 /7)) (2-14)
B & MEFE RIS

Mpge = 4772 kc(1+1 /K ) (Cry — Crye ) (2-15)
D=2>0BEVPEHEBZRNICETT 2 REGEHE

Mt = Mg = PHye = M, (<0 ) (2-16 )
i%ﬁi?%t,%%ﬁmﬁﬁmﬁﬁﬁﬁéﬂ?m.

E3
47:7‘;,2(CH2b —CHZe )

nH2=— (2'17)
1 (1-Fy¥Y* -1 (1-Fy*"
k¥ De / 7, kc(1+1/K,)
zzT
kY = (L by +dmrre /Wy ) (2-18)
F———-l—(’r'i/'r'p)3 (2-19)



> & D&
nH2=47zpp(dri3/dt)=—47zppfrp3(dF/dt) (2-20)

2 (2:17)RifRAL, ¢t TEDTEED2EDLI>BF Lt OBBERBEDS
ns.

t
1 N _F
301) 7, { (CHZb CHZe ) dt = 3kf;E
2/3 /3
N 3-3(1-F) -2F 1-(1-F) (2-21)
6 De/ 1, ke(1+1/Kg)

FRizx o250k it BETE 2P

_ 1 1 t * __F_
V()= S o 4: (Chyp = Crge DAt~ 33
3F —2F° 1
+ 222
6 Do/ 7 ke (1+1, Ke) ( )
iz L
F=1-(1-F) (2-23)

EBF -2 V(DR (3F-2F)Trmy b5, —RERRGKE
FNMREIBE, BERERKELINIETTHH, ZOERCOEROYA
LB D &N NCRRIGEEE R ke L HHIBERD RE B C 21
I$h. nE, ¥AREADEBERBOHEICIE, EBELO—HMHBr T4
VEREMVTERIICEH L, v -V FRShIEHT 2 RK P2 20
FEMAVBC EicL,

1/3 /2

2 *r'p kf/DHZ—Hz()E Sh = 2 + 0.58 SC Rep (2 24)
tzrzL
Se = uy,/ ( by, Dy,-n0), Bep=2m1u sz/qu (2-25)



LU, Ruo b EDD FEe I, un® 282 U £ ug,, Dy _no,

Dy, y,, Ke(# -9 254 FROMREET 37) O%EIE, XH 11 IR
L ek % AV TR L 72 |

K, = 22656 x 107°7*°*%°° | (2-26)
Dii,-n,0= 3.7104 x 107° 7" (2-27)
Dy,-n, = 2.6288 x 10" T"" | (2-28)
K. = exp ( 0.9733-1743.3/7T) (2:29)

b (2:21), (2-22) NAAOBEOEOFMICEL Tk, HES 2%
1stl, (2:2)XbsROUEBEMO Ch,, BEMANWT, 1min T
vy vERE VBERES BTV, BE OO~t OfMERDZ. (2-22) K
CESWTREEREHE o v PRI B 2T HE I, FETERH ¢ 1T
?5%MEﬁ$F%%wf,wu)t(sffzﬁﬁ%ﬁﬁbt.it(zzn
ﬁw&b%ﬁ%ﬁ%ﬁ%?%%%wu,%ﬁ%ﬁtmﬂbf,ﬁﬁ%ﬁ%?
A2FE2BEMRRDI. 28U EOKERIZ, BESIAZ00LIsEUIS
EOEREIZEALEVI .

2:4 HBEBLUEE

T Ice s, TRSBLLULABOERE LTI 50 5 RD LEBEER
L 2 BILELOBBRTRUNLH%Z Fig. 2-5 KB IF 5. 9244 k58~
DETHEEBRETHSLBELONE130% U LOBTEEKT, BILK
Bz &, EHMITIZ 800°C TH12%, 900, 1000°C TH 20%HKEE
BELTWA., 2 CEHBRERT A <Ly FNERELTIE, COBEOFY
MEEgZR VS EiRLT.
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Fig. 2-5. Swelling behavior during reduction
(dg=54cm, 5NI/min ).
2:4-1 HENT A -2 ORE Foo()
Fig. 2-6 1 dg= 5.4 cm o o2 04 06 08 93
o
DRIGEBICB VT, 800°C, a F('&“/'""‘i‘g)ﬂo.oss 0.2 0.5 20
N N 1.0 k=0 D o A o
0.095~20 N! /min T, " 1 " e 4 o
Ny HABRER—FELEL B ° . dr = 5.4 cm 1
rBA (TEDLARPE E . o 800 "€ -
v o
PEBLIENEE)D k= 2 ® 2 o
0t 1DRARES 05 b s " e o
BRT. BRETE, k=0 3 O
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Fig. 2-6. Effect of flow rate on the
mixed—cont’501~plots: U(t) in Eq.
(2-22) vs. 3F-2F” in case of Cy}
:anb .



KELFTHTWAE, COFERE LT, BEK - RE2H > BREOKE, §l
BROFFHROELE ~~24 +BLTR, BrlicsnT~ s %% 4 b
PRETIZEA4AMNCEZBILRIENE-TE Y, TOLD—RERRIGEKE
FNIREDIZN LRI AHERTENEILILOND. COL R e HHE
T A= g RPRETHIIDICIE, LESEHFE vy PELO VT 2L
HEMEEACERATE3ERBRBVTERRTY, BEEE S0 1%
FAWTERIRT 2 ENEE LW, Fig. 2-7TKH AHES NI /min DERH
CERONIIEE S 2 - 2 DEBEFES, Fig. 2 -8 13 B0 EE
CEAEEOHERTT. SREOCETHBEDORIHOTS 2R IX, WE X
PEHIL—HLTWVS,

| Temperature (°C)
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ke = exp[6.93 ~11.8x10%/(RT)]
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Fig. 2-7. Arrhenius plots of rate parameters
(dg=5.4cm, 5 NI/min).
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Fig.2-8. Variation of reduction curves

with reduction temperature.
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NFEHMOFESORE 2T IC1E, OB KA LT v v FEHADH
ZPEIETSENICAREL B3 EREBIKE VW TERZITWERT T 2 5H8H
HrH., LAY, BRECHGIETOHICY 7€ 14 FEIOE TR 2R
U, CORDRELOBEREE 7w » Mk hRIF 2175 BARCIEZDET
Riew T2 RICHEBBREBES Y, BIEELEHTERL VRS E
wFh s (Fig.2-680). x¢7T, (2:2)KX% (2-22)XICHHL TH
RHR2EZELULIBEEES 0 o 2T, NXEROFEOEE 2H ~1:.
Fig. 2912 800°C, 0.2NI! /min THFHRL2ZRLILEHEE L ERBLEVEY
LHiONWT, £=0, 08, 1OBAORAAHE ey rOHERTT. ¥ 2
A4 M OBENDOETHERRBELEALLNSF=03 UED v v MLk
WT, AFPREEEELSVESIE, Feo oy bORBRSEIHBE LS IR
MCEROWHBHEFRPELZRBL S I, NERZMKT 5 LESVIE
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0 0.2 0.4 0.6 0.8 09
T T T T T T
‘ K 0 08 1.0
0.6 < ]
R Cup from Eq.(2:4)] & o o
RN Eq22)] & o $
—~ & A n
: ‘s
; 0.4 o S a A s o o
N s s tmaal . R 2t
QAA 0
: —A‘O [~ .
bo 2 ° °%lb oo o 'O’S’
: o o ‘: ]
° C .
/L‘/. aapm ®
%l ® " dr =5.4cm N
‘°.- 800 °C
0w 0.2 Ni/min ——
| |
0 0.4 0.8 22

3F-2F2 (-)

Fig. 2-9. Comparison between the mixed—
control pleots calculated by using Egs.

(2:-2) and (2-4).

——, mixed—control plots at high flow

rates (see Fig. 2-6).
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Fig. 2-10. Comparison between reduction curves
calculated by using Egs. (2-2) and (2-4) and
experimental data.



B, COMNOPIRERERPELZERLEVEALOVWTHIEZEDOIDILED
HTRLTCHS. BERNELZ»EZRE TS L, Brliov e 4 PRIt 5&E
THESRIFIRESHh, 35ick=08¢35%L, BUPlibREE TEEN
K7 h L —HULTL 5. MOFHETRKOMBT 21TV, KRIMEL HEL
iER % Fig. 2-111C/RT. CC TkEitid, Table2-4 IWRT{EZ BV,

(2:2)RKT Pe -Z=co $ROLRALINELTCENRME O T 2ERBLIT
B4 ORI b Fig. 2-11(a)Tid, HE 0.095NL min DFHE T, Fig. 2:11(b)

T, ERBOBARTRLTH A, HRESELS31RE, ERRICEEY

Table 2-4. Values of # at various
temperatures and flow rates.

(a) dg=054cm (b) dg =156cm
Flow rate(NI /min) Flow rate(N//min)
Temperature Temperature
(°C) 0095| 0.2 05 | 5 o 0.2 | 0.5 | 20
600 - | 1L0|08 |0~1 800 0.9 | 0.8 | 0~1
700 0.9 09| 0.6 |0~1 1000 0.8 0.8 0~1
800 0.9 0.8: 0.8 |0~1
900 1.0 0.8 0.6 [0~1
1 000 0.8 0.8 0.7 |0~1

AE Wi e, BUPcERE» TN TL S, Thic UTHRGER %2
ZE L AR TR, EREOBAICEAECHBCEALBTIHO Y 7
4 FRUEHERD, EHL6OREERZAVRHECEEERICRINTNE. &
TAT, Hic, 1000°COHE, BagBcEoBRNPBEEICR 6h, &t
BE»RTNCLA. BEMELRAVENEBRERICL2E, Ly b O
HOD b BREEET THELADY 2414 VRFOI b O, BELHERHERK
ShTHh, COLdBHE, HRMCEESLCBROBEENGEDEEY
5%%%%%tofwé%®&%iem€@ % 12600 °C DETLDOEBEIC
3, PHOBEEBRESEL, Lizd-T, BOER - BRIk 2 BRACE
MAEKOBREL EOHELZPLURZITVAAEELE DS 5. L LEY
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Fig. 2-11. Variation of reduction curves with reduction
temperature and flow rate.

® /. MY @ Experimental data
——— Calculated by using Eq. (2-2) (Present work)
—————————— — Calculated by using Eq. (2°2) at fpZ=0o° (in case of plug flow)
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UEDOBL Y, BuHEZHEVKEECEECEARATE2cDEEL
T, KEBTRHVWIZX Vv y e LT, Table 2-4 WRIHRE2EB. B
BETRO~1DVWTHOEZE5ATCLETTHBROHBEMEIRIE, 3&AEEN
Bhizdpot. EL0DORIGERBNT S 2BMITIE £ DEIX, REMSEL
BBEIRE, bF,LicKEL LY 1L IRESVWTOLEAE® %2, HORIGE
DRI BN RAPNSEER LS. FIROEABRNL 2 —2DERE LT,
ERBLBNTRVy FEHICHEAT AIFEKBOFE L > FicERNRZ &
DEEBEZILNS., ThHIROWVWTE, BV FOEDLHDH RN,
HABENHELZEALCRITA2CLBUETH 5.

25 # &

Btk <L y FE—RROAEBLRIGRENT, vy NELO W 2R
ER>P»ENIMBT2EHOT, WE0.095~20N! min, ZETEE 600~1000
°C DEBHTHNES4cmE 15.6cm D ODRIGBERBVIZER &, NKIER
DEELEPZE LI —REREISEE 7V ick S CBIFE 20, MEDRE
BEr B LT, 2E¥0MhmEeH:.

Q) NZEHOFLEVREL L 2ERBICB T 3KBETI, ElicK
ISOEEPENSG. ChRFERPICKLTWRERYT R ILL 2EZ TP 2HR
@%%Ki%é@?@%ﬁ,caﬁﬁﬁx%&%mmﬂuf,ﬁﬁ%?wm
IARZHERUCHRA 2T L, BRREMEL TENREIZ T 2EZE U IR
HTRETCEDBTERNY S T4 FRIBTGHB 2R T 5 & TES.

(2 RFKONFHEAOEHILFEXr2ZAL, BExBE2zHEVI{EER
BRCEDABTEZ rOELZRIUVLKER, AEBRTHOII VY PIHLT,
Table 2 -4 WRTERE. 0.095~05N] min DERFEERKTIE, 1~
0.6 DfEZ &Y, MEVEL L I2RE1LIRESL, SHEETIZO~10DW
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HEICRIT IS EAF

gl

B 3

3-1 # =

RERD REAEFLR vy bOWR (HYER, BETHE, EEBELE)
CRIBTRER A, HEEL P ORTFORESRI S TLEHBUY R
BEHIICEL D o B R D20 EY i, ~v ., VEHE, 27 V8, KX
2B ZANERIZ, MOBERZ2FANLLCBVWTEETH»RILE b6 T,
HEMEB FOREE a5, BEAERINTVARVODBERRTH . Lizh
5T, ThZNORTFOEERPLHEL TNE3DTIEZL, vy bVERE, X
AR ORFOEHELUIHERZFERTVIORTEZL. Uh b, HET
HOBICBEL T, MERAROBLEZRFLTVWAIZTTH L, BT
BHOBRILSOBTEE SIEELBTEE L OBREOVWTERANSLGN
TV, 2o kdic, Rvy rOEBTEOKRFICBEL TR, A+AkL
THMBEN.

22T, KETIE, BERIYE, EEE 27 /BREORRIZERLY
FRER L TETHBE R R A L LB, BXOBLERE TEITUILEES
vy NORIBESHZHEL, HBBES T THETHE CRITTZERT
OFEEBRF L. FRTFTOLEICEL CI1d, ERRMETEZHS 120K,
MORF2TEREIZSAT, TOHELPTESAROBRKRLIL.

3-2 HEHFRGIUOEBRAE

25 78 wt% CaO +wt% Si0,= S # 5 Ftzid10wt% & LU, HEE
(wWt% Ca0 ),/ (wt%Si0;)=B=0, 05, 1, 1.5, 2D <RV y b Z{EH
TA»Ic, TIROMILB-SMWE ( - 350mesh ), WKEERE ( —350mesh ),
Ly w LEE (LT -200mesh D b D2 ER ZHERE L ES
Uiz#, CcOMEKRIRERKEZRMLT Ay Fe - v TERRicLz, 2D



HExvry b 2REHPT 1150°C 7213 1250°C OBEE T 0.5 h 1213 8h FEEK
btﬁit,xaﬁmﬁ%ﬁﬁb&mmﬂ«va4b&vybmﬁmf,é
SAROHBLA~L LD, TITROBRILEHHRCHEEKERML
Ny Fa—-Yrrick hERRIZUTKEHR T 1300°C, 4h LIz D%
PEBIL 72, 2 DRV y hORKRIAEKIZ, 10%FI%KE/NI V. 2T, ¢
BERR <V » b 2B LT —325mesh & + 325mesh ~ — 200mesh & D 2 &
HOBMEKICEA B VWA, MEZBEAELIZEDO (—200mesh ) 23 C 3EHE
OWRIEH U THIRBROREELTY, [AK20% LU LEO<vy vV2REL
2. 351, ZORV oy b ERERIUEAKABTRABEDOERL S L v b
EUT, 1100°C, 2hER LIz ® $ VEBLL 72 ( Table 3-1 &) .
RUy bOWBTHCRITTZOEREROXLE LA 1diL, BRE
TERL y MEOWT, RS EB2EE LL2KAER, KARSHLL 0N
BSAROEERT-72. 28X, vy FOELKEME RHHLEMA
PLEHUT., BB RODWVWTIEHKEEARNR e v 2 -2 2HVII.

$1, MABRLUERL o b IEoWT b, SALEHHEOHE & FHE I X
ZHEBERL 2TV, BLRPIELZ2 =Y L/ AIFELRLY BRiE
BRD BEBICOVWTIE, BE 800~1000°C, KFEF 2 & 0.095~10 NI
/ min O T Fig. 2-1(a) KWRLUENES4em O REERHERL T -

1.

3:3 XBREEEIUEE
3:3-1 MER~<Ly FDOKIALK
BHER L » P OEBEHEE 2KAEDOMEFKRIX, Table3-1, Fig. 310

*1 BRBATAHERF (Y a=y PERF ) NILER Ly F2REL, ZEHS53~4
hT, REDRKEBEECRREL, FitrRHEER, BRI THRDLI.

x2 2T Y S OREFEE LTI, BT BIBETROZHMOERZAEL T, FHEE
IR %R 5 HEEZ VI,



Table 3-1. The total porosities of pure hematite pellets.

Firing temp X Firing time Total porosity
(mesh) cCc) (h) (=
—325 1100 X 2 0.27 ~ 0.32
—-325 1300 X 4 0.05 ~ 0.16
—-325 1300 X 4 4+ 1300 X 4 0.20 ~ 0. 31
—-200 1300 X 4 + 1300 X 4 0.31 ~ 0.37
-200 +325 1300 X 4 + 1300 X 4 0.38 ~ 0.45
0.4
T T
03 i T }
~~
i }' 1 i l_[
<o THEBER | R D
w | 1
P]‘
0.1 i
0

0 05 10 15 20
B = (wt% Ca0)/(wt% SiO2)

Slag content Firing temp. Firing time
(wt%) (°C) (h)
— 10 1250 8
———— 10 1150 8
_— 5 1250 8
————— 5 1150 8
—_—-— 5 1250 0.5

Fig. 3-1. Effects of firing conditions, basicity, and slag
content upon the total porosities of sample pellets.
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Fig. 3'2. Effect of pellet diameter on reduction curves.
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Fig. 3:3. Effect of gas flow rate on reduction curves.
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Fig. 3-4. Effect of firing temperature on reduction curves.
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Fig. 3+5. Effect of basicity on reduction curves for
pellets indurated at 1150°C.
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Fig. 3:6. Effect of basicity on reduction curves for
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Fig. 3:-7. Effect of slag content on reduction curves for
pellets indurated at 1250°C.
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Fig. 3:9. Effect of reduction temperature on reduction
curves for pellets indurated at 1250°C.(d»=110cm)
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Fig. 3:10. Effect of total porosity on reduction curves
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Fig 3:13. Influences of basicity on the pore-radius
distributions of unreduced pellets indurated at 1150°C
and 1250°C.
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B=0.0 B=0.5 B =1.0 B =1:5 B=20
Firing temperature 1250 °C

B =0.0 B =10.5 B=1.0 B=15 B =20
Firing temperature 1150 °C

Photo. 3:1. Microstructures of unreduced pellets
(o]
indurated at 1150 C and 1250°C. (h,hemati te;
CF,calcium ferrite; s,slag; P,pore)

3:2(a) &R .
(2) "4 4 E7 32524 VOBELUZNTFVEREL, RIGHE 2EK
LTW3 & D (Photo. 3-2(b) B ).

(1) TET ALy MiE, 1250°C CHERUTZEEEE 05 ~20DRV »
P EKHER 1O %EBOMPEAT 24+ vy FThHE. 277286735
RUy hTIX, Photo.3-1iLk3¢, BEBALIATEZALPELTICATS
A RBE Bt RS SREREELTE 0O AR DL U EE SR b
2. 25 7B 10wt %DHE, vy POKIABEIEHRTH b, HEREIC

ToTELZSTIEVED, Ly bitik, HR 0.05~0.2 pmBEED/ I
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(b)

(a) Firing temp. 1250 °C (b) Firing temp. 1150 °C

Photo. 3-2. Microstructures of pellets reduced partially
at 1000°C. (a) T; =1250°C (b) 7;:1150°C

(h,hematite; m,magnetite; s,slag; P, pore )

ERHABEELTWS (Fig.3- 138 ). Kig, IEEE 15, 2DXvy b
T, 2RAEBICENTREBKEEAKRESDZ VWD, ~vy FPHROK
ik, BEAECVKHESATHI2CEBbM B, $12, RS VBB 5wt &
His {755 & (Fig. 316 DOHIZR ), BAKIAREA S, [HAER, 13
EAELTEMICH D 0.2 emfEE /S V. 1, KILEK 10 %K O K
NTE 4 PRV .y PTIE, BEAEDOKFARHAKILTH 5 ( Fig. 3 14 ).
Lz T, (1JIKET ALy hTIE, 2KAXOEICEZZ LKILAD
# AFLEIC S T B PR & W0,

(2)ICBT A2V oy ki, 1150°C THERLIZTNTORLr v b & 1250
oC THERUTIEEE OO L » b 6 KK IAE20% L EO#PE~ < 5 4
Ly b ThHB. 257 %8F3 5Ly h TldPhoto.3-1iCLBE, 37



Table 3-2. Swelling and the diameter of wiistite particles
encircled with dense iron.

(a) Pellets with different firing temperatures, slag contents,
and basicities.

Reduction Firing Basicity | Slag Swelling| 2z I‘;l *
temp(°C) . | temp CC) (- (wt %) (%) (#m) )
0.0 10 10~15 5 105 ~ 0.6
?8 ) (0) 7~12 — . 550.7 ;
. 1 6~12 6 .55~ 0.6
1150 1.5 10 6~11 8 0.6
2.0 5 10 8 0.6
1000 ) 10 10 8 0.6
0.0 10 10 7
0.5 lg 6~10 1— 8’8} ~ 89
10~290 0 ~ 0.8
1250 1.0 10 7~9 | 10 06
1.5 10 6~10 10 0.7
50 5 7 10 [ 07
. 10 8 10 0.7
950 1250 2.0 5 6 7 0.7
0.0 10 6
1.0 10 7
1150 1.5 10 7 7 106 ~ 0.7
2.0 2 7
900 ) 10 7
1250 - n 5 : 0.7 ~ 09
1.5 10 7 . .
2.0 5 7
850 1250 2.0 5 6 4 0.7
0.0 10 5
1150 1.0 10 7 4 0.6
800 2.0 5 4
‘ 1.0 5 4
1250 20 5 6 1 0.6 ~0.7
(b) Pure hematite pellets.
Reduction Firing T Porosity Swelling| 2r, E
temp.(°C) temp.(°C) (-) (%) | (uem)| (=)
1300 0.35 30 10 | 0.2~0.4
1300 0.26 8 | 0.2~0.4
1000 1100 0.28 9 3 | 0.5~0.6
0.16 N n
1300 011 6~9 0.9
1300 0.44 1 =
900 1300 0.30 20 1] 02~04
1100 0.30 5 4 | 0.5~0.6
1380 0.11 5 0.9
1300 0.37 ~ )\ ~
800 1300 0.26 10~15 —3 0.2~04
1100 0.29 2 2 | 0.6~0.6
1300 0.11 2 2 0.95

* Fpid, ~v%4 FOMKTIBTERLRLIIBDTHE. ThitonTiE, HEA2E
BoT .
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SHBEDEOHEEL D, Table3-2(b) KRULIZZ2x Y v 7 OEESHEE
EztoEEbhA, Lth-T, BROBHORITEREIL, RETVvy
FPOKAHEE L AT Y VP RE - TRESEERZRZTS.

(ii ) B HALIRE O E o B
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Fig. 3-15. Influences of basicity on the pore—radius
distributions of pellets reduced partially at 1000°C,
10 N//min; porosities of these pellets are much the
same as those in Fig. 3-13.
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Fig. 3-16. Influences of slag content on the pore-radius
distributions of pellets reduced partially at 1000°C,
10 N/ /min.
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Fig. 3-17. Influences of slag content on the pore-radius
distributions of pellets reduced partially at 1000 °C,
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Eiring  temp.. . 1250.5€C
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Firing temp. 1150 °C

Photo. 3:3. Microstructures of pellets reduced partially
at 1000°C. (Fe, iron; w,wiistite )
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Photo. 3+-4. Microstructures of pure hematite pellets
reduced partially (a) at 1000°C, (b) at 800°C.
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Photo. 4-1. Macrostructures of
pellets reduced.partially at
1000 °C.
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Fig. 4-1. Comparison between measured and calculated
reduction curves and core-—radii.
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Fig. 4-2. Comparison between measured and calculated
reduction curves for pellets indurated at 1150°C.
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Fig. 4-3. Comparison bétween measured and calculated
reduction curves for pellets indurated at 1250°C.
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Fig. 4-4. Comparison between measured and calculated reduction
curve and core—-radii for a pellet reduced at 900°C.
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Table 4-1. Applicability of three—

interface model to the present

various hematite pellets reduced

at 1000°C.
Slag Firing Basicity (-)
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(wt%) [ (ec)| O |05(1.0(1.5|2.0
1250 0 | O | X | X | X
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11M150lo |o | a | x| X
1250 X X
5
1150 A

Reduction temperature 1000 *C
A rather good X poor

0 good
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o

- a0a08 | -
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'.9.-0.2 o o 1300 1 on ]
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L 0 i Il
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Fig. 4-5. Comparison between measured and calculated
reduction curves for pure hematite pellets with
various porosities.
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B(-) Firing temp. (°C) S(wt%)

o 0.0 1150 10
A 0.5 1150 10
a 1.0 1150 10
vV 15 1150 10
S 2.0 1150 10
® 00 1250 10
A 0.5 1250 10
| 1.0 1250 10
v 15 1250 10
® 20 1250 10
m 10 1250 5
¢ 2.0 1250 5
¢ 20 1150 5
e 00 1100 0
® 0.0 1300 0

Fig. 4:6. Total —porosity dependency of chemical—

reaction rate constants késltz and effective

diffusivities D{*) for various pellets reduced at
(a) 1000°C, (b) 900°C, and (c) 800°C; scales in
logarithm.
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Fig. 5:1. Sketch of multi—stage zone-reaction model in
(a) the 1st, (b) the 2nd, (c) the 3rd, and (d) the 4th
stages  (h,hematite; m,magnetite; w, wiistite)
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Fig. 2-1(a) KR UIZWNE 54 cm ORIGEER2FERL, EIXEE 700~
1000°C, /KEHF ZAWB 5N/ min ODFRHET, ~<v &4 b<Ly FOBTH
Totz. EEEL2BE LU CETHERZ KD 5 & & g, TIEDETEICE
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Akhciz, Table5-1 IWRULIZEHE<LVy M (R v A ) LEEHE<L
v b (Rvy FB) EEBRAWVW., BIEE, MBREHRIC Y br 4 F0Twt
%A L T 1280°C T 15min BEHR L1723 DTH b, HBE1F, FEHRITCaCOs
3wt % BL T 1250°C T 15min R LI DTH 5.

Table 5+1. Some properties and chemical analysis of pellets.

Component T.Fe | FeO | SiO; [Al,O3.| CaO | TOz, | MgO p S |Others

pellet A| 681]0218|1.252|0.441|0.065|0.030|0.036|0.012{0.001} 0.733
pellet B| 67.5|0.216(0.753|0.334{1.62 |0.028|0.020{0.010|0.001; 0.758

wt%

Pellet [ Total Porosity|Open porosity |{Apparent density|True density
D) (- (g/cm?) (g/cm?®)
A 0.22 0.21 4.0 51
B 0.24 0.17 3.9 5.1

v PEEs KYORTVRST 5k 00 2 SR EBEIRECR K 5 BICKEKE
~ KIERODTIMIRE Dy gy o NFEH R OHEHERI Ay,
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F = 0.384

W, g: o
°C

700 °C  800°C 900 °C 1000
Reduction temperature

o

Photo. 5-1. Macro— and Micro-structures of pellets B reduced
partially. (5 N//min) (h, hematite; m,magnetite; w,wiistite)



|
[1] [2]: (3] [4)
|
h+m im+wl w + Fe i Fe
Photo. 5:2. The correspondence of plots (MAA®@O ) to the
boundaries of microstructures of pellets B reduced

partially, (5 NJ/min) (h, hematite; m,magnetite; w,wiistite)
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Fig. 5-2. Influences of parameter values kﬁ]upon reduction
curves and boundary radii.
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Fig. 5+3. Influences of parameter values Dgij upon reduction
curves and boundary radii.
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Table 5-2. Influences of parameter values kY and D(Eijupon
reduction curves and boundary radii. ( 5 NI/min)

kinetic | Reduction curve | Boundary radii
i PAEA A
kW1 0 | a X | a | x| x
k? | alo| a|O| O] X
kW |1 x |lo|lo|o |0 O
o | a |l a | x | O] O] X
o | a | a| x| O] 0] X
b€ | x lo|lo| x| alo
0¥ | x | x | a | x | x| X

O:large, A:small, X :non

—RERFISHE SV OB I > TEB6N 5D, 2D & LTHEML,
ITBIRBoA XA & DI R B I LM OB IT S OTR L BHEA
Mg, 1, rn ODHEBECCESVWTRDE., DXFCRIFEENT £ —4
PBTOMOBTHMBEORKE » , r, OEEMEKESVTRYD, BB
DOt anTREE S A — 4 BHMERT S, COFELLEL, ELOF
— 2 ZERLTVAECEDS, KT 42— 2 OHEOEEESLER/NS V.,

5:4-3 RITEESR
ﬁ%ﬁax—&74y?4V¢EKiDX®kN5x—&ﬁ%%wtﬁﬁ
B & EHEE OHE % Fig. 5:4~5-9 LR Y. <Ly b ADBRITITBWVWTII,
BULBEERILT, BrofiroBE 90 H%E T, B <r v b
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Fig.5-4, Comparison between measured and calculated
reduction—curves for pellet A.
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Fig. 5.5 Variation of boundary radii with

reduction for pellet A.
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Fig. 5:6. Variation of boundary radii with fractional

reduction for pellet A,
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Fig. 5-7. Comparison between measured and calculated
reduction—curves for pellet B.
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vy A
= exp [ 816 -101 x 10/ (RT) ] (5-23)
K= exp [ 776 —9.33 x 10°/ (RT) ] (5-24)
¥0= exp [ 9.65 —13.1 x 103/ (RT) ] (5-25)
D7 exp [ 469 -11.7 x 10°/ (RT) ] (5-26)
D= exp [ 566 —12.9x10°/ (RT) ] (5-27)
D= exp [ 531 -11.6 x10% (RT) ] (5-28)
D= exp [ 797 —168 x 10>/ (RT) ] (5-29)
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Fig. 5-10. Temperature dependency of chemical-reaction
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rate—constants (i) and effective diffusivities D,
pellet A. (5 N//min)
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k= exp [ 807 -980x10°/ (RT) ] (5-30)
k= exp [ 865 -108x10°/(RT) ] (5-31)
= exp [ 838 —107x10/ (RT) ] (5-32)
D&M= exp [ 403 —125x10°/ (RT) ] (5-33)
D= exp [ 3.98 -121x10°/ (RT) ] (5-34)
D= exp [ 515 -132 %10 (RT) ] (5-35)
(Y= exp [ 515 -132%x10° (RT) ] (5-36)
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Table 5-3. The values of Thiele’s modulus.

Pellet ¢[i] Temperature (°C)
1000 900 800 700
L) 4.2 4.4 5.4 4.4
A ¢ (2] 3.5 3.1 4.0 4.1
¢33 4.1 3.2 2.9 3.7
L1 6.7 8.1 9.4 8.0
B 2] 7.7 7.5 7.5 8.0
¢ 4.6 4.8 5.2 53
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Fig. 5-12. Distribution profiles of hydrogen and oxygen
concentrations in various pellets. (F=0.28)
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Fig. 6-1. Sketch of multi—stage zone reaction model with
solid—state diffusion in (a) the 1st, (b) the 2nd, () the
3rd, and (d) the 4th stages. (h, hematite; m,magnetite;
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Reduction temperature

Photo. 6-1. Microstructures of wiistite particles encircled
with dense jron at the boundary between the 3rd and the
4th layer.

Table 6-1. The diameter of wiistite
particles encircled with dense iron.

Reduction 27 (um)
temp. ( °C) min. max. mean
1000 10 20 15
950 8 15 10
900 5 10 7.5
850 5 10 6
800 3 5 4
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Fig. 6 -2. Comparison between measured and calculated
reduction—curves.
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exp (—2.18-54.0%x10° /RT ) (1073<T <1183K)

exp( 1.92-680%x10°/RT ) (1183<T<1273K)
(6-:18)
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exp ( 1.92-680xX10°/RT ) (1183<T<1273K)
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(a) Firing temperature

1150°C, basicity 0, slag

content 10 wt% and reduction temperature 1000 °C.
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(b) Firing temperature 1150 °C, basicity 0.5, slag

content 10 wt% and

reduction temperature 1000 °C.
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(¢) Firing temperature 1150°C, basicity L0, slag
content 10wt% and reduction temperature 1000°C.
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(d) Firing temperature 1150°C, basicity 1.5, slag
content 10 wt% and reduction temperature 1000°C.
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(e) Firing temperature 1150°C, basicity 2.0, slag
content 5wt% and reduction temperature 1000°C.
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(f) Firing temperature 1150°C, basicity 2.0, slag
content 5wt% and reduction temperature 800°C.
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Fig. 7-1. Comparison between measured and calculated
reduction curves and boundary radii. (7; =1150°C)
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(a) Firing temperature 1250°C, baéicity 0.5, slag
content 10wt% and reduction temperature 1000°C.
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(b) Firing temperature 1250°C, basicity 1.0, slag
content 10wt% and reduction temperature 1000 °C.
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(c) Firing temperature 1250°C, basicity 1.5, slag
content 10wt% and reduction temperature 1000 °C.
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(d) Firing temperature 1250°C, basicity 2.0, slag
content 5wt% and reduction temperature 1000 °C.
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(e) Firing temperature 1250 °C, basicity 2.0, slag
content 5wt% and reduction temperature 900°C.
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Fig. 7-2. Comparison between measured and calculated
reduction curves and boundary radii. (7}21250°C)
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Fig. 7-3. Comparison between measured and calculated
reduction curves and boundary radii for pure
hematite pellets.
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reduction curves for pellets indurated at 1250 °C.
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fE% Table 7-1 TR LTIz, TOMEHM0.6x1074 g, (cm3-s) LI
L2 BRERRIERE 1250°C DIE&EHE <LV » D 1000°, 950°, 800 CEITTIL
BTESOH%UBICB W TRBITEEOBE SO BE L T3, EHEANLE
HORELPZELUTWIEWMSZRL £ F vtk 2847 Tid, Fig. 7-2(b) ~
(D IARGNZLSIT, BrE 80 HULUBOBTEE 2T RTEI ., &
B, DoCE,/ 25309 X107 4~1.6X10 g, (cm® s )EBEDER &
5Ly FORIL(FELV 5 FD900°CETT, MEREE 1150 °COEEM
RV .y FD1000°CEITLE 5 FITHEREE 1100°COMPBA~ 24 b1y
P800~ 1000°C EIL) Tid, BLEKIOK% I T OBTLEBH#TATS
TW3 ( Fig. 7-1(c)~(e), 7-2(e), T-4~7T-6 B ). %1z, DoCq /72

’

W 23xX107" g,/ (cmd-s)DEZEZEEFEOD <L v D 1000°C BT
T2, BB 2 BTEEOEE R, BEALRSLNT, MSZR
1EFVILE BBFICE > T, BLERISH NEEXTORBTEF AT &
TW3 (Fig. 7'1(a) R ). ¢ iz, NFEMBEFEEL, BEHEMNILE
HUTWT S, DoCa/72 ODIEH23%x107%,/ (cemt- s VBELAX LS
&, BEMHRNILEZZEERL TS (MSZR2EF ), LB TH ( MSZR1 £
?»),ﬁﬁ@ﬁoﬁﬁﬁkm,aaﬂa%gmﬁnamca%%%bfm
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Table 7-1. The values of Docg/'r;:z and f for various pellets.

(a) Pellets with different firing temperatures,slag contents,
and basicities.

Reduction | Firing Basicity Slag DOCg/');:Z A
temp, (°C) temp. °C) (=) (wt%) | (g/cm3 -s) )
0.0 10 2.3 xX10~* 0.52
0.5 10 - -
1150 1.0 10 1.6 X104 0.50
1.5 10 0.90 x 10 0.54
2.0 5 0.90 x 10— 0.70
1000 ' 10 | 0.90x10°¢ 0.52
0.0 10 1.2 x10~*
0.5 10 — -
1250 10 i oo
1.5 10 0.58 x 1074 0.43
5 0.40
2.0 10 0.43
950 1250 2.0 5 0.39x 10~ 0.60
0.0 10 1.2 x10™ 0.66
1.0 10 0.91x10™ 0.66
1150 15 10 | 0.91x1074 0.66
20 5 0.91x10* 0.70
900 : 10 0.91x107* 0.64
10 5 0.91x10™* 0.70
) 10 0.91x 10~ 0.66
1250 1.5 10 0.91x 10~ 0.66
2.0 5 0.91x 10~ 0.70
850 1250 2.0 5 0.68 x10~* 0.70
0.0 10 0.20x 107* 0.60
1150 1.0 10 0.32x10~4 0.66
800 2.0 5 0.32x 10~ 0.58
1250 1.0 5 0.32x10~* 0.60
2.0 5 0.32x10™ 0.59
(b) Pure hematite pellets.
Reduction | Firing T. Porosity DoCS/ 12 £
temp.(°C) temp. (°C) (=) (g/cm?-s) (=)
1300 0.35 0.58 X10~* 0.9
1300 0.26 : 0.90x107* 0.9
1000 1100 0.28
0.16 .
1300 011 — _
1300 0.44 2.8 X107 ¢ 0.7
900 1300 0.30 2.8 x1074 0.7
1100 0.30 2.8 x10°¢ 0.7
1300 0.11
1300 0.37 0.32x 1074 0.77
1300 0.26 0.32X 107 0.80
800 1100 0.29 1.28%x 10~* 0.75
1300 0.11
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Fig. 7-7. The values of parameters in each layer for
the total porosity of unreduced pellets.
(MSZR 1 model, MSZR 2 model)
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Fig. 7-10. Analysis of the hydrogen reduction rate of
Hamersley pellet by use of MSZR1 model.
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ZeT, UEOKD L BBREICOWT, BAERAY (i=1~n), B
(i=2~n)%&~ & OBAKE L CREIRTE 5.
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BERHHBERERAREOBERE L VAEN LB TERT 322D, Table
32WRULIZZA= ) L/ ERETBILER —RICKRIAGEESNEMUIZEE AT,
BBICBIIAEDIMBERZPBEBELUEI C iU, Fig.C-1 iTid, &
BE1000°COHEOBEBEHERLZRLTVAE D, FUOLHAKLAALLED
ficid, (C-1)ROEFEBEL NI,

800°, 900°C it T}, R (C-2), (C-3)K%2EI.

1000°C De= 173 €% Dy _y, (C-1)
900°C De= 179 &** Dy g0 (C-2)
800°C De= 1.34 & Dy _y, (C-3)
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