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Study of the Relation between Reduction and Carburization
in the Reduction of Iron Oxide

HeSu REE

Synopsis:

The relationship between reduction and carburization has been investigated, by way of the reduction
experiments of highly pure chemical hematite (Fe,O,) at high temperatures in CO gas as well as in
solidcarbon-N, atmosphere, followed by the microscopic examination on various samples of reduced
iron oxide. The results are summarized as follows;

1) In the CO gas atmosphere the rate of reduction becomes rather slow at the temperature higher
than about 1 100°C, whereas in the solid-carbon-N, atmosphere the reduction proceeds with a notably
high speed in the same region of the temperature. Namely a contrast effect on the rate of reduction
is shown between these two atmospheres.

2) 1In either CO gas atmosphere and solid-carbon-N, atmosphere at higher temperature, the car-
burization does not begin to proceed unless the reduction degree exceeds 90% (for the sample of $10
mm X 10 mm).

3) The lattice constant of a-Fe (110) yielded by reduction varies with the progress of reduction.

The lattice constant has a comparatively larger value at the beginning of reduction than the usual
one, and tends gradually with the progress of reduction to a constant value slightly larger than the
usual one. This gradual change of the lattice constant seems to stop when the process of carburization
which follows up reduction begins.

4) The process of carburization is analyzed by means of the following diffusion model:

1 oC 1 aoC n o:C  9:C
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The result shows that the coincidence between the calculated values and experimental ones satis-
factory.

5) As a consequence of the above theoretical analysis for the process of carburization, it has been
shown that the diffusion coefficient D has the nearly same value 0.79x 10-4(cm/sec) in either case of
1200°C and 1300°C, on the other hand, the (equivalent) rate constant & is computed 2.61x 10-4
(em/sec) for the case of 1200°C and 3.15x10-4(cm/sec) for the case of 1300°C.
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RICER~ DI R IISRER OBTTHEACE I 2BHATH
% 7=, magnetite, hematite 7t O AFIZX D, 2
KOBHER FEMC EILTH LT Fxohlhv. £
THEHERD B HiEE WiRWRT 2 ZE LT, &l
hematite (Fe,O3) 2 {#F L 7.
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ash 0.39%, S. 1.0% ¢ —200mesh FEili coke §Ha{d
A L7 &z CO FRxoE, s 250cc/ min T,
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FOFHKBE TS Y, BURIEL TR, CO #2nl;
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Fig. 1. Reduction curves of hematite.
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Fig. 2. Relation of reduction degree to atmos-
phere temperature, with reduction time
as its parameter.
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dkdi, GETEECHTIRTEOELE R L. &
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IR L, 220 C OEERIGE S EFRICR D 2 &R
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PHILPI IR TV 5.

1000°C
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Photo. 1.
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c; core

Structure of carburization along the radius direction of the sample reduced by
CO for 60 min at each temperature.
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120 min
b; inside layere

90 min
a; outside layere c; core
Photo. 2. Structure of carburization along the
radius direction of the sample reduced
by solid carbon for various reduction

at 1200°C.
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DH T EMNDHOT. Wistite DFET HXOREDHS
T4, MR D LRV OISEER Thor. %
7o, Fige 3 2SR FRICT SRR 90% L BiciE
Liswnd, REBIILHE LW EXb2%. ik, |
LJEICERE T % Wastite [IREE D 5O R OEFIC &
LA OTHEAL, RBEKDETHRIERTT2L0E
R X he.

AERTEEEE LSV BT 5 CO F i3 kg
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v 20X S, FHRORITE LR R T w i hE
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—77 1300°C CRMARFRIT LI, Y80 & 55
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DB & B DOTHRIELTWS. Fiz, BROES
THEIETH, 2F2BELLTVw5. LrbroiE
{Evd, NI 5BIAZETHE ZLBEDLNEHE N
7o
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min FEGETT U0 REF X RO~ RES
ZRLIO2, Fig. 4 THE. ZhprbHELMEL S
W, IR VERUBHRT X 0 drL g o Tl I kA L
THD, oy, BEOLHFTES~THT V5.

Photo, 4 JLBTCIRAE 1200°C wkiF % CO H=x kK
CEMR R TidEn Leks, BN W OGRRBIR I
B SN DS T a1, 2, 1ZFHHT, b by 133
RAAD SDTH5. FEHLLBELMARI S, BY
Wiistite [ IRTTD ETIC & b2 THRIL LT &, -
WIZIEET 5. o Wastite OETLEERIE, CO # =
BTG B R TSR O H B EEE T, CO # 2 EThs
DY Wastite 13, BEHLEREZTRTIONSEL B
7o. 7k BILEMoOW IR Wastite ik 3 5L, 2
PEROW R iz B DA Photo. 4-by, b, 75, HiZZXh
5. B, RIKOEFECHROBERFPRELEELTY
5T Lirh, RNROPEIANET LA b0 LHEX
hiz. .
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Fig. 3. Relation of carbon content on the surface zone and reduction degree to reduc~
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Photo. 3. Structure of carburization along the radius direction of the sample reduced by
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Fig. 4. Distribution of carbon content along the
radius direction (on the center cross) of
hematite reduced (for 90 min) by solid
carbon,

reduction by CO
aj,ay; Carburization, before

reduction by carbon
by, bz; Carburization, after

Photo. 4. Structure of reduction and carburiza-
tion on the outside layere of sample
reduced by solid carbon at I 200°C.

HROOSETTRMIC R L E 5 2Lt 5% Rz, Fig.
5 ThH5H. ZoER, CO ¥z, BHEREERITOWVWTR
DBED, BITAMSEORFEEIL, 31T 2x10-34
HEBXDREWEELR Y, EREMOETcoh, 30
min ¥ TEEHIC, ThUEIE S8 XEE~LiERT
LD FDLNI. HTH CO FRBETOHD, HHE
E~DEREEERRERTICHAW EALR V. Ll

(xlo")[
4 © Solid carbon
A CO

2.0

30 60 90 120
Time {min)

Fig. 5. Change of lattice constants deviations of
a-Fe(l10) of sample surface represented
as function of reduction time.
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EHAEE L, THRRERORBIC & 72T, bt
fEIET D LV OAR model DA T/ T LTS,
L, BRREARBFELLE LTD, CoOIRERE
10-3(cm?/sec) xtL O 71X 10-5~10-8(cm?/sec) @
HEAOW i 57z, O DIEMMBRREZHSET S L1X
E X v BFRAK N, #2DORGEA~ DR EITEE
BEEPRBCIOTELNTVWSD, FEAERY
LD EEZB.

LLEofHR, SRBCH T 2RTEHRBORRIE, —i%
G ~DIRRLFRRICRIRZ DD EEZ LN, BER
O C oFEMEAGEE —% & Lica, Fiek OREE
PHMATES. Loy, Fig 6 WRLA
AR O, SFEERE LD, z 8B 2005
HEAEE LT, RRDX STk d.

1 2 1 C 02C
9C _C A Cia * R (4)

D 4t or? r or az?

Bk, TITROTWHMEKIL, TEKSEKOKRET
7L, —fSRA AT, SBARBNICIE 2 2 n KTl
MF R E2 %< 60, AEemkoskfGTh s
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Fig. 6. Geometrical form of the sample used for
reduction.
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WD D 1x, WERBHIEIE 0.79X10-4(cm?/ sec) T
Edxhxh 2.61x10-4, 3.15x10-4(cm/sec) X7
Di. RRIBE 1200°C itk %, r ROz 5RO
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Fig. 7. Distribution of carbon content along the
r and z direction of sample reduced by
solid carbon at 1 200°C-experimental and
calculated values. (D=0.79x 10-4(cm?/
sec), £=2.61x10-4(cm/ sec), Co=4.5%)
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Fig. 8. Distribution of carbon content along the
7 and 2z direction of sample reduced by
solid carbon at 1 300°C-experimental and
calculated values. (D=0.79x10-4 (cm?/
sec), k=3.15x10-4(cm/sec), Co=>5%)
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BrRLET.
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