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On the Reduction of Iron Oxide Powder by Hz Gas, NH3
and C,H; Cracking Gas.

Masao KAWAI, Hiroshi KiMURra, Teiji TERAMINE and Yo0z6 TAKEMURA

Synopsis:

H,, CO, H:+CO, or a gas cons1stmg mainly of CO and H; are used as reducmg agent ‘of the

iron ores.

It is well known that various manufacturing methods of metallic iron, treated iron ores
with gases have been recently investigated in Japan as well as abroad.
As a fundamental experiment of manufacturing of iron powder, studies were made on the

reduction of hematite powder with H,, NH3 cracking, and Cs;Hs cracking gases.

obtained are as follows;

The results

1) The determining step of the reduction with H: gas is a chemical reaction between Hp

gas and iron oxide.

2) In the reduct1on processes, the reductlon velocity is reduced when the Wiistite phase

aAppeared.:

'3) When the iron oxide is cracked, the reduction velocity is accelerated.
4) The use of the temperature range of 550~560°C is advantageous, when the iron oxide

powder is reduced with H; gas.

5) T he reduction behaviour with NH; cracking gas is almost the same as with H2 gas, but

" the reduction velocity is rather slower.

6) The reduction velocity at the early period is dlfferent from that at the later period,

during which it becomes faster.

7) The reduction velocity with C;Hs cracking gas is the slowest among those of all the

methods used here.

- 8) When fine- hematite powder is sintered at above 800°C, it is necessary ‘to increase the
flow rate of reducing gas and to reduce it at about 800°C by the reduction Wlth Cs;Hg cracking

gas.

I #

SEAOBITICAEAS N T B H 21 CO, H: OH
@ikm%@mgﬁz%éumungoﬁx%EW&?
LHDH AL DREH A THD. HAIC X VEILHEL
L CRBEkE BT 54 O HEOBFEMERNSL T

il

CBATHSCLBEEROL A THS. :
EHD DHPEEDOHRERE LT, He #2, NHs

A A (He+Ng) 33 X OF CsHg
Ny) KJ;%@

ZEEH 2 (CO+Ha+
TLHEME & IREE & ORI X ONETTEIRIC 2

WCEBR R T
II. EBEEBIUERAE

FERICE B Fig. | KR T 2 & L TH5.
Fig. | @RWTRGE (A) XERE 30mm, B X 350
mmOEHEBTHOT, KSEOTH L DH) 50mm D

* A 36 4B 10 AXSBEAKICTRR
oKW SIRE TR, T

ok SRR SRS TR,

kR BB X R BT

— 21 —




1034 | B M S8 (196 95

EHCEE 4mm, HES smm O=v 5 u4E (B) %
CBEBHRORAFY v (C) BIT= v rovig (D) TH

TEoiCLTw5. omEuL, ETREhRo=2sn
NELEPUIET (B) TV, RIS OsECEE
CEBEL TR 27 v 2 Vv —2 a 2 VEER (F) ic
XoT, RNEES £2°C oHERNCHEGTE5. ¥
Fo, TAFHETLH AU 00mmOE (G) I TFE
FTHIXHLLTVS. BILROPIERR T ) v 7 DA
PEBENGE (H) THZE S LT LT Rk
[EF LB KB OKEIX 0'5mg Thb. -

FERY BERICH A, KRORE, TEROKERL S

X pEst, fafn KMnO, EUs X RIEE O Rk &

VEBLCOGELEICEA L. NHy R A 208541,

RO T UE= TR DRES, Kk KOH FiEE:

1k, o iz 900°C WhnBkL 7o Ni AR OZ R 238
LCGETIECEA L. $72 CHs A 2 DEAT,
CoHs # 2 L2 R MBFHC LD 1:7°5 DEAIT
BA Lo e ik CaCly FEHE M IREL, Ni fillits
900°C g L 722k & XL OKLR  CaCly FEiR DM
BaBl GETFICEALL. ’
EKEIRIEVE, TROHM Fe:05 % 100~150 % v ¥
WECH VST bDE 110°C T 2~3h BIRL, ©
NEK 400mg = v VBRI L TRISERNIER L,
DEDFHETERITLLZIT RO

© (1) H XZWim:

BIEIREE 400~650°C ORI T, Kk 20°C [
RToOEDERIC X DETLETL Ok,

A BB RISE (A) IR U ENCETER
BOBTHALELCENORLE BEHR L% LN E
X

DREITLH AZTR LR, HO»UDMEDRTIRE
Dy 50°C B MEL 727 (B) 20 % kT, Hilz
AFICEL CFIEEIC R LD THDRER L DR
B5. : o '

B) 3R RISENICE L7, BTy 2 TENDR
KEFRCER LI, —BTARID, H52 LD
SEDRITIEE X 0 50°C - H < IMBAL 7257 2 O & kI
T, BURE 2 ICnB L CTEIREICEE LD T,
FOFRERBEOETH A LML & BOH B L D EIAD
5. o
(2) NH; ZEkH 2 C X 585

EITIREEIE 400~650°C DIREHEPH T, K&k 20°C [
FRC@ELZ2fTle 2. £l NHs BT ZAOREZ L
Zh 100, 150 F X% 300ce/mn x L, WFhoik
OEEL He HFADEE (A) EFICHEMEL Lz iE

Spring heat balancé

L% L BAERE 4R,
Fe:0; DL S. FeO—&BHOBETLOEA, £ D

Hy o —C “
bomb " Set K0z oS0 4
Fow neter I D
NH. ) i i A
5 omjb KOH Cracking furnace B ) ’;-_(;
\/ W A
1 L M e
J b T—F
Gt L . S/
bomb (ell, Cracking - firnace A : J e
-\ : R
Air HH
A
A : Reaction tube E : Reduction: furnace
: Nickel cage F : Thermocouple

B
C : Spring of phosphor bronze G : Inlet tube
D .

: Nickel wire

.Fig. 1. Diagram of reduction apparatus.

LA ARAE (Hat No) 1BAH A THB.
(3) CoHs ZRLA 2T X 57T
COREE He FADEFRBMEL, 72 COHRE

CELOTETRERSCCEHVE & L, 700~800°C D

BT, CaHs ZHAH X DWBEE LHLI 200, 400 35X
Ot 650ce/mn & Uiz, WENDIREDEHAD He 2
OFE (A) LRUHEMEE L. RBERS RDOERS
1% (CO+He+No) T, ZOHHHERIE COz 02%,

III. FREBEBLUER

(1) Hy HFRICXDET

Fik(A) i ko TRk i@ r Fig. 2 ©R7.
Fig. 2 »5¥1 % X 5 WWRTTIISHEIHRE O bR & 3t
WCHERT %, ”
Wbk AEITH X (Hy H#REIE CO HR) TREIT
T5L, BAORTRIESFABICED, k—mERRE
M LOETHEN I DAL X 5T, 570°C AT D
IREETIE FesOs—FeOir@ Mgk 2 MITHHEATL, 570
°C L kTt Fe03—>Fe;0,—»Wiistite— &8k & 2T
b, LT E BT BOREERELRD, FeOs—

. FesOy OBILHEEIZ L DL b, Wistite—>4&ESRD

BIGEEIED 2L BB VE VRS OB EETT
%@V‘]}%Dﬁ: Wﬁs_,tite, FeSO4, ’

RSB RT 5 REELD 1x

—_ 22 —

H : Reading microscope }

CO 23'3%, Hs 38°7%, CHs 0°8%, Ny Bal. TH%. '




Hzﬁl,NHs%ﬁﬁzwiﬁcﬁé%@ﬁ1@¢5@kﬁ%®§ﬁmomT-‘,\'m%

700
80
R 447°C
427
8
5 60
s
WV
S40
S
2
L
@
20,
0 Rz 20 30
: Time of reduction (mn)
Relation between reducibility' and reduc-

Fig. 2.

. tion temperature on the reduction of
hematite powder in hydrogen at a flow
rate of ZOOcc/mn

© Fe03 FeyOq Wﬁstite LB
100 — 125 = — 125
100 = 125 — 132 — 127

THOT, FerO3 BWARL £ - ABORAIBEL X5
BRLETE. '
: &mﬁ®£iﬁzkiéﬁiﬁf®&%ﬁm®&ﬁr
GHTEZLNS.
- (a) BETOWY
(i) SETEH 2 OB ~ DBkl
(ii) BL8k L3BTTH 2 & ORBE—R LTS
(i) FRERIRIY 2 OIS D DBEL
(b) EBITLOEITL 2R
(i) BWEHNAOLBEHRET~OEAL, WL &EH
¥ X CARER Lk rh D 5L |
(i) FAREMLER L BITEH X & OILEERS
(i) FEREAN 2 O LMD T O
(iv) ERREAIH 2 D& EERET D B SR~ DB
(V) % ORIERERLgktE & AR LERAA~ D RER
DYREL o
'ﬁ%%ﬁﬂﬁ&ﬁﬁ@ﬁ%f@@ FRASEOL
HEAEEL TR O H 2 DIEEERI LT (2) s

- E{tEkiT Photo. 11TRT T & SMEX R

Photo. 1.

Microphotograph of hematite

powder. - X100 (2/3)

BABEL, —it (i) DITEIC 550 B3 S hS R
Tib5 & L, BIGHORT SR AR

Th T, BISHRTOERED B OB TEFTS
LD LEETS. W. M. Mokewandil X5 &, 4%
70, PREE do T HEELERMSS di RERICEE D dr D&
ZAETERTIN, dv BEEBESBNERINIZETD
&, BARERY 0 0BT ERRERICIHTE00, &
W®%%%*%®§EE%A,£ﬁﬁZ@@E,mF%'
IOENCET 2 EkEKE TS,
A (A=K Aererereinienieieieie i (1)

PIRILT 5.

FIETIC KD TER SN EBHIZ dw—dx-do-A
Téé#%,uh%(l)ﬁkﬁlLT

dx-do=K-dt - (2)
‘%j}:@@ﬂ‘@}#v 28 U*dx/dt=K/do THbH. .
oL T xdo=K-t- N &)

DEWCERE 1 RHBILBKORTRRE»D x DL T
5ECRILSNIHEDETRRIL,
R ={4/3nr¥dy—4/37 (¥o—x) 3do}
/4/3n7edo=1—(1—x/70)® ‘
I— (1= R)V3=x/1ge-seerereresnenceer(4)
(3)R& ()X y v
rodo{l— (1 — R)Y3} =K -¢ (5)
Pz, EEREERELWETNE(S)R XD 7do{l —
(I—R)/3} & t FEBRBEHRSHRLT 5133 ThY,

;tg®ﬁﬁ®ﬁM#%$ﬁﬁW,ﬁﬁﬁﬁ%@®£ﬁg'

KROS5,
EBOERICX S E, FIElECRVWTHlEShIZE
TEREETLEM 25 (1-(1-R)Y?} &t LM

. 1% Fig. 3 WiRT T ELERBEREDS. LickrioTh

SLOREDPEL DR EPHELNTH D, BILRGD

— 23 —




s B = W 48 (192) MoB

08
0.6 6‘47"6‘ i !// / ‘/ /
577°0—F @/ A7
597% 7 _s07t
i 5470
~ [/ 427°C
c? : £ —~447°C
o /4/ x T
07 / / /
70 20 30

Time of reduction( mn)

Fig. 3. Relation between reduction time ¢ and
{1—(1—R)3} on the reduction of hematite
powder in hydrogen by method(A).
(ZOOcc/mn)

@L&%ﬁ%%%@%ﬁ&ﬁlk@%%%@@ﬁ%ﬁm

RETHLEVAB. AL THEERORELSKD
[EE—RCEED LR & ARk L, Foiind
HESHEERICH TS DOEERE . LrbIT 597
°C PEMO AR L. 577°C DEBOREOEEICENT
3, Z OB LD TWBDT, (B)DFEICEY
T OREMEELCHLIFELL.

 Fig. 4 iT(B)OFEL LoD {1—(1—R)V} .

28

S I / y
el m"c : ‘
o 636C / 885
619 395°C
s
e 489°C
2 / 466
L o4 navi -

/

g - . 5 0 5
Time of reduction ( mn) .

02

Fig. 4. Relation between reduction time ¢ and
{1—4 (1—R)¥3} on the reduction of hematite
powder in hydrogen by method (B).
(200cc/mn) "

700

o)
S
A

Lt roBfRRT. CoBE
BB 278 X 51, BIRIE 568°C OEMOLEE 577°C
OETE D HAREIV. FihbbEmEESAE V.

S X BARE, MAAREYS ) 0BT EKOHE L ET

RE T°C e oRfRERDD L Fig. 5 O, <5,

Fig. 51t X % &, FE(A)ICHVTH(B)EBVTH
570°C fhil ¥ CIHLETLIRE O ER7 & 3kt
F%. FLTY 570°C X 0§y 600°C ¥ TIHRITHES
ETL, EEONE
KT EOBLENS. Tinbb 570°C (Wustlte AR
B 2L L COETREAREL, D Fic 600°C X
DEET . '

RiEE%, BEREDH 5 Ph HHEEC OV TIE—E
SEDTLELBNG. FHRDT L L, 570°C HTD
RECIE Fe:0i>FeO>&fBitk & BT ElTT 5. %
L T4EHD, FesOs dIIRIC X HBELIC XD T B
SIEERY, H ¥ 2% HO 7 A DYEEITIEILE R

KEWTH Fig. 4 L0

S BEEED ER

@F@L%kO%TLEEW@%_

Reduction temp. ¢ C)
S

1
>

o
I

400 '
007 W G0 d @il a7 a4

I
Ly’

Fig. 5. Relation between reduction velocity

constants K and reduction temperature T

~on the reduction of hematite powder in
hydrogen. (200cc/mn) ’

THVVIREE CETOEITT 5. L7as o TEgbgk s - He
H 2D RS RE AT SR B A 2 KL L, RITIREE
DEFCONTETREDL LFT 5. Libic 570°C

- &Y L Fe:0s—Fe;0,~»Wiistite— & Bk LR TToNE

7%, ZOBE He FABRTIK X DAERINLS Wiis-
tite Bl CH 0T HO ¥ RDRHEZHEL FIGE

— 24 —



Hy # %, NHy ZR#7 29 £ 00 CoHs ZRH7 712 & 2 RALBMOBTICONT 1037

EORERES LD EHXLND. 600°C DL EORE

FTIRER Wistite JRZSSAERN Td 5 H0 4

| ZOBRICLHENOTDBRAEAECIITD, LisD

T HeO HADOPHPBESH LY, BEDEFITONT
FORTRES ERT 0L HEL LN 5.

L#Lﬁﬁ%Fm.amxaaWMmmagﬁgﬁg'

n, KSHEORE, REREO PN HREERCS
WwCd {1—(1—R)} &t LOMIITERRER»HD
THEERME KA L LT He H 2 LB b OTH—FK

BTHHCLERLERBEEL LRV, COTLIT

DV TIEE BRI T D

(2) NH; ZHH AL X D8BTT:

NH; ZEkH X Ot &% 100, 150 F XU 300cc/mn
DBETOVTHEE (A) KX DEB L. NHy BEH
ZOFHE 100 cc/mn DEFADETHMAEE Fig. 6 R
. gRooHao {1-(1—-R)} ¢t LoBE%E
Fig. 7 057+, Fig. 7 »bHELPR LS, BTAd5
BEETUBRETEREOEABS bR TV Z &2

RS, - WIHRERTTOBRER L@k oLh L iR

BT E RS DT, DI EDRBIERRIT I3\ TEER
OEFEE EmBETTRAC T, Ec—REICRV T

1007

8

=

o
=3

i
=

P}rcenmge of reduction (%)

20

0 70 20 30
Time of reduction (mn)

Fig. 6. Relation between reducibility and redu-
ction temperature on the reduction of hematite
powder in NH; cracking gas at a flow rate of

-~ 100cc/mn. :

CBieowTkws &

H, #2EARICE

0.8

06

J-U-R)F

20 30
Time of reduction ( mn)

' Fig. 7. Relation between reduction time ¢ and

{1—(1—R)¥/%} on the reduction of hematite
powder in NH; cracking gas. (100cc/mn).

WEDKLDHDIFE (100cc/mn—>150cc/mn—>300cc/

mn) EETER AT B ERAED Sz, Thbbil
ORI 5 IE CEETLRMIC TR, L LTHIR
6, BMETOMND {1—-(1—R)Y3} &t X ORI
B & 2 AR AR 5. |

WICHIHZEITIC 3 0

U % BAIREE, BAL ' ‘ /|
FEL Y DRTEK ////
DI % T IRE T | /5{

°C L OBIRE &I " 7\

Fig.8 D & A WWix
5. Fig.8 x5
L, ZoOBAE I

Reduction temp. (°C)

—e— /00 <

B LR & IR —a— 5D

FREEREAT x =

2%, Wiistite 24 FRiR a

EE L CRIGEED mﬂ 002 04 006 008

SR 5\ LS Kerm)
Fig. 8. Relation between

s b, 600°C £
EXVEEL, D
EIEFCE AT 5.
z OfFEmE NHs 74
2 OB BERE L

reduction velocity constants
K and reduction tempera-
ture on the reduction of
hematite powder in NH;
cracking gas at various
flow rates.

— 25 —




RRUECI OB W 48R (192) MI9F

FEDLNS. _
| NH; ZERH 2 OMFIE (He+Np) TRELER 3/4
KE, BADERTHEFMAI AL L TEEh T3,
L72530T NHs R RIC & BT He #2010 X
DETLE D b, KEFEMRN2DETHEILEL, Bl
ZVERE He % ARTEOYE O BARE, BEAAEY 0

GETLEKOEE T°C LoOBRK Fig. 5 & NHy ZER%

HAC L BRITLO%HED Fig. 8 L2kBT5E, F2
MEHE (NHsZEk 4 =) (Hy gas) =300:200T, L7z

’ DBOTEIH He W AREL IR TH NHy LA

DFHKE 2251200 Th B, NHy ZRA A LD
BILRERIFH B C 2B L2 HD bR 5.
(3) CoHy ZRH RIT X BB
CsHs ZEkH 21T X 5B A 200, 40035 X (X 650

Cee/mnDERBICOWTHEA)IC X 700~850°C D

REEETfTn o7, CsHs ZRkH X DHLEEIE (CO+He
+Nz) T CO %#y 23% &ATED, 600°C DL TOE
(i CUd Rk EHTH D 72 DIRTCITE SN EST L\ o T Heig

- HIEIRIC IV TEBRZ{TR D/, 200cc/mn DA DR

TehiiA Fig. 9 13T ¥R ZOBED{1— (1~ RV
&t & ORffE Fig. 10 Wiy

- 00 _
| %,/'
—658°C
~~739°C
- 788
N ~858°C
: 833°C
§ 60
E
-
V
g
§40
&
20
o w0 70

Time of reduction (mn)

Fig. 9. Relation between reducibility and
reduction temperature on the reduction
of hematite powder in C;Hjg cracking gas
at a flow rate of 200cc/mn. -

08
- 813 (
> 8587 /
LS04 :
T uT 7T
g ~788°C
=733
T688C
02}—
70 20

0 -
. Time of reduction(mn)
Fig. 10. Relation beween reduction time ¢ and
{1—=(1=R)¥/3} on the reduction of hematite
- powder in C3Hs cracking gas. (200cc/mn)

90
:)G A
< 800 : £
oSl .
: | 2 /|
S 4 f
= / » ‘
y; _
700 — ~ : v (
‘ — 50 G |
—— 400
—x— 200 "
600 i
004 s 006 w7

Kt
Fig. 11. Relation between reduction velocity -
constants K and reduction temperature T
on the reduction of hematite powder in
C3Hs cracking gas at various flow rates:

Fig. 9 53X 0 10 X0 b»5b XK, BTN IGHE

VR R & R BT B 25, # 800°C DAk

CEREREOBELYRL TS, 0T L3R DFig.11
CEWTCEICHLNTHS. |

Fig. 11 /ZHARR, BAAREY Y OB nEK &8
B TOC & OBHRE CoHs ZRH 2 DJTE 200, 400
35 L7 650cc/mn DEBAICDONTRLE. MoHIC

— 26



ﬁ%ﬁ@ﬁﬁ%ﬁm%?%ﬁ%‘ ' . - 1039

T AEABEDLNS.

R CRTEEAEVES R TREILE. ¥ ARE

DHIUTIT 724 B FH) 800°C ABEIC I\ TR EEEED
BESREZRL, TNAREDOHEKRT 213 EmRAlicE
ZOBIERGE He F 2 TH
FBEALBERD, BREEVTHLLNELDTH D
FRRBIC X OTHET 5 LD, T OBRETHIRER
CROBERBRCERT 50 LB LN,

IvV. &

PDAEOERBRI VRO L {ERIh 5.
(i) Hp ¥R X BWHBLENORE BT D B
PEVE He 72 L BRIBRDIERGTH 5.

Rilll

(ii) JBTEBCEVT Wistite 2355 5K

WETLEEME T T 4.
(i)  #ERTAROBIIIETTREZ D D.

(iv) H: ¥R X HE{LEHOETIT 550~560°C

@h?a@%ﬂ%?é@#ﬁﬂf&é

(V) NHs ZH 2@ X W Bk Z BT d 5%6&
DA He 72 LIGSELOFEB 2R T2, EIDERE T
DB 5.
(vi) NHy Z5H 2 DHAIRETLE © 5k L2k T
EITEESRL DRETEL D, :
(vid)  CsHs ZERiA 1T X BRI LRI OB TEAREEILE
V. S
(viil) 800°C FTfLDIRE THLHIP DR IHE S O
T CeHs ZBRA AL BB TIIF A MBEELOPL L
800°C K CFT7E 5 DAEV .
AEREO—EIILHMEREMRRBCLZ2DDTH D
CERMRLEHOBELZRT 5. (BFS7E 2 BEHR)
‘ x 19 \
1) J. O. EpsTrOM: J.._Iron&Steel Inst. (U.K.),
175 (1953), p. 299
2) W. M. Mckewan: Trans. Met. Soc., Amer.
Inst. Min., Met & Pet. Eng. 218 (1960),
p 2

BT OWIRTG T A T

KRB - B S A - Tl

Study on the Flu1d1zed Bed Reduction of Iron Ores.

Akzmztsu Oxura, Masanori ToKUDA and Yukio MATSUSHITA

Synop51s

" The fluidized bed reduction of powdery iron ores has become the object of the authors’
attention in view of special localized conditions in Japan and making practical use of domestic

‘materials.

In this experiment, fluidized bed reduction by hydrogen gas of one sample of

hematite and magnetite was carried out on a laboratory scale
The apparatus was designed so ‘as to fluidize powdery iron ore by flat perforated grids or

funnel type grids in a stainless steel pipe.

Samples were extracted through a sampling tube

at proper time intervals to investigate the effects of various factors on the reduction rate.

The results obtained were as follows:

(1) The rate of reduction of hematite ore under atmospheric pressure reached 90% in 20
minutes at 600°C, and over 90% in only 10 minutes at 700°C and 800°C.

(2) In the case of magne‘ute ore, the rate of reduction under atomospheric pressure:
reached 80% in 15 minutes at 600°C. Contrary to the former case, it became more difficult

to reduce the ore at above 600°C

(3) No distinct relation between the ore size and the reduction rate was observed

(4) When the hydrogen gas amount was slightly over the minimum "value enough to
complete fluidization, the reduction rate was increased remarkably. But the effect<sf ‘hydrogen
gas amount was a little even when it was more increased.

(5) Using funnel type grids, the reduction time was shortend, therefore ore-treating
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