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The Effect of K;O, Na,O and CaO Addition to Fe,O; Single

Crystal on Its Reduction

Sogo SAYAMA, Yoshinobu UEDA, Yasunori NISHIKAWA, and Yuji YOSHIDA

Synopsis:

The effect of the presence of K,O, Na,O, and CaO in Fe,O, on its reduction behavior was investigated.
Platelets of Fe,O, single crystals were prepared by the flux method using Na,B,0, glass as a flux. The

size of the crystals was approx. 3 mm in width and 0.3 mm in thickness.

In order to make Fe,O, react

with K,0, Na,O, and CaQO, small amounts of Na,CO,, K,CO, and CaCO, powders were placed on the flat

plane (0001) of Fe,O; and heated at 1 100~1 300°C in air.
products of those substances were formed on some parts of the (0001) plane of Fe,O,.

It was confirmed by EPMA that reaction
The Fe,O, crystals

were reduced at 750°C in CO and H, streams, and surface structures were observed by SEM. The results

obtained were as follows.
took place during reduction.

When alkaline metals (as Na,O, K,O) were present in Fe,O,; abnormal swelling
It was considered that the swelling was caused by the net effects of (1)

cracking of the crystal at early stage of the reduction (2) fibrous iron formation and (3) carbon deposition

on the reduced iron.
ferrite.
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THEEB I, TORTEBICK L THEE LAY ST
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7vh ) HEEREEMERINT 5 LETR{EESh, £
DA X EEBPREVTEREDHRIREVWZ L2
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The fibrous iron formation was also observed in the grain boundary of calcium
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DAZA b B DERRE OIRITTHFBNC IR L E b0
SRIZINE5THAS EFHBLT5. Ende Hig~RL
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Photo. 1. Surface textures of Fe,O, crystal, x1500 (2/3).
(a) (0001)plane cof Fe,Og (right) and its section plane (b) reacted with Na,CO,
at 1100°C in air (c) reacted with K,CO; at 1100°C  (d) reacted with CaCO,
at 1300°C

WTRBHIRPEEZ D 2 21D TWEE, FliimET
WMIBEIT/E D TR XY EROBESMMETTH LW OB
RERD T 5.

EFERCET 5 LBRO@mEYYNI 7T v H Y kOl
I X B HDTIH»7chs, —F BLEFUsS? 137 vh Y+
H4E Ca b BHEREESKRO RIE (2 LEFEIEROEHN
LB ERWMELTCWwDS. BLerFuss 3B LAz hivy
T 2IARTTAEA MEREE L, #HIKEESKOEKER
B  SDEOXS5CHERE LTS, TibbiRns T
FTHE ANV T 2 TAVRAEA PO KA RED EH
CaO SR EN, L DD OLNLRHELD,
BREIIREINAERCDBAERT 5. X bin&EudNE
L& OB ERA F oML L ZCEkAE L, #
HZLUET D &V S RARREAB R C R HER Sk H3 K
ET5&BRTWS.

LR D 5 % KuaLarraLra 59 Otk 1E50E
T % b o CEBIbSoEITZRIC oW T Tn
7evds, EBITORECFRENIRMMMRMc L h 92 24
b DFERIEFHEL I N DI RSERE SR T 5 &
WOIEZLESHTHRRbhTWS. BEEIRCET 5
BEPIITLLTOFRE LTAHMc L o244 O
HBFABEEOH A EIEY 3 EFERTLOTWS.
L7ch 2T BELER~D RO iR X 5 H#F DL
v, RTTEHEOBMAKLARERED 2 ODFRITENT
MEFPRbNBEFEIOLNDS. TRETOHEITENT
FRHMIRIC X BETEFIMIATHEEE, £ELTE
T, BIRE R I UNETLH 20K EDBiEIT X
> Tl TH D, BLBRITIT HERILERFO 2
s afLHml, SOEERLI L, ThThOFEEORITHE
BEBZHETLIERSTRELTWB XS5 Bbh 5.

AL FVWTEELIT XL LCERLT HAEEZH

v, BREBRDIEITCHBNGER R L5 25 L VwbhTWwBR
MO ~N= 24 METIC BT EHFRCH>VT T Y okl
PO E T 2. T NLIONZ 4 FEFEE,
frF% Na, K X0 Ca R@IR & FIRTHRIEE &7
LR L L, TORTEBICOVT I o i@
IR EI TV, T OFERE LR MR D
T~ %.
2. HHBRBIURBRFE

2-1 Fe,O; EEROEM

RICE RO & LT TEEbEkE Fv 5 2 E2ME
FTHhHs ALD Fe,Op BifESIIYHcCFALE (C
M) 24 LTRRCKEIL DL, FHimE e
Fia bW ZEBBSHTHSE. Fe,Op BiEFROFRIE
75y VAR I DT DI 750 ALLTEST
# 7 % (NagBOr) K E vy, 1 E5WH I A7 wexflL
R Fe,0: % SOHEBIIRA L D& R & LoD,
ZOER% 30cc DEEW S >FICAN, BAFEAW
1200°C % CHHfl L 20br {243 L+5 0B & €70k,
5% 3.3°C 0 #fE T 800°C Z R4 L&A X WD
LI TS L. 52010 Lic Fe,Op #5
g, 77 v 7 A% HNOy 10% EiliciEn»§ Z &
Xh73 9o RESEEL

BoN/ &R CHOEE LBIKT, #23~5mm
$X 0.2~0.3mm 0L OHBHLHON. HURBEEER
BELZRIR2%HDTH, IHALTHDLEREDD
LTERMCEERRGEEDLPNE L IALE< L 6N
%. Photo. 1 (a) 2Tik L7z Fe.Os @ CH (4) B
I rofiE () 2R/l 77y 7A0D Na 550D
Fe,O3 g5Gh~D R— €2 D E X BN 5D T Fe,Op il
@ Na & [FFVNETHI Lic 25, ZoDf#Eix 0.008
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Photo. 2. Textures of the section plane of Fe,O; platelet and its X-ray
images (X 150).
(a) back electron image (BEI) of the section plane reacted with
Na,CO, at 1100°C, (b) Na K, image of (a), (c) Fe K, image
of (a), (d) BEI of the section plane reacted with K,CO3, () K
K, image of (d), (f) Fe K, image of (d).

% ToH ol IEBOHIITEO>THE.
2.2 Fe,O; LJ{MHEDBTIHRTORE

Fe,O; D&t 35 X1E¥ Na, K 5 X0 Ca @ F#Ico
WTERRETT S 72dic, Fe,Op FEfudic 2 LD 4B
fLineiliEs ¢ 25, ERThLOB{LIOLEmE
2L B Eﬁ 5)6 T DI 5L FE R HUK Fe,Os
o Cii Ez DFRMPOE R E S, GiSHREsY H

WELHFTHEAL Fe,O EHEIC K 2 RISEHBIE L.
Na%ifind 5 E# T NaCl & Na,COy % Fiv 7245,
NaCl (2Fi& (¥9800°C) TR Lotk 2 i iB%E LY
1000°C TH< A bhis< 59 FeOp & B L7x V.
Na,CO, VRl (¥ 850°C) THFES#F L—EffHE
T5BELI000°CTH RV AT 254 bEELNBHE

MAERT 5. WA T5E 1300°CLAETH FY DA
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: 50, 20 min, (x500). (c)
picture of (c), (x1500). (e)
larged picture of (e), (x1500).

min, (x500). (1)

7274 b EEbNS BILIEML Na 503 HAHERT
%. Photo. 1 (b)iz 1100°C % ¢hnZh L7300 R %
R L7z REE 1~2 pm OB ES L S8k
ZR L, ENFHICBRELALNS. Fe0,; & C
Mz W LSO NS ~D Na 55047 % EPMA
X YEE L. RHAEFHE, FeX @83 X NaX
BG% FE T VWE%E i LT Photo. 2 (a)(b)(c)
TR U723, Na SIS ESNOBRRLN B2 BoTER
DHRIFPIZBEALTWERTFRELRS.

K.CO; HEhs (¥ 890°C) T itk —ohiE5+ 3

Photo. 3. Surface texture of Fe,O,; reduced a
(a) single crystal, CO, 60 min, (x1500). (b)

reacted with Na,CQO,, CO, 7 min, (x150). (d)
reacted with Na,CO,, CO, 5min, (x150). (f)

(g)
(h) enlarged picture of (g), (x1250). (i)
(j) reacted with K,CO,, H,, 15 min, (x1500). (k)
enlarged picture of (k)

6

t 750°C in CO and H, atmosphere. (7/10)

reacted with K,CO;, CO : CO,=50
enlarged
en-
reacted with K,CO,, CO, 12 min, (x250).
reacted with Na,COy, H,, 5 min, (x25).
reacted with CaCQ,;, CO, 9
{x1500).

B, FOHAVOLT 254 b EBbh S AN KT
B ECIET 5 LB K SEHiRT 55, Na,CO,
DEEEELD 1300°C TLELIC HFT D ik
V. Photo. 1 (¢)iz 1100°C % ChuEt L7308 D £ %
L7 RECEHMCHROERS L LNS. B
B LERNIBOK 505 %% EPMA THEZEL, Zo5
% Photo. 2(d)(e)(f) ITRL/A ZOEELLD
Ko ERoBRBONFIZBO>THHLTWB &
bh 5.

CaCO; 1249 900°C F TIZHHEL T CaO k7 %53,
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Fe,Op L ORISR is ST, ¥1280°CTavy
YLAT . T4 bEBLRBIEAER L1A®H 5. Photo. 1
(d)iz 1300°C & THREk LRl OE@ % & Lichs, #
N Y bhT T4 bEBLRASHEBEHRCKELTY
LERTFHHLND.
2.3 Fe,0; LEREBELOREERMORE

Fe,O o CH EICAFK LIINHDT7 =54 bEED
NAMDOFREEFTL S 72D, Wik Fe,Op 3% 5w
UK X & b BB 2T o0y, ElRhofE
DI & b b5 Fe,Op LU R
Honihrote. LB O TRIGERDOEREA X &
Hiced Fe,Op EMEHHLALOEH 2:1 OHET
i L IRE L, Nay,CO; % X U0V K,CO3 08413 1100
°C T, CaCO, o413 1300°C Tzt U730 o X4
R % Tl 27. TR Na,0 & Fe,0; O{L&MW &
LT B-NaFeO, »38» biviz. K0 kg LT
KFeO, DRSS Shichs, ORI ATRHPIC
BTl BRI HT 5. 20 KFeO, ORI
DT BT T S/ BRSNS BELZ Hh 5. ZoBE
Fe,O3 DEIHRIIFELLBELTEY, LB >2TK,0
L Fe,O3 DILEMAER LT WA Z LT BB EBD
5. CaO-Fe,03 RO 2LFHAHNV I AT T4 b &
LT CaO-Fe,05, 2Ca0-Fe,04 5 X (f CaO-2Fe, Oy
SEHBHET 555, SROFEHT 2 Tis CaO-2Fe;O;
DERDRD Lz,
24 EBRAZE

Na,CO; 72tk K,CO & L100°C THERGEH7:
Fe,Oy #hifh, CaCO; DAY 1300°C CRIG S &7 ik
dEHEE L, ATH® Wil 0 LR UHETETE
B fTiok. bt SEM 0ikkilatkl&ic Fe,O4
BRERE, ThErAEER—~ PeREEKEFRFEY H
WTORIGE TS o7, EIUIRE 750°C & L. BT
BORBIBERIFE V2o o megghxe, NEE
NTHEORZT v, BIEAH A% N ittlh » 2T
R R SEM OGBS ZER Y H L. BITiEoR
FoORmIEEEFHEMBC L VR LA,

3. X B B R

3.1 BRETHREMPERSEE Fe,O; ERDETT
Photo. 3 (a )it AT Fe,Op HifEHi % 750°C, CO &
LA T 60min 5B L7c& EDOFME R L. Fe,Op
CHOHEICEBHOELEDORENA LNED, TOL
EOBREIIFIHD LR LKA Fe,0, BighimiTHE L
TEY. Zhiz@Emb o™il & X 5 Fo MBI
DHRTELZHDOTHAS.

Photo. 3 (b)ic Fe,0; @ CHIC KO ZISISH—IT K
SEEfbor CO-CO, KT FeO £ TEILLA
HaEER L. FeO 2 CEREh 3ic Fe,05 0CH
LA @D TKERBREM’E U TS, Photo. 3
(c)(d)ix Na,O % Fe, O o CH LI iZIFHE—I1Z K&
SELHDE CO KRAHPT Tmin BIL Lo s EOKE
IR L. RELBRPFEEL, A LALTFE(d)EA
5 L BANTHCHESZ 5N 55, ZhilgiEikeE
PR ERIIIERETHH LBbh 5. HBREFHR
ROV TIREBIKT 5.

N2,CO; H3R< 2T Fe,Op @ CH_ETRIGHELS
it ETvwd &, h% CO LT S5min gL L
BB RZTOEMS X D 2Ry MRERGHETL, E
TEREREEFFESBHUIELET S BALLFEIC LN
RO RICHBHEREEHMN A 55 (Photo. 3 (e) (f)) .
K,O # 12 1Fty—ic KI5 =87 Fe,Oy % 12 min @55 L7z
Ha b Na,O Oa L RFRICBHEBFEEL, BRMNICH
HREBHOBES L SN TWS (Photo. 3 (g) (h)).

H, i@mo%a b ETilic 85541 5% . Photo. 3
(i)t Na,O ZFEE w7 Fe,05 2 H, iR € 5 min
EILL7c & SOERM%EZ, Photo. 3 (j)i K,O % FGE
7z Fe,O5 % 15 min 870 LB EOBRNICA LN D
SREOERE R LIz

Fe,O, © CHEHIK CaO # RIGXHHINY T LT = 54
Mgk eeb0RREE L, Thie COLMRPTI
minjg5T L& DRME% Photo. 3 (k) (1) iR L7
ANV T LT T4 PERRISD Fe,Oy LORMEB X
RHW 67254 MREFRELAZBEALD, BT
DHEFTT 51 LoD Tl#IREBE O E T Bk T3
HERXNS. ZOBRBOAINY I LT 2 T4 M 2Ca0
‘Fe,Op LB 5.

3.2 5k Fe,0, @ CH LI(Z Na,CO,, K,CO; 3% E ()
1®T

## 51F FeyO3+M,CO3M,0-Fey,0,+CO, (7272
L M=Na, K) %5FESICX ) REEOHFBEIrPTHS
BROSMREEL D EWCEETETT 0L 5 »iIon
TRET L. £ 07 Na,CO, 35 X U K,CO;y % Fe, O,
& 2:5 oFETRa LcHEkERE L L, BRREEH
WESPRIZRW TN LD RRHREDORIE B X U4k
ORER XEERFK I 2TTR 2. ZOESE Na,C0O,
HIRE LIEAED K.CO; 0iE DL, Th B 5 fE
RE (FE) X932 580°C X b RERIRD
SEENIEE D, Fe,Oy & DibEYn NaFeO,, KFeO, i«
EDBERT B E¥bh otk i CaCO; DHFT
CaCO, 1349 600°C X b 3fiF LT CaO ZARKT 505
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Photo, 4. Surface textures of Fe,O; reduced with Na,CO; or K,CO, powder
on its (0001) plane at 750°C for 15 min in CO atmosphere and
its X-ray images, (x500).

(a) BEI of the surface reduced with Na,CO;, (b) Na Ka image
of (a), (c) Fe Ka image of (a), (d) BEI of the surface reduced
with K,CO,, (¢) K Ka image of (d), (f) Fe Ka image.

Fe,Op HH1E LCH T HORIDbLA971149 860°C %
TR Ui T & d5hh Dl

DR 3 Lic Fe,0, 0BTtk LiFT Na,0
I KO OEEHZOWTEREYTLIGAT, Wil
CEWTENRSDIEEME ARSI ELBITETETR S
EVv 5 31 TR EERFELIIRE Y, HIK Fe O 85
gu EIT Na,CO; F721%, K,CO; 03k % if 8T 1T

8O FETERETEDTHI.

Photo. 4 (a)(b)(c) iz Na,CO; % Fe,O, ®» C H_I
ZEWT CO &, 750°C T 15 min @ LGSO
Kz EPMA THZE Lo R (KAETFRE, NaXig
(35 XU FeX #i{&) %77 L7z, %7 Photo. 4 (d) (e)
(f) 1z, K,CO3% Fe,O3 OCH LiziE & Rtk £HT
Wilice & EPMA I X 2B RE R L. Th

T

®
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(c)

Photo. 5. View of carbon deposition after reduction at 750°G for 60 min in CO. .
(a) Fe,O; without reaction before reduction (b) reacted with Na,COj,

(c) reacted with K,CO,

5O REEZ Fe0, 0 ClHi EItE W TERIT LSS S,
Fe,O; OEMIC 3-1 WH T HERC VW THEIL/ X
5z asAd Kk LTwvw%. Photo. 4 (b) ¥ X UF Photo.
4 () XSHRICTFINI X 5 RTHORE FE Lo
Na, K @E¥wcE»ThHy, Na XK A4 138
BMORNBCEELTCV2bD L Bbhs. chefk
EKIE 31 LRI D ERITEVWTS AbhTRD,
Fe,O, @ CHHIZ Na,O % -1k KO % FG 47 Fe, Oy
ERITT 5 LFMmED Na, KiZige AEHEINEL
5.

3-3 RF|MHCDONT

Na,CO; % 70k KCOs & FG S/ Fe,Op fif%
CO & T ERMLRIT T 5 & REW LGS &7 T
%. Photo. 5 (a) w7 Aa Y HE2IEMLUE VY FeOy &
gu (%9 3mm) %, (b)iz Na,CO; %, (c¢) it K,CO4
G &7 Fe,Op 5% (49 3mm) % CO KiftH,
750°C - 60 min &#IT L7 A O RERBOKRFERL
oo TOEERILIDTVHYVEE Na, KBFETDHE
REVTH RIS ERCHET T2 2 Lr3bhb.

1. & =

KHALAFFALLA 5V IR X @O (g
Vol’kenshtein $h 8Bz X v AL TR Y, TNMOELE
CRE O B IR T E O MBI OZ(L b BT B EE
5255, #REdE 0 EECRE X TwWinw &R T
V5. FHICR TEH LILETTEREIC SV TR &
T, Fe,Oy OBITEBIC S X TIRmimosh R BT %
FEE, & UCERBTRESE AV R R
T35 on@E@rb0lECESHTVS.

DLEOERGER X D Fe,0 0 BEIFIEC 3 XIETIR
fnim (Na, K, Ca) o%hR1T, Exyic ki) 2 E8RE
A X B, WK EIE kD R B X CSRTH IO K
FMEEICO=Z2 KT HZENTES. LTt th
ST OWCEREZTRDR.

41 BAUORE

Bk Fe, O, Hidt f o0 GTfjic Nap,CO; % 7213 KGOy @
BMREEXBLSFPRCEVWT 1100°C CRIS X, KM
b L OLEmELERE T FeO8 38T T 5 &,
HEOFRMMX Y RO TEROBRENALNG. &
DOBILBTOYT et FeO T ToREITOMICH
4d 5. BAORLER Fe,Op $E5OEMIC NagO ¥ 7z
13 K,O 2 D{bamALEk L, $/fv2 5 » 2 DR R
I OTHREMNIE Na,0 703 K,O0 BEA LTS
TODENCL B EBERDO—2L LTEZLLND
(Photo. 2 £M). RE & LTHW TROERHE X bh
5.
HEEHP I CREREEZ B L CHERNICAER L
Fe,O; & Na,0 #7-1x K,O & D{b&mi, BTssEfT
T 5T LIch 2> THfiE LBKRI S X UREIIK RS Th
FeO p4 ¢ 5. Na,O, KO BEMTHAT D Z &25
TEY, %72 FeO & 3{bEWME 2L Lilsvwicd Na, K
4 A RERORNMO Fe,Op i0hi g &% B> THEL
FT5. AFEROKEWT A ) G5EEE L7z Fe, O
W FELER, TOLDBRILBELCHITETTS.
DEHT TNHVEEA XD Fe,O0 NOBRRPK T
NOEEOTEWE (~EHm) 2L, ETiE
PETT 52 LT X D RE X D NEICE>TREEPER
T5HDLEbNS.
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BEREESHIIEIR Fe,0; MO EAIZ T L1
BERNZEREL TS, B{bgkdic Na X 00K
FET S L HHREEGFOERDPREX NS Z 213X <
HONTX9, TOEMAE LT NaxIUTKA Z 535
LBk OFERE TR Xz D750, TODITRYR
TTPREED VI RBEPREINATHE I FHLOE
BRI ZOFEZEZTFHFLTWAS.

Ik Fe.O; BifhESa e CaO % 1300°C TG X874
WElE COBITTBE, BV I LT T4 bE FeOy
DREEI I D AT - T4 MEHOTBE X 1 ek
EBHKDOBEENSH SN D. BLeiruss® [3AHEE S 10 3k
L7tk D, A7 253292424 FOETRIC, E
MICIRE DR CaO MMBBEI N, FDDbekigo4t
HABFREN B LB TvW5b. ZHSIRFHD Tk
WHAREBER DO BE D7D iE, Fe 4 F > OIEA~D
P ESHTHDHEMN HWREE) PULETHLEEX
7z. SRIOEBRTLREB AT HV THREEDOER S X
UERA & DD B 5 T H 5 i DIk S8 gk i 4
BEEBCLVEE LA LEELITEL TV,
4.3 REHHEDS

75 v ¥ AETER LIk Fe,O4 BEES L Na,O
Tl KO #RGS#H82 CO Erntse, 8
TCRR IR FEAHT I LiBCRRIIRME T 5. @Bk RE
HBIGOfifiE & LTERT % 2 L ik—fRicmbhTw
559, Na BX UK BEFET S & RERCF ORI
fITsXk5CThHsb. FROI NaCl kX F Na,CO, %
A0 U735 & O R EHT L EIS 1A 3 5 3h RiC Duv T#rEd
Ly, WENSREWHORELZED T WS, FElhL)
HORELRICET R THARNSIX T LB ) BEHE
WELEREED SV ERE LTV 5.

5. & 23

AL Fe, O, BifEaaiAfle U, +0REETHEIEC
B XEFEME Na,O, K,O kX CaO o%hHic>
W, & LTEETFHMEL VW EHOBEC X

D BiEt LIRSS Ba 87,
bbb, 7AH Y4B Na, KORMMIEFIEIE
BLRO=>DREOFEHEEL LTHERALTWSLE 25
ha.

(1) NaO, KO wifitnd 5 &, S@LAhicssfiic
SNBRDTEET B,

(2) HBHRLSIEHRORENEELLLND.

(3) CO St TIETET 5 & BeFRHT HUBLT A5 L <
RV RERIITET B

T 7 n Y LiE4lE CaO 2+ 5% S AR
VYD BT 2 T4 b ORBHR LD BIEREEGKD RE
DG bh, CaO DFEDS RHEIROEE &5 £% 2
5hB.
FOYVCAMRE I LDDICHAY, ARLHYE S
Wl EE Lcdbil RS TR E TR Fh e
%, lt)ﬁﬂ:fﬁ—lﬁﬂ’ﬁiﬁﬁ, ﬁjtﬁﬁzﬁ-%gjﬁ@;m_ﬁﬁ
BT 5OV I AR HT IR A BRI R < IR 0
BWERLET. 3 ABICHERMOMRIC D S HEH 1
72\ 7o KPR L SERR TR BATIT (5 RIS — BREC, #8 0 EJA R
15 & ONT HVE SRR g T F-H R BB R s B
e L EWwES.
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