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Toshio Takada: A Study on the Morphological Properties of Ferric
Oxide Particles Prepared by Calcination of Iron Salts. Fe:0: powders were
prepared by calcination of iron oxalate, nitrate, sulphate, and oxyhydrate at various
temperatures ranging from 400° to 1000°C, and their morphological properties were
determined by optical microscope, electron microscope, and X-ray diffraction techniques,
and also sedimentation method., X-ray diffraction and electron diffraction methods were
used for the analysis of their crystal structures. :

Observation by electron microscope showed that the Fe,Os particles prepared, in.
all cases, consisted of the smallest unit particles which were linked with each other at
points or areas of their contact, resulting formation of aggregates. The size of the unit
particles increased with increasing temperature and period of calcination. The aggregates
of Fe;03 powders prepared at low calcining temperature, resembled in shape with original
crystals of their mother salts or, at least, with crystals of intermediate products
produced in the process of calcination, and, thus, the shape of aggregates prepared from
oxalate was rod like, from nitrate plate like, from oxalate needle like, and from sulphate
dendritic. When the calcining temperature was extremely high, however, material tran-

sport occured between aggregates, and the aggregate lost their original shape. Most of
the aggregates prepared at low calcining temperature gave a patters of single crystal

stlucture in electron diffraction and this fact was explained by an array of unit particles

pointing to the same direction in the aggregates. The morphological properties of Fe:0;
powders prepared by decomposition of iron carbonyl gas were also examined.
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Fig.3 Particle size distribution curves by
electron microscope of Fe;O; powder
prepared by calcination of FeC,04-2H;0.
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Fig. 4 Particle size distribution curves by
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Table 1 Particle diameter of Fe,O; powder by X-ray method and electron microscope.
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S-3 300°C 2 7 1700 1600 1800 1000~3000
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T Be BIB(L)MIEGTROREIED |- T4 20 23
20°~-90° DI E SO, GDIRE ORG—R K H%
23, DR 3 ERF AT RESE L, B%
OBEc R M Quartz OREFER R7E LTV 5
HETH Do

MO M7 4B AN A0 L3 412 473 424 A5 426 2T 430
2007

Fig. 1 Diffraction contours of (0114) plane
of Fe:03 powder. Solid line by 5~10x
Fes0; particles and dotted line by Fe O
powder prepared by calicination of Fe
(NO;3);9H,0 at 400°C.

Bl o< @ LTl Lm0 XEnE S Ama iy
TR ED R EC Y > TROMIE L2 BT
TFH X B UKL KB OTRIE O FIIE 2 1727 o I E R H
CHMH L7 SRR X D95 5 OUREE LI K A
ML 5 &5 UCR A Licli% Bl & Rotte &
ORI UCIRESHi% B EX L Bl 47U
7o Table 2 37 < LR IEZ B ONKBMENTH
%o Fig. 1 b Fe05 EBEFM CRAGAE DR
B TR E XY 5~101) 3 X Oilfisek 400°C 2hrs,
Rige FeaOs BURID (0114) i & h OREHER D Hipss)
R ThH 5,

WusT Table 2 O X  Kex it X B e R
& Kay A ORBHM A RD . 2 Jones® o
TNVt BiBSF d/Be v EHE 1, Fig. 2 O
Efif (0) X b, B/BokROIMIEM B &fo HL
Bolt i S BEmcdh v, dil Kayk X 8 Ke;
DF & TIEGILD TR AR AD Eo T
%o

Wi & O Th & EEHE Fea0s o ot X b3t
FHEROKRE X DA L EHOEBEM LM Lo

227



228

T—=HhA7 (EH FIK)

19584

%. w%.
P
2

a7 B

2%

d/b,ar d)ﬁ
Fig. 2 Correction curves(,

= OHIER Alexander® DHEEIC Lote = OHE
L RIHAHIE & R oHEE s Fig. 3 (&) i kot
2 LT 7R % Scherrer o3

__Ka
Bcost

KACA LT K=1 s TR Lice I CRHCHHE
Fes05 OfESKFROfMA Tablel (p.130)Th %o
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MEANAN
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0 02 04 86.
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Fig. 3 Correction curves(®,
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V. EMEREICEE

Table 1 iK% Fe0; HT-OftflEy s
s Ui 3 o OfERTER TR v —EaiEn b
%o

S oo XBoE Ui L BT Ml X 5
R FEA T %

(1) B—RPEDS 01p 2D RE 20 HBCIL
FOEEARA—B L

(il) M—RFEMN 01e B o Bphcia B—fiT
EORESFAOILL Y FihX Y XHHIZ X 5 [l
N

BB X BB PR ESMHREEE L
IR C R LU 87: FeOs Tlhmpi v 2 Bl chl
B LB — R FEARE S RE L ala i o Mas
< BIUAMEV s XHRIT X ol U 2o iS e UL
FEHAUINE U oA 03 XREI s ok i DA

132

S0 BETRIC X HERILE (Fe0s) ORLITHEOIE 13

HEOTHSERIT OIS D L INT 5B, LK
© X HREAE 10008 wddx b 2 RES B TESL K
L D TDOFRI B TR T 2E sk /v o

P LRy & X CRIE LIS OR & SITH
THRMECHEIND B—RTE L B—ET530
T, TOfEREDEBRFRRMRBEER LB TEX
Z 7\

Z ORI R A B R LTI B IR R L
T XTI 5 55 SRS & B EM S & 2 M—R T
OM—FT B ENTERC—, ZOHE S Do

L.S. Birks, H. Friedman® (IR~ %> 7 A
PR LU CHELABE~ A r T A BT, X We-
itbrecht™® % y-AlOOH D L 5 »-AlOs 5L
VO L OV B3, BEEBRT & KPS LRI
—B L, FELE—R RO XERRE R X v
PIERECEEREETRD, WThh LORBRERE
R &R LTV %o

T $ A 400°C CHEE U7z FeOa AP sV € =
DDA TS 0,03 BETRE BT,
B PR LB —IT 5o WE Uk i i—hr
D3HEE U751 (1010) wHE O Tl 2 By
BEEEAHUB L MR L BT Ho EEEE400°C T 1
B Uiz FeoOs Rryiciby T d Ao BRY o

—J5 Ttk Gk 400°C ¢ e Lic RERAR PRGN X
D BN EFEMBETC X 5 NI EMTARLH®
PR L AR Mo igFch o, Th
X b Z ofgELRE (0001) PTHI 307 ORI R
Eaih USRI, SEOE—RIT N B w—5E

Table 2
Half maximum Value (°26)
Sample No. = -~ -

(0114) (1120) (1123

Si0; powder 0.095 0.093
Standard Fep;O; 0.091 0.090 0.090
C-1 0.285 0.323 0.314

c-2 0.267 0.270 0.280

Cc-3 0.204 0.213 0.233

c-4 0.218 0.206 0.213

C-5 0.163 0.170 0,173

N-1 0.415 0.434 0.420

N-2 0.415 0.412 0.430

N-3 0.221 0.221 0.236

N-4 0.218 0.221 0.234

N-5 0.200 0.212 0.217

S$-1 . 0.295 0.289 0.311

S-2 0.221 0.223 0.235

5-3 0.179 0.190 0.186
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T—=HhAT (BIEOBIHI L DAL (Fe,0,) DR TIEREDHIZE)

14 M kT hKG &

A G

BRI R (0001) T 30" IO Mo sk
FOTHEE LT E EH X bR D ¥ LT 51—
KRRz oREOMEO S E S0 Tishud it
A<, B2 ISR oL Lk (10100 o7
g\ T XE o BT R WS T o s B
PSR & U MR E A D3 o
ke Ak
(1) L. Alexander and H.P. Klug: J. App. Phys.,

21, 137 (1950)

(2) F. W. Jones: Proc. Roy. Soc., A 166, 16
{1938

(3) L.S. Birks and H. Friedman: J. App. Phys.,
17, 687 (1946)

(4) G. Weitbrecht: Z. anorg. chem., 253,9 (1945)

Bt 2 Sh—R=— L BDBIC L IBREFORFRELCILT

1. #

It

§hh —F =~ Fe(CO)s DHERLHSMT 5 &
{EEEDRIR A b b BiE O EREE DM
R X o bk flcharn oo BE 1
Fe(CO)s DS IAT D8R & X o> C Bk
23 B A O ThoTERENEN B b I iRric Bk
BB D THF AT

kH — K = — A DRI X DI LR F DTSR E
WO TR X BRI —, ToWES
¥ %o D. Beischer® 42 1 hiE Fe(CO)s 2
TS RT 5 2 RO MRA B bh oo ko ik
0.1~2.4p B X1y 0.1lmm T 2 @y #4251 B T
» Debye ring X b KT &3k 5 L #) 50~200A
LEHIND, H Oz free OERDPCHWLTE LN
% Fex0s & FEMHER T2 K & 20T 150 & KK
HCh 0 —JjFAEDIL Fe(CO)s & CO Dt
H AR CHIIELT v-FeOs # BT L5002
DIGIREIEEN O.1u THREIBAH DL O AR B
TOLPEAPHFE LIS ORRE I T 5,

i dn { ERAMIC X o TR 0 4 oAt
B o 5H 5T hH BMER ORI IIBIER I b #5 TSR
b RS S DO T —, o E M ik
B B*o

I. A ~R=—LoBHEE

Pk — A= — A h K 30mm ORIE 78I % B0
Bz Lo aHEHic oil bath ©F ok 120°C 3501
BUBELET DRI F O 7 AADRME VIR EHE
B R DI TSI L CIRE SRR 213 e o
B ORICRARITEIRDIE S 2T L OEE&O IR
LT PITEE SERE R R Lo FREADEIER O —K

*ORRBALBI S TR Th Bo

201945 H

AR A AT T 5 b OpNE UBEA TR Lo XKoo
Batic X v 2o g it v-FexOs ThHhoTibid e-Fe0s
Tk BB IO

0. #FREREBRICHNT

Eieodn < #HIREE 0RO MR B 5\ FREO
T LHERREONS L 25 L ChERBEKRFRT
BLRBES IS LTETFBES L LT L
Co

FREBYREY Photo. 13(a) i %R EER L Photo. 13
(bR TI < Cho O P hb ik oB e R L
Tk D, TOMEHFERRTH 0.1~0.4x BEEROK
KCHI I~2pe FED M a0 TH M b2 ot (&
O ERO AT LR ROl AR TE L LT
RS 5o)

W EEMC i 5 L RO b T 5 Photo,
1BladRFEMRTch 1B R—RTN L ThD
D LS BRI RE % 7R, Photo. 12 (a) Photo.
14(c) T8 A K 0.2 DR F- DS LI FTh 5
MR 5B, Fiw Photo. 13 (a) 12— 0iiEoh
EROBEOEAL D TEI Nt R L
Tuvbe T LT, ZOBCHMNEBIRLER LT
20 CHL O Fe0s MAROWBEATID 4 L v Th
WL DOEZ AR 0.05: BT CTH S LE 2 bh,
Wevs BT 0l Dlho BHx e Br b hd. 82T
Photo.13(a) o FXBEAHROMHMEL 2 bR AT
ORIR O OB I MM DEC A b b o

SRR E DO RROWHER K T4 R % L Photo.13(b)
R BB —ROMHED FNI e UCHTral
INEIMIME R LT B S DRI p R T
TIEIWEROREZLE LD L LORETIIF0.1p
BUF & B ohku i s ok E 3 oMot
HhHSR TV ADO TR LB L Bbhd,
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(a)

Fe;0; particles prepared by calcination of

Photo. 1

FeC,0,-2H,0 at 400°C 2hrs. (a Crystals of FeC.0;-
2H,0, (b) Fe;0; aggregate 'a b, x400 by optical
microscope ), (¢ aggregate, d and (e fragments
of aggregate ((c), (d ), ‘e by electron microscope '.

Ve Y
e

.

o

Photo. 2 Fe,0; particles prepared by
calcination of FeC,0,-2H,0 at 600°C
a), 700°C (b), and 900°C (c¢), for
2hrs., raspectively.

Photo. 3 Surface of aggrezate of Fe O3
przparzd by czlcination of FeCy04-
2H,0 at €00°C foi 2ars.

Pooto. 4 (a) Lleziron mizropnotogrzaph,
and 5 corresponding diffraction pa-
tt2rn of Fe O3 particle prapared by
calcination of FeC,0,-2,0) at 500°C
fc 2hrs.
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an A
iy

U

Photo. 5-1 Fz,03 pariicles
preparad by calcination of
Fe(NO; 3-9d,0 at 400 'C for
2hrs. (2 ) Opticel micropho-
tograph of irrzguler agglo-
meratas of rparticles, c
electron microphotograph :
of plate like agzreates. Photo. 5-3 Fe,O; particles

’ prepared by calcination of

Pnoto. 5-2 Aggregates of Fe,)s prepared by Fe(NO:5-9H,0 at 700"Cra),
calcination of Fe(NOQ; 39H:0 at 500°C for and 900°C ‘b, for 2hrs. re-
2hrs. spectively.

j ) XA KK
FaVAVAVAVAVAVAVAVAVAVAVAM

Photo. 6 (a) Electron micrograph,
and (b) corresponding electron
diffraction pattern of aggregate of
Fe;0; particles prepared by calcin-
ation of Fe(NQ; ;-9H,0O at 500°C
for 2hrs.

a b
Photo. 7 (a) Electron micrograph
of aggregate of Fe,0s prepared by
calcination of Fe NO; ;-9H,O at
Q™ d 500°C for 2hrs., (b corresponding

electron diffraction pattern, (c
darkfield electron micrograph by
electron beam of spot A in (b)
and (d) by spot B.

135
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Photo. 8 Aggregates of Fe;0;
particles prepared by calcin-
ation of Fe(NOj);-9H,O at
600°C for 10hrs.

™7 s

a b c d

Photo. 9 Fe»0s; particles preparad by calcination of Fe30,-7H,0 at 660°C (a), 800°C (b),
900°C (c¢), and 1000°C (d), for 2hrs. respectively.

v

| -—-—‘&_

a b c

Photo. 10 Particles of @a-FeOOH (a), and Fe,0O; particles preparad by calcination of a-FeOOH
at 300°C (b), and 400°C (c), for 2hrs. respectively.

C

Photo. 11 Particles of «-FeOOH 'a), and Fe,0; particles preparad by calcination of a-FeOOH
at 700°C (b) and 900°C (c¢), for 2hrs. raspectively.

136
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Photo. 12 (a),(c) Electron micropho-
tograph of Fe,0; particles prepared
by calcination of a-FeOOH, at 400°C
for 2hrs. b, d corresponding
electron diffraction pattern, b by
a and (d) by (c ..

d

b
by thermal dacomposition of Fe CO ;.

Photo. 14 a, c¢ Electron
micrograph of Fe,0; parti-
cles prepared by thermal de-
composition of Fe CO);. (b,
d’ corresponding electrbn
diffraction pattern, (b) by
a) and (d) by (c).

d
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SR DBSM I X BRI LS (Fe20s) ORIFRIE OIS 19

RICTE T BRI ERC X o TR - DR L #5TAm
B A U 7c #5452 Photo. 14 (a)~(d) T&% 3.

Photo. 14 (a), (DI (R CREME & 4T L v-FezOs
T2 C () KR 3THEBEHR D M CcH A 22585 0 &
CHETHEARZ IR L o BB FEIHRY () T
50T LAt 5 NFLAA M S B 4t L oo fT
X b spot BAFHEAMI 2, 3 2TV 5 b DA
hhEreHmoBErL LT, oML LD
PR E Ao he @ NERL 7-Fe:0; © spinel
B0 (111) fe TR T 0 A S L& o@é
BTHOTD)D 1 = D spot REEHER TR T5 &
(a) DEMHPIO WM —H ) B = ks Ui b DA
T SRR T 53D B, 3 Photo.
14 (¢),(d) 12 @-Fe:03 OFREIRTH L2 CEEN
OTETEYHRA (d) T b Wi & FRER =2 O —fF
ANHEE Uc b o ISR O T E A /R Lice RiiB 2
OFRRAR CrLBA-—hr A5 5 & B = il U7 & O pa gk
MR A e T h OB EHEL BB, 1 THkiEkD
BT ESEOLRE L DA 0 L HEEI NG MK
Photo. 13 (b) @y #EHEASIELL Footed O TLk BT
BAFEBRETRTENRRIE LRI D,

N.HERoEE

AEBU IR T3 Fe(CO)s F85R o iAME L <l b ekt
Fafiiedt, ToOBEIEENR O $ © L B—AFpl
R UTcln ERIRORI TR B Lizo RIBcssy Tl
—BET AR R X s, — AR O HPIRER R 5
XDRE— 52T, WS 0.05: LT E352 6
FUSLIRAE DRI o M & b MEER A B B
TR R X B2/ L DI 2B LRER T
DFiET D. Beischer O#FICTT 0 — M —HIF
A, oA Lo THEERR o HiskC
Vs B A VLR AT O R R T B AL T
3 B OITs BT - OB oA BRI @ T g
Y2 BHOLBORMDR & OREOBEIIIRE
DESHC IS D EEX BR %o

[l 25 D FERTHGIR D — K = — rhic CO 7 A%l
Lo CO 2d—RE= - L ORAKEEIRPEX e Ol

T2 CEh, F%EE> D. Beisher DRI LC
AR =L ORI LB LE L DS HE
D Fe(CO)s ¥l LT FesOs e ¥ BHRIC Fe
(COYs DR KPS B DR AR D LR « O
ORTHR DDA, AR LR HREOBINI A
SHBFRORMAL D, Bk, #HiEReicdnric
B TRASBolEEE 2 bhvb,

REBOEE R TIR—KTFOFN, FORHEOIRIE

ST —Td A5 2 UL S — R = — BB O IE AT
THICBRALEREIR O SR 2 TG —IC T DRI D b D

LEZLND BN BENVED —EY T TV 2R
HEONEERBEC Lo B85 Bt 25 Acho
T, A—BYT TV 2R THR—RTICR PO
B 2 FEAHAE BRI T BHE,

V. #
B — B = — ARG 2T BRBE LT Rk -
Fe,03 35 LU a-FeO3 RP-ufiens, £ OBED,

HEHAR & 7325

(1) Wl 325 S R e Ruptilift U CHRHER By
KR icdHheE

(2)  D—RIFH IR RIS A fo RAREIREL T
B
AR (1) OB AR 0.1p B TR E
<, THABEERTEDOLE LT, OB aREL
7o O HEEHTH DA D b D(2) DA IR
AT o€ 0.02~0.1n B L F 2 B Do

DI AR IR A RIS U CTH L R SR B e
YOG T o

3 ik
(1) D. Beischer, A.Winkel: Naturwiss., 25, 420
(1937)

{2) M.V. Ardenne, D. Beischer: Z. Elektrochem.,
46, 270 (1940)
D. Beischer : Z. Elektrochem., 44, 375 (1938)
A, NS, BEED : RHAAL 21, 9 (1952)
J.H.L. Watson: Rubber Age. 68, 637 (1951)
E s AE, p. 120
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