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Fundamental Studies on Structure and Composition of
Titaniferous Iron Sands in Hokkaido (Report I1.)

Keinosuke HIRAKOSO
Tokiaki TANAKA
Jiro KURIHARA

Abstract

In connection with the utilization of titanium the problem of iron sands reser-
ved abundantly in Hokkaido has become to have great importance. The purpose of
this investigation is to enlighten the structure and the composition of the titani-
ferous iron sands in Hokkaido with respect to iron, titanium and chromium. Exa-
minations were made by microscope, roasting test, X-ray analysis, thermomagnetic
separation and chemical analysis. The results obtained are as follows.

i) Iron sands along the coast of Funka bay

The samples selected for this investigation were non-magnetic portions of table
concentrates obtained from Crockett tailings.

From microscopic features these concentrates may be classified into following
three types.

a) homogeneous structure
b) spongy structure
¢) fine Widmannstatten structure

It was ascertained from X-ray analysis and roasting examinations that “a” type

mineral was a solid solution of much Fe,0; in ilmenite, “b” type was hematite for-

med as a result of secondary oxidation of titaniferous magnetite in nature and “c”
type was hematite with fine lamellae of pseudobrookite Fe,O; - TiO, derived also by
secondary oxidation from magnetite containing inter-grown ilmenite.

The crystallographic parameters of “a” type ilmenite determined from X-ray

analysis by ‘“Norelco’” with Fe target were a4 = 5.508A, a = 54°53,
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ii) Iron sands occurred on the north-east coast of Hokkaido
a) non-magnetic portion ‘

Titanium in non—magnetic portion is present in the form of solid solution of
small amount of Fe,O; in ilmenite.

By heating in air at temperature between 750°~800°C this non-magnetic ilmenite
changed to a strongly magnetic variety but at temperatures higher than 900°C it
changed again to a non-magnetic mineral. X-ray powder photographs of oxidized
magnetic ilmenite showed only ilmenite lines. These experimental results indicated
that strongly increase in magnetic intensity was not caused by the formation of
new compound but by the partially oxidation of ferrous ion in ilmenite. The che-
mical composition of this strong magnetic product ecorresponded approximately to
Fez04-3Ti0,.

On microscopic examination of ilmenite roasted in air above 900°C the formation
of new compounds was clearly observed and on a base of X-ray measurements it
was concluded that this new phase was a mixture of rutile TiO, and pseudobrookite
Fe;04 - TiO,.

On the literature regarding minerals of Fe,0, - TiO, series the existance of fol-
lowing three compounds has been reported.

pseudobrookite Fe,0,-TiO,
arizonite Fe,0;-3Ti0,
2Fe;03-3Ti0,

X-ray analysis on synthesized samples obtained from mixtures of Fe, 03 and TiO,
gave only a pattern of pseudobrookite Fe,0s-TiO, and diffraction lines of arizonite
Fe,0;-3Ti0,; and ferric titanate 2 Fe,05-3TiO, were not detected. By the X-ray mea-
surements the crystal structure of this compound and the crystal parameter were
also determined and the following result was obtained.

Tetragonal a=4.9114, ¢ = 6.6604
¢/a = 1.356

It will be a remarkable fact that the result of this did not agree with data re-
ported hitherto.

b) magnetic portions

From thermomagnetic separation it was found that the strongly magnetic por-
tion of these iron sands consisted mainly of different two minerals. The curie point
of the one was nearly in accordance with that of magnetite and that of the other
was very low.

The results of X-ray analysis lead to a conclution that the high curie point mi-
neral was magnetite and low curie point mineral was magnetic ilmenite. The poli-
shed sections of this strong magnetic ilmenite showed homogeneous structure and
chemical composition of this were confined within a fairly limited region and corre-
sponded approximately 2 (FeTiO,)-Fe 0, the crystal parameter being @, = 5.497 A,
a = 54°57. From these facts it may be inferred that the increase of magnetic in-



3 ALY 2R 65k oo MR IR U I (B SRR IC [ 3 2 P22 (45 138 21

tensity of ilmenite was coursed by dissolution of Fe,O; in ilmenite.

The results of these experiments indicate that the existance of two different
magnetic ilmenite can be considered. The one is a solid solution of Fe,03 in ilmenite
and its chemical composition corresponds to 2 (FeTiOy). Fe,0; and the other is ilme-
nite derived by simple oxidation with air-and its composition corresponds to FezO,-
3TiO,. - . o

iii) ,-Chromium in the iron sands from north-east coast of Hokkaido

From microscopic examination, roasting test and X-ray analysis it was ascertained
that chromium in the iron sands was present in the form of chromite.
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T ¥ v DERIBAKIRET 352 LIkd b, RO IMTICHO T 402 LI LD S M,
fEoCcHF & v LHHERE LT N EEREREE 2 Dhsss, KT 4 v BOEE Tk ki
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U D TN DIKT 7 v AGHIEEORBRICH L i BIRsTd b, Bk E LToeT
¥ ORI Ti0, HEDMEN L OIS J1, Lo b £ O R b RINPEEH T —Ekt
BELTFCHZ B, EGREROF 7 v 5 VHERS & LTERENODD 3 OBTIRTD 5.
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ik Tik 800°C TRKIFHENTOICEL LYY 4 Vv aF o T HlfkGHbNS Y, SZEBRO
F T OHKHEAT S L hDZe. 7 800°C © 1IFFBIKIREIE Lz b DMK Z <L c A
H 2R & LW B o i ABD R TIEIE A EARERS SBHORIEZ TRICE N TWBDICH LT
PR A3 B R TIEVR A EBICER T 5210 Iin D,

x 80 x 80

Fig. 1 Non-magnetic portion of waste Fig. 2 Roasted product obtained by
sands from Nakanosawa. reducing non-magnetic portion

of waste sands from Kunnui in
H, gas at 800°C for 1 hr.

F 74 ilmenite 7 900°C L O HE CARERMET 2 5 3 Wic Bbus X 5ic ilme-
nite B T-OFEMTHIc ferrie titanate DT 2 DA RO NS48, BEMEGLE 900°C © 1 K
Y &CHHE LT & © A5 4 Ko dn AT OFRENCRIE Y T §L & MO MAs7E Y & iz,

DFEEBFFERMN B HE 2 < (1) BT 3 PR ilmenite & H[RTE fr7z.

x 120 X 200

Fig. 3 Roasted product obtained by Fig. 4 Roasted product obtained by
heating ilmenite from Malay in heating non-magnetic portion
air at 900°C for 1 hr. of waste sands from Kunnui in

air at 900°C for 1 hr.
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(i) ¥pHeREe e A9 s BT

H5 5~6 o LB CCBET S M#EH 35 b O EREDORT 5~ Wikih &
1150°C ¢ 1 WeZsehinbe L7e & O B L 7ci#k %1595 © &2 b magnetite 23HIMCE
-5 YR IR/ % 5210 C hematite 1C28 ) lll% Jeo/c b D EHFZ 6NS. BBk
#FEhic iy ferric titanate &M bis TS SPFT 2 ICHERE In L CAAAE L TW D DD B {L
.

x 80 x 80

Fig. 5 Non-magnetic portion of waste Fig. 6 Roasted product obtained by
sands from Yakumo. heating magnetite from Kun-

nui in air at 1150°C for 1 hr.

(i) BeERr Y « Fev A5 v 7 v RO 3 3 b

T OMEROFE L\ WL lamella O OBEEESS matrix O L b3 LKL, Folic
EEOZEE 7L, Ho matrix OFf454s hematite IO S L 3L Cws Hehs. (O
TRIZID Lo b TORRRL T3S 7 K EHE 8 DL BN S mind vy Fvv 2oy 7 ol

x 80 x 120
Fig. 7 Non-magnetic portion of waste Fig. 8 Roasted product obtained by
sands from Hokuto. heating magnetite from Kun-

nui in air at 1100°C for 1 hr.
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W ™I RIRBE B 7 5 v R % 1100°C © 1 IRFHIZARSUERE L7 b DI Ffic RS Twa T &
o DYIET L matrix (& magnetite 93 hematite (KL AL DTH I, zhlcH Lt lamella
a3k ilmenite OEbic X oTA L% ferrie titanate (Fe,0,-Ti0,) Th3EH2BILS.

LREOIn BERb 7 ~ 7 A REHE O ST 1 magnetite pSEARRO ZRIMERI:
2FT hematite {b L7 b O KO ilmenite OZFOIEIN D RELTHRDOTWS T LMD
DFehs, TOT LERDO ZODORMEARRD S bl S e,

(2) KEILLDBERR

hematite /& magnetite X b LETENSWIEH EEOTIE D 600°~700°C O LR EE
ETa&BgkE ciEtE N5 ilmenite MOFEIIETE Lic { { metallic O#2sdbbih
B0 900°C U kTds. Fhikd L bEWT —~ 7 A R5gh%s ilmenite & hematite X b %55
B D& IE 700°~800°C T/KIREITTEFTH C &iIc X b hematite 2B L, ThEBT
HYRic X v 5Bk 3 SR 7 2 2R OFE\ ilmenite ZIERMERIS CHT 5 T &S TE S
EFTH3. XD EIEDDEMR 2 er wowT 750°C © 1 IRERMPKIREITLE 170775,
SRR RSEOME D C, WD CERIESSS hematite R X ilmenite @ ZOOG B A
DTnE T ENDDAShiLs.

Table 1. Analysis of roasted products obtained by reducing

non-magnetic portion of waste sands from Kunnui
in Hy, gas at temp. 750°C for 1 hr.

Magnetic fraction Non-magnetic fraction
T.Fe |  TiO, M. Fe T.Fe | TiO,
72.22 5 13.53 58.26 7 33.55 | 34.28

Q) BREERR

B B\ W CEERT 5 < ilmenite % 800°C TRERIIET 5 38 L Mll% WMt 24
DTS, FEOTEEREESS ilmenite & hematite X b %3 b O &HL1E 800°C T &S
BRERT s clic L b KEBTROEA LFAEE ilmenite & hematite @ ZolICcHlF 23T 4514
BT FTHS. FERRYE 2gr & 800°C T 1IRFRSRAEERIGE L A O LBk T 5/d
EWEOML KD, TOEBRMD L ilmenite & hematite X p s E&BWdbhicbns.

Table 2. Analysis of roasted products obtained by heating
non-magnetic portion of waste sands from Kunnui
in air at temp. 800°C for 1 hr.

Magnetic fraction Non-magnetic fraction

Wt. s TiO, % Wt ooz | TiOy %

50.6 32.04 | 49.4 10.29
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LI B e OV R O TRES IRy & WUKIBEERRRY O a4 14 ilmenite & hematite %3
T EFIEEHEETH B, Ciciic Mbits Ok ilmenite & RBN3HEDF 5 v OB
EASHIHOE 1~2 FOSHHEX D WS Eind #iFo ilmenite i L <# L AxhwT
ETH5. KBERIEOGAE T 7 v AR OE AT IS icsles 2 & gangue mineral
DR —IEB~D NS YS, 2RO BAOAIE T gangue (T X 3 RITILRMNA B0 &
Fz s, THH L TRSHEREOSTHE CIXIREC X 3L B2 bhsds 800°C © LI
RHZRGRBE L2 A D RESINE 0.85% TN T 7 v 2 RiIc kK3 EERITFT %2 b
NEV. ZREEEIC T O S 76D 3 7e i X MR E Sl L.

(4) XigminRes _

55 9 gkl hematite EEERYs — 7' A Bi9RE 20 % % X BT H D7 O % Hlghiit L7z
bOTEHIE R —FERLTHY, BEMPic hematite 237 LT3 T &5 W S huze.
% 7% ilmenite OAEAEICE L CikHiRO/KIERC X s@ARBIcE T 750°C, TSN LAY
O OIS & Notoro g ilmenite OPTHRE L 203328 10 Ricchd 2B vw—
BeRmLChh, JHEHEORISDS ilmenite X h A3 LEEHPELTCWS.

LB BEEMTh e ilmenite ZAPTHREHIF: ilmenite ik high angle Mic#SFi
TWB T EPBESNH D, Ficeo ilmenite I0OWTHTHBORBIEEFv, ATIH

Apie % ilmenite XIMR L THA & TARDOFR LB 2.

AT, ilmenite an=5.528A  a=54°48
B o ilmenite a=5.5084  «=54°53

Bz @ ilmenite OIEEEHIEE 4015 70 0 Feib 7 — Z A %545 % 2000 Oe OFESGIC CgEE 5
Sl own TiO, FeO Kk Fe,0, 49005 & T AROEEE ﬂf/c

Table 8. Chemical composition of ilmenite in waste sands

i
T. Fe 2 . FeO 22 Fe,0; 25 TiO, 25

.74 26.96 31.14 | 33.60

FROSHRR S W< BERHO ilmenite @ZLHD Fe.03 ZHHLT0D T LS
DINOTDT, EDRHIRIER 415 7o ISR E HICH-<T R & C o8 11 Wefir. &
X b S EN S RIS ORI FE RO HEEE R L“C\/\% .

VI EOERE X b I ko F ik ilmenite FPVCH?%“&% Fe,0; kRT3 0T
Hh, EOTREMPCIEAT 5 ilmenite F3E® ilmenite & X i p TiO, 8k b

Kb, HoBED Fe0, 45 ilmenite-hematite B0 a2 ¢ 2 B M Tk
D,
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K
";4 Non-magnetic portion of table concentrates

obtained from Crockett tailings.

— 20

Fig. 9 X-ray diffraction patterns of pure hematite and waste sands from Kunnui.
Conditions: by ¢Norelco’ x-ray Geiger-counter spectrometer with Fe target, 30 KV,
10 mA, scanning, 2°/min.

102

—_ 20

Fig. 10 X-ray diffraction patterns of ilmenite from Notoro and waste sands from Kunnui.
A : non-magnetic portion of roasted products obtained by beating non-magnetic
table concentrate of waste sands from Kunnui in hydrogen at 750°C for 1 hr.
B: ilmenite from Notoro.

Conditions : Fe target, 30 KV, 10 mA, scanning 2°/min.



28 PR W) - BN - B R 10

x 80
Fig. 11 Ilmenite in waste sands from
Kunnui obtained by high
magnetic separator

3. AK—VsBEREWEKPOFY - OHFEIKELCOT

(1) IR

L5 iR RRIR,  BERC, W, B
BZLDTHB. CHLOOWEIEHS 12 KX b Wb A —RcEBZ L, MEE bocH
E N ARDILOMELZ 573 b DB . BHEE O R RO IE A brh A El—Tinhc itk
kB TS, BANICITERIISZE  SITICB W CEE R e & LW EH07% b oss

TEEOWELcT L VAT X DRSS & ke

Zo. BEMHEITH 5 FERSIE BB A OTRIRICH L Clam s b Bt

o =

x 80

x 120
Fig. 13 Ilmenite from Okoppe.

Fig. 12 Ilmenite from Omu.
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x 80
Fig. 15 Ilmenite from Shokotzu.

x 80
Fig. 16 Ilmenite from Shibun.

x 80
Fig. 17 Ilmenite from Notoro.
S RERPE MOBRIPED AR D P2 20 5 ETFHEOME b ©, Th % mol 2% IhiLL <
FeO—-Fe,0,—TiO;, =680 7 5 7 [ic plott 43 L4 18 ol & b,

ilmenite f1D
ferrous O—F% ferric CEM L L OIS T 3 E8bo3.

Table 4. Chemical composition of ilmenite from Notoro and Omu

Analysis, percent
Samples —
T. Fe FeO Fe,04 TiO,
Ilmenite from Notoro 32.13 30.38 12.17 39.38
Ilmenite from Omu 34.20 32.48 12.80 34.26

BB A3 % ilmenite #2SUC CREET 5 L3 20 KX D WIB A< 800°C

ClEF DRI A ELMeD TR D ILE DS, 7272 750°~800°C 1T Timdha-2 b Dl

L JEMEER I L 2B RET SHRS R b7, chuck LT 900°C Ll ki iz
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Tio,

FeO Fe0s Feld)

Fig. 18 Chemical composition of iron sand concentrates from Notoro and
Omu and roasting products obtained by air roasting at 800°C.

2 LD EEELR steel gray &7 DGR & K\ IKiENE b REIFGE & MRSt RIc R 5. %7
SEE T ic cBlFed 5 & 900°C © 1 B 5 & 01xds 21 Klicond-in{ @kkoRmiic
B B I T 7 B AL I D AFAE AT B L, T 72 1000°C © 1 FEEEEEY 2 O cld 3 22 Kodn
QT ERIS B DML Y EOoTWaON AL L.

x 120 x 80
Fig. 19 Ilmenite from Omu. Fig. 20 Roasted product obtained by

heating ilmenite from Omu in
air at 800°C for 1hr.
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x 80 x 80
Fig. 21 Roasted product obtaiged by Fig. 22 Roasted product obtained by
heating ilmenite from Omu in heating ilmenite from Omu in
air at 900°C for 1 hr. air at 1000°C for 1 hr.

ilmenite % %25 T AT 800°C B HiikE L7cES B & f15 I&RENED NS hematite w
& magnetite 1T|&FAD B NG WHEDO—O T OEHEEFIFT 5 2 i X b ilmenite OREH
YLD ARELE B2 BT D0 B WO TS TREAMEO—DOCTH 3.

Iy B A 7 78T A sk — Y 27 R D REED P75 & e AT ilmenite BT LIS
ICERD DN FIL © DIRRE ilmenite > ferrous OMfbic KR L Ccws T ElE 5D
AT\~ Lo bHEM:E ferrous OMRILAS TS HETT 5 LR T BT &0 bH 2 TREfbicH
LClx—E&® ferrous DAEEASLE R T EBHENE LS. D3R NDHE 2 B & WhibkE
FEMNAAEINIC 1T ilmenite X[ T b7 7O NH A E—ED MR 2 Hro7e UHO i & 77
R s b onsMEIC k5.

Fik ERRIEE © ferrous DIRIbASHEST L 72 HEMES DI T 2 0% FR3 720 FRIE
D7 — 7 AREGR O IR % 750°~800°C © 1 REZS SRR OREMFST iIc O\ FeO,
Fe,0; K0 TiO; % 5347 LKA 18 KIDK M E 157,

Table 5. Analysis of roasted products obtained by magnetizing roasting of ilmenites.
(Roasting conditions: wt. of sample, 2 grs. roasting in air for 1hr.)

Roasting Analysis wt. percent Analysis mol. percent
Sample Temp. °C FeO Fe, 04 TiO, FeO Fe,O, TiO,
" TIlmenite concentrate l § | - o T

Feorn Notaro 30.38 ‘ 12.17 39.38 42.63 ‘ 7.68 49.69

" 800° 14.34 34.91 ‘ 47.97 19.60 | 21.47 58.93

” 800° 11.56 =~ 38.26 = 48.51 15.98 ‘ 23.77 60.25

» 750° 19.98 33.23 ‘ 45.30 26.41 ‘ 19.75 53.84

\

15.95 62.54

Ilmenite from Malay 800° 16.85 = 27.78 ‘ 54.51 21.51

LEROF M S ilmenite OREEHEFEMIZMEINICIZIZIE FeO-Fe0;-3TiO; icHIg T 5.
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Ilmenite from Notoro, roasted in air at 800°C for 1 hr.

30 m 50 60 70 30
-————"229

Fig. 283 X-ray diffraction patterns of ilmenite and its roasted product from Notoro obtained
by oxidizing roasting. Conditions: Fe target, 30 KV, 10 mA, scanning 1°/min.

Ilmenite from Malay. roasted in air at 800°C for 1 hr.

Ilmenite from Malay

Ko-4 K, XK.
1 tto fl
Ko 16
¥, 113
t02
N s 3 1 L i 1 " " N N
30 40 50 60 70 80

— 20

Fig. 24 X-ray diffraction patterns of ilmenite and its roasted product from Malay obtained
by oxidizing roasting. Conditions: Fe target, 30 KV, 10 mA, scanning 1°/min.
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XoCT FeO—Fe,0;,—Ti0, =ERIc VT FeO-Fe,0;-3Ti0; JHSE O RIRIC G REE 4735
OHFAET 5T EEADH THBSS, WDKK ilmenite & 1324 UHOHT L\ EAHD &
BT X 5 Omsiix magnetite DAERRIC X 5 O RFWID T WREHIEOR: F43 B L7 FHe 2\
T X ORI S Le s s 28~24 KX D & WD sl < Hi7e is AbAskid magnetite
DRI SRAD D F, ilmenite DIPHED & LviF b GOk,

e THEMO ilmenite IZHLEINIC 1 FeTiO; 755 —ED T30 1135 b 2@ ho Ferrous
4 v 3G R B2 T H S RREEE © ferric 44 v ~BR TS ENTWEECHS. BB
HOBbNL SN E LCix pure % ilmenite OEAICITHILT 5T EH L, A5 K& SDOHI
L Fetrt f3 002w BSRBAEET 3700 &k E LT /RcElb Ok HRERSHS
Fet** 44 v OERIC IOTHIRT 2 HRD A Ly OAE SCHEEAD T ORI DN
3D EMbNE. BECOUAMMAISBIEICHTITL T Fe't 14 v 2kd 35 & Fe,0;-TiO
BB Mk & AT 5 MIoaPrsBlbinsg c Lostidn X BUOPTABRIC X U #Ed & s, To
TEMnDH2T Fer**/Fett OS2 iciizd 5 FeO-Fey0,;-3Ti0. 7 2 Hlsk X isk Chégi:os
LM BB b0 EEbis.

(2) BEEREET — 7 LFSELIERLIEER S © SRR LIZEEEEYIC DL T

REIRE 7 — 7 A K58k PR D IEREMERSY & 900°C LI L il e Toe & i cligfehibe 2 & 45 25 X
DFAPEE T EIC ] D L3 I < WYEAEOFRIEHE X D WGIK % Sk 3 MITThsREbic 3% L <7< O
Rois. TOWKEOIRS EHMO A T2 OGO BTEE & D4R RE- A OHEE 7 43
s EBHEECHS. Lo b TOBREIIGHEHEREED kA3 3 icofuckdNic3ée: L 1000°C
T 1 K bet 2 3 DIC DWW T O A EXTHS T OLRY L Y ko Tns D3R L k.
(5 26 2D

x 80 x 120
Fig. 25 Roasted product obtained by Fig. 26 Roasted product obtained by
heating ilmenite from Notoro heating ilmenie from Notoro

in air at 900°C for 1 hr. in air at 1000°C for 1 hr.
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T DWFRD AT O W TSI 2 D FNRFERE N T WD, K78 F OAZICHE LT
fleZs BHTH B T EILTWIR N, ivds 2 BLHTD B AMIFEIC I\ T SEBEOREBERIT R OTA 1A B
FHOO® X MO E 77\ DR UL 1.

S LR o A s SR G e L7c Bl O A b HisE X b % 2 ¢ ilmenite o>
ferrous OMLITHN L w3 © &l s, fEoT o OAmYNG Fe,05—Ti0s B4
MCTdHsC ENHRTUENS. R Fe0;—Ti0; MO ME LClitlhkn =200 (ka
WO AESEE TS,

arizonite Fe,05-3TiO,
pseudobrookite  Fey,04-TiO,
2 FGZO;; -3 TiOg

O arizonite mo\WCiE 1909 45 Palmer 735 Fey0,-3TiOs #1249 5 (LSRR T 44
2% 363 URESRIE monoclinie ITjE T 5 = & Eaki~cwal, 27 G. Vanx Koo J. L.
Rodda iz I #uiX? arizonite @ X #F— % — & LCWROB(EE 52 Tnw5.

Table 6. X-ray diffraction data on Arizonite
(After G. Vanx & J.L. Rodda)

d I, | a /L,
3.87 0.30 1.687 0.70
3.67 0.40 1.660 0.20
3.50 1.00 1.624 0.05
3.23 0.30 1.595 0.10
2.96 0.10 1.478 0.30
2.66 0.90 1.449 0.20
2.51 0.80 1.359 0.10
2.48 0.01 1.334 0.10
2.419 0.05 1.508 0.01
2.370 0.10 1.261 0.20
2.196 0.20 1.162 0.05
2.180 0.01 1.187 0.10
2.080 0.01 1.101 0.05
1.885 0.10 1.088 0.05
1.863 0.01 1.052 0.05
1.833 0.20 1.042 0.05

THITH LT Pesced) fot Ernstd) 1T X fulE ¢ 315 BT O A & 1 Fe0,-3Ti0, (T
T 3 (A iE Ak sk 3 pseudobrookite (FeOQ-Ti0,) O BN I T EEMWMEL THS.
%% Dana I X #LF% pseudobrookite DL A UMT-HEITOWT DA REI LT
5.
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Fe,TiO;, pseudobrookite, orthorhombic,
@=9.79 A, 5,=9.93, ¢,=3.725
%7c—7 Pouillard @ Fe,0,—Ti0, Fic oW TOEEEIIC X hui®) arizonite ® Fe,0,-
Ti0; =T 3 A MIEtE B L Fe,0:—Ti0, BTl E—oD /A 2 Fe,05-3Ti0; O H9s
6.

He

7o = OFGEIE face-centered tetragonal & LK TN
a=9.304, ¢c=9.504, ¢/a=1.02,
ERD, Tk FeK, ks X T —r~& L’C/i'r7§<®{[ﬁ7éﬂx’”‘ LTwn3.

Table 7. X-ray diffraction data on Fe,(TiO,),
(After Pouillard)

No. of peak I d (obs.) d (cale.) hkl
1 m 4.60 4.57 100(2)
2 F 3.33 3.24 110(2)
3 £ 2.68 . 2.67 111(2)
4 £ 2.38 2.87 001(4)
5 £ 2.82 2.29 100(4)
6 m 2.13 2.18 133
7 m 1.91 1.91 112
8 F 1.81 1.77 151
9 £ 1.73 1.74 115
10 m 1.645 1.645 101(4)
11 m 1.616 1.616 110(4)
12 F 1.52 1.53 221(2)
13 m 1.43 1.44 130(2)

X Dic Fe,0;—Ti0; ROIMAMICH L CIZFE » SO iREMBFEES LT3 A RIC
B TCE T BRI EIEO IR ORNEAEE W B e T 5 BiNE o #ilkh Fe.0y KU
Ti0, ZFixDOFEAHICEA L CehE & i T 1100°C < 5 ke 5 #ktcowtX
MGRATERER & S0 URSHE A B & -7 27 ROy & 457

i X Fe,05 - TiO,; I § sl I B W Tl SRMA7e 5 Fe.0p AU rutile 0@
i & 13RI A N3 WIS DI T 2 OXPRCED e, L b TOMROHFIRICES

WT bRl Y F— DTSR B §1 FelO3 - TiO, X b 3 Ti0. BREOKIE I rutile 25% 74
Fe, 05 ¢l hematite OFASFIRCIRbILCTE Y, [EoT Fe,0;-3Ti0; XX 2 Fe,0;-3TiO,
G sk Tk free © rutile LT 3 T &I L.

LI RO ERESEHEN S Fe,0,— Ti0, /A& L Tld: pseudobrookite Fe,04-TiO; w24
3 b OBED NS, HicTOAEMORMHES RS R0 57 ORHIEEZ L, 258
FORAE 3.
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OT:0,

Ti0.( Rutile) /AWM WM“V

u Ww}\rw/\ F0,70%
R0,10% |

NM «/ et i MJ\&M

A £0807.

: F020%

il Ll A
E030 7.

M\J MW e
FQQ+3T102 | ' /
RO+2T.0, WWAJW L\)M

Ezoa (Hemat;,te)
2F(+3T:0,
ot WM \-MVA-
° 55 40 WJ :
26 N 29 50

Fig. 27 X-ray diffraction patterns of synthesized samples of TiO,-Fe;0, series
Conditions : Fe target, 30KV, 10 mA, scanning 2° /min.
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Table 8. The result of x-ray analysis for synthesized Fe,TiO;

No. I d (obs.) d (cale.) hkl
1 S 4.89 4.91 (100)
2. Ss 3.48 3.47 (110)
3 S 2.75 2.6 (102)
4 \' 2.45 2.46 (100%(2)
5 wWwW 2.41 2.40 112y
6 W 2.22 2.22 (001X(8)
7 WwW 2.20 2.20 (120)
3 \ 1.97 1.98 A0
9 w 1.87 1.87 (113)

10 w 1.54 1.55 (130)

11 w 1.53 1.54 (A11)(2)

=l Noreleo @ Geiger-counter X-ray spectrometer i & b Fe target 44 L¢f7
O, FHBEAFETEE 30 KV, @i 10 mA goniometer o [Elm#IEE: 0.25°/min ©55. &
BRI AOMERK silicon Z4EF Lie. 40P Y KA 0 Zokp sinf offik b Hull
DEE R LR E kb 5 & tetragonal Ok 1.36 ¢k { —5 3 € EMH D &
Hull O X b Rd7HTEHE LROWYT =~ 7 — X D RTHBERD B EROUL B5.

a=4.911 A =6.660 A ¢/a=1.356

THLD B E WBOM 6 L LK LT R L EOMcE—SBax Ao ivE, 7R
ic b Frm 5 arizonite Z1EH2 BB\, Ecilio> Pesce XUt Ernst OfiiE il
& bie Fe04-TiO: T8 Lieds, #ifhSRicOWw Tl orthorhombic ZFEfiE N Twn 3.

%% Pouillard 5~ % —C X fuld Fe.0,~Ti0, RicixizZ—oD a4 2 Fe,05-3 TiO,
OHBPERENBED Y, The bARIEMIMEDNL. %Ki Pouillard i€ X jud 2 Fe:0;-
3Ti0; OABCE LBRBERA LT3 %

Kﬂ
W EREHERRIRAS — 87+ = v BBk 7 » i 1o Ke
. ‘ . Ku 102
FBREOET ve=vKPICH T EiIc X 100 .
D43 B e kil e BRI 1100°C © 3 1] 200 ;‘;% & x.
. ! e | 120
BE TR Le ke owT X IR ey W
%Z %j]@ I/?C?ZS, b.::‘l' 28 g[@}@'}ﬂiﬁj& X D u}‘j 6 nk ‘ i ) 1 i 1 i !
20 30 40 50
I Wik & VB b e & & RO IRER L — 20
e : Fig. 28 X-ray diffraction pattern of synthe-
BB NI DT sized Fe,0,-TiO, prepared by wet
DB HBEEAL X D FE RO ilmenite method,

Conditions: Fe target, 30KV,
D ERIRARE R b 1.2 W IR (. AR 10 mA, scanning 2°/min,
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Fey05 - Ti0; B b3 S4B E N3 © T EEICEEERZE ilmenite % 1100°C & 2 IRz & R
L, & Efto Fe,0;-TiO; OIMEHHLE LS5 & T A4 29 Rodn{ MHFEEac—#&T 3
T &AL e,

BroolbfhoFislBELTE2 N3 T &k ratile DFEAETH 2. BB Fe,0;-TiO;
rafbdcovcaiis TiO, O=erthid 10 1/2 c#i#o ilmenite wisnwcik 1: 1 ©H
5. g ilmenite thod ferrous #s4#f fervie B Lz BE, LRIEAME LT Fe0;-
TiO, #F 2 ITHR 1/2 =ricliET 38O TiO; BfFfELICH iR D K \w. Alb il-
menite OERBREFEC BN CTIEROFSHSEE T3 30 EEL BNLS.

4FeTiO; + O, = 2Fe,TiO; + 2TiO,

CORSHCHET 2 TS H L B0 Tw3 AT Fe,Ti0; 3% bh Fe,0,-TiO; &3
HEEMDIHT HER free © rutile BELELETNERD RWETHS.

B3 HEH MDD Malay pE ilmenite Kok AT ilmenite % 1100°C © 2 BHEikskEee-23 3 ©
COWTE QIR E T~ T A, #5530 Ilmenite from Malay, roasted in

_ air at 1100°C for 2 hrs.
RokEHEMm72. B ) bEbamin &
#H Feu0;-Ti0: w b LTk H, Lh

Rutile
Rutile

b O Ao EMNC ratile ©HEPTHED
TEAESHIRIC D B iz, \AA

. ) . Synthesized ilmenite. roasted in
Ilmenite from Notoro, roasted in air at 1100°C for 2 hrs.

air at 1100°C for 2 hrs.

W ) Synthesized Fe,0;-Ti0,

Synthesized Fe,0;-Ti0,

(e

de——""80 " 4o 50
— 20 S5 30 10 50 60
Fig. 29 X-ray diffraction patterns of Fe,Os- 20
TiO, and roasted ilmenite at higher Fig. 30 X-ray diffraction patterns of roasted
temperatures, ilmenites at higher temperature,
Conditions: Fe target, 30KV, Conditions : Fe target, 30KV, 10mA,

10 mA, scanning 2°/min. scanning 2°/min.
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0T ilmenite O BVRRICHBEOEAS B IL 5 LnE Fe,0;-TiO, I 5/bins free ©
rutile EORAWTH 3 T EXFELE N,

(3) ®iME S

LHFE A 5 — ¥ 2 YR PERS RIS TR ic I3 TR T 4 30 ¢ 5~5025 ORI EER S E N TR
b, EOGHPHRHO—PIE R 5 EH DML B

Table 9. Analysis of magnetic portion in table concentrates
of beach sands from Notoro

T. Fe % FeO 2 Fe,05 25 TiO, 25

54.86 ‘ 32.10 42.76 21.15

i

GRS & L Cla 8 magnetite OFFLERFT L DM —RECIES AL T3 HT 2 v
magnetite o TiO; DG 7~10% BECTLAUOSHFE» B R L KE DT
b, T.Fe DR A< B\ 2& TiO, 8 D%\~ magnetite & LT ulvispinel Fe,TiO,
O LTFREN 595 FeO 0SB FeO, B8 Fe,Ti0, 00D B TAELT 5 EREL
TEAL LR X D 2% 9 A BB X D3 & TS ST 7 B R0 X Y 705 ahs P
CiroTks. Zilic Oy % X FiRe 2o Cii<7mr, # 31 BnhdWidanik
i< magnetite Oy ilmenite OIFHRAS T BN, FED T HENEERYE D MBS 12
magnetite EfEM:E 92 ilmenite DREAHMTH 2 C &PHP L .

SRUTEM: ilmenite O R I oWTD 413k %215 2 2 DIl magnetite LfEM: ilmenite ¥4
W3 BB B . SRSk Curie point 1 TiO, Gftic X b3 L Bfbd 2 &h¥# 2
B, FeTiO, —Fe,0, BZOWE: G TiO, OFn 3 ®13 & Curie point $34k< % B Epth: ¥
LTwanbD cOME RT3 & X ) magnetite LR ilmenite o4k wREM:Ds
B3 X5 HEE N, B ELHT D D REIEERDEE T ORS00\ TRl o 2 S0 L

20 30 ' 40 50 60 70 80 90
Fig. 31 X-ray diffraction pattern of magnetic portion in beach sands from Notoro.

M : Magnetite, 1: Ilmenite
Conditions : Fe target, 30 KV, 10 mA, scanning 2°/min,
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BREEI L.

MR s B OMIEE R T EH 32 Rlodnd s, Fv~hicktz dhcw s dilliE N. 7
ARHF AL AICLDIEL, TRE 400°C M LGk & b i A BT 5.
i C OB OHEE L E L 850°~900°C [wi# L, JKIRY A 2 U CH L IRRIETTE
07 KHEFAAE 3025 Fken V HSE = » 7 ABRREHUE LRI 1 b Reter Lidje. S48
1C XD R LB A B IRIC ©r 0 — ABED A DT 5 A PR % 8 U T s
HCREDINS. BRI ADIRE 40 ce/min. TREECERAEEZ EE /MU T HY 200 ce/
min. BEZEBELZ.

BERERSHEIES 0.8 mm MO BHRITE 1 /e CIIRRIC LD U, T OHIC AR N
BHOMMELIYT 5 X 5ICRDTINS. COLICEE 30mm, 2 2mm OHSILEHE
EDRICEREANS. HEARE 0.7 gr TTRZIBRS 210 AGILLIC—C 54 LS.
C BB 7 » ETHE 0mm, —FREREN e THE LIBRCHAO X vk 5ic LTd
%. OV T AED—IHCHESDONT B b, W Bmm CHERZO NI k5. D &
thermo-couple T= A HE L Tk D, AL B OETFICRIFT 2 X 5choCns. B
B R DROMBFAFCES 26em, EHE 15em OEERETS.

SERRICEE L CEROREN & R A CRHEESINC X ) R I EO BRI = T L,

& 7
e ) copper
Y27z

Eigcivie furnzee fop deoxidation

N Y

é[&—n_—f v

i}

Therpo-pagnetic devarator

Detail of the Lhermo-mggneiic separatoy

Fig. 32 Schematic View of thermo-magnetic Separator
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NE V¥R,
BRSO 7o & 23U L 21 S
WA EAEOH LE cHb & OTHAE &
b SR FTok.

o NFRBINE 10 FEOWD T°H 5.
RO SEHEAL L b LB d Fdn { ki
Ay )3427°C LI F o Curie point OGNS
GesdEitic £ R & 1,
XV EDTWS. Lnd Toisy

BABOTS I I LI i ImoTtn s
Wiz T icownwe 427°C LITic4 B
FERT T WSR2 Bl5t3 5 & 180°C 1
T THEHWIEREIEA EFCIRIES T LTI
TR I3 2l B I LT3k,
point ML {fLwr Easoik.

BEZTFFoo—ERIE s Wilia

W75

FIESED 1/25
@ TiO,

Curie

D SRS B Y

g E N7 D T, ToREE

427°C P DL D EZNLT® Res. wown

T X R & 220 L3y 33~34 KofiiL
B,

% 10 3= Res. [ il-

menite i3

Bk oo PRI OIS B SRR I

B3 2 (45 1 35%) 41

Table 10. The results of thermomagnetic se-
paration tests on magnetic portion
of beach sands from Notoro.

Temperature of . o .
separation °C Wt. 2 TiO, %
535 4.2 8.15
519 4.4 —
502 6.4 8.16
485 10.2 |
466 12.2 } 9.04
447 ‘ 9.0 | —
421 2.7 9.59
Residue 51.0 36.59
Ko
311
K.
400
Ko
220,
311
Ko
K, K. 4 K, Ko
220 232 1°° 511224
3'0 * 4‘0 * sb ! GIO : 76—
-—28

Fig. 33

X-ray diffraction pattern of magnetic
portion from Notoro obtained by ther-
momagnetic separation at 427°C,
Conditions : Fe target, 30KV, 10mA,
scanning 2°/min.

|
104
K«
102 K,
104
L ! 1 L L ! 1 L 1 ! L L 1 L J
20 80 40 80 80 70 80 90

—20

Fig. 34 X-ray diffraction pattern of magnetic ilmenite from Notoro.
Conditions : Fe target, 30 KV, 10 mA, scanning 2°/min.
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KX b W3 & o I < BRBIREEAS 427°C LI D % D1F magnetite O 3T & sBaic —F Less
Res. D& a4 ilmenite @ Table 11. The results of x-ray analysis on
magnetic ilmenite from Notoro,
FIATER 55 T EMPRICHE YD . Rt
‘ Crystal parameter

OWHTHR T FiFeo ilmenite &I LR 3 Sample : =

oy A @y
& & peak OfIEHF L { high angle - o
} ) o Synthesized ilmenite 5.528 54°48
LN T BT, FICHH MO Magnetic ilmenite from 5. 497 54°57

Not
SERAT W 11 208 R 157, O ® otoro ‘

AT ilmenite & O Il % 181 7 pshit: 435 ilmenite OA% 1% pure 7z ilmenite i
B b/IE L BOTWB T &34 5.

F7-HURIC B L Cia s piic L i 12 F2ofiiiz13 FeO—TiO,—Fe,0; =IitRIKIENK TIklE
& 2FeTiO;- Fe.Oy MHEORICHE T 5 b D TH S T 035Dl

Table 12. Chemical composition of magnetic
ilmenite from Notoro,

T.Fe 2 = FeO 2 Fes0; % \ Ti0, 2

44.07 29.09 30 68 36.59

I PSR Ic oWz 35 Ric bzl ¥
PR Z AT 5 R—In B DT n 5.

T D Z ORI W45 & ilmenite o i
PO N Feo03 ORI L O, fitoT FeTiO,

—Fe,0; BD ek ©id 2 FeTiO;- Fe,05 BT OHMLHE %

x 120
Fig. 35 Magnetic ilmenite from FroORERASIRBEIEIC B2 T & n g 3.

M. T o LI_L 0 BRI O 3-(1) OSBRI % Lot

LC Rz &5 18 Ko LD s ftin  fg&H: ilmenite 1c)x —ffid b, FO-—ol% ilmenite ®
WL o3 bNs b O TIEIE Fe;0,-3Ti0; %2 MHARRICHIE L, & 5—ok
ilmenite i~ Fe,0; ORMEEIC L OTIEKE L d DO T 2 (FeTiO;) - Fe,0;5 %3 Mk &3
2LDTHB. fEeoTmazrE b URE ilmenite ©d 5 SHBEINCIEARR 2 LD THSB C
EHH Le.

IR RBIRPEAVE h ORI 5 13 magnetite L7 ilmenite O &ZRBINED oD L b i
ODCVWBETEBPLNTH Y, EOTHMEF T 2K E LT Ti0 FRENE VB 3. TO
o WRBIRE RV rh OREMERR AT 1372 D 3 CIR MR AL & Lg% © S IEARRRE T,
magnetite &fiEM: ilmenite %4535 5 2 Y 75 JEkE VW AR b © s TEHEBER U~
OFIFEHEED X 5 icHz bivs.
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4. Fk—Y4 EEREE lmenite FHERD
7 0 LADFEEIKRERIC DT

HEMEE ilmenite 7 — 7" AREGEOFHHFEIC T EIHRIL 7 v 8 2 LT 2~3% D7 v a3 H
ST T EPHEME L. 4 IEREHPED lmenite AP D 7 v AR HREFTRBEY »
FY, TST, 2wy OO v 8 E LTI YUTCEe L —~J O — A =~
O ilmenite T}% 0.02~0. 07% RIFTH 3. 2HIHCENNEHBDILE 7 7 SA D L D93 0.5%,
7 A Y 4@ Piney River EE0 DT 0.272%, T 7Y D Senegal gD 3 DT 0.2~0.3% ©
H5. THCH L TARPBED ilmenite gL 2 v A5 1Y BB SIEED 3 0T 0.108%,
BESFPREO LT 0.122% TRk 0.1% fiftcd 5. G 13 =B

Table 13. Chemical composition of various ilmenites.

Analysis, wt. percent
Locah'ty ,,,,,,,, N

TiO, FeO Fe, 04 Si0, V.05 Cr,0;
Piney River (U.S.A.) 44.3 35.9 13.8 2.0 0.16 0.27
California (U.S. A.) 48.2 39.1 10.4 1.4 0.05 0.03
Ivry (Canada) 42.5 31.1 20.7 0.88 0.36 0.15
Brazil 48.3 32.4 16.6 1.4 0.06 0.5
Travancore (India) 54.3 26.0 15.5 1.40 0.20 0.07
Malay 51.7 38.5 3.117 1.00 0.04 0.02
Norway 37.0 32.6 23.0 0.62 0.48 0.07
Senegal (Africa) 54.7 7.3 30.3 1.30 0.27 0.23
Kesennuma (Japan) 42.20 36.83 14.63 — 0.194 0.108
Nakamura (Japan) 39.30 29.30 24.30 1.4 0.237 0.122
Notoro (Japan) 39.4 30.4 12.2 — 0.43 2.92

PEOT A & — v 7 ¥R repE® ilmenite M@ 7 v AL HFED L OICHARTE L BnwT &
HFB. REMEDHEZ v ~RROF\ ilmenite %72 v PSR E LCERT s 275
VAOKELZ G/ F v AR IWRINE AT FERAD & T AREFIHE LS IcEloT
WA\,

ENHCH s — v 2 JERAE ilmenite OFMRIAZEPIFFIME 55 70 ici@ LIl E 2 v ik
(T BE U1 S 7B GR SE V sRd il e BN ER AR & RN s D, THIUSIRIROH—BERE & L CRp
Fic sl 3 7 v A DIELERIESEIEIC K 3.

(1) THERRER

ilmenite ¥#Ah® 7 v & O FEARREER 15 7o b BENE O BHEGUHC O & BIMEEERABR T S5 L
7. EDREMEZ v AF 7w AFEOBTEFEINTVWS T EBSM BT ER DR, b 2 v AgkeE
OHEROY 5 £ & ilmenite X b 30E<, KA X D B3 PWRAREZHE TR 300 DHELE 3
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F FIC TSI E 7T A < T b A3 54s, 900°C © LIRS Z 175 cHic ke
rEFT s i cE . Ab 900°C © 1R RMEE 179 & ilmenite 1&ffkic X oTh:
TEFET PR AIRRD ferric titanate Fe,05-TiO: Z IR L, Lo bRT-ORFICIEH LB
WOFRENABNS. T LT 27 v 28Rk Leldrma B2 % %20, DHER O
5 & LAHERT &[4 ilmenite & REOHHOM2 2 #4LTws. ZHABALHEO DT,
ilmenite | L CHkd T C 7 A QIR L, FE0 TR K OSEIEAH L ANRIED X 5
B S e, G 36~37 I

x 80 x 80
Fig. 36 Roasted product obtained by Fig. 37 Roasted product obtained by
heating ilmenite from Notoro heating ilmenite from Notoro

in air at 900°C for 1 hr. in air at 900°C for 1 hr.

(2) BHMEEESERRBRRD X REHRER

ilmenite K55 7 v adS 2 v AGGROI CIEAET 5 T & 13 BEAETHERBR K OF X #andistii
o MR T s T ENTE .

Hiko4n < ilmenite % 800°C czs&ihied 2 & Hgt kNI 2 c &N TES D, b L
bz uahs v APED TR ENT WS O & UL 800°C TRk /blHER ikE S LIk
P iciE 7 v AR ki L C L B3I FTd 5. o5 BE 9 5 fellE ilmenite k545 %
800°C © 1 IMIZRSUHE L, 4D NIEEMSS D 2 v 255 255 &5, Cr0; &1L T

7.67% % B {ELIS. COMEENEEGED Cre0s 2.92% (kb L JEREMSS 1C3 L 7 v Agsi
frE T E R LTwWS. Mz oikE X MAPHT D, Ok E MO 2 v 2 gk
DOFNEDIIRERF 2 &4 38 MoKy, 7w sy v a@LOclidd 2T &5
IMCERD B L7z,

LI OBk M B HEIRPE ilmenite JEKP D 2 v &3 2 v AZGAOIZ T ilmenite T iitrfe
LT3 T EAMERE NI, TOT EEKGER®D 2 v &5 EBMIRIGRIC X D ekl L%
SO DB C EERTEDOTHS.
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30 40 50 60 70 80 90
20
Fig. 38 Comparison of chromite and non-magnetic portion obtained by
magnetizing roasting of table concentrate from Notoro for x-
ray diffraction patterns.
A : chromite.
B: non-magnetic portion of roasted produet obtained by hea-
ting table concentrate from Notoro in air at 800°C for 1 hr.
Conditions : Fe target, 30 KV, 10 mA, scanning 2°/min.

5 i3 1

At ERS G ALERIE N, O ILHEARIYE & U CAE S PER R D8k, 5% v ROy v A DFEA:
RIEZ WIS T B 7 HUMERRAER, R, X Bunymiii, Bkt R o bS5 i
EF Sl LIROFEI 215 7.

(1) BRRERERER

WORIBIRRE 2 v 7 v ©BERY S — 7 A5k th O JEREMSR S 3 BIEEIARD L B WD =i sy
Biisc&STES.

(i) Wz AIT30
(i) YRRz 35 b0
(i) #inEy + Fev 25y FUilliemds o

D5 1) KBTS b0 AHORERNBEZRED Fe,0; & -5 ilmenite #5c &ps
W E k. Blco ilmenite OFTHHE LTk X #308975808 2 > rhombohedral & |
CTROFERE 13 7C.

an=5.508 A, a=54°3
27 (D) BT 3 bOEFROET ¥ v Bghghrs B B 10 5 ZRINEIRERE %10 <
hematite fLk L7230 cd b, (i) OEEE A9 % L0 matrix 1 o Fe,0;, ©v 4 Fev
W lamellae & ferric titanate Fey0,-TiO, &F2 b, &5 % v Bgkhic v, F=vik
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CAiAe s ilmenite s (i) ZFMETRINBRILIEIZ 3210Cos & 5 IIRREICEE Lie © L5
T8 o TEGRGR D ZE S RE D D Le.

Pl O SERRR s DCKIBIRREE 2 v 7 v MR X D MWIRGRERC X Y 78 v ROk B4
BRI B TS D B T EHSE BT HD7eds FaRodn  BERSh @ ilmenite 25O Fe 0,
T [0 B T O BEPEIERIRIRD B ClaEdh L 1lmenite ¥ &35 ¢ S IxRMTH 3.

(2) Fk—voBAREENS

(1) JEmEM:RS

SRR R F ¥ )G Ao hematite A3 54 /ﬁ}:,@jgh@}];f/{f/ 435,

TDF ¥ v EkihE ARSI T ERMEREET 5 & 800°C MEiC THR A & ikl ilmenite 7sif
Rttic b3 2 OnRo b, BICHEE B L3 & 900°C WiEic CHomikd St
EERES

T OMEEPER O X MO AN T ilmenite PISHCid MO A AL
FAOH BN ROk, EOTHEOR T 3 K & Lk ilmenite H1 ferrous O—Ff53Hs
RGN L OTiRbE N ferric BT B0 &2 B, fHiC Fe,04-3Ti0, FHEOMEE A

L\"

T3 L OPWEHES~—FR < B3 OBRD BNk,

ek LT ilmenite & 900°C LI L CASSKENIET 3 & MBI b ¥ie b &M D A6k
BB ML BN, COAEICE LTI « O BissfibinTnikss Fey03—~Ti0, 3R
DO AN TR D WWT O X SR & O i b ¢ O AT Fe0; TiO; & rutile RS
Wi 5 T EHs W L 7.

s Fe,0;—Ti0, Bk E Lcid Fe,0,-3Ti0,, 2Fe,0;-3Ti0, Mk Fe,0, Ti0, &5¢
BAESHE ENT W32, RERCTHIZE—~0D AWML Fe,0;- TiO, OARD 2 L
NEND. Eie T OMAEMDIENRL T RECE L Clg X Ut X b ko
2 Hn 5 WO E 157

Tetragonal a=4.911 A, ¢ =6.660 A
c/a=1.356
(i) i 1 3% 2

B PERPGE T QRT3 O\ T D BRES HIEASR ORI < 1 & REMARSER S i magnetite
(i@ Curie point Z7R3 3D & b 5—0lk 100°C HHEDOIEHICEi Curie point o
TR DED oD WS L DB T a4 Bov. TCAACONT X MIFHIR 1Tk R
Curie point QENSTGIZFIIRDE 7 & v IR & B —FRO L D %5 T L4 Lz o Curie
point DTG I M fr5 5 ilmenite 75 C ZasHER S Ne. SRUARTHHEO MsEk;
Hw13 rthombohedral & L

an=5497 A « =547
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THiHFED ilmenite 1C K L Ch 7 b Tl S5 72 i B ic BETAR B A Hrilr & 1707
Erp, EE 2FeTiO; + Fe,0y %2 Mgk %33 ilmenite-hematite & o ¥ GIIRPE:
BT ENFONR. TOEBRRN ST U ilmenite © FEEOHINE Fe.O0p OFYICIEL 3D
THlEIICIE 2FeTiO; + FeO; ML Tt 8 B FAEFS O EH2 b, fEDTCORM:
ilmenite J&RiRO WHEEMLEEEC X O T8 & L Bk ilmenite &M AEINIC 1k &8k 2 §
DTH3.

(3) HAkR—Y IBREEDHPOI NL

AR = 2R R © 2 v A OFELRRIEIC OV chromite 57 & LT ilmenite f

FEAEL T3 T Lo L.
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