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Fundamental Studies on Structure and Composition of
Titaniferous Iron Sands in Hokkaido (Report 11)

Keinosuke Hiraxoso
Tokiaki TaANAKA
Jiro Kurigara

Abstract

In connection with the establishment of the most effective method for treating titani-
ferous iron sands in Hokkaido, fundamental studies were made to enlighten the form of
titanium in these iron sands by microscope, roasting test, X-ray analysis, thermomagnetic
separation and chemical analysis. The results obtained are as follows.

From microscopic features titaniferous magnetite in Hokkaido may be classified into
following two types.

a) titaniferous magnetite showing homogeneous structure

b) titaniferous magnetite showing Widmannstitten structure

In order to determine the form of titanium in magnetite of “a” type, synthesis of
samples of the FeOQ-Ti0O, series and their X-ray analysis were made.

These examination revealed the presence of different compounds FeTi,Qs and ulvos-
pinel (Fe, 110, besides ilmenite (FeTiO;) in this system.

And also these X-ray measurements showed that the ulvéspinel was cubic of inverse
spinel structure analogous to magnetite and its cell dimension was 8.533 A.

As a result of the experiments on synthesized samples in the Fe,On~Fe,TiO; series,
it was ascertained that solid solution was complete between FesO4 and Fe,Ti0, and their
cell dimentions increased linearly in proportion to the amount of ulvdspinel in solid solution
from 8.389 A of pure magnetite to 8533 A of ulvospinel.

As to magnetic intensity of the Fe,O4Fe, Ti0, series, it was found from the measure-
ments by magnetic balance that saturation magnetization of this system decreased linearly
with increasing the amount of Fe,TiO4 in Fe,O4 and gave good agreament with the the-
oretical curve.

X-ray study of the other compound FeTi,05 showed that this compound gave diffraction
patterns fairly agreed in ferric titanate Fe,TiO;.
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It is, therefore, clear that the compound FeTi,O; has the same crystal structure as
ferric titanate. This result suggests that solid solution is possible between these two
compounds. It is interesting fact that oxidized magnetic ilmenite Fe,O,. 3TiO, discussed
in previous report can be regarded as the mixture of FeTi,05 and Fe, TiO; as for chemical
composition.

X-ray identification on the roasted products of this compound FeTi,Os; showed that
free rutile and hematite were formed when roasted in air at 800°C and these compounds
changed to ferric titanate Fe,TiO; and free rutile above 900°C.

The results of the experiments above described suggest that titanium may be present
in magnetite of “a)” type as solid solution of Fe,O, and Fe, TiO,.

However, as the results of various experiments carried out on carefully selected
natural magnetites in Hokkaido it is concluded that these magnetites cannot be regarded
as the solid solutions of the Fe;O,~Fe,TiO, series, but as the solutions of small FeTiOs
in Fe;O,.

Although Widmannstitten structure in magnetite of “b)’ type has been generally
interpreted to consist of ilmenite hitherto, but in our experiments the same structure
was obtained by heating titaniferous magnetite and also pure magnetite in air. By X-ray
analysis the lamellar in the Widmannstétten structure of this roasted titaniferous magnetite
was confirmed to be a-Fe,O, in which a small amount of ilmenite was dissolved.

From the roasting test on synthesized samples in the Fe O,-Fe, TiO, series, however,
the presence of ilmenite has been detected. By heating synthesized ulvéspinel in air at
600°C for 1hr, Widmannstitten structure was obtained and presence of intergrown
ilmenite was confirmed by X-ray or other means. This facts, therefore, showed that
following recation had been taken place.

6 FEQTiO4 =+ O_; = 6 FeTIOS -+ 2 Fe304

At temperatures 700° and 800°C for 1 hr, iron and titanium in air-roasted products
changed to rutile and hematite. The formrtion of free rutile may be considered to be
due to the following reaction.

FeTiO;+ Fe, O3 = Fe,O4+ Ti0,

The free energy change for this reaction was calculated and it was found that this
reaction was possible theoretically.

Further, from oxidizing roasting of titaniferous magnetite at the FesO, side of FezOu~
Fe,Ti0, series, the formation of intergrown hematite was observed. The presence of
intergrown ilmenite, however, was not detected.

To summarize, it may be said that at least three cases may be considered on formation
of Widmannstitten structure in titaniferous magnetite. The first case is secondary oxi-
dation of titaniferous magnetite in nature and the formation of intergrown hematite can
be expected in which small amount of ilmenite was dissolved. The second case is
secondary heating of magnetite containing ilmenite as a state of super-saturated solid
solution in nature. From these magnetite the formation of intergrown ilmenite can be
expected. The last case is secondary oxidation of ulvospinel and intergrown ilmenite is
also formed in this case.
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Fig. 1-1. Magnetite from Kuroiwa. Fig. 1-2. Magnetite from Nakanosawa.
Sample was etched with conec. Sample was etched with conc.
HCI for 20 sec. X 80 HCI for 20 sec. X 80

Fig. 1-3. Magnetite from Kunnui. Fig. 1-4. Widmannstitten structure

Sample was etched with conec. in magnetite from Kunnui.
HCL for 20 sec. X 80 X 200

Fig. 1-5. Magnetite from Muroran. Fig. 1-6. Magnetite from Ranto.
Sample was etched with cone. Sample was etched with conec.
HCI for 20 sec. X 80 HCI for 20 sec. X 80
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Fig. 1-7. Magnetite from Shivikishi- Fig. 1-8. Maznetite from Samani.
nai. Sample was etched with ) Sample was etched with conc.
conc. HCI for 20sec. X 80 HCI for 20 sec. X 80

Fig. 1-9. Magnetite from Yagumo. Fig. 1-10. Magnetite from Hobetzu.

Sample was etched with cone. Sample was etched with cone.
HCI for 20 seec. x 80 HCI for 20 sec. X 80

Fig. 2. Magnetite from Kunnui. Sample was etched
with conc. HCI for 20 seec. X 80
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3. FeO-TiO, FATREICE T D%

1 magnetite v F 5 v O fFARRIBICE L TRGEHR ilmenite 53 magnetite Hic g
B0 LTz BNT WS, &E5IES S %2 T ilmenite 11 rhombohedral & L, kL
< magnetite X cubic type i % inverse spinel BlO YW Th B, 660 T E M T
oA THanD, oL T J. Grive Jof I White? @ FeO-TiO, 5 o -k 1
I Fig. 3 5 3B A FeO 2 TiO, Mo {b&i & L T ilmenite @ 41 ortho-
titanate xRN % FeTiO, Ze3Miad ¥ 5 & fFas#s, Lard V. M. Gold-
schmidt > b ib-AWic M4 2 4 @ 2 LT ulvispinel 75 5 8% 20F, AL Fe,TiO 235 ik
B, FTWEEE O WEC VT magnetite IKESLIT % & 2 R B Lz, fE0 TR L b HTEETRL
B0 AN &L magnetite & P EE L S M B CH D, 0Tk
Rk
HH L2 B0BE U0 EbILS,

% 3 FeO-TiO, %o fhghic ilmenite 4% Fe,TiO; 7t 5 LM nFlET B2 5 45, X
T % &3 IUEMAT7R 2RI B 3 % 2~ 5 %, ALFR IR & MR R BRI X
AT SR A ERE L 7,

BE O WE R A4 %45 ¥ ~ magnetite 13 %% Fe,Ti0,Fe,0, & oHEik

1600°
FeTiOa+L L
sl Fe2TiOs+L /
1500 FeTiOa+L
O . FeO +1L TiO2+L
o 1400 i
s )/ FeaTiOu+L 132070 N
€ o 27 68% 1330
o 1300 > 4270
= 59 1305 7
. Fe2TiOu+ FeTiO3 .
1200°F  FeO+Fe2TiOx TiOz + FeTiOs
i 1 1 1 L 4 4 1 .
FO . 20 40 60 80 Tio2

Fig. 3. The phase diagram of the FeO-TiO, system
(After J. Grive & J. White)

R B AP 7 FesOy B # B0 TIO, 2@ YN o LM TH { MRS
% HANLEB AL, Fa R ERE T I2KVA LIRS EHEL, 7- 71k
o —ERER P D A DRI TR U, ¥ X SRR L T g v
N DH A~ R X E T 2 TR e, Fig 4 o ERGEE AR U
LD ThD,

SRR AL X D a1 FeO & ilmenite Bty FeO Jiof FeTiO; o w3 i X
W R EIT SRR B, Lo ket Fe,TiO, #9102 LT FeO {iii¢ix FeO oz
Pk, X ilmenite fil Tk FeTiO; o WH A RIRCH b B> Fe, TiO, il %35 fil g Tk
HLWHIFSOZ LB bR Twisv, B EoERHER FeO-FeTiO, e Fe,TiO, 7 %l
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Fig. 4. X-ray diffraction patterns of synthesized samples
of FeO-TiO: series.
Conditions: by “Norelco” X-ray geigercounter

spectrometer with Fe target, 30 KV,
10 mA, scanning 2°/min.
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AT BIEMOFEET DHEERT LD TS, Hic Fe,TiO, ofiRicibv <k, B5h
TIHPTAR X D AEPT A 0 &3k sin® 0 HFHH L CHOE &% e Table 1 X v b2 7efni<,
Bio i % 5 L Tk D BB i cubic type O i RICBE T % © 2 3B, X magnetite ©
TR 2 o e it vw T b Fe, TiOy © % ik magnetite @ 74 % low angle fiic3 57
Lo e — T B ehbd, magnetite 2L ERAREBRCET 52 L2839 %,

Table 1. X-ray diffraction data for the artificial ulvéspinel.

Ry oF il f Intensity sin'0 % (k1) f;‘h”
|
1 W o oan? | 32 440 0.0129
2 M 03473 27 511 0.0129
3 W 03088 | 24 | 492 0.0129
4 W 02057 16 400 0.0129
5 WwW 0.1545 12 229 0.0129
6 Ss 0.1414 1 311 0.0129
7 M 0.1027 8 220 00128

i o FeO-TiO, RN X AuE FeO-rutile Mo {t&% & L Tk ulvospinel
¥ ilmenite © & T, = RDSDCESHIEIE L 728 More, C. H. & H. Singurdson® Ji ot
PR, 2, #FLR T HEO 7D @ X hud ilmenite & rutile f#ic FeO-2TiO, (FeTi,05) 7%
CEMOFREERE L TW B, 2 T4 2/ EH T 2LEWHERT 208 5 2 EHT 2
%, AT FeO 2 @Efip (TiO. anatase %) % i« O El&CiRE& L, B2 dic T 1250°C 3 Refil)E
B % BN W X fRAEPT R 2 AT Ino et Fig 4 o EERR 2145 7o, WEEITH 2 B
FeTi,05 o fpkicH ¥ %3k c ilmenite JLof rutile 213 7o L WEPTEEA bR T
B Y, LR e TiO, 2384 e % 20 Cikilzfio rutile o 3@ d b, 2T FeO-
TiO, (rutile) =%t % Ci¥ ilmenite 2 rutile flic FeTLO5 7z 56 WAIRNIFIET 5 T LTt B,
1 FeTi.0s % BREE T THi%s4 % & Fig. b o FHIC
% 757 < magnetite =Xk ilmenite IC hig L ¢ 2
L W SER T,

A& o f i Rk vk Table 2 1wl
Te XFREYT 7 — 2 — o g 2» B AW B o i i<,
FeTi,O5 11 fiR® i TR @ Fe,Ti0s 2% A & —3%
Ltz b 2% &b b Fe,TiOs &H—o
RCET D bR TRING,

X 4 FeTi,05 & Fe,Ti0; % 47 FRA 0 ko b M+
Fig. 5. Synthesized compound b LrERBIETROCBTRFOBERERL3FOST
Bl %80 Jc—%F B, Lddb FeTiOs ik Fe,TiO; dio 2 1




Table 2. Comparison of X-ray diffraction
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o ferric 4 # v ¢ 2 — T o ferrous

data for FeO-2Ti0: and Fe:0;Ti0.. LF YT AL A VTR

Fe.05 TIO. FeO-2Ti0:  owid B, WiasWE ks o

1| dm 1 | dn Fe,0,-Fe,Ti0, #sh it FeTiOpFe,0,
4.89 S 4.89

S RIERETHLRD BRI, LbbERD
58S 3.48 S S 3.49 o
S 275 S 277 W ui LA B — o R EA A L Ho
\4 2.45 WwW 2.45 FE I A 1 SR B BT IR & Wi

WW 2.41 w 2.42 TREE R AT 5 & 2 s B % 2T, Fe,Ti0;
w 2.22 M 2.24 - .

— 220 W 9.90 —FeT1L,Os F v v C & FE 7 0k
w 1.97 M 1.98 DA BT LTINS, &b
W 1.87 W 1.86 B v T4 L Jo ilmenite o
w 1.54 ww 1.5 ’ﬂ_\) v ) (4: MR ST [4[- J:\',»: = 1H
- 153 WW 154 P o BEAG B  5 TRIENE K i

Fe:;04-3Ti02 59 Flg 6 i/ij’\‘w}‘ QH< , ,]Jl

BRI Fe, Ti0s-FeTh,0s RO ke LAMUA2 5, JLRICH L ik i #ko il b

TR

SR DN D TR T B,

TiO2

FeTi2Qs

">
e

/d\\//\/
/\oxidized magr‘e‘lc =~
ilmenite\/

FeTiOs

/

S YAVAVAVAVAVA
VAVAVAVAVAVVAVAN
VAVAVA” . SVAVANAVAN
VAVAVAVAVV VAN

FeO FesOQus Fe2Os

Fig. 6. Chemical composition of oxidized magnetic ilmenite and
of iron sand concentrates from Kunnui, Yagumo, Hokuto,
Ranto and Kurciwa in Hokkaido, vepresented on FeO-
Fe:0:-Ti0: diagram in mol per cent.
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YO B d, 5 BLG IR € D {LE YA 8 b e TER (LR E 2 B BT BSOS S BT BRI
TN T T Do T G220 SLEL A 2 5 SR e b v T oo X AT s B RS S X Au, 800°C
T 1S PEE % & o Cik rutile oA ABOCTEE L, FHIIC FeyO; (a) @ BT AT 2
P B ieotz, (Fig. 7H00) 560 TR Tk FeO. 2Ti0, i Xoh o 3 & Ko G %

L THWABERE 2 BND,
A 4FeTiOs + 0, = 2Fe,0, + 8 TiO,
% 900°C T 1 Wbk B Ya K
1% rutile & Fe,0,(a) o f#T 1% 800°C i<
ILELLEEDY, chrriL T ferric
B o ‘ titanate (Fe,TiOy) 7342 < Flbhlhd %,
ik LEO R X b BRI e free ©
rutile ¥ Fe,0,(a) [Hic FeyOs+Ti0O, —>
Fe,TiO; 7B G B 08B 2 bivd

2 . 1 It I

20 % 0 50 60 5, MEUSO BT ETHIC v Tl A
29 < 900°C Bl 1= R E RN ThH %
Fig. 7. X-ray diffraction patterns of synthe- o iy 7 e N .
sized FeTi.Os and its roasted product. 800°C "Cix¥h A YIS LTnhodcd O3,
A: roasted.produc’s 'obta'ined.by heatlr:g RSO e X ) Fe,TiOs b % 4 o
synthegsized FeTi:O; in air at 800°C
for 1hr. LB 2bNB,

B : synthesized FeTi:0s. W S5 % 1000°C 12 75 % & FeTi,05

e o> ferrous V1% A ¥ £ L X v ferric 1% b, ¥ o hupd rutile 2 B8 U € Fe,O,-TiO,
fBL, cheiL TR % TiO, i1t free o rutile & U T4 2 A FHI NS5,
PO WIF I T T e =B LIRS b hvie,

4. JbEERESEBMEDSPOF S L OFEKE
(a) Fe,0-Fe,TiO, ¥ATHbEE

i o £l B FeO-FeTiO; ficit Fe, 1104 7 B MR &4 4 B L& WO FFE MR S i,
L2 ghAb& 78 magnetite & [FJE 0> spinel o sl a AT s o 2 b o€ FeyOf &
Fe,Ti0s O M EHRE L TR v 28 TRE NS %y, ko ik e mggo ke koT
Fe,0,-Fe, TiO, oo NCEUR 2B U, WS T ot X Ry sl o < o g 239
AT R TR T EAIBIK T 5 T 2 AVHI L Jo, G SRR s B K o
T Rca R, o vk ulvospinel @ mol % e LT plott LTii5s & Fig. 8 o< 7z b, if
2o BNV LR BAR 23 AR L K T ¥ 4k pure 7x magnetite ¢ 8.389 Axy Fe, TiO, o 8.533
A

EEBENCEALT B o 0T,
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(b) Fe;0-Fe,TiO, A TR OREME 8.56
magnetite FICF ¥ VAL ST S v
D WP R X0 TREVE DS AT 28463 B ok, 1) o
m®wb@mLJAfﬁVﬂMk%%%&%&W e
DTHELME T %, TRRA TICERE % |
Fe;0,~Fe,Ti0, F D @iyl T ik o jil5e 2 s.50
L T2 véne o e~ f,

#le 75 magnetite ¥1 spinel 2o i 5Lk 2
POV SR TR T 0 R IR 4 4 visn
LTSN e T 2B L, o BB 3 a1t
DRI NERA A YD LT Wb, ML T4 &

Lattice constant A
©
s
o

YORGECAE A OB A & vic X o T IE pu i
PC Edvie 81) B i e, 6fdomsd 4 v
W Lo C A AR BE & i (16¢) 7n B 2 Fio
W7o AALEE A3 D, magnetite Ty Fe'® Jrgf

Fet* 4 4 vk o Wi fA ST wb o 2 h i I T
Bl Sihvtwn b,
8.36
FeaQu 20 5O b0 80 Fe2TiOxu

Fe*? (Fet*Fe*?) O; -
Fig. 8. Lattice constant of Fe;0,-FexTiO
MU FEMA L (16 ¢) D 41 2 XA 0k (81) @ system as dependent on the con-

it e tent of Fe:TiOs.
B % 3 B dod, ehb ot Hex il

e U i, ALk % ulvospinel 1k

P& %6 A E A L s nwdicd
ST, T ORI 2 magnetite & A4 inverse spinel type o iAo Lo 2 LT,
Fet % (8f) r (16¢) fiiifics 150 Tit! % (16¢) i iciis|4 % & ulvispinel 11U
bbbd o ks,
Fet* (Fet*Ti+) O; -

PE2 T4 Fe,OrFe, Ti0, Zo i ki gl o Fe. Ti0, o4 F5i% @ &4 hid by ho

L K O i v o i< 75 %
Fefl, (Feil, Feil,) O -Feli® (Fel* Tit") O
= Fe?, Fei® (Feil, Fe™ Tii") O
Tl Fer® o @i bue g Fer® ot Tit' o Fjuidse e duy BX O 27

D00, A TFRRRETER NV X

N = 51—2) un+4 1s—5 1—a) pp—4da pin

N=4pu;(1—x)
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° ‘ L h R MGRT U Fig. 9 234 B
%o BRI ATR O Rt

“ W OFTORBNCIWT @) 2
™ (16 ¢) [l DM EVE O 2 3 TFAE ¥ 5 &
™ 5 Ui o Bt td 5, Wb

= JS. uB

™~ Mel: magnetite e Fe, TiO, %[
™~ Vi L 0 o STV R O B e I

° ez a6 os b R, G T B C 2 AT
Mol fraction-of Fe2TlO«

i o ae
A ﬁ—"\j‘* Do

Fig. 9. Theoret?cal’mtensrc'y of saturatilon B 1o BUE Y5 22 s B B IC. FegO,
magnetization of titanomagnetites
as dependent on the contents of ~Fe,Ti0y R WT F ¥ v &5 N8
Fe,Ti0s.
jJHL‘iL ];j, 7]5 J/\V- a 57375

w4 5 /5 magnetite-ulvospinel %o A TS #HICHE W CTREALD T X 205 L 72,

FEEREE ¥ Lk Fig. 10 1w R$ X 5 iz electromagnet [CER AW 3% 2k b pole
plece [N & JERRE L b, Tl @ GIREA R 2 B IS B I 4mm, #5810 mm
DREXBHET DLW H T 2o basket % M L, o AL KFEa kB & B AR —
T ORISR T B XRB DT ORCHE LSBT 4 VRIS L, coZE T {vo
HRRE S A VT, chiciie—EOo Rl L TRk <o SRA RIS & Bl

DWER L basket ik FIEC B+ 5, HBOME TS AR 3B HmE Y H, #ko
BE 0, BALO RS % ] 230, JRURHCE T 5 RIS J) B RRIe ko T8 2.6
D,
_ o
Fe=vl 50

EIHERO T m, WAL D 0 AL KR % 0 Ch bbbl

= 0
Fp=m o

PED TR O AL 5 2 BTl — AL e s L Ko o il & — e il wifbo i o
PO T RIS AEHT 5 Fo BT HC 20 E 9 RD 5 2 nilk S, FEBIC
st o B WE D % H=2400 Oe TUE X E{ L o, XEBICENT % Fo i
KR Fgdt o ¥ b 2 Jo mirror & =@ i IC s h i lamp scale 1@ X 2 TP o BT
% scale BICHR L CERIR Y, WICWH 2 4 v R B @i o ok & X 20 L it o4
FER PSR T A HE LRI Z o Th b L, £ LT olZRito it ChL ko
&b O TRAALD TS a5 o FRH Rl & U e,
FHHERZ PR IUE Fig. 10 o < 72 %, KX D B2 Fe,0-Fe,TiO0s A T3
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p

Mirror }4- ———————————— =

Movable coil ﬁ -=

I

Fixed coil

Lamp scale

Specimen

Hard glass basket

u Electro-magnet

Fig. 10. Schematic view of the apparatus used
for magnetic measurement.

o fa b o TR & g 11 magnetite 23505 T, [y Fe,Ti0, o {2384 %ot
BRI A Lk o B
s ulvospinel @ VB L < v P. Ramdohr® o #3810 X USRIV 7e 2 s s e

i & X < —33 % 2 2 NHIH L e,

WS, RO D L UIH A TR AT ik % ulvOspinel W A K REVER A L TR,
(¢) KHA7E magnetite RO F ¥ » OHEIEIREE

BL Lo G B e & By TLU R 7R 8 F 2~ magnetite 1% Fe;0,-Fe, Ti0, R bk, W)
T ¥ vix Fe,TiO, & magnetite ©
20
,:)\ WP LTHAEL Tw B C 2N TR
.
. AN Do PR DT EE R O TR
16
N . e3te g o AN T
\ ok i X &L T, JE
14
N RV % B Je e b o %
12 -
N SEHT A B TR A HE A A
to i Table 3. Analysis of magnetite
8 \ from the coast of Funka
\ Bay. (mol %)
6 1
\ Locality 1 FeO | Fe; [ TiOs
4 | ¢
No Kunnui | 5007 | 3876 | 117
2 Yagumo ' 5245 | 3412 [ 1343
\9\ Hokuto | 5234 | 8318 | 1448
° 20 4o 6o 80 100 Ranto | 5219 | 3620 | 1161
— Fe2TiOs mol%. . ! |
Kuroiwa | 5147 | 8745 | 1108

Fig. 11. Relative intensity of saturation
magnet}zatlon of artificial titano- BRI U U R
magnetites as dependent on the

content of Fe:TiO,. T4 34 ¥ magnetite 2B 7 h, Ho

iR :l»\ﬁ );
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magnetite 1o F ¥ vk Fe,0-Fe, Ti0, R o B A S e U THET % $ 0 L RFE 31U,
Fe,T104 & U CTH1E-4 % FeO 13 22.34%, L Fe,O; » U THF{ET % FeO Wk 38.76% » i %
B, &iF FeO ik 61.10% 2 75 b 7nl fUEin b i\, 45 % 1A HHILIE 50.07% C FeO #3235 L <
RRL TS, ZhIIL T ilmenite o FAL L ME§HE FeO 1k &3 49.93% 2ixh, 4
flwdbic L < =%+ %
% BRI R O [ #kd % Cix < Table iR < wk it iad o VR, JUHL, BBUR OV R
PO WP T o b, AT FeO-TiO-Fe,05 RIKIBRXIC I T Fes0, & FeTiOy
fSEMR BT X IO TRD T 2 higr ot (Fig.6 2 A L e b oo L&Yt s &
W R R SO T B 2 DA ERRIE D I © B PRE N B, 60 C il SERE K
TR B0 2 55 2 5 e B kS 2o L CHIC T T % 0 9, X ilmenite 75 magnetite
BRI R IE CHAE L T\ % @ >, skik1'E magnetite DISR 0 BEEE 2 AT 45 & F 5 vk
BIOWEIC L B0, Hik X FeOrFeTiO; RICH T b SR E IR 7T 70 D 28 0
BE 23 o
HWEE G I & v magnetite o BPIRCH TR, BUREERIC L Fig. 1 225 W5 27
i IR A R s R W B s, HLAF S VA & LCHE{E S magpetite 2 i3
%M@ﬁ&bfﬁ&?%k&ﬁ,Xﬁ@ﬁ#hmbﬂ APTHRIC 1L magnetite O AT O 5
e T & VALEPNCATS § % SR o T AT Bl TR B WD B B LI Y A
%%m?n%mmwmﬂ@imlﬂfmx@%{mﬂ ZAET BT TH D, Mh=oogi%
& i3 % 2 E5E i © #9% magnetite W€ X SRAEIT R 2 S U oS, BT

magnetite BLAMCAT 25 BIAR O SR B LT da D Foe SRET- BB 0 BRI s T VR R o i B
a=8408 A s B iliaTic, RO FeOrFe,TiO; R0 A TIEHUEO BN T4
YEREEIRWAT FeOy oM HH a=8389A 2 ol L TR & WML T % & &35
o N

Bl L ) BEAES S G S T D F 8 Y O L1k, SR E
¢ magnetite TICEHINTWD Z BB A TH S

o AR TSk Fe,0-FeTiOs R U T BT I W CU BB K 5 %, [
BT B ARG S IO REIRIEAME T U, M 5 BLBRI O FeTiO; 1 FesQ, ki
D TRATICHT 2 § O 2 —BICH 2 BT %, 460 THy HLGUE © B U7x % e e i
VT B BRI S TLEHEE B &, DTALEAT O IR IE 435 T X TR IC U S TR A
bivsd zicin%be Lo LT FeliO; o5l ic B L <1k Ramdohr” Fix 600°~700°C Jif

%

WERDTWD, CHIH U TERTHAICRG 2 fil” R oK Liud, 1150°C g 7 1
FvvAFy 7 v MMOERA BB B 1150°C BLL T, 7o F < v il
1380°C CUHIGTILT 5 2 2 A S T B0 SUERIVIRIC 1 5 BUINC I 5 fidk
X AUE 950°C TY 4 F v VA OB bND C e BREG L Tw D, AW FIEWR 0%

VE PRI 2

co ok
o SR

&5

SR
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Fig. 12-1. Roasted product obtained ‘ Fig. 12-2. Roasted product obtained

by heating magnetite from by heating magnetite from
Kunnui in N: gas at 900°C Kunnui in N: gas at 1100°C
for 1lhr. % 80 for 1hr. X 80

Fig. 12-3. Roasted product obtained
by heating magnetite from
Kunnui in vacuum at 800°C
for lhr. % 120

Fig. 12-4. Roasted product obtained Fig. 12-5. Roasted product obtained

by heating magnetite from by heating magnetite from
Kunnui in vacuum at 900°C Kunnui in vacuum at 1000°C

for 1hr. X 80 for 1hr. X 80



250 SEHLBCZ ) - PRI - BEE R 6

TV B i A B R X opuE 1000°C DIFCHMSRIE R A Y B oW b & LT
V5,

WD 2 b
L, SRR AY Licd 0o TNl E % L ilmenite 2B FIOKETEH I N TS
P E D h R PITR, Fig 12 o WMEE 5 B & 0 WS s i  HHE IR M 080 o b
I Dte, W6 FERETIR A B3 RAEHOKR
magnetite 5 OBk ORIETEHEH IR TS 215 2 Bty

Wc magnetite DAL D& F ¥ v OEBLE 2 b, bR KSIREOS T ¥ vk
BePh 2 BT T TR T B LB O ML T B A48 Fig. 14 o, Yy FvvaFy
7 VLR IRT b OB LT O BB SHEBLIENR 7 5 > ek ns T 0 it

CIATIEHTHH L7e BB S N b D2 INTH Y, T3 VSR BEHOREM L 2SN
T3, HLbohnPEE L TINEF & v O~k ulvospinel-magnetite 5 © [ (5 ih ik &
LCHAEL, B OF & vt e UCF & v el O LB EREIC R 8T8 o i & 45
WRE G 2 EMULED,

SR U 7R % B Mk I T PR P T e W L B U5 TR T LR R SR R Tk, I LI e b T
D ERAHURICR S I 5 25 5 O L% X bivi\, T HBAsELRE @ ilmenite

R L OT B e e T 600°~1100°C R o fill 2 o R TEUR A gl

DHETF WO F & vk, ilmenite-

ChDEFHED o LWL ERSE D, RO ilmenite 2% % hematite OFELE %
L3 2T EE b i wEREERABR RO HbL R Tnw%,

W BT LAY ilmenite © /778 Tl ba HlBATHICH W TR 5 1 <
ilmenite #icik, MEMEZH T DL O 5% C DRI N T W5, #H L bW gk 2
magnetite & A7 % 70 BT magnetite O T & v 17 magnetite-ulvispinel % o 7
BB OBECHEL T WD T &b —IEHE 2%, Lid o ORd: ilmenite © Curie point 1%
i © magnetite IR U TH L <AL 100°C fhied b, SRR O RE T o
R A EHE D 7o\ & BT L wbds B U Ty 200°C T posE 4 rul R B e i © magnetite
L P )

Ze RO B R magnetite 1R T Ko T L C O A R S L e T koo
THOBRRE DM, FLL T4 vyE&ROE VI ilmenite BSEH P EH IR TWS o L8
HHI U 7ze A L7223 B ik e ilmenite #i3:4¢ %5 © magnetite O ik~ Table 4

Table 4. Chemical composition of magnetite HH S B, i ulvospinel-

from which magnetic ilmenite was magnetite % @ [ kI 8 & % 2 5 & FeO

removed.
BAAEL, #l2 magnetite-ilmenite % 1.
pct 1 FeO Tio-: ! FezO:z 4 L HJ hﬂﬁé g “ﬁ
ST R WEBREA S D e,
Wt % 32.38 7.00 55.16
| PlEoEREE L O FiuiduiliEE o
Mol 2 51.00 9.91 39.09 .
T magnetite O F ¥ v OIFAIEE LTI
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magnetite-ulvospinel % o [H¥E Ak 13 magnetite-ilmenite % © WHEFEEAE L D §, =5
magnetite-ilmenite % O ERMT #h <, #it2 T ilmenite » magnetite O gL it ek
FRIEEAT YRR S AE % L B I LIS % R 2 b v,

5. U4 F=2RTYT AL E T 3REDSEPOFY L OFEEIREE

(a) magnetite DERLIZEE U4 F= R FT YT VB

WK SRR O P R T L ORI AR OBEN T Th 54, T OiMED
Thd 528 Fig. 14 o FIOHIC Ty 1 F2 v A7y 7 VRBERT L OX S %,

SR, o OFT R R &  FEEE 2 d O LB IC T EE D b0 e 03h b, HTdio®
Tkt ground mass © magnetite @ it U €2 L < W5 < if At C, %R O magnetite
DAL BE DS B BT HPICEMI L CWw 3, fHEL magnetite X D § < AfE I Lo T
F LY ZRL, 2 THGEAAZIT 5 EICiiEE % 0% Tl E 5 b T,

SR AR B U Tk fe3E ilmenite 7% magnetite OFEFETANCATIC 24D 2%E 2 bR
TWoe KU IHT YIS, SRk OMLIE P OBES LI AT HICIEE I IS HlTwa T
L8k X —§%% magnetite 1 ilmenite Ik THZ WL INTWB I g BT, HERIBHG
FREOWHPc RGNS OIFTH O 2335 LS IS S BHbivTw b A5, T2 <
ilmenite TH % & Z 5 LI LT D OREIA S Do AU ¥ O FT tH © bR T ot
A EW BT 5L &0 N TR FERNCREE W TR ET AR, X i sl B O B e
e S L P

M ok PSR © magnetite ICHlbID T4 F v v ATy 7 vHLENE, ¥E magnetite %

SR TR AL 2 IR B b I S M IR X S I Tw B, M B HY magnetite % Y8 &
T 700°C DIFC 1Rk % & O FHL & KRR bz o ks, 800°C Bl kT 1
#e % b ok Fig. 13 o< FHCX R b vl d
DT, TR AR T OB T O AL
THbI T B O/ b i,

BT & U Tk R A D 5k ey 1gr %
EX Scm oK~ tic AR, chaiiEiRE
e % 2 VY EIRF T OB ENCEA L KO
B 1R RS L TR O BATR O MIciie %

BRI A Ui,

I % BB X2 THLA I D AT L O BT HIIRTE ;

» Lo Cltiiiizd bbby o LML T Fig. 13. Roasted product obtained
h magnetit O #5EHENICEATICATH L TWw %o XHF b bigatEg R Gtk fogti

Kunnui in air at 800°C for
Hip O K & S LAVLBL R 1T 7o do & % T #: DR TR 18k 1hr. X 400
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Fig. 14-1. Roasted product obtained Fig. 14-2. Roasted product obtained

by heating magnetite from by heating magnetite from
Kunnui in air at 800C for Kunnui in air at 900°C for
1hr. X 300 1hr. % 80

Fig. 14-3. Roasted product obtained Fig. 14-4. Roasted product obtained
by heating magnetite from by heating magnetite from
Kunnui in air at 1000°C for Kunnui in air at 1100°C for
1hr. % 80 1hr. X 80

AR T N e A E AT 5 & 2 23HE D, SIS T % 5T o AR il &
{5 C ground mass © magnetite £ » $UH% <, X magnetite X D 4 EL AT S &
2in BICHHE S % 0 R TR & b3, I HIERIERERE © LAtk o ks
B4 % ERS, TRk ARt 1100°C Clrohl T © 4 THC #4243 D magnetite Fi 1L A
EWTH ORI %S, (Fig. 14 £1)

VRS Ay & 29 K0R CE L A B b BT IR o BT HERE: LT, T -k
magnetite ®24EREFIC 25 O FINC X 2T, BALFIO R BE TR & T e ilmenite 23#40L
e X ot Licz b3 F 2 bhb, A LBIRENREL WS © 2 3huE, otk
IMEASFI RS ERFIEEF ORI EO R WA LIRS R E I b i\, 4R % ICHi i

WG 2 ZBARER X D W B a7rin <, EHRZAM P RO EH 2 AT o B Cri ik o 2 ik
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DbNihoi,

WinFEE LD TREETA TS 2B DT e, #BfEfREcERIh vk
ilmenite OHTHI 2 X ERMEEZRICT B LD THB C e8I NS,

X—F2TP TR L d, T 2R I HET BEE L v +hud, Lk
magnetite W © ferrous O L B EREE T D 2 3 HERI NS,

LB © magnetite 08T A YEETICT 900°C, 1 IMIBMLERELC v 1 F e v AT
v 7 VR ERE Lo d © 0 FeO, Fe,0, TiO, 5 ik B %1 5 & Table 5 o< 2%,

Table 5. Analysis of magnetite from Kunnui and its roasted
product in air at 900°C for 1hr.

Sample T.Fe | FeO \ Fe.Os \ THO.
- [
Magnetite from Kunnui 63.81 } 32.21 55.43 | 7.99
Roasted product in air ‘
at 900°C for 1hr. 62.38 ‘ 11.64 78.29 7.81

EEIVHALLEML T4 V< vATF YT vl H -+ %5 magnetite b O 5 —# R L
HARFHE LW ZR L TW5, 62 TH 5 AL O BB it W Tk magnetite © &b ic 2 2k3#
F D a-Fe,03 BREFICIFA L T Wi HE R b v, 2k % 1 magnetite & a-Fe,O; O 75 E
Bk C ik a-Fe,0; 1% rhombohedral, ¥ Fe;O, 1% cubic T E B % Bic 4 % 2 b ERIR
B/ X <, TEKic X huE 1150°C ¢ magnetite 13 2% #E © Fe,0y #EET 5 DX Th b,
7t TR v C magnetite & 15 HE L e &AL o T o THAR L 72 a-Fe,O, 1% magnetite
PRITHLTRD C 2R B2bND, WEEOMMHREBIATH#C X %5 H s b REKOEF
8 VIGEL A ERAL Ut 2 ERR, T4 P v
Ty 7 VAR LT L TRS C e afrot,
HH AT a-Fe,Os X OFARE D EL F 5 vEHEHL
7%\~ magnetite % g & [ #E1c 800°C 1o T 1 Ry 24,
R U e 38, Fig. 15 R4 an < RIE b FEE ik
BEbBN, 2T Y4 P vRTy 7 vl L
FTLHF S viclfoiin <, #P O magnetite %
RIERE L TH AR LES BRI LN TS S,

iR 7n T FE h B HER L CHT 91k hematite 1
W AR DLHB 2 bbb O Th%s,
hematte 7% imenite ©FHEEHAR A <
BILTWBHEE X b # % T 800°C fsEic iR\ TR B air at 800°C for 1hr.  x 80

Roasted product obtained by

nsv4 Fwvzsy 7 villfiih © hematite friciy, ilmenite % [AlRFICEZE LTV % Wl fEME
MHEZBND,
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L SR R S e S AT R & 0 ofiE e LT, AR HE © RER B U ST
hematite % L < It ilmenite %4 G784 % hematite %% magnetite DOFSEHEIICH B2 3 O
LREEEINDOTEH A, Wiy osd x4 sh X iRz itc, Hb
ke © magnetite % 800°C T LRI RUSEHE L T g Vv vl BAE L O1fE
T, Geiger-Counter X X ffAEHT %% % H T H o7 2 I~ 2o 2R Fig. 16 of§R 2%
oo PO I B o BT 4 b magnetite DIAN O ¥ — 7RI Lo AL Fe,O YT 2 X <
—F L, HiHi¥k hematite 72 % C & 23R E Nl e 7 Fe,0, 1k L4 law anglefif~
OFNDF BRD %, 800° 900C° F ot 1000°C 1o T 1 BEHTZS TS HER % b O W TR
ZHEi L Table 6 DR %o,

;M okl

Il 1 L

20 30 40

29

Fig. 16. X-ray diffraction patterns of roasted product obtained by
heating magnetite from Kunnui in air at 800°C for 1hr.

A : after roasting. B : hematite.

Table 6. X-ray diffraction data on roasted products obtained
by heating magnetite from Kunnui in air.

Sample arn (A) a
Airtificial a-Fe.0s 5.428 557 16°
LReOn rousted mugmette obtained s ar
LT in rousted magnetite obtained g 55116
a-F'e:0s in roasted magnetite obtained ; 5.492 55° 217

by heating in air at 1000°C for 1hr.

FEOEREE L DS A 800°C Wit vy T i Y hematite 1k, #E:7r & O thig
LT @ DENPTE 4L CTnb, hOFK 2 LTk hematite ¥ ilmenite 1tz rhombo-
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hedral @& % LM 7s % WO B IRS T HEC, 7E2 THpE hematite 257 B O ilmenite %
ZORICHEE L THbN B X 5L 205, KRB ICKIBERIES LA+ % & Fe.Os OB
D BT EiC CEER e B i<, 900°C Bl Cik ilmenite 1 FesOy-Ti0, 75 % L&MW 24t
THCLBH BN, Lo ftftaY e hematite HICIHH A EAHILEREE X 7x &y hematite
o TiO, vk Fe 05-TiO, 72 2 L&MW 2 LCHMH A% IR L, JLF5EEHT 1 hematite tf o [
72 Y L, 2T pure 7 hematite 1055 < % 900°C BL LT AT i hematite © ., ©
WP sb0rErbnn

(b) Fe,0-Fe,TiO; %AIE#&%@EM:*%&%&: Y4 F2 Y RF YT i

PLEGESRERHR & D magnetite 110 7 ¢ 1< ¥ 27y 7 vfilffith © lamellar 13 hematite
#i U< 1% ilmenite # [H¥5+¢ % hematite 2 Z 2 b5 DO Th B2, KCHET<EFE T4 F <
YA 7y 7 villfifoh © lamellar » UC ilmenite OfFAE% % 2 T NER D RWEER S %
& Th%b, W magnetite A 1000°C L) e T
BT ¢ B B Fig. 17 om& s bns o
L3S B,

Fig. 17 @\~ lamellar © ¥4 13K B % 5
UTRE 1 matrix o#45r & » $45<, ATEIc T HE
© ilmenite # FiRERLATEE L BBl b5 FeOs-
TiO, 7B MR EH T2 MLEWCIEHICR BT
be PEOTHIESTH Fe,0;-TiO, Th % &1k

fbhs P X2 C matrix © magnetite % hematite

22y, ey LT lamellar © ilmenite vk ferric Fig. 17. Roasted product obtained
by heating magnetite from

titanate (L L7c2# 2 b %, #5 L b W5 RELH Kunnui in air at 1150°C
H 4R magnetite f o v 4 Fv vz Ty 7 Vil for 1hr. X200

ik & L Ci: hematite ©fMc ilmenite DEKL T BEELH YV EHRT, W25 E1C
hematite 234 5% L, il 7s % #4101 ilmenite 23Bb s 223 f8c 2% , lamellar 2 LT
ilmenite 23F o % Y& & L QR H—1c, HAYR) % magnetite JEEK O WIHNRT W T
AN o KKK X o ilmenite @ FICEFEE 2 REAFEI N, o2 smH U< Bkt
T B ki e fhe & o CGBAGFIA & © ilmenite 73, magnetite © &5 THICSEATISHT H L
TR EMMRE 2 bbb, Wicd 5 —20 & & LTIk magnetite-ulvospinel % o [ 7 4
Bpb#edr, 74 vEBOE WL O ulvospinel WO $ U 7R © b #0584 1E A 4 %
oA §, lamellar 1 ilmenite 3B b2 HIE 2 b, Uin T~ L Fe,O-Fe, TiOy %
D A Tk o 28 TS BERhe ik & X I sl L OISR R R A L, Y1 FY v ATy T
>R AL R D A e R OV e A B D R T A PR e,
HOMBIOROWBOMILICHE L TR, BTV Fr vATy 7 VMO BRI HD B
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Fig. 18-1. Synthesized ulvospinel. Fig. 18-2. Roasted product obtained
- 80 by heating synthesized
ulvéspinel in air at 600°C

for 1hr. % 80

e

Fig. 18-3. Roasted product obtained Fig. 18-4. Roasted product obtained
by heating synthesized by heating synthesized
ulvospinel in air at 700°C ulvospinel in air at 800°C
for 1 hr. X 80 for 1hr. X 80

iz, (Fig. 18 Ji X Fig. 19 ) 4k 4 ol F 4 v & B0 W O Wnw T, FiR o
KB © magnetite 1T\ TELD B vz 2 FRRIC 800°C i bbb s, 75 vEBOE
W OHlH ulvospinel i io < 0T 4 F < v2 7y 7 vil# o HBUEREMET L TiO,

% Wi#% Tk 700°C, 3 ulvospinel €k 600°C “CREWC H O AL A2 B LTz,

MF s vegEOMbWATEBCH LIS V1 FY vRx Ty 7 vilifif o lamellar ofF
T OCFE B Xk, K#kpE magnetite @ 28GR b B O & 4 < Ak T matrix ©
m@mmﬁm%@L@®1m5<,R@v%ﬁ%%a%mfﬁ%mﬁaﬁmwmmdm@aﬂ
i B lamellar XK 5 C matrix © magnetite I L, 7§62 THFHER S Tli4h
PR A R 2, AX LIRS 3 % SUGTEE lamellar 3847 vk i IR c 5 U C o] 5 o i
fibd: %% 4 4 matrix © magnetite XA FICHEI N D, THHGEERIC T etch % 2 lLOfH
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Fig. 19-1. Synthesized titanomagnet- Fig. 19-2. Roasted product obtained
ite containning 57.28 mol. by heating titanomagnet-
pet ulvospinel. ite in air at 700°C for

X 80 1hr. X 80

Fig. 19-3. Roasted product obtained Fig. 19-4. Roasted product obtained
by heating titanomagnet- by heating titanomagnet-
ite in air at 800°C for ite in air at 900°C for
1hr. % 80 1hr. X 120

fha RN %S © e kB, (Fig. 18-2~3 L)

PlEoE X b FesOrFeTi0, RS #k QBRI BTN W TR F & iz & F 5 v ilic

Bl s lamellar o ey, HoMR AT WTE LWERRRDObNS A, HieX
YT B0 X o C lamellar o P A~ 7z & T 5 Fig. 20~21 o iR % H 7z,

K& v BB 2 i < JEHRREE 0w &k, K7 45 v lic ity Tk magnetite O 78T 5
DIMCE & LT Fe,O; oMt s Bl s 5, BF 2 v floR Bk FeTiO , Fe,0; 2 1 Fes0,
DEDO DAY OEPHRIED B NG, R IDOZ0DMEW DT a-Fes0s o AT iz Ik Fic
§9<, zhie LT ilmenite 0238 < IHTW5 T 2 LORROFEMEEKBICR WT, £ &
DT 4 FI VAT TYRAEBIARONEEELS, BF Y YAl bhs lamellar &
ilmenite 72 % = & SR I NB, JLOFHFEL» B3 E TiO, &8 %\ ulvospinel 1550 WK
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Akt Bl « MR - S AR

D
30 P i Gy
‘ 20
Fig. 20. X-ray diffraction patterns
of ulvdspinel and its roasted
products.

A : synthesized ulvéspinel.

B : roasted product obtained by
heating synthesized ulvospi-
nel in air at 600°C for 1hr.

C : at 700°C for lhr.

D: at 800°C for 1lhr.

L

Y

SR S S S

30

Fig. 21.

lwie!

-

40 &

50
—20
X-ray diffraction patterns of
synthesized titanomagnetite
and its roasted products.
titanomagnetite containing
57.28 mol pet Fe:TiO..
roasted product obtained by
heating above sample in air
at 700 “Cfor lhr.
at 800°C for lhr.
at 900°C for 1hr.

24
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OLOTHY 1 FwvAFy 7 vilifke LT ilmenite 238l idn 2 &R 2%,

T Hlink & % BLGE ulvospinel ROt 2 AUt Wil & 474 % Fe,TiO-Fe,0 RO AT
Yk vq P2y ATy 7 MO HELEE LT, YRR % BT % BUG I 0N U A
YIEsk v TTh B,

TiO, 34.22% D% A &}k R Fe, TIO I Wl 2 47 -5 % 3k 22 Table 7 W g 7ot ¢
1 oepfdesidipe U, XA Buc s TR E R 2\ oUW ER L Tn 5
T EMD T,

Table 7. The results of X-ray identification on roasted products
obtained by heating synthesized ulvéspinel in air.

Temperature "C Roasted products
600° FeTiOs, Fes0y Fe:O; (weak)
700° FeTiOs, FesOs Fe:Oy
800° Fe:0s, Ti0:, Fe0y (weak)
600°C ¥ B LS4k 2 U Tk ilmenite & magnetite ® % hematite ©iEHTHL & 355

Fufchs, © @ hematite ©EEIRIEN T < WIS T2 it v T 8T © 0 O Sl i < s
D LNBICEE o\, FIHEBUS AP ilmenite 2 magnetite Th D, PE0CTHOK
PER I W TR OGS E TCETwB LD 2 bivs,
6Fe, Ti0,+0, = 6 FeTiO,+2 Fe,0,
BRI ER B o 1 - & vz magnetite ORE{LIC & B Fe,05 O AT 2085,
4 Fes0,+0, = 6 Fe,0,

700°C 1t % Fe,Op O it @ M oM InI o B L 5 0 2 H 2 bhvb,

P 800°C I v T Ao 28 Fe,Os &b snc L % 5 25, Jboshic ilmenite ©{EH
@ rutile AT IRAFIRHCE D B,

il rutile o 42 HREIC S TSR TR VWi oM H 2 b ith,

Fe,Ti0-Fe;O0y F o A TN v TR @ ratile o Bl s ok, SURKIczo T
ulvospinel 1230 WS 71 C rutile ORISR IS W T3 ilmenite O Ak 38%
BHIvn, Lad ilmenite DEPFEOR SR WT ¥ vEa o -aUEE rutile O #7782 Hl
X F, W ferric titanate Fe,Ti0; 8264 %, WinHE X b 1 rutile © 2458
L=< ilmenite B3 PRE L T D o 2RI RS, 5  ilmenite 23815 L T rutile %
FERS B A E LT, ATERRC R T O HE
FHT L foe

(1) ilmenite % ¥R {LIE0E L 7o &

KOZODYAHDED T EREFIEI
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T AVTH D TR iy T U ves, Bk vz AT ilmenite F U NI TC

900°C Bl 1 TlibE L, &4 FeO &5t il ilbd % 2 RO Fs %18 LC rutile ¥ ferric titanate

AT,
4 FeTiOy+0, = 2 Fe,Ti0;+2 Ti0,
(2) TeTi,0p % 800°C 1@ T8I % &
IR T ERS R ey FeThOp 28 Zt o 5 2 IO USRS it 3 & T3
4 FeT1i,0;,4 0, = 2 Fe,0,+8Ti0,

(3) ilmenite 2 hematite Mo M EERIC X % 54

=ik Fe,0,~FeTiOy B0 A i #a ko Bt s 42T AT Fe,O3 & AT ilmenite %7 4
OEIECUE T LTS i T 800°C, 1 b % atRhe b v TEd o B vy Bl g T Fig. 22

N

b Ain <, BUS ARk & LT magnetite J2L T8 rutile @ 478 2SR BT B, 11
o

sy

s magnetite O FEAECEI T Fe,Op MBS it T4 M Lo A Uik
Lo FesOy o B kil s

(\2(4

B2 HIAHOTC, Bl F i THiFE D FelOy

Ju ,/b
Nigr :

DT, D CHOEEORIRE LT ROBUSANRE 2B ILh,

FeTiO;+Fe,0; = Fe,04+ TiO,

L i L = J - >
55 36 G 56 5 0

Fig. 22. X-ray diffraction patterns of roasted product obtained
by heating mixture of synthesized magnetite and
ilmenite in vacuum at 800°C for 1hr.

ilmenite 2 Esic B8 LC rutile 245842 L QW L= 00 S 2 B 505,

1 800°C DIV ¢ X fzidfi e ferric

ulvospinel JLIR 7 1 W 80 2 B30 o 44

titanate OB LBV, TR W OIS X % X D L8 A @) o RISO 5 rutile

//‘/[ rkl_/f\.‘g_/[ oD @/Jﬁ '\p()l 5 )N‘[ /{:j\dc:}’l/
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rutile 4RI & U T RE OIS PRSI S R, Wb omsidic X % ferrous o
LD I D I IR TR CHE B IR I A S 25, MR TU[ED X D i L itk o

Ah R e,
Wi FeO-Fe,O0-TiO; ZH RS MIE-T % L L SR KO o0 L O S iiiidt = L
TREEED LD L LFEMUED,

Feli0y=FeO+Ti0O, (1)
Fe,_,Os +FeO = Fe:;O,; ( 2 )

FeTiO;+Fe,0; = Fe,0,+Ti0, (3)

1) OGO 298K Wit B G B E il A v ¥ — oL Ec kv Tk, Frederick D.
Rossini'® 0 7 — & — 5 B OMBHE B Iz,
FeO = Fe+ 0 AdHys = 63,700 4dF%s = 58,400
Ti0, (Rutile) = Ti+ O, AH,g = 218,000 AF 5 = 203,800
Fe+Ti+30 = FeTiO, AHyys = —288,500 AFis = —268,900
(ke
FeO+Ti0, = FeTi0y AdHys = —6,800 AF Sy = —6,700

H FeO, TiO, (Rutile) o8 FeTiOy o 47 F#c B L Tk K K. Kelley™ & X 9 KA»3 5 2
BT %,
FeO : C, = 1238+1.62-107°7—0.38-10°T"~*
Ti0, (Rutile) :  C, = 17.97+0.28-1073T—4.35-10°T *
FeTiQ; : C, = 27.87+4.36-10°T—4.79. 10° T2

FeO-+TiO, (Rutile) = FeTiO;

4C, = —2.48+2.46-107T—0.06-10°7*
waEEL dH B TH LB N D D

AH = AH,+ {4C,dT

AH = J4H,—248T+1.23.10~7T*4+0.06-10°T -1
ORI dHw = —6,800 #RA LT 4H, KD B &

4H, = —6,190

4H = —6,190—2.487T+1.23-107*7740.06-10°T"~!

T AH & AF° o RS o MR 50 5

W)

ar 1
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AF = —6,190+2487 In T+0.03-10°7 1 —1.23- 103 T*+IT
AF %5 = —6,700 % LRGCfUA LT I #5ko % &
I=—1551
4F° = —6,1904+5.71T log T+0.03-10° 7' —1.23.10-37*—1551 T
oL D 600°, 700°, 800° iyt 900°C Wittt 5 AF° %3k %k Table 8 45 1 1 H o4l
BB,

N (2) o s Tt (D) o 8 & A4 Frederick D.Rossini™® &0 7 — & — 9 5

FeO = Fe+O A = 63,700 AFSs = 58,400

Fe,0; = 2Fe+30 AHgs = 196,500 AF 3y = 177,100

3Fe+40 = Fe,0, A = —267,000 AF % = —242,400
o

FeO+Fe,0; = FesOy  AHus = —6,800 AF S = —6,900

N Fe,Op it FesOy o4 Fiacib vt KoK Kelley™ 1k D RN S 25T W5
Fe,0;: C, = 23.36+17.24-10°7T—3.08.10°T
Fe,0,: C, = 39.92+18.86-10*7T—10.01-10°T *
R
4C, = 4.18—-6.55-10°T*
AdH = 4AH,+4.18T+6.55-10°7 "
LR dHs = —6800 #RA L T 4H, KD H &
AH, = —10,244
4H = —10,244+ 4187 +6.55-10"7" !
4F = —10,244—418T In T+3.275-10°7 '+ IT
BRI AF 5= —6900 A LT I 2K b 2
7 = 3135
4F = —10,244—9.625 T log T+3.275-10°T-*4-31.35T

3k h 600°, 700°, 800° J X 900°C Wity B AF° offid sk n &k Table 8 41 2 47 H o {ii
BB RID,

A5 o IR A IR LTS & FeO, Fe, O, % Ti0, % 1mol D& aind:o
BT A RTE T L 7oAk, magnetite @523 ilmenite &0 L ARG L e T B vz
4%,

TP o Y v FeTiOy+Fe,O05 = FeOy+Ti0, 7 A SOt = A4 v ¥ — DL 1L
Table 8 55 3fTH 0 ini< 7n %,
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Table 8. Standard free energy change of formation
of ilmenite and magnetite.

| H
Reactions 600°C § 700°C | 800°C : 900°C
FeO+Ti0: = FeTiOy — 6004 — 5841 — 5675 — 5516
FeO+Fe0y = Fey0y — 7212 - 7386 — 7603 — 7840
|
FeTiO;+Fe:0y = Fe;0;+TiO: — 1208 ! — 1545 — 1928 — 2324
| |

P OFE 2 B v 800°C Fidill o #ii i T ¥y ilmenite ¥ hematite B BE{ERREIGIC X D
magnetite & rutile %43 5 IS AR HEIT T e s s Wi 5,

P o OISO R R IO E UIROBEERY T D o KRS,

Bl 4k ilmenite wric vk B R Xk 36 hematite 28 ilmenite P iBE L TW5
O HH, ¥ L b hematite £ ilmenite flc LE DS % & © & 3 1E, Hi#i7: ilmenite
A R BV TR v CIm B U 7o A c 1 hematite © 4% i i magnetite 23R & Win 3 i
B, DWW R

§ili [k © Norway i © JG7fi ilmenite 1 ik W T O MBS i X v
VE, Z8%0qrC 700°C ¢ 1 RERT A U 7 b o CURERL O ) lamellar viigde L, KD
lamellar ©{iij e magnetite 24 U35 U < BPERRIL, XM e € 800°C Tl 5
Bharv ok #9r © hematite a2 LIEC @ &, X7n % hematite © Wi AR b e it o

JEif i magnetite 245 2 BTHAINTWE, oz 2 EOMIEoERLTWSC &

IR S OC, Wk rutile o7 2T EE bW X H bt s,

6. #E E

AR I LB T S o S TS & L, bl S HES Ty v RSSO0 F =
A OAEFEIRIER B i3 5 L W IR ST s B, XORpaudr e, 4bsR i amRE h H

B,k
L K DRk %5 7,

TR SRR D bR o it S o ek S,
A) R n gk
B) Y4 ¥ vAFy 7 MR Rk
A) CET HHEWYR 0 F 5 v OF{LRERD] BT 5 %, FeO-Ti0, RO AT ib#k%
LU X ST R R A AT e o e . FeO-Ti0, RicjtTit, ilmenite o4hic Fe,Ti0y F
FeTi,0s 70 2 G& Y O AL W] B i b b vl
Z o Fe, Ti0, 75 %5 L&MWk magnetite & [iil-- @ spinel type @ f5 G2 4 L Lo kg1
W e L TR R,

a= 8533 A

X Fe;0-Fe, Ti0; 5o N TR Tl W To REGR & U-Clio Ry, aldiic o Tllg ik
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I Lo T 5h FeOs © a=8389A 1 v Fe, TiO; ® a=8533 A ey Fe,Ti0, o
T L CE CIGIL T OIS,

A Fe,0-Fe, Ti0, I 2o I L TR BAKFHC X % W5E s b, RGOS 1% mag-

netite 1 [H% 3 % ulvospinel © G o3g JJ A BITHE T SR kA U, BEhihgs & B —3cd
B E AR Lt
Yo X gaEar st Bin b FeThOs 7n 5 g Wik ferric titanate FeTi,05 1 X < —F3 % #yT
WS, e otk FeLiO0; rE-—ofiER BT 5 ENHL TR 2T,
LAt 800°C i U CIR AL R T % L iz rutile » hematite BHU, X
900°C B1 1= Cix ferric titanate & 3o rutile Izt % < 28 Xigadi B & D b e in

Do

BLLo: WA BLETRD a) KBTS HHBESOoF s ik, FeOp & Fe,Ti0; ol
BRI E: LTHAELTWAS L RTINS

IR U T Bk R B o BESEREIL A Ui R D e 5 EUhie v T O K R

HX v, St Fe0-FeTi0, R oWMB RN 2119 2 bivd, %5 ilmenite-

magnetite R H U T sk 38 magnetite Jr~ @ ilmenite OFAE AT RT, 62 TR
Pl 7 #5213 magnetite-ilmenite 3 O BE A BE E Fs s EEAE BT,

B RSB O T, P vy ATy T vl Eb T, Ek—ie T s v i
DA 2 BT L AT i s 7 4 Vi )\ﬂl\%f'“ FIEEE LR b B, XF s

v Gk F I W s magnetite B OSTNEEL Th BB D T kfmﬂbbw 7o 7,

2]

EHR LB LN B Y, Py vy 7 viliiih o lamellar

R e

WA ETF ¥ VG
i, A& o ilmenite 2 [WyER % a-Fe,0; 7% & 248 XT3 9 7

U7 b FeyO-Fe, Ti0, R oo A Uib#: 0 st o 3w X ¥, ulvospinel Lo ¢ e
IRl oW #E 600°C BEE @ S T R 7 v HEE R LT

Foor X i 2 Bl S e, @’*511 AN

G s Ty Ve v ATy g

ilmenite 23420 B 2%, UATHEE R
LTRXAN 2T wa o rifilahs,
Fe, Ti0,+ O, = 6 FeTiO,;+ 2 Fe,O4
W L OFERE & L5345 &R 0@ F & vtk a-Fe,Oy JL T8 rutile © 4256 % 5%
T, a-Fe,0y L Fe,Ti0; 72 LS4 % © 2 a3 lEE X uis, 4 800°C T 1 Ifilf oy
e Db s free © rutile ORREREE L QWO IERF 2 b5 8. O

PR B Mot

iR

S VR TR T b dEAT AR T E N B Ty
FeTiO:;—i- 1’*‘6:0{; = Fe;;O‘; + 'l‘i03

X Fe,0,-Fe, TiO; Rip#:® magnetite §if, /3% TiO, 4§t o Hlkay4 75 v magnetite % %

SUEBE LA, Ua FY v ATy F Vv LCEE a-FeOp 2380 ilmenite ©
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R ER 0 B o, USRS © B 2 e @i 2 LT a-Fe,0, 1 3 TiO, 11 ferric
titanate (Fe, Ti0;) 7o A {CEWC AT 5 T 34507,
Pllod

TR 2 B WD =00 ENE 2 biLb,

RS HE Ty YT P v ATy Tyl EmIn s e e L

1) BT 5 vE RS nEF s VR R RN B R IR B AL T A
7o C, oS4 us lamellar 134X 8o ilmenite % [ %i4 % hematite T 5,

(2) ilmenite % @RURNCTER S 5 & F 7 VIR B RPN B Py i e I A

oA T, oA s lamellar WAL Imenite T WK RIS o b O Th %,
L DR L D2 Tk wd Fe,O HIME L Tw Al 3 v s,

(3) magnetite-ulvispinel H O HEFH Pl Wvospinel ¥ U < ¢k, FAVrise 55
% AT D b D IR AT B AL R S AT e B T, oM b (2) O & Tk

lamellar # L -C ilmenite 238t %,
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