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Abstract: A selective chlorination of titaniferrous magnetite in a fluidized bed reactor was investigated to find the op-
timum condition for selective removal of Fe component from low grade titaniferrours magnetite ore and to produce a ru-
tile substitute from titaniferrous magnetite ore. The optimum chlorination condition was determined to be a temperaure
of 9507, 2hr of reaction time, reducting agent(petroleum coke) to titaniferrous magnetite weight ratio of 0.12, and Cl,
gas velocity of 5cm/sec. Under the above mentioned condition, 99% of Fe in titaniferrous magnetite was removed and
the reaction residue which became rutile substitute was identified as rutile by x-ray diffraction and was found to contain
70% TiO,.
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Fig. 1. Standard Gibbs free energy changes for
the chlorination of some oxides.
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Table 1. Chemical Analysis of Sample Titaniferrous Magnetite

Comp. TiO, Fe,0; FeO MnO Si0, MgO Ca0 V.0, Cr,0,
% 20.88 51.58 20.66 0.45 0.17 1.52 0.55 0.48 0.02
Table 2. Chemical Analysis of Petroleum Coke 3.2 4 &

cokes calcinated P. C | uncalcinated P. C
comp.
fixed C 98.5 % 90.2 %
Fe 0.03 % -
P 0.002 % -
S 0.8 % 1.15 %
ash 047 % 0.3 %
volatile matter iy 8.0 %
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Fig. 2. Schematic flow diagram for the selective
chlorination of titaniferrous magnetite.
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Fig. 3. Sketch of the fluidized bed reactor in this
study(length unit : mm).

oA Fo $53 W12 EHE darkag g4
e MEE 448 W20} GES sot Sg

FHste, A3 A 33, 1992

Nitrogen cylinder  10. Temperature controller

ZpEAI RS 720 443}t B9 AYS gEE
1749 9 (49 AA: lmm)ez 3 perforat-
ed quartz plate(W7 : 2.5cm) & AXslgden 1 ¢
ol A7 5mm9 quartz F3E& oF 15g(W7A 3.5~
4.5em8] Eold] #F)E packingsle] AAHq spa
P 998 HEF sol $ERFEANY sug
ging@45} chooking ¥4& WA} ko) Az
o EQA] ol mpAk RS WANES a9
ot o2{d AAAA Y 7|EL Fate Y ou] APL

3ol 2olAl A5 wigto g sgir).
3 e 2 A quartzu}ﬂ]?« nhEo]
IAL F Q=S shgen FFEELS pyrex

$o] Y5 Eof Agklglo-] g 2u }o
NEss JAasNES EAsk o et ukea
3o mjuke-o Cl, gas-QJr condenserdl| X% =X
wohE 7|4 AAEA COY CO, gas] &8}
25% 9] NaOH&-4% M3 F5eS 59 3
sto] AANT e WETES shoih. v
Nde FHZ0R)E Aeshn 28 PLRA
d AeLE ZA7)E A48l 29
A2 zAst9c) Hh2 o 0] zHo L]
FAT e dHddr} 252 Ax)
&9 cold-junctiong #* B A= pyrometere] o7
3} o] pyrometerd 2E& 7jFoT Z(JF)o &
7} AE ZAEHA gogy wloov 2 ZA3l1
2 eab= 45T oJHE HA st 53 uksy)
el sheehs 24 okdel @as0] ot ma
nometere]] & 1 & 4L F glgded o] ¢y
7ete] W2 iE f53 AdE 7gAe s AR
T A shsich

SteletAl g A 5el 94 petroleum coker
AulgE zAste wkgr)e) AMLzEY FFEM
d4a8A)el Cl, gast three
230 we

[e]

adaptorg A3t} 370¢] condenserd AAsli uk
uk-s-7]
]

2 R

4

o e T

o o

18 rlo 2 ¢
i

ro,
o
offl
ol
—z
M
o 2

purge gas¢l N, gas9}
way valve®} rotameter® k2
A AR EQIEEE shgo)

= 2o o]2w N, gasz
S WS FE3) purger]7 ¥ Feluixdy
50g4—} UAeko cokesT A Eie T Wb AN

A4 Aol derh ol three way valved jute]
Z43ke] w79 s ERE avlas FYstn



&3 WE7leA FeltAAGe) ddd st v 455

AAA FAsEAA A7 ub
ARE = HYsEe
Fig. 28] 12, 13, 14¢] condenser2 RuUjxn} o}7]4]
TEYE 53] AgsE 2 dustrh AEEY, A4
A= z2E TICLE 44 condenser(Fig.2 9
15)d AAEEE stgo). vluks- davprst 74
A& NaOH 499 F5ete E31o 337
¥ hoodE &3t whsA ¥lo 2 wj&A)3c}

H-3-A|7be] 28 W three way valved 2%
Qartaza wedue AR ey
purge A1 ¥ WA 2] AN oz
FYAIIZ v YR 2ES2 A Hslx
AR 25 Yol FRET 429 AHsto]
Aol elsle AL AAR ok Azt
A HE e P AxE Fed s}
AsES 2Aslgon, B8 o] HE AAE wa
< AAR HEAAANE AAFY Ti @ FeAig
5}e] Fedo) Hedaste ZAa5ct.

ojsh o] Fo2A Ti A9 dasidE gal
& glem o714 e gdishulee dslEe A
5 71522 thg o] Aegn.

234352 —AA "AAF9 Fed o
FEHUHE O =g SAES e &

derne) i ¢

N-A-
—or‘—"
£

=

.155 =Y oo 2 rlo

22

e B

03"..

4. Fn 4 o

4.1, oHjAE
411 BEIERIEE 54 958 2E[u,]
& 58 $EE A49 455 $28 @9

& 7lzdel Aol ol2iy Ha §53 £ug
Ageke HEAQL WP A4S 5o e gy

A4 FA3te dl$ graphd TAlsle] dg 5 gl=
“hst 132) ¢kow Ergun equation[16]0.2 73
T vk 28Y Eugun equationg AM-7] 9sjA=
TANRS YA, YRS Bx, TYE, 7
&, aspect ratio(L/D), solid flow rate$ oj2j7}x]
Zkel Aol AgsElojel dr}. =g B Agd] Alg
He darkid Hgo] folakx] gL Wt oz
AA AH-EEE 800~1000T 9] &5 Wejojng 2
& 53 59 AAo] golshx) g

AHER E AT ME AdrtAE Agsle Ay
A ol Ao unE T o)W AafA

foz 3o
Q=Qw Pl;toz
714, Q. : Cl, f%
Q N, 3
e Cl, v F
o N, "] &

Elgbabd g Ha ﬁ-%ﬂ' &&= cold systemO]]/q
447cn’/min®] o2 A FHSE R AAtsle AL
& 147 cn/secolm o] AL Pi7pAe] 1.14en/
seco] sgHct.

4.1.2. THAZY YTHN U HH Q=3 &5

&3 1719 vk glo] 2qlEs AukeE
o] 7k ojgel Ag, dWAUE ARE d7) &
AAe 2 AdA<l ]2 27), UE 9 HHe
T3 S5 5L P 328 Aot & Yo §E
3 SEe B3RS 23S o7)Ed o)2qls) A8
o G ke HEsA Falu werlug
&3 At £4 EsA "ok agng 3]’—14
5} kg v w1 RS &

Tt olgq Ml?. A Al §iApEo “}?7]
ERY fE54 g 242 Addstdof g,

EE 5 —1—31]%}?‘}4 37] aol7h & A¥ 5 A
o 2 EFFAAE /U 5 A 2 o)} seg
regation d4to] el = gJomz o)s} Halste
5 Wl 2 AR 2 g AFE $glo]
Bo] A=) 2o Qe o5 0|24 Azt
€ A&z A% AAgks 2 Ho)r} glo] Hriyl
e S50 AL o)$ ofel e Aolr}.

oldl me} & AdeMe 7+ LxoA Ak 7hxg)
A27kA] f%F 278}l expanded bed 2 ¥ 2LA
TS AHstd Feltz833 petroleum coke
& T8 EYFE RS kst Bgten 1
A DAERES 270 FIeh Eghu)go gs)
5 37T 7Y #4328 QxRE 27
< 73zt &gl

1 Az} gtelebald 33 petroleum coked] §lEE
X Table 3 g 4 o]glom ojo] e F7 gJAL 7
7k 44.573m, 70.064m= AL 4 Qlch 1e)a o]

J. of Korean Ind. & Eng. Chemistry, Vol.3, No.3, 1992



456 + 48 -

Table 3. Sieve Analysis of Titanium Slag

¥ W F

Mesh 100/150 150/200 200/270 270/325 325/400 Total
% 3.0 5.9 15.8 64.6 100
Dp(mean) =44.573;m
Table 4. Sieve Analysis of Petroleum Coke
Mesh 100/150 150/200 200/325 —325 Total
% 214 27.1 38.8 12.5 100
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Fig. 4-a. Effect of carbon type on the selective
chlorination of titaniferrous magnetite.
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Fig. 5-a. Effect of carbon ratio on the selective
chlorination of titaniferrous magnetite.
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Fig. 6-a. Effect of reaction temperature on the se-
lective chlorination of titaniferrous mag-
netite.
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Fig. 7. X-ray diffraction pattern of the residue

from the selective chlorination of

titaniferrous magnetite.
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Fig. 9. Metallographic observation by SEM. (a) Head sample (b)~(f) The partially reacted ore at

various reaction time.
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Fig. 10. Effect of reaction temperature on the
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titaniferrous magnetite ore to Fe chlo-
rides by the chlorination in the fluidized
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J. of Korean Ind. & Eng. Chemistry, Vol.3, No.3, 1992



462 THE-EHBR

Ngoz Ake] AAR & AL o] gho A
3He¢ Jehd g3 & Aoyt flor 53] uheAR
90% o)Al t}% vlxalgdrt. ol2id A= 900T
oj3te] LxxAF w7 Ti A¥o] |asr}
A AP =R dohe-5 on) sl AT A 9lct

822 1,000C o] nerE Ti AEe
AA3pe 7to] AP B o] o] LLolr= Ht
SAAES A7)7}h vk AIZbe] gl alet 544
Aelet. ol2fd s Ao wpe} 7pxe] mubg oz g
Fibo] 44 E ¥ Valenci Eq. [19]9] Fig. 10
o AskE AAE A4ste Bokoh 2 Ade Fi
113} 7}, Fig. 1114, & 4= gl el o] 950C
o)5}e] A%+ Valenci Eq.ol w-¢ & 2o} 1,000
Coldel A of7tel 2247 A At

i £ dFolA FelstapEge) Aeddantg
o] B]@A Valenci Eq.ol] & Z=ti= AR
gejeb B30 AR Addast A Cl, gas
9] ash layer(rutile)E ¥3% v]iks eleix @3
o 29 stite] SR AAGAY AR 5T 5 i)

T

T

T
1050°C /° i

[1-2/3X-(1-X)2/3]x 10°

L )

i

A
0 30 60 90 120
Time (min)
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cording to Valenci’s equation.
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