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Abstract: This study investigated the sources of organic impurities in refined titanium tetrachloride (TiCl;) and

proposed corresponding control strategies. The results indicate that during molten salt chlorination, oversized particles

of titanium slag or petroleum coke, as well as excessive of TiO, and C in the molten salt, significantly increase the total

carbon content in crude TiCl,. Furthermore, mineral oil with a flash point of 210 °C and a total aromatic hydrocarbon

content of 81% can effectively reduce the residual total carbon content to 80—120 mg/kg during the vanadium removal

process. Through calculations, the maximum allowable empty tower gas velocity in the sieve plate distillation tower

was determined to be 0.71 m/s, with a suitable empty tower gas velocity of 0.57 m/s. By controlling the extraction at

2%—8%, the total carbon content in the final TiCly product at the tower bottom was maintained below 20 mg/kg,

fulfilling the separation requirements.

Key words: titanium tetrachloride; carbon content; molten salt chlorination; mineral oil; distillation tower
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Fig.1 Matrix diagram of CH,CICOCI, CHCI1,COCIl, CCl3COCI, and COCI, content in CTT

%= 1 CTT & CH,CICOCI, CHCLCOCI, CCLCOCl, COCL&EEMBEX:NHER (mg/kg)
Table 1 Correlation analysis results of CH,CICOCI, CHCI,COCI, CCI;COCIl, and COCI; contents in CTT

CH,CICOCI CHCI1,COCl CC1;COCl
CHCL,COCI Pearson correlation coefficient 0.917 — —
CCIL;COCl1 Pearson correlation coefficient 0.925 0.828 —
COCl, Pearson correlation coefficient 0.917 1.000 0.828
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Proportion of petroleum coke particles larger than 0.15 mm/%
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Fig2 Oversize particle percentage of petroleum coke particle size
corresponding to X(CH,CICOCI+CHCL,COCI+CCl;COCI+
COCl,) content in CTT
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Table 2 Partial organic composition and total carbon content in CTT under different chlorination process parameters

Chlorination process

Impurity content of some organic matters

Total carbon

parameters CH,CICOCI  CHCLCOCI CCLCOCI cocl, ccl, content
Abnormal 22-46 130-206 25-68 28-45 0-16 110-160
Normal 3-18 6-52 3-20 0-11 0-11 20-50
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Table 3 Physical and chemical properties of mineral oils A and B

Total saturated hydrocarbon Total aromatic hydrocarbon

Mi 1 oil t Vi ity/ 257! Flash point/°C

ineral oil type iscosity/(mm”-s™) ash poin content/% content/%
A 24(40 °C) 153 84 15.6
B 18(100 °C) 210 18.33 81.00

F4 RIAREPTYPHEREM TICLNEKRESE

Table 4 Comparison of unit consumption of mineral oil and total carbon content of TiCls in vanadium removal test

. . Unit consumption per ton of CTT
Mineral oil type . . -1
mineral oil/(kg-t")

VOCI; content in Total carbon content in
TiCl/(mg-kg™) TiCl/(mg-kg™)

A 1.2-1.5
1.0-1.4

<3 120-251
<3 80-120
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Table 5 Parameter adjustment methods for increasing recovery rate 7

Arrange mode Increase reflux ratio

Increase recovery ratio

Increase recovery ratio  Increase recovery ratio

Invariant F. xpv g~ D F. xpv g V' Fo xps g L F. xpv gv R
Independent variable V't L) 14} V. LY
Dependent variable Lt Dt D1 D1
Changes of volatile components
g p xDT XDJ, XDJ, XDJ,
at the top of tower
Changes of volatile components
g p le le le le

at the bottom of tower

£ 0.55~0.57 m/s, AHELEIREE R, RHHEXTHE TiCl,
AT EAERRENEW. R DF EHE
2%~8% G [H N, BEREIHN R IEIE TICl /= an b BBk & &
AT 20 mg/kg M B EEK . B 3 L 2 N H A
7 HUAS [ SR H BEOG RERTAS TiC L, el Bk & 2 G vt 20

'S
5Y
=4

g

=

o

(=]
T

Total carbon content/mg * k
oo oW ow
T
-

O'O [ 1 1 1 1 I 1 L 1 1 1 1 1 1
1.00  2.00 3.00 4.00 5.00 6.00 7.00 8.00
Recovery ratio/%
K3 SR XS R RHRS TiCl, SR & &
Fig.3 Ratio of distillate from the distillation column corresponding to

the total carbon content of refined TiCly

EH T 3 AT, RS R IR SRt ERAR T 2%, K TiCl,
SRS R 20 mg/kg, e DA B R 4R AR 2R

o K TEES 1R H EE AL T 2%~8% 30 [l I, 25 TiCly
P R S R A BE R FRAE 20 mg/kg LA R o {H 4R S 4E
mR G, TR SR R SR AR, i H
23 TICl, MW R, [RII3E 2 30 A2 7= AR
ANFI T A 72 R 2 5 1 U8 AT

4 £

(1) Bk RAEIE 0.1 mm B EEE I 10%, 5L
A RLR KT 0.15 mm (O LLBERE 20%, PLRIE
b TiO, B C F &L T 1.5%30B T 7%, A7 H i
¥ TiCl, 77 i CH,CICOCI, CHCI,COCI. CCl;COCI.
COClyy CCly LR st & 50K i 3 3

(2) NATIEF] 210 °C. B HFR S EIEF] 81%M)
WA BT AR BR U R TR o> TiCL, Tk B e Bk

H

| 20

EE, FHARREE 80~120 mg/kg HIVEE A

(3) &b 5, HARORS TR A 1 B R o VS B R
N 0.71 m/s, JEE AN 0.57 m/s. TERE THES E
BHE TiCly 24 S8 & 240 T 80~120 mg/kg 76 B,
WK LI TE 2%~8%3E Bl N, [ W] 2 35 iK TiCl,
PE R R S AN 20 me/kg B4 B ER
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