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Background - TiO, electrolysis

FFC Cambridge Processl!?! ]

Electrolysis of TiO, in molten CaCl,
- potential alternative to the current process

| :
{ Reactions
 Cathode : TiO, + 4e- > Ti + 20~
CO, * Anode :C + x0?% — CO, + 2xe
_ ) | Advantages
\ * Possible to be operated semi-continuously.

» Simple process

Problems

 Low-cost TiO, purification process
Is not established.

* Low current efficiency!®!

« Jarbon contaminationt! ]

Molten CaCl,
Cathode: TiO, Anode: Carbon

[2] G. Z. Chen, D. J. Fray, and T. W. Farthing, Nature, 407, 361 (2000).
[3] S. Jiao and D. J. Fray, Metall. Mater. Trans. B, 41B, 74 (2010).
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Background — Carbon contamination

How does the carbon come to cathode from anode?

Origin1 : Anode fragments Origin2 : Carbonate ions
Emitted with anode consumption Cathode : CO,%> + 4e- —» C + 30~
Anode :C+30% —» CO,* +4e
II |
| |
10},
Carbon COy
Fragments ?
o 0032-<\\
. 52- -4
Cathode: TiO2/Ti Anode: Carbon Cathode: TiO2/Ti Anode: Carbon

——

°’reventable physically by diaphragm  Unpreventable by diaphragm
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Proposal : Electrolysis under vacuum

Vacuuming

Acceleration of CO,;% decomposition and CO, removal

¥

Prevention from carbon contamination

But no one has ever tried
molten salt electrolysis under vacuum.

COy
Cathode
TiO, + 4e- —> Ti + 20~ 7 ? ?
£ S=—g——==30% prevented
Anode

C + xO%> — CO, + 2xe
C +30% —» CO,* +4e

Electrolyte
CO,> - 0% + CO,

Cathode: TiOo / Ti Anode: Carbon
accelerated

8
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Objective

Revealing the effect of vacuuming
during TiO, electrolysis

- Examine the acceleration of the decomposition of CO;*
— Weight loss measurement of CaCl, - CaCO,

* Investigate whether vacuuming is effective on the electrolysis
— Electrolysis of TiO, in CaCl,
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CaCl, CaCO;
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Vacuum

2®

®—>

Viton O-ring —»-=

Stainless-Steel —>»
Vessel

Heater »

Stainless-Steel —
or lron Crucible

CaCl, + CaCOg

—
Ar QOutlet

(800 °C)
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Weight loss measurement

Decomposmon ratlo of CaCO3

100 — :
SU ppOSGd reaCtlon ........_:_._._,_......................... "“ﬂ
CaCO;, - Cal 60

Theoretical weight loss is
44% of CaCO, weight.
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® Vacuum
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Decomposition ratio
(Weight loss)

" 0.44 x(Initial weight of CaCO,)

T=800 °C
CaCl, - 30 mol% CaCO,
Initial weight : 3.7 g
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Time / min

o

 Vacuuming accelerated decomposition of CaCO,.
» Decomposition ratio did not reach 100%.

— Small amount of CaCO; remained? »
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Weight loss measurement

Why did not decomposition ratio reach 100 %?

» Small amount of CaCO, remained?

— It was investigated whether CaCO, remained in the sample.

If CaCO, remains,

white precipitation appears in the right bottle.
lArInlet Rubber Stopper
foutlet Left bottle : 2HCI + CaCO, —» CaCl, + H,O
|

| \’
HCI aq.\ Y 7/ \TJ jh Right bottle : CO, + Ca(OH), - CaCO, +
‘ |

precipitation

O
Sample | ¥ 1k é)%
R0 Iho

Gas collecting bottle Ca(OH), aq.

— CaCO, did not remain in the sample which decomposition ratio was 95%. 12
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Weight loss measurement

Why did not decomposition ratio reach 100 %?

» Small amount of CaCO, remained?

— CaCO, content in the sample was analyzed by the chemical method.
— CaCOQO, did not remain in sample which decomposition ratio was 95%.

» Another reaction occurred ? wEgniess
Initial weight of CaCO, '~
Supposed reaction : CaCO, —» CaO + CO, (1) 44%
Another reaction :CaCO, —» CaO, + CO (2) 28%
fl Another reaction : CaCO; + Fe - CaO + FeO + CO (3) 28%
crucible

— Apparent decomposition ratio did not reach 100%.

=) Anyway the acceleration was confirmed,
we carried out electrolysis of TiO.,.

13




Electrolysis

Ti‘O2 powder

Pressing | 392 MPa 10 min

‘ ArInE)t
Sintering | air 900 °C 24 hours Vil @
¥

Envelopment by Ni mesh

|

Ar Outlet

—>
“iSVacuum

Quarts Glass
Tube

Inconel Alloy —
Electrolysis g . Reaction Tube

cell voltage at 3.0V 1M Hea"ef*h }

5 hours Thermocouple H
800 °C Stainless-Steel

Crucibl

vacuum / Ar 1 atm riemie V
Grassy Carbon
Washing by water Ti
TiO, Pellet

1 in Ni Mesh —

CaCl, (800 °C)

XRD analysis

1cm 14
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Electrolysis

XRD patterns of electrolysis products

o o-Ti (00-044-1294)
v TiC (00-032-1383)
v
3- |
S * e
> | N A |TiandTiC
2 . -
o | Vacuum i
< |
° °
| : .
. JL,J\J\_ ) N AT only!
""""" L L L L
30 40 50 60

20/ degree

iIC formation was prevented in electrolysis under vacuum!
Vacuuming is effective for prevention from carbon contamination. 15
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Summary

» Weight change measurements of CaCl,-CaCO,

— Vacuuming accelerated the decomposition of CO4>-.
* Electrolysis of TiO, in CaCl,

— Vacuuming prevented the formation of TiC.

Vacuuming is effective for prevention
from carbon contamination in TiO, electrolysis.

16
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E—mail: ohnishi@kansai—tlo.co.jp
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