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Gas Generation Reactions during TiO, Reduction Using Molten Salt

Yasushi Haraguchi™, Ryota Shibuya™, Shungo Natsui**, Tatsuya Kikuchi and Ryosuke O. Suzuki

Faculty of Engineering, Hokkaido University, Sapporo 060-8628

Titanium dioxides were reduced to metallic titanium via molten salt electrolysis using CaCl,. It was reported that the efficiency was low
because some side reactions produced carbon precipitates. To produce titanium more efficiently, these electrochemical side reactions were ex-
amined by cyclic voltammetry (CV). O reacted with the carbon anode to form CO and CO, gas bubbles, which easily dissolved into the
molten salt and formed COs>, subsequently generating carbon powder. CV was performed after interrupting electrolysis temporarily. The
electrochemical reduction of CO3”" in the cathodic scan was not observed, suggesting that CO3>~ was spontaneously reduced by Ca during
electrolysis. Anodic reactions preceding Cl, gas generation occurred in three steps: CO and CO, gas generation related to 0>, and successive

CO, generation related to CO3>".  [doi:10.2320/jinstmet JAW201901]
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Fig. 1 Illustration of mechanism of OS process.
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Fig. 2 Schematic illustration of (a) furnace, (b) cathodic CV measurement, (c) anodic CV measurement and (d) electrolysis.



444 H A & | % & 5k2019)

23 EBRFIE

231 EFETICHED CVAElE

<7 AT TELOIF (N9 mm, B E 200 mm) 2 600 g
DIFAL IV > 7 ZAFH R 90% DL F) 2 AL, CaCly-0.1
mol% CaO & 75 L)AL A V¥ 7 & (R 99.9%) 2R L
7o MZETFTUBKETHML, 1.8ksiffiiE$ 52 & TH
Bt okSEBRE L. ZOBRGMHAE ArlEH L,
833 x 107" m*/s DR CHA L7, BB L CcvillE
D RFEBR, CV IO Mo B, SIEME 2% LiAA,
Fig. 2(b) ® X 9 ZREHETH Y — FHHO v ZifllsE L7z il
FEHRE HIC Fig. 2(c) ICHMZ R EEZ, 7/ — FHO CV
ZMlE L7 cVillEsR, b7y o (7TFHy—¥E, #
BE98.5%) A ateF & VM Z 2 LiAA, Fig. 2(AD X9 %
WM CERFZIT- 7. ZOBE, K(5) > TRILARTH
LWMILF 7 v OEHEERICL) DAV Y7 AHR(2)1C
o T T2BARLTUREMBELARE Q LEHEL, HIM
BAEQ LOWTH D 0/0)(%) THIMI L7z, Fig»BELE
RN, HERBEFHABEZCCVHllEERITT-72. 2hb
DOFNEZ BEMABRETIT) 2 & T, BFETICEY %L
WZHRIBS % CV 2l L7z, CcVillEix s v — il 5470,
#V— FHNZEHRREREM 2 S 22V FTHlEL, 7/ —
FHENE EARERMDS 15V T TRHE L. EREEEIX
50mV/s & L7 &8, £4DBMEERTHALIE LT
30 s LN THARREEMZMWEL, S5I1230s HARRIEE
RLTIRFEL 72,
2.3.2 CaCO; Z5&MNL 7= CV BITE

2.3.1 LTAEED 5 DIFIZ 600 g DAL A V¥ 7 DR Z3EA
L, HEZEFTIITB3K FTHMLZ. HEZEFT24 h D EEE
T5 2L THMETORGEZREBYBRELZ. 2ok
TR E Ar lCE#H L, 833 x 1077 m®/s D # CTHl& L 7.
CV M H O i FHEM, Mo BME L IS HEME 7% LiAA,
R LZBIC eV 2 E Lz, cVillER, <Ly MRS
I L 72T € & D CaCOs & 0F R SIS AL, 5
H5FET36ks B L72RIC eV ZME L. oV ille s
23.1 LKETH 5.
233 TEEMEREICLDTEDH

23.1 LD TFNET 0/Qy=50% T TEM LK, CVO
V= lih o8B EZRELTT / — FICH L CEBMEMRZ
o7z, BEMEMN, SAEIMEEI0BERLTVRDEZ
LR L 721212 60 s O BB & 4T - 72, & BALEM
%, TR REPHE S TREROITEBES 0% 2R LT 5
L EMERLIR RBEDEMTO0s OEBMEMEIT-
7o, B L 7-RAROULE L EN S, SR ER T EBAE
R OEME QO THRTAHI L TEMNY Y oM EREZ
FHL 7.

3. WBREEE

31 AvV—KRID

TS D BRSO & FIINHIC Fig. 2(b) DEMTH Y — K
Mo CV # e LR % Fig. 31087, 2oL SEAmIE

%83 &

EBYTF Y, I RERE L mEE 1173 K, HUINE
RIE Q1 0/00=0%, 50%, 100%, 200% & L, ThZFh
IR B L OEMBALE2 S 1.8 ks, 7.7ks, 21.1 ks 2D CV
THhb. Fig3L0), ADSDD4DODOY -7 HFEATE,
BLZDHRIETHA COE—ZITZENEN Ag/Agt ZIRE
WIZHLTH -17VTHY, ERANVITL2ONEB LT
BIRICHIELCTWA, THUEHBIRT 27/ — FRIEOD CV 12
BOWTHERENBIZ+14VTHY, HLHINVYTLD
SIREBIETH 2 31V E—FT B2 Lnb, MEHNOKD
VOL)BRBEOWETH 72w Db, T, ABXUD
DY—=271%, DEAVRBBIZHBEEORMTRIGAED
TWbZEDh, DIFADHRIETHLEEZEZLND.
7o HITANB 2 STRA L72ARIIEEZE 212w ehn, R
WICHAET BALERIC L B DTH B, ZA1EH{LFMHITS
IREMPLEY 7V BBIHEH LAV ay, o0
L7 AV ARMEEVEZOND. FH U, HV—
Nl OBOEfEE E) 757 & L2 & TF ¥ VidRo
WCHEG LW, &5, F7UBAF b T56 5 LIETHE
b7 % O F FHERUEHFIEN L L oW 35 F 5 08
FHLTWBEREZIZ W, 72, WERDOEY) 7T VE
BASBAEIZEBELTW2Z e 5, DOGTHH L72WE
O—HHREMIAE LT EFTHLEILENEZONS. 2
TEY 77 VEMROMWIG % SEM 5 X (Y EDS % WV THEI%
L7
Fig. 4 (2 YV — FZEOBIERAME LTHWAEY) 77
UREBEERYIR L, TR UBHIEICHD T % BlgE L2 o
SEM BXWEDS t#E~ v ¥V 7 %Ry, SEMELY, €1
T VBEBMEMICOORL 2@ HETE 5. EDS L
Ry Y TORRE, AV ARiRE, WEREEH
HLTWB—), BEMTHLEY 7T o) a i
AL TV DA MHERTE L. SEMIBOREREEDED
ZET, BYTFIRENVY AV EMShDOEEETLKL
TWb I EFbhorz, ZOERNELT, (A)Fig 50X)
12 SiO, A&/ CalC X D BIL SN AL, dLLIE, (B)X
(IR T L9 I A 4 V12 X 2 Si0, DL A
HEUDEE, PUHETHLEEZLNS.
Si0, + 0% — Si0;2~ (13)
(A) D&, YV — FlERERICEVEL-ER IV
YLD, BREMHD LZEY 7FVEBICHVWLRTY

400 r C T T )
A\
o 0
5
<<
£ oo |
2 — Q/Q,= 0%
g — Q/Q, =50%
T 8oy — Q/Q, =100%
£ — Q/Q, =200%
© -1200
B
_1 600 L 1 Il 1
-25 -20 -15 -1.0 -05 0.0

Potential, E/V vs. Ag/Ag*

Fig. 3 Cyclic voltammogram of cathode at various steps of electrol-
ysis.
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Fig.4 SEM and EDS images of Mo electrode using working electrode at CV.
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Fig.5 Schematic image of Si deposition on Mo electrode.
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Fig. 6 Cyclic voltammogram of cathode at various concentration of
CaCOj in CaCl,.
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Fig. 7 Cyclic voltammogram of anode at various steps of electroly-
sis.
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