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A new smelting process of Ti via Bi—Ti liquid alloy is proposed, which comprises reduction of TiCl4 by Bi-Mg
alloy, enrichment of Ti in Bi-Ti alloys, and vacuum distillation of the alloys. In this study, the continuous reduction
of TiCl4 by Bi—Mg alloys and vessel materials for the reduction step were investigated.

Firstly, we demonstrated the reduction of TiCly by Bi—Mg alloys and the subsequent recovery of Bi—Ti liquid
alloys and MgCl, repeatedly. As the result, the alloys containing 5.2—7.4 mol% of Ti were obtained. However, it was
found that the reduction rate of TiCl4 by Bi-Mg alloys is much slower than that by pure Mg because of MgCl, layer
formed on the alloys, slow mass transfer of Mg in the alloy, and small activity of Mg. For fast reduction of TiCly, it
is required to inject TiCly into Bi—-Mg alloys.

Secondly, we kept Bi—10 mol% Ti alloys in stainless steel, soft steel, and Mo crucibles at high temperatures,
and measured solubility of each metal in the alloys. The solubility of Mo in the alloy at 900°C was 220 ppm, and
elution from stainless steels and soft steel was dramatically suppressed at 500°C . However, it was found that most
Mo in the alloy remains in BigTig at the segregation cell. To decrease Mo content in Ti product, it is required that
the vessel is cooled to lower temperatures than 900°C or the shorter time of contact between Mo and liquid alloys is
desired.
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OIE, 130T 10 hrDOTi #8570 10 BUL EA2HET 5
o BAPEMEDIR S BRI & 22> TV D Y, 20k 3 s Es D,

1w =

1-1 BOOTiORFEITALR EMES

A, T4 2 (TD XS B ~ORANE « LD S5 5T,
FDEEARWI IR EFE TR 70 FHE D> TW2RY, ZOFF
DBBET v A1 Kroll #: V) LIFITR, WLF 4 > (Ti0y) & a—
7 A, MR A (Cl) OGTH LA LT % > (TiCly) &~
IR A M IZL > TR TSR LT A HIETHS, 291
THLND THIMENE <, FEIAERD TH 5 MgCly LB
k> THAHATE /NS5, LrL, o7 a3l
BNy FRT a2 THY, TiCly ® Mg IZ X 2385t 56 3%
LWEEE PE 5 72 012 TiCly O HFEEE 2 HIRT 2 LB/ H 5,
I 51T, Ti & MgCly DA HE, SUSHMOEIR~DONH % &

*2016 4F 8 H 19 A% 2016 4F 10 A 25 A FE
2014 45 11 7 14 B, &R - F846 2014( FEA ) |2 THRE
Wi N ol T e 21 A R SR Y N 2 7 [ e L S R
2. R RF R T FERA B T35 i 7E B
3. IS B AR 2E R AE R LA ST R R Lo 0 Kpils LR 224
4. IER B BRI TR R R T i o
[ #8650 1 FAX: 075-753-5284
E-mail: materials_process@aqua.mtl.kyoto-u.ac.jp

F¥—U— P : Bi-Ti &4, TiCly ® Mg i# 50 , Hriflgiiv: , 72 o mEEME

(Bai) http://doi.org/10.2473/journalofmmij.132.199

Albany 7 > © 2 FFC 7, 08 %, Armstrong i, PRP1? 72
ERia R TIOH LW rE 2RI TE 7=, AR DT TiCh
D Mg iEICIZ X - T EEeE (M) I Ti 2 L7, M-Tiig
BEEDEBEITBMEIIC L > CTi 20+ 572 %
BRLTWS W coFov A TIET 4 —EilikEe LT 5
Z & TTi OWENEY 720, TiCly © Mg &It % EHAIIT 9
ZEMARETH D, TO XD REEE R A AV iR T e
TR > T T OEEREOR LRSS, x DI V—FT
il EICFERHRER T o7 Y, AR TIEZNERES Y,
TiCly Z3BC L ESICEROE E Ti 2 88T DiREE &5k
LW EAT 1D T ZITHET 5,
1:2 BESEBEORER

AAE B D Ti ORI 7 1 2T AT EC =
v (Ni), i (Cu), #igh (Zn), A X (Sn), $ (Pb), B A~ A (Bi)
BBESN, Z05HCy, Zn, PoIcoWTEIESATNG D,
Table 112 M-Ti o2 O HIRWILBIRE, 35 L UN900°CIcE i)
% Ti ORI 27 420, Ni % Cu lZERBERE S, Fxd
Tt TIE Sn <2 Pb I~ Ti DEMEHEITEN 2 & 353722 T

© 2016 The Mining and Materials Processing Institute of Japan




AT - Briman £ TAG—HE - FHTTH

Vol.132, No.12, 2016

Table 1 The lowest eutectic temperature in M—Ti system and Ti solubility in liquid M.
M-Ti alloy
SO::’:;:’)M Lowest eutectic  Ti solubility Note
temperature (°C) @ 900°C (mol%)

Ni 14)
(1455°C) 940 B

Cu 88315 _ Reduction of TiCl, by Mg and electrorefining of
(1085°C) Cu-Ti alloy were demonstrated '".

7n Reduction of TiCl, by Mg and vacuum
(420°C) 41919 mnm distillation of Ti-Zn alloy were demonstrated '™,

Sn 18) 18)
(232°0) 232 20 -

Sb 19) 19)
631°0) 631 20 -

Pb Reduction of TiCl, by Mg and vacuum
(328°C) Unknown Unknown distillation of Pb—Ti alloy were demonstrated '".

. Reduction of TiCl, by Bi-Mg alloy and vacuum

Bi 271 302 distillation of Bi-Ti alloy were demonstrated ¥,

(272°C) Continuous reduction was carried out in this

work.

TiO,
Coke

Chlorination

Cl, Distillation

Ticl,

~900°C ~500°C ~300°C

Liquid Bi <€
|Reduction ceII"Segregation ceII"DistiIIation cell

Fig.1 New smelting process of Ti which comprises reduction of TiCl4 by Bi-Mg

alloy, segregation of Ti in Bi-Ti alloy, and distillation of the alloy.

520 F72, TiCl O Mg @5t TR 5N 5 A4 0 Ti LD
Ti DEIFEICHIR SN D720, K& Ti ORRER AT 5 &
WEE LV, O, EESEOGERHILBI £72i3 SbICRbn
50, ShIL BT ARTREE &<, F72 Sb-Ti @23 K & Kk
LG EICIT A #Ee AT B (SbH3) DA G EnD, —FF
TBil, RIEA DI N—TTKE 7% Ti ORIREZFF>Z L8
oML oTe, £z, fERUIDIREER ) %R O X 5 72wk
OFEEOFREME bR STz, LLEDZ &, BRI NI
WFFE S 7= Zn TR, Bin 7 ADEEEE LTHEATE %
LEZI,
1:3 BAELTOTIORFEMALLZFLOEFE I OLR
Fox O 7 —71 Bi-Ti RIRKER 2 EBRAVICHeT L 20, Fig. 1
AR L9 R CREZMAEDE B 2B T 587
RTIORB T e v A RRETLH, 2O v XA TERHELENL
(Reduction cell) ~ TiCly & {KIRO Bi-Mg iZik &4z MG 1L, wo
FOGIT & = T o Bi-Ti IR G4 (T L 1 49 10 mol%) Z ARk T 5,

TiCly (7, g) + Bi-Mg (1) — Bi-Ti (/) + 2 MgCl, (1)

Fig. 2 10 R4 Bi-Ti ZARER 20 58, Z 0k 5 Rikike4 %
500°CHLHE £ THHEIT L BioTig (Ti 2 : 47 mol%) & AR (Ti
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Fig.2 Bi-Ti phase diagram 20,

JE 1 0.6 mol% ) IZ 3BT 5 2 E D, T, WL
(Segregation cell) TIXHEIR A4 % 500°CIZHAH L, BigTig & [HIILT
HZ L THEEPO T ZIEMT 5, TD%, 78/ (Distillation
cell) TIFHEZEAHICL - THEATDOTi & Bi #0895, 728,
Bt E NV CERKT D MeCly IZIERL Bi 2 7 Y — R &7 2R 0 M#
WX > TBi-Mgadd Ch ~tFHAEESND, Fx 0BT T 0k
ACHE TiCly O Mg 385121 5 SUEEE Bi-Mg &40 FHRIHI
TX B72%, TiCly DA OB 72 EAEE S 1,
Fio, WHTEALTERIZE LN D Bi ORI 2 ZEF /8L,
AR RICET 5= 3L X — 2 KIBICHIRTE 5, 2% TORF
ZE D, Bi-Mg A4&IZ & 5 TiCly T & > T Bi-Ti &4 1%
LNTEY, WEEAEE MgClh WEIEFEITH > THET S 2 &
LHLMcERTHS B, F, TiORIFEF Lo
Ti O¥EAE, BIOEZEREICL D Bi & Ti OGRSV THEE
REAZEDTEY, FEIZ YW TR THET 5,

ZOXIICHETROFEMEERNED NL T, HirakADE
FbICiEE e e v ot & kT 5 NER B H, & T, K
ZE TN OB T L& O T TiCly O Mg i#5% & Bi-Ti 40
B Z#R 0 R LATV, EEEO 7 v A TPHEIN D BESIZ O
THRFf LT,

(Bai) http://doi.org/10.2473/journalofmmij.132.199
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SRFE AR DPRA R Ti 1~ Ay DR % B <121 Bi-Ti & 4
PCHOLRERBEBMEINLIETH D, 8 (Fo) IXIAER Bi H~D¥%
fiRFE (612 ppm @ 900°C 23) AU/ & <, MMTHEE 22 2 M b5,
£/, BV T (Mo) 1E Bi TA~DIFEMEN Fe L0 b & HIT/h
W T hORMPED S & 72 BIRHAHIETX 5, AR5
T BI-TIi A& %E RE LIZEREO AT > L A48, #)k#ifk X O Mo
WO E IR CREEL, B8 T~OHBOEHE) DS EI/M
BEOENELZ DUV TR L 7=,

2. B A &

2-1 TiCls ® Mg iZEJTIZ & 5@ HEH7% Bi-Ti B2 DR & [EUX
AW TR Lo 2@ 0/ Bl'S 5 % Fig. 312, & #ERHC
B EENT ORI E Fig. 4 12737, REE CIEETAE
#+ (Reduction container, SUS304 %, OD 82.0 mm X ID 76.0 mm X
310.0 mm) PN T TiCly ® Mg 3t % 17\, SR MNOJE S %
B4 5 Z &L TBI-Ti ik G4 & MeClh 2 R ZEIA S 1, 2
(Vessel 1, 2, SUS304 @ | OD 4 inch X ID 95.6 mm X 185.0 mm) (Z
k3 5,
AREBRIIEEFE B L OUKSTIEED 0.1 ppm LA FIZ R 727z Ar 5%
HEKors7a—7Ry 7 ANTEmBES N, £, Biva v b
(a)

Glass cover:
=1

la

@—Bi,Mg
°

SiO, tube-

Thermocouple ]
and sheath

Heaterd
Tapping vent 14
Tapping vent 2+

IReduction container| |Vesse| 1| |Vesse| 2|

Thermocouple 4]
and sheath

[Reduction container] |Vesse| 1] |Vesse| 2]
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[Reduction container| [Vessel 1] [Vessel 2|

Fig.4

(99.999%, #h il SL MRS AE, 1641 @) & Mg 7 12 > 7 (99.95%,
FHEPE~ 7 3 v 0 DREREHE, 46 @) % Fig. 4 (a) D X 912 900°C
DIETERI~EAL, BEEEHR Uz, WKIHEER S 7% T
IR TiCla (>99.0%, Fiyeilist 3kklatt | 126 g) 2R L, Bi-
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Fig.3 Apparatus consisting of a container for reduction of TiCls by Bi-Mg alloys,
and two vessels for recovery of molten MgCl, and Bi-Ti liquid alloys.

Thermocouple |
and sheath

Heater+

|Reduction containerl |Vesse| 1| |Vesse|2|

SiOZ tube J

Thermocouple |

and sheath
Heater{
MgC[z- '
Bi-Ti alloy~ ,

|Vesse| 2|

IReduction container] IVesseI 1|

Thermocouple ]
and sheath

[Reduction container| [Vessel 1] [Vessel 2|

Schematic illustration of the apparatus at (a) supply of Bi and Mg, (b) magnesiothermic reduction of TiCla, (c) tapping out of liquid alloys, (d) end of tapping

out of alloys, (e) tapping out of MgCly, and (f) end of tapping out of MgCla.
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Fig.5 Profile of electric current between the reduction container and the metallic

sheath of thermocouple during transfer of Bi-Ti alloys from the reduction
container to the vessel 2, at which the inner pressure of the reduction
container was increased by 0.1 atm.

Ti IR A% ARk L7z (Fig. 4 (b)), TiCly OAGHE T#, 10 0f
PEFE L T2 6307 3 (Valve 3) B L, 2 OEILAERRD
DETLAREICAr FAZEANT L2 E CHEEBIP LT, SHIC
910 23 HEHE L7212, Fig. 4 (o) IR & O ITHIUAZR 1 76
TR ~Ar HAZEANL, Bi-Ti BE&DOMEX v & T %4T-
Tro Xy BV THETREC ANV 3 280, BINAELRL 205
Ar T AZEAN L TAT L A% (Stainless steel tube, SUS304 H |
OD 1/2 inch X ID 8.7 mm) NO A& &R Aas~L K LT- (Fig. 4
(), =D, 10 5HEE L, BIUES?2 2 5EITAS~ Ar
HAZENT B Z L TMgCly & [ 1 ~HEH L7= (Fig. 4 (e)),
MgCly DIEI %, EILRZAE~Bi & Mg Z HER A L T TiCly ®
BILEATV, LIBRILFBEOBEL 4 [0 LT, o3, AFEBR
FHREHEGR A B E L2720, MUSABROMEIZIZZ b 5T
SUS304 % FH 7z,

ARHEE CIIERRNOJE S BRIEI L - THELRIED Bi-Ti A4
L MgCly 253832 2 3K A, 72720, Wi ook
ILRBN DG4 L MgCly O R {zE A HEH 0 1, 2 (Tapping vent 1,
2) D& 725 X O ITAEDEEEEE LT 5720 (Fig. 4
(d), AEBRTIZEEXf D — A (Sheath, SUS304 Hl ) L& o
EOMIZ 50 mV O DCEEZHIML, ZOEOERMEN S A4
Ly =R L OEMERI Lz, —2 i aedetin 1 ERUE
SICHEIL, AEONEY v v 7 E{ToBEOERT a7 7 4
V% Fig. 512737, A0k L > TA4E & MgCl O Ui
BRET L, Aeny —R e bEEc 2 & 23 Fig. 5 bt
HEIND, TOEHIE, RERTIINESY v B2 FREO B
D UT- R R TR D A5 1L LT,

2:2 Bi-TiA€HIZETHRTU LA, &8, Mo DEREM

Bi-10 mol% Ti &4 % Fodf U 7ol 4 0> 4@ S I 4 i 1R T IR FF
L, o A&EPICEIN L& i EE ot Lz, £, T
TEER 10 mol% 7D K HICHELZBIi VY2 v b, BXOAR
VY Ti (399.0%, FEHISE T3S ) 2 MgO futi (v T
A RIFRUFEFT , OD 27.0 mm X ID 20.0 mm X 45.0 mm) (ZFEHE L,
SUS304 BUARZRNICELE L7z, D%, SUS304 AN Z Ar A
ATEME L TOLRBEIZ X > TER L, 1000°C T 45 KE R
52 L THER Bi-10 mol% Ti &4 & ERL L2, &4 XML
T MgO 22543 L, Table 2 (2759 SUS304, SUS316, SUS430, HiX
£ (S25C) 8 L O Mo U IC 2 E e Uiz, &% fiE
L L FREIC SUS304 BUAERAIC ArEf AL, 500°C £ 7213 900°C T
14-180 HIFIREF L ThrHARMEAT o 72,
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Table2 Specification of each crucible.

Metal Main component (wt%) OD x ID x H (mm)
SUS304 Fe—18Cr—8Ni 25x 15 %30
SUS316 Fe-17Cr-12Ni-2.5Mo 27 x 15 x 30
SUS430 Fe-18Cr 25 x 15 x 330

Soft steel (S25C) Fe-0.25C 22 x 15 %30
Mo Mo 20 x 16 x 30

2-3 Bi-TiAZOHH

TiCly ® Mg i#5t CA R L7z Bi-Ti &4, 3 K OVEVLERT. 1245
LNI-AEREHIE AT L, A ) —RBLRT v 77 ¢
N A FERAOCCHTE OGN E 1T 7o, Z DOk, EEETHEK
#% (SEM, KEYENCE, VE-7800) |Z £ 2 Wi filfik 0 #8152, B L O
TRV X — R X Ry BT E (EDX, EDAX, VE-9800) (2 & 5
KHOEEINTE2ITo12, £, BAETRENPSTERLEZA4E
Tk U TSRS 7 T A~ 7365 #11% (ICP-AES, SII Nano
Technology Inc., SPS3520UV) |2 & 5 & &EGHT 1TV, FHEDF
B 2 e LT,

3. HRBFUVBE

3-1 TiCls ® Mg ZFEI< & 5 EHEMZ Bi-Ti 2D ER & EUR
3-1-1 TiCls ® Mg BFHFICHITHETRBRONELBELEL

AEEB T Bi-Mg &4 % Fitl L 72 B In A4S TiCls ki (75
1.7gem > @RT, #5:136°C) % 0.934.63 kgm™ > h ™! THAs
T5HZETBI-Ti B4 E Ak Lz, TiCly 5 L 720 o
A DIRE 5 X OEN ORRFEAL % Fig. 6 12733, TiCls O LS
BAAATE 21 TiCls OKALITE - THIED B L, RWT—EREAYIC
FOGERICE LTz, 72720, K92 Rl 2> b N ELH O
MULR®, TiCly & Mg OB E R RBIT N5 2 & 03 b
ST, F7z, Fig. 7R X O ICHEBRIE T % O TTABRIESIC
IE Bi-Ti &4 & MgCl Bl L TR Y, Faf EHICiE Mgl &
Bi, =M T Z v (TiCly, AXUE @ 1.0 atm @ 927°C ) DIREH N H
WEET 1.7 em JEE, FRES 2 cm OLE T 3.8 cm ES TF
Bah T,

ARFEERIC 7382 Fig, 4 IR £ 9 ISEITER & [INE
AT D AT v VAEE I VT EERE L TR, O
7o, KA OMEZMBI (93 gem > @ 900C ) &
RREECTHL EET H L, FEMIITEICA N & B AN
E 01 85X 10 2atm MUEMET 2 = & CHIKE 42 EI A 5
NRAT D, EERICKERO PIHERTIZAT L AE DO L —
2 —WR L, [BICEZRONENME T L7z 72 DITHRIRE 4 H3 B
REICHA LT=, TEEMICIE, TIiCly 0 &8 G 21T 5 B0 Wi
HIZ2NED ER PGS, TR L CTAEeOEEZFIM Lz
VT LASHE DOEI 5 XA F X » 7 IZHIT 2 86ED
gL Z 2 Hihs,

3:-1:2 Bi-TI&€DNHEIR SBEORBNZNET LI L
I X 5T Fig. 8 1R T & 912 Bi-Ti ik A& 721 2 AR 2 ~
ik L, MgCh 2»B4yHEd 5 Z LT L, EILL7Z&40
SR LW 5B A Fig. 912, &40 HEd% Table 3 127
T, EBRES #2 L #3 TS OWER O SR ENEN, A4
& MgCly AL E S PEH 1 2 K0 HE< 72 - 7272912 MgClp
NEEL EBICE SN, 2D K972 MgClh DIRAIZELED
6T OFEE & A FEBEO BEMEIZ L > TAH %o IchE T
&%, Fz, EML7I2Ga0WimEIZe L TiT->72 EDX IZ L5 7E
BN I CLIIME 3, Fig. 10 I3~ v B2 70T Ofk
W b5 X9 ITHRIKAE A ~D MgCly, D7y BUTRER Sh
Tevotz, UL, B40 TilEIX 5.2-7.4 mol% & HERIIIK <,

(Bai) http://doi.org/10.2473/journalofmmij.132.199
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Fig.6 Time dependence of temperature and pressure in the reduction container
at reduction of TiCls by Bi-Mg alloys at 900°C. 74 g of TiCls was fed into
the reduction container at the rate of 1.72kgm 2h L.

Bi—Ti alloy

Fig.8 Bi-Ti liquid alloys viewed through the
observation window, which were tapped out
from the reduction container to the vessel 2
by pressurizing the alloys in the reduction
container.

Mixture of Bi,
MgCl,, and TiCl3

ry
Sa

o §

-
-
-
-

Resin

Stainless steel
container

Fig.7 Cross section of the reduction container. Mixtures of Bi, MgClp, and TiCl3
were accumulated at the top part surrounded by the white dashed line,
and the MgCl; layer on the Bi-Ti alloy was confirmed at the bottom part

surrounded by the black dashed line.

Alloy at the batch #4

MgCl, tapped out
with alloy at the batch #3

MgCl5 tapped out
with alloy at the batch #2

Alloy at the batch #1 and #2

Fig.9 (a) Appearance and (b) cross section of Bi~Ti alloys recovered in the vessel 2. The areas surrounded
by the dashed line show the MgCl, tapped out with the alloys.

Table 3 Results of alloy separation from MgCl and composition of the alloys.

Estimated composition
Batch Separation of Bi-Ti ¢ gi_7j alloys*' (mol%)

Analytical composition

of Bi-Ti alloys** (mol%) Ti yield*®

No. alloys from MgCl, (%)
Mg Bi Ti Mg Bi Ti
#1 Good
4.6 87.3 8.1 5.6%0  89.2%t 5%t 63
#2 Bad
#3 Bad 1.0 89.0 10.0 53 873 74 76
#4 Good 1.0 89.0 10.0 6.1 873 6.6 67

#I Estimated composition was calculated from supplied amounts of TiCl,, Mg, and Bi under the

assumption that all the TiCl, was reduced to Ti.

#2 Analytical composition of alloys was measured by ICP-AES.
#3 The Ti yield was calculated from the estimated and analytical compositions of alloys.
#* The analytical result of mixture of #1 and #2 is given.

Ti DU S TiCly DFI 30% 23 TiClz & L CiEra s Bi~%1k
Lzt TIN5,
3:1:-3 Mg ETHIZE TS TICly DETEENA L  AER

TILE TSR B ONE L5F, WONC L&D TiClz 23R S
NTHY, Bi-Mg A4 LD TiCly DETHE TRV EEZ DR
b, ZHUTH L, Kroll 5 CIk Ti OILEA 92-99.8% & HEHICH
< 262D 4 Mgz & % TiCly O3B THME IXIERT L, 0 & 12,
Mg ~® Bi DU TiCly DIEITCEEENT G- 2 5 T DOV TIRD
XoleBEgELL,

TiCls % Bi-Mg A& L » TETT 256, BEEMN/HI W
MgCly (1.63 g em™> @ 900°C 2¥) A3 A& i & 0T <, TiCly

(Bai) http://doi.org/10.2473/journalofmmij.132.199

LGB L OB M A IRE S D & TSNS, Tkt
L, #ili Mg (1.52 g em™ @ 900°C *) i3 MgCly LITig 1 Lo <,
TiCly & Mg O SUSHERUTAMER ST v, £, BG4 ET
@ TiCly <° TiCls O T SIS T EAWNE ) D R E~D Mg Ot
WMDBETHY, BEILISHNEETICBIT 5 Mg O EBEHIZHE
WENHD, B, & B IR D Mg DI BRI (yme)
WEIEFEIC/NE <, Bl 21 900°C @ Bi-20 mol% Mg iE A &4 Tl
Mg =001 TH 5 0P, 27w, BiMg A4 X 5B IERIG
OB I Mg OHA LY b/hEL, RS> TAET D
Mg B EE DS D T AUZEEE )13 S B IR R 5,

LRI~ 72 k512, BUGHER OB RS~ Mg Dk

© 2016 The Mining and Materials Processing Institute of Japan
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Fig.10 (a) SEM image of Bi-Ti alloys recovered in Vessel 2, (b) elemental maps of Bi, (c) Mg, (d) Ti, and () Cl by EDX.

Table 4 TImpurity content in Bi—10 mol% Ti alloys held in stainless steel, soft
steel, and Mo crucibles at high temperatures.
. Temp. Holding time  Impurity cont. in Bi-Ti alloys*' (ppm)
Crucible
(°C) (day) Cr Fe Ni Mo
SUS304 500 14 80 230 60 -
SuUS316 500 14 60 190 60 -
14 10 30 - -
10 100
20 150
30 20 40 - -
30 120
SUS430 500 (20%%)  (100%?)
50 60
90 90
60 80 150 - -
120 280
(90%%)  (150%2)
60
40
30 - 340 - -
60
(130%2)
Soft steel 500
(5250C) 30
30
60 - 60 - -
290
(100%%)
SUS304 900 14 1530 5150 2160 -
Soft steel 900 14 - 490 - -
(8250) 180 - 910 - -
14 - - - 40
Mo 900 30 - - - 220
180 - - - 220

#! Impurity content in Bi-Ti alloys was calculated from results of ICP-AES
assuming that the alloys were composed of Bi, Ti, Cr, Fe, Ni, and Mo.
*2 Averaged value.

AR, BUGOEREN I DK TIZ L » T, Bi-Mg 5412 & % TiCls
DETCEE 1T Mg OB A IR TEWEE 2 bND, ZDL)
7eFREIE Bi-Mg &4 TiCly 2K EiATe Z & TR TE 5 L
FEE A, FEBRIT Zn ZUABEIC F 7 D 0 S28k TIE TiCly Ok
KATREEAS Kroll ¥ 2 [5F2E 431kgm 2h D Eclbdsz &
BHERSNTNA 1D, 4%, Z0 k9 72 TiCl O&&~DK X iA
BHEAT HITIE TiCly 4517 F T HLE TRMBIE Y D7 <, Fibk
H7R M AR SN T T o AMBIOBIR N LETH 5,

© 2016 The Mining and Materials Processing Institute of Japan

j=-Mo crucible

Fig.11  (a) Cross section of Mo crucible and Bi~10 mol% Ti alloy held at 900°C

for 6 months and (b) SEM image of area A in (a).

3:2 B-TiE2HADELREDALEELFHINL T HOTH
W=

AHIHIZ Bi-10 mol% Ti A4 FMIHE L, @ik CREFHIREF L7
DA ORI EE % Table 412779, S00°CIIRFF L7354,
SUS304 F 72 1% SUS316 FH N 0O A 4212 1 SUS430 (2~ T 6
fELL LD Fe, Cr MIAH L TEY, AT L AMICE NS NI A
Fe X° Cr OWH ZRET 2 g B 5, 72, 900 CIZHREF L
T BATIEAT b AR K OMREIIC 3k 9~ 2 AR EE 73 i
TEWV, £oT, RIGHEmwEEZ S00°CITHAIT 5 2 &Iz K DikEH
DOFIAOFHEMENTE D DD, SROMEIOHERITH LV E S X
Do ZAUTH L, Mo BUHME TLREF L 72 B4 D Mo iR EIE 30 H
PLEOREFCIL 220 ppm TH - 72238, 14 HEOREFTIL 900C T
% 40 ppm Th o7z, F72, Fig. 11177 X 512 Mo Hitf & &4

(Bai) http://doi.org/10.2473/journalofmmij.132.199
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Ti DFHGH 7 0¥ 2OEFUIZIANT 7= TiCly © Mg 385012 1% Bi-Ti 40 Lk

Table 5 Estimated Mo content in Ti produced by the new process assuming that
Mo reaction container is used at the reduction cell.

Reduction cell Segregation cell Mo cont. in distilled Ti (ppm)

No. Temp. Mo cont. in Ti cont. after

(°C) alloys (ppm) segregation (mol %) Case 1*! Case 2%
#1 900 220 40 9180 420
#2 40 30 1670 250

#1 It is assumed that all the Mo remains in BigTig at the segregation cell.
#2 1t is assumed that all the Mo is distributed to the liquid Bi at the segregation cell.

O FAAFITIZ I Bi #1 & Mo R D 2 3 FE7R S 41, Mo FHIC Ti 1%
M ENienotz, 2O X 92 Mo IZAE&FITBWTH ki
ETHY, EHITERWVRETIEEE~ORH bR VSN D
LTSN, FEMEE LCHEATE 5 REERH S,

THHORERND, BILEAIC Mo OISR A L
HFIEART a2 ATHLND Ti HD Mo REA KENTHTET 5,
900°C DIRITLE MZHE T HEE~D Mo DIFHE, B I OMEITE
NTEIRSND AR TiRE, KBRBICHEESNLD Mo RE%
Table 5 (27”7, 7235, KD Mo IREIZZNZNIRD 2 D
A= ZZOWTEL L=, Case 1 TIHREHTE /LT Ti % 30 7213
40 mol% F T Lo A d B2 L, Wirfzlc Mo 134>
AT 2 BigTig FIZBATT D EE L7z, F£7-, Case?2 Tl
Mg, &TO Mo WNEIEBIIZKED E LTz, Case ] DA, Ti T
@ Mo I 1% 9000 ppm % # 2 5 A[REMEN H V., Mo OF|HIZ >
WA D, 72721, Case2 T Ti 10 Mo #EEE 1T 420 ppm
FTETT 5, ZOLITmITEMCEIT D Mo DifdH & BigTig
DBl Eh L Ti OMEIC K& g Ba 52 5, £ 2T, Mo #d
HHEPY T 900°CIZ 445 L 72 Bi— 10 mol% Ti (A& 4% 500°CIZ %
HL, Ti% BigTig & L TIRHT S H7-ERICEH T D Mo IJE %4y
MLz,

%9, Mo fHHH (OD 80.0 mm X ID 63.0 mm X 80.0 mm) |Z Bi
vay hEARCUTI ZFEL, 900°C T 24 FEFEREE L T Bi-10
mol% Ti IR A &2 FR LTz, WITIRIEEG 42 Mo #1175 (OD
372 mm X ID 37.0 mm X 60.0 mm) Z{&2{&E L THZ, 500°CIH
H¥ 25 Z L TBigTig Z#HrHi St7-, Z®& &, BigTig (X Bi lZlk
NTEEA/NS W, R EE~ L% B LT Mo B o R
ICEAET 5, ZHEFME LT, BigTis 2 Mo MM & & Hi25] k
FCEIN Lz, % Of%, Fig. 12 18T L 5 2z AT 54
&G H, EDXIC X 2 EESHTNHE4HITIE Bi# & BioTig
HH (Ti JRE : 42.9 mol%) MR I, ZOHEEO TiRE1% 28.9
mol%, Mo 1% 2.0 X 10”2 mol% (120 ppm) T&H ¥, Ti & Mo
DB AR5 D Ti o Mo #1420 ppm & T
MEND, F72, 900°C TOLREFREFA 24 R TH D Z L A B
THUE, Mo SR B A4 ~D Mo DIEHRIE 14 H MREF L
TofERD 40 ppm LD /S EHEHISND, T D72, Table 5
WORTHER & DE D, R/ IcB T 500CITHH S iz
B4 D Mo 13 BigTis ~MELEMICHBEL SN 5 Efffmshs, 20
JIZOWTIIAS %, ERNAMEZEDD TETH D,

PLEWCIR 722910, AT 2 L RS0 & o 72 8RBT
LB, Mo 1 Bi-Ti &4 CERIALENLEEEZRT, Lo,
TRATIRE LT 1E Mo 1X BioTig IZHBSEMIC R SN 2 BMICH Y, i
B2 T O Mo JRIENE S 72 R4 <, ZomNMBEESND,
A, Mo {BYE I 51213, EPUSHMOZEHEIZ L > T
Mo L AENET HHOIREEZ NF 5 &nExbND, £z,
AMFFE Tl TiCly O Mg %02 B M CIT o722y, EBEO 7otk
AT ORISR % B30 DRI M T 2 2 & ¢, KOG
FERD DD Mo OV Z NI CE 5 L MfFEihs

(Bai) http://doi.org/10.2473/journalofmmij.132.199

Fig.12 (a) Cross section of Bi-Ti alloys recovered by segregation of Ti and
(b) SEM image of area A in (a).

4. #&

AWFSE T Bi &2 72 Ti O WS 7 v & 2 2 HEsr 4
5728, Bi-Mg 412 X % TiCly O3 IE 2 # 0 3R Uil 91 F2 i
Lz, ZOFER, Bi-Ti 548 L O MgCl, ZIFEIRIED £ Bk
BT 2 Z ST L, Bk L OB N AETHL = L a2k
AEL7=, F£72, Bi-10 mol% Ti 4% A7 > L AFHC0kdH, Mo il
DOMFE L, SR CRERRFT5 2L TEE~DFRED
RHEZHE L, TOER, 900CICBIT 588 ~DORHE
I3 Mo HiHf &2 V72356 T 220 ppm Ll b R0, Thbk
ZUF, UTOE D RGBT REEANEREZBE L CTHOL N E o7z,
1) Bi-Mg &4 LT TiCly DI CRFRIFEL, K 30% O TiCly 1%

TiClz & L CGEAS R~ Xk L7, Zh~oxfn e LT,

TiCly Z IR G EER & AT 2 & TS EMRAET 5 ML 8N

HY, EBROLDITIET L AMBORBERLETH D,

2) Mo IT Bi-Ti 441 COALH R ETED BT L ORI
BHELTHE TH DD, G4 PIHEN L7z Mo iXfmirz T
BigTig FIZHEIEMIC A SN D, THITABBZEO TIICEEN
LMo ®EDHMTHZ LEEHRLTEY, 4%, TiCly ® Mg
35 TT O W R LA SO RS R A O I HINC & > C Mo BasDIEH &
S BRI T 2 NEND D,

il

BEE  ARUMZEISEIE R R I F2E (ALCA) OXHE£E %
O, Ta oy MRBUIHELER S - RS, £,
FEEHEO N (FARRE ) 13 HAAMHRE SRR ZE B 52D 2 D
Waz Tz, BRSAICER LR L B £ T,
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