HOKKAIDO UNIVERSITY

Title (CaCl2+Ca0)ARE EfRICL B Ti-6AL-4V L DEBTERK

Author (s) BH, & B, H—; B =

BA&EF R, 72(12), 921-927

Citation https://doi.org/10.2320/jinstmet. 72. 921
Issue Date 2008-12-01
Doc URL https://hdl. handle.net/2115/74864
Type journal article
File Information J. Jon. Inst. Met. 72(12) 921.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




BALSEFAHE F£ 724 512 5(2008)921-927
BE [F5 02 +45 Z{LHEE

(CaCl,+ Ca0) 5mhis
E=ITE K
A HF Er fie]

JeiRERFE T 0

BIE(C X D Ti-6A1-4V §€D

=" HATHW
FrbPRHERF %

J. Japan Inst. Metals, Vol. 72, No. 12 (2008), pp. 921-927
Special Issue on Strategy for Ubiquitous Titanium Alloys
© 2008 The Japan Institute of Metals

Synthesis of Ti—6A1-4V Alloy by the Electrolysis of Molten CaCl,+ CaO
Hiroshi Sakai*, Yuichi Oka* and Ryosuke O. Suzuki
Department of Materials Science, Graduate School of Engineering, Hokkaido University, Sapporo 060-8628

A new process is developed to synthesize the precious alloy directly from the oxide mixtures. This process consists of cal-
ciothermic reduction in molten CaCl, and electrochemical reaction for the recovery of Ca from CaO in the same bath. The molten
CaCl; can dissolve Ca and CaO for complete reaction. The oxide mixture consisting of TiO,, Al;O3, and V,05 was prepared. Either
a simple mixture of oxides or its calcined sample was reduced in the molten CaCl, + CaO. The obtained metallic powder was iden-
tified as T single phase and it contained only about 3000 mass ppm oxygen. Although its metallic composition was close to Ti—
6A1-4V, this reduced powder had a broad compositional distribution. This inhomogeneous distribution was improved by the sub-

sequent sintering in argon.
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Fig. 1 TIlustration of experimental apparatus.
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Fig. 2 Relationship between current density and electrolysis
time.

(CaCl, + CaO) {FRlEEMIC X 5 Ti-6A1-4V £EDRTTERK 923

LR FE ORI LR RIE &7 B0/ EE 2 BTV
21,

£z, BMERLMEITHIz- T, BRSO HER S
L EPHBICEZEI N/, Fig. 210RLck21C, Thid
Raw & Sintered ORI O ZEICHBL TWAHBETH -
7o SHUBSRRERT TRIEA A M AR DR 9 C LT, —
BFICTERMED A L L /c/cdiéE2DNS. COZ LITR
SREMEBEE N BROAIE THEBPEL H X DICHEL TV 5
ZENBLBMZA.

Fig. 3 13E MW, ERBORFEEBMOGTETHS. FlziL
TEMBTNIEE 10.02 mm TH - 7oh, BEMEICR D - 7285845
(FEEE 9.87 mm & £AEFNCHA L, WAL h TS HITH
SINCKEAEL TP L XD BRELABBESNZ. Th
ISR CHLRBEDPBRPICECBEA AV ERHEL T
MRALIRF I L O ERFE & L CTHEH S ABRICAE L 72 d D
REEZOLNS.

¥, HEBRTHNSEIRMEI R > Th7eh, RO
SPEREDOF 7e & OB O Gk & 1TBI#ME AT B g p
S7z. ko T, ERBOERMAZE T 5 ERITFEHMIO 5
PETId7e <, EREEESBEROBRERR L & OEBROFE
ZMETHY, INOLEHRIVLTETRADP L DN
72D, BEOMERLVM LTS EEZONS.

3.2 BEFRRELBXEOREM

WMERELREGBRFOBRREOHEBIC OV TR 1T
. EBREMBS XOBES R, XRDIC X 5 HFEERSR
%) T Table 1 ISR L 7.
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Fig. 3 Photographs of the carbon electrode before electrolysis
and after electrolysis.
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Table 1 Summary of experimental results.

R Starting Supplied Oxygen ~ Phases
un Oxide charge concentration indentified
Q/Qv(%) (mass%) by XRD
0 40.6 TiO,, Al,03, V505
Exp. 1 Raw 111 89+1.4 TiOy 325
Exp. 2 Raw 187 55+0.7 TiOy 325, TiC
Exp. 3 Raw 200 45+0.4 a=Ti, TiOg 325
Exp. 4 Raw 289 1.0+£0.08 o=Ti, TiC
Exp. 5 Raw 502 0.32+0.02 o Ti
Exp. 6 Raw 517 0.30+0.02 o Ti
*a8.0+0.3 TiOg 325, TizAl
Exp. 7 Sintered 115
*b 24.6+1.2 Ti,0, CaTiOy
Exp. 8 Sintered 125 7.5+0.9 Ti0¢.325
Exp. 9 Sintered 174 5.3+0.4 Ti0.305, TiC
Exp. 10  Sintered 351 1.9+0.2 o~Ti
Exp. 11 Sintered 490 1.8+0.2 oTi, TizAl
Exp. 12  Sintered 517 1.5+0.2 o~Ti

*a : outer part of the columnar sample, *b : inner part of the columnar sam-

ple.

12

A Raw
1) J) EESSUENE b (AUTS——

® Sintered

Oxygen concentration [mass%]

0 100 200 300 400 500 600
Supplied charge Q/Q, [%]

Fig. 4 Relationship between oxygen concentration and sup-
plied charge.
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BoNFAR D XRD IZ L B HAEXTT - /2. &R % Table
11279, Fig. 2 1R+ EBRE 500% OERFRIC &« O
FE G %2 /- Table 1 OFERERO L GHE TELER{T-7C
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WA LT % 5 ks DIRE (FESE 200% DL ) TEERD
BiEE 3 TN TS T LKL 7=,

¥, BEREQ/Q=187% D Exp. 2 Tit, KEIZHEEL
7o 1 mm BEORIRMRBE LN/, BRELT S LICER
TIH IO XD ITHELSBEHEL T DT, MRRICEL, &
Wr#q7- 7.

BRE Q/Qy 3% 500%12 7% % L PRI E 75 3000 ppm %
THiM 2 ST L, XRD OHFEDR TE o Ti OHE &

Relative Intensity (a.u.)
T
1

Commercial ® °
Ti-6Al-4V / . ® 2 S AN
30 40 50 60 70 80

Diffracted angle, 2 4/deg (CuK o {)

Fig. 5 XRD patterns of the samples obtained at Exp. 4 and 6,
and that of Ti—6A1-4V bulk.
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T EBICETT AT L, BERITIE, OIS0
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K& H, 1400K, 234ks THEHS L 7= Sintered &kt O
XRD HIEFE R TE, BEREITERTHOZTIZ LA LRGN
9, TiO,, ALOs, V.05 DR EG L7V —7 Iz, &
7z, SEMIC & 2 KEBIZEORE, Wl - Bz 5 2L T
KEEDNEL T2 D, ZEROLVBRE L 75 Tz,

RICARROBEFRE & B mOR#EMEIC >\ Fig. 4
IZmd.

ERE Q/Qy=115% THT - 7= Exp. 7 OFERTI, EURL
TR RO FIIRIC 2 Bic i Tz, XRD JlEORE R,
Table 1 IZ/R L7z X D WZAMANC I 5 & L € Ti Ok EE
1 TH % TiOgses & TizAl 73, WHICIT X VRRBEE O
W CaTiOs 38 KU Ti,O ZFFEL Tz, Exp. 1 TIX R Hh
7o fe TEBALZEMBIE S LU B~ T -7 2 & T, Ti
CEORIGLR T K I /e dICER LI EEZ BN A.

Q/Q=174% DEZEX P L 72 Exp. 9 DFERTIE, 28
SHEERD SN, Exp. 2 EFEERIC, TiOgss & TiC A
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TREREOK FHERICEL CITEEFRON G- 7.

Q/Qo=300% LA EO@ERDER T o« Ti BRESN 5
D, SHEEFEREET 1.5~2.0% L& <7D, Raw R k&
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517% OEX EH 5 2 /2 & & ® Raw K U Sintered 3k D
SEM BEH T#H 5. Raw ik CRR&GIDLEEAFEL T =D
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IZ%F LT, Sintered AR TEHEBERICHMMNMDAELNH LD
D, AN ETHET SO>S E DTV RN -
Jo. TNk D, RENHE TREILAITH 5 Ca 25FE L #H
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L, Raw & MFORBIRRE £ CIIBBAETL 2h

- 7.

Fig. 6 SEM images of the samples recovered in Exp. 6 and
Exp. 12.
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RN > TU TR 24T - /2.

SEM ZH L EILHEDTTHR~ v V7 OfER%E Fig. 7 1R
F. INEDS0um & WS REHOTLERS v U/ 7 ORER
T, 2P E62=208HAHLDD AL, VHREEKTHEL T
WHEHSIREL, Ti EHICHFAEL TS, T74abb, 50
pm &V D AT — )V TRETLEMIITH—ITHAMAL T,
T/, AERMMOB A EKEOT, BT L > TuRMPIE
BICEELHCAEERD LD T, ARy YA X% 1um
LURIZHK » THBAT S L OLROEES & 1T- /2.

Fig. 8 I3 KB {EE 1173 K To Ti-Al-V =55 R IKAEX6)
T, EEONTHEON IR EEN ORLZ. BT
IC& > THEMABISHL THraDEERAEL 20T\ 5.
Fig. TITR L7z k210, WEPAEL, WA <
B TiHEL &N, MMHEL RED/PNI WS T, H
BEARICR LT AL VAEFEL Tk,

RERWIC I NE, BEMETT5 EHEMTRPBEEL
72 B-Tild o~TIICERET 5. #UZ, BEIOBET B~ llH
ZEREL 7272012 B-THICEE L CTWa BRIIMH L - & 2
bNb. €-T, RBOZEET-> TRHY B-Ti w0
i, KO lREEL I ENTESL EFEINS.

3.3.2 ALO; DFET

ALOs TSNS LR (8) DL D ICEAEFD Ca & X
I L C CaAly R4 S EEME A D - 7.

2A1+Ca=CaAl, AG°(1173K)=-196kJ/mol (8)
LL7%hb, Fig. 8 CT/RLA-EDICAIEZ TiDfb&ED L
L IFEBERE L THEEL 2 C PRSI N,

REBRIC BT 5 3 T IHE D AKKLEE L) D B2 75
BERE F— A R—=2ZDENBE LTI H-DORKIEDOH

Fig. 7 SEM image and distribution of Ti, Al, and V in the sample of Exp. 6.
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T rLF =2 s L TUREE,

2Ti+0,=2TiO AGY (1173 K) = —861 kJ/mol (9)
4/3A1+0,=2/3A1,0;3 AG°(1173 K) = —869 kJ/mol (10)
2V+0,=2V0 AG°(1173 K) = =655 k]J/mol  (11)
Ehs. R(9)-AD kY, ALIZTI L0 #EETCHETH S0
5, ALO; P@EIE SN HBICIT ALO; DB ICE)E Ti A3
TICHFAEL TW5D. Lo TALO; BEILI NS &[AIKFIC Al
DEEL B THCIE#E L TEBE T 4. SICEsE? S
e N 5EFO Ca EORISITHRB S NEhr 70 &2 D
ns.

3.4 FALIPRER

EERIC AR L L THEAT 2B EAB R MR L, O
BBERE D72 OB 4T 5 O T, ZDOTREOBICETLHRD

Ti at 1173K

% Target comp.
a-Ti
© Analytical comp.

70 Ti 70 Ti
30V 30 Al

Fig. 8 Phase diagram of the Ti-Al-V ternary system!®) and
quantitative analysis of the sample recovered in Exp. 6.
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IR HET L TR ORISR ON 5 SN S, £
CTABZE TR D N ARME R IR O & K & MUY L /-
#%, 1400 K, 86.4 ks ZViLBE 51T - 7=.

Fig. 9 138U # OZEI O XRD 12 L AT DR E %77
L72b DT, O Ti-6A1-4V &4 & Wik a{T-72. Th
FOARFER T - 7T, WO Ti-6A1-4V &4 2 1F
FERLLE—=7 B SN, atBD2HEHF L ->TAHC
PR RN s el

Fig. 10 {3 Exp. 6 THE O N/ KRR IEE O & S R ICEAL
Wil 72380 SEM BE L K TEROFMREXRL 2D
DTHAH. BILMROTLHE~ v 7 (Fig. 7) & RTHET
Fi L0 —ICH ML TS, /- Fig 8 KR, BT
CLICBT AILHRDERES M A AT - /2. Fig. 11 ITIRREXS

e a-Ti
A B-Ti

annealed

Relative Intensity (a.u.)

Commercial Ti-6A1-4V

) ) o A9
. A A -
30 10 50 60 70 80 90 100

Diffracted angle, 2 /deg (CuK « ;)

Fig. 9 XRD patterns of the annealed sample and commercial
Ti—6A1-4V alloy.

Fig. 10 SEM image and distribution of Ti, Al, and V in the sample annealed at 1400 K for 234 ks in Ar.
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% Target comp.

o-Ti ® Analytical comp.

A Commercial Ti-6Al-4V
10

Ti,Al

70 Ti 70 Ti
30V 30 Al

Fig. 11 Phase diagram of the Ti—Al-V ternary system!® and
quantitative analysis of the annealed sample.

FERNTERSMORREART. HWHEIC LICEiES>
ERHBHLOD, ELFEOMBEHT+1LIXEETH -
7o Fio, WIS & L TR O Ti-6Al1-4V OILFEDE &
S E T2 hH, AliZ7.9+05%, VIiZ39+1.3% T
B> 7cDT, BILHM OTLEOmHT I & RREICE T
wEINCEVWZA. TOLDIKE, BULEE{TO L TEL
FREOBE TGS H T EDRMERTE. LoLEBD,
Fig. 111Z/R L7z kDT, BEHERUR & L TH Wil Ti-
6A1-4V @ EDS &= HEA Al © B EMHBICH L CTFns
HLTWBEIEND, ZOFOMIEEEE T, BuHs
1T 723K Al O 4 HifiE 3.0 £0.6% 13 = HIT{E\W 9 2.5%
LHIEITNRETHSH. TO Al O, BIORICET %5
DWAR AL L5 > ThHY — FOMBICIHH L /c/cd 2 8 F 2
LNTW5.

FOHRBEMEITH S ALO; DEELDITIHRIML /2D, Bl
HEHLUBUERE 2B S5 LT, JOMIFHET
%, HEMK ThH Ti-6AI-4V OMRIC L VEIIT AT &
IATRECTH A D .

Db, BB RN BILEE % i+ C & CHRREHROTT
FOmMIEFEIN ST &2 EPMA I X ATESITOE
POHERTE, BILWREEGM R HAEMEIE L TEILER Y
fTo72RBCh, 7— 7R TGS L 2fRO &8I N T
HEDENEEEHECELILRHELNC R -T2 £,
B KRBT, BRI CIIREEZ - 72RO & E
WEAR EIHLTET, TRBERL at+p D2 HEFD
F A EEN S RRETH H C EPEIE SN

4. #

il

KWFFe-Cli3 0S 312 & 5 Ti-6A1-4V &40 ILEK % B
IBL, Bt Th 5 TiOy, ALOs, V.05 M EZRE L, Wb
#5 CaCly + 0.5 mol % CaO Fh CTHEREE 1173 K, Hjn®EE

(CaCl, + CaO) {FRlEEMIC X 5 Ti-6A1-4V £EDRTTERK 927

31V & L CEMERK T 7. T2, BRERTEOLN
HEEMRICEAIE L CEBICESENLV v FERIEL 7.
Bon/mEE, UTomBhThsh.

(1) OSEEICLY, BLHEEHR» DEEGSHRZE
BHIEMWRETH A.

(2) Raw 3B CiE, 500% OEMEL G525 & THFEE
& 75 3000 ppm % T L7=7%, Sintered 3k ClIEERIERE
15% R CTHEE A SR L7z, Thid, BEsaiT> L ThE
iR TN 510 AR O KL WA L, EILKITH %
Ca MR ECEELHEL 7o 7o/cd2 e E 2N 5.

(3) KEAZIRIE DG &M ARARHT o Ti OEEEKTH - /o
D, BULEE T & ot O 2 HIFICEL /2.

4) BILHRARCEIEROMWH OM, REROZELMY
DEWIC LD HITLEDOTERFITOMRNME SOV T W72,
BYLE % i 4 C & CLERORIAETSFE SN, HlO Ti-6Al-
4V &4 L L T HBEOB|\OEERE LN,

SEM 35 L U EPMA 2 #1113 dbfmi k24 i ik B B 6 &
FRICKEBMERIC - 7. F/z, ABFERIE, B AN S
R0 PR e IRBBNEL, W EIE At A RBb R iz S T & 0
ProeBhE, WMERE ARESRIEYS L VR RBE, Fps
B4 No. 18360367 K U* No. 20360341 & L CTHiEN % 5%
g, BONHRBIREO HTH 5. B L TUEHO
BEART.
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