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Tia€D 5 b Ti-Mo £ 3 B8R Ti 2&ORERTH Y, TORANLH 2 OWHE2H
NBERTW B2 REWERERICH 23 EHEANEEC O W TRLAT L T4 TRNEITSH
%o 4 Mo DENE & & HIE(LT HEFEH DI, KEANKDBMALEIIIC X
5o O & FOBBUEE~NDOES R X B ARLERC S LIETMTo R on
THREBHABFNRBACD O RABLETHS I,

KFETIBUARLEE Mo RINBIC XD EEL I FHC &3, b Ti-s, 14,
20WtHMo 4 4%2REEL, BMAORLEN L o ORI & OBMAHE & O BEN: %
B Sisicd 2 oicTTKo & 823K OB R THE XIRAB 2 B T v, & BIR77KA b 300K
DRERC BT IERHEA B IOMIHELHELACT 2edCiklBrs oo &
%, Ti-14wt%Mo &SI BMWALEERKTH D, Ti-20wta Mo & G i iy e
RETHHDOT, COMEDERELFLCHRET 5,

IH. €% 5 &
Table 1 Chemical composition of Ti (wt%)
c' ]Mé | N H'”3 o | T
0.0 | o003 | 000 | ooom | 0.0 | bal
Table 2 Chemical composition of Mo (wt%
Mo I;‘e - P 1 7 S C

99.95 0.01 ‘ 0.005 | 0.005 0.003
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FZ1RT ELL LR Ti &&21RT Mo #%# &L Ar ¥ 2 5GP T IEER
K7 — 7B XD 5, 14,20wtkMo @ Ti-Mo 280K 424 v b #ERL, BHZE
(<3%x107%Pa) th¢ 1173K ©, 345.6ks O ELEE, BEELZEC LI DEX % 2~2.5
mm &L, SEELEEERENZERELUER 0.6mm ORM ZIERL 7co & OBk D BFT
LIREBIVBRINTIC X » 5 RABRK® ZIERL 7o RRETEN 15mmx 3,.6mm X
0.5mm TH %, %7z, BEIMEHZAKEHL 8MmX 10mmx0.6mm T %,

REFIAESCHEZEHA (<<1.3x107*Pa) U, 1223K <, 4.5ks OEK/LALES K
KPTE/BL, T2 ) —FCTEBILEZREL, ¥ 220K CERVIELYEL 2o DIERAERK
R70%BEHFEBE 1 :n 7 F o T7ra—u6 i xFL7ra—10 (BEH) Th - ke

BEXRER, 77K 55 300K % CTIERE 2& T 2GS M/NEER 2, 300K 2
582K icontTit == YUGRAMNMEES ZHWVWT, ARKE 300g THI x> o
abke, 7K 55 823K ¥ TORIBEIC 1.2ks RMRHEBEIMEL, 77K » 5 823K
DOHBEIC 1.2ks SRR BRICK T IEIREL LT - ko

SRR BAERA — 75 7 IS-5000 2\, FEE5.3X107s™ TR oo ke R
BRREE X 190K 2 5 300K B ClEARER Lz F o7 va—wvxHW, 77K 225 173K
TREBREXREZSVDPTIHECIOREL k. RBRTOREEH X+ 2K KB X 2 %0

II. BREKXUEER

1 BmEHR
500 | I |
S I -o- Ti-20wit%Mo
& | --a-- Ti- | 4 wt%Mo
'g 400 — _ o
S —o— Ti- 5 wt%Mo
= .
R -v=Ti
0 ! 1 ! A
QC) T T T A’/ B
g \D‘Clc-[g"‘A"'A/ o
(V)]
k2 I
S |
> Ve~ A v -
5 | LT~y
0] 200 400 00 800

Testing Temperature/ K

¥ 1 Hardness changes of Ti-Mo alloys tested at each temperature
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B 1R IR (L B &S X ke Ti-5, 14, 20wt%Mo &4 (LI, ThEn 5Mo, 14
Mo, 20Mo4 & LBRiAT %) % 77K 5 823K OEEIR T, % 30K O KBRE TR X
AR A RO I o ek B TH 5, i Ti OB L H bR TRL oo # Ti ClXMIEREN 77
K 25 ERT 3o THREEME A3 Hv =280 2 53901 B34 LC\~ %, 5Mo, 20Mo
G acir, 19 700K ¥ CRIBIC BB LT B 2%, TORTEIIT BEmCE BT &
Abd b, 14Mo & &k 77K 7 5 400K QR T Hv=450 2 & 230 % TIIF BEFH kL
HDUTWBA, EhL EOREE CREEMSEINL TxH b, 780K {fiCix Hv=-310
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2 Hardness changes of Ti-Mo alloys isochronal-aged at each temperature for 1.2 ks

i 20k 77K 22 5 823K ¥ TOREEIC 1.2ks LR ERH, HECRFTIEIHED
FTh B, #ODED 400K 22 5 500K Ll EOKHREIC B THEEME O - H 2% b,
700K {filic & — 7 2MELET B0 BEEMO EFH£13 14Mo, 20Mo, 5Mo &BDJIHTH %,
14Mo & & Tix 420K fF¥52 HEEMO EH B350, TORBEEE I CLEE I TN
%Y Ti A20EELAOKRLSHEELT o HOEKINTVWDBL E3E2 bb, 20
Mo 4 &ETIXEEME®D F5 23 500K (bl 545, 777 F—Eas X0 EALDO K&
WD 2 B RRIC s D T LA B, Ti-Mo SEICRWT B HZLENEE D Mo
CEBRZNEE, o HEAERINZLUENC B HHA B E B kN 525, Ti-20Mo
Sa& T S00K (TE T OIUGEHET 5 LHMEINTNDHY T &b, 2BBECh»ILEe
T R o HOERICE 23D & 52 bitd, 14Mo 42D LBIKAE 2 20Mo & &
LDHENC L, BLIX14Mo A LOEE LA 20Mo DEXRIDHEFH N &b, 14
Mo & &2 b RINCRLETH 552 b5,
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FETIAEIMI - £ EI F B LISHFRERMOET 5 LAHEINRTWB'?
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Rolling Reduction / %

X3 Hardness changes of Ti-Mo alloys reducted by rolling
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¥l 4 Hardness changes of Ti-Mo alloys rolled to 0, 10 and 30% reduction and isochronal-
aged for 1,2ks: (A) Ti-5wt% Mo, (B) Ti-l4wt% Mo and (C) Ti-20wt% Mo
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o BABDERLCETHEERD BLRVIC L ABEEZIMIELCI 3230 :E12N 5,
1 4 (A)B)ICNC #81F 510% L30B HEEHIC & 5RO Z ZLBERCE W UsE—E I f
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N, HROERZEU LTV B R ENADbM B, 14Mo A& TRINTE D Fiavigs, Bt
DR A 420K TH » 7225, MLk X 300K (T CHE/L238EE 0, Ezhic X 28 A EH
INDT LMD, 5, 20Mo ASICIZZ OB EA EED BN »ic, TRHOD
FEHo 5, 14Mo & TN I & » ¢, X O{KE T thermel 7p o HOFE K 2MEHE I T
WBHE ERbi Db, LdisT, 14Mo A&RBIIAREN BRI REFVEEL BN 5,

Fiz, X 3BLUNK 4 BAHS 14Mo A4 TIRI0B FHE £ TOMTIC X » thermal 7x o 4
D MEMHE IR, TR LOMIREEMEOEN 2D bTRTTHELEEL BN D,

50

AN
©)

-Ti- 14 wt %Mo 7
o

S

Ti'5w’r°/?Mo

U
- Ti-20wt%Mo — -~ T

O

Tensile Frac’rumre Strain/ %

O
50 150 250 350

DeformationTemperature/K

)16 Dependence of tensile fracture strain of Ti-Mo alloys upon the
deformation temperature.
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3—2 SIRHEE

Ti-Mo 4€OMITHO BB XA DT RRBREYR T /£ - ko ZOWMD ALK DO
TRINETERLOEREEZDPLIECHARBA T B 0T, AWMETE 77K 2 B3
B TOBERBESICERL, # 30K MO "THOEE CHINH—ROT 2R 218 2o
KS5REDORERTH B, 0.2%M7H, SIRRINEEREOCKTFTLLEBICELL EAT
BT Lbhott, R6RBESOWMEFTCOMUIBLZREELCONWTRLEDDTH %,
14Mo & & B\ T 223K CHUTDOBAMEZRTH, RFASLIEHEEOET L LI
BEREDL, TTKAECR¥R FRT2HA0OH 5 Lvbh - e K TIREAESON
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%7 Work hardening rate of Ti-Mo alloys at each deformation temperature.

IE&%(%H&bﬁz%gﬁgwobfﬁbt§®fﬁéo& 14Mo & 4TI €=0.1
DWW TDETHD, 20Mo A& ONWTIRHBOY — 7 bHKEE ToFE dé K
DNTRDEHDTH %o
CNHORBEERESELONWTHIET 5L, 0.2%MH1x 20Mo 4808 dEL, 77K
K& 5, 14Mo AEDIATH »ce i, FIRMINT 14, 20Mo ALIIRBEER B NT
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1BIE% L <, 5Mo A4DFNAHD KN, Bl 14Mo A& TROKE S 223K TR
KE51% AL, TTIKIERWT X 23TBDHUIERL ko 23WT5, 20Mo A2 DJETH
b MTHE{LEIL 14Mo A&MREKTH D, 5SMo 4@ Tix 14Mo AEDKILTSH - 7z,
20Mo &4 4T 300K 2R &M TEMLRIIATD - o

Ll DR 5, 14Mo A SRIKEERIC B W T0.2% M H HMEL, HUEBREL I REW
Z b, EHCEALBNCBBAITELYE T 5L Liibr it ¥k, MIEAL
RPEBNE ERMIEOMBOBRENRKERY =20 L 52X b b, 14Mo £E2D¥K
%EEEEAROBAEEHETHCZROWRE LA LNY, EEKARVRERLTHY,
¥ RERIC LD )RR REBRE, DERIRBRA 2K —RRICET 5T Libd - o
CRBLDOT 255 14Mo A& TRERMHACHABRF 2ECNRERBEL, WETORI
2o HOER® S oMIFET5E, TOHIXBINTINE Ti-Mo &4&ICiB\WTH
BINKY LI RN EERFELERIETT 50 L E2bND, I DICEEHE
T LR BRRBE2ARCREL, ThC bR IMIBEC X D ORBERFEEL,
JER N TR LR L AR OERIETT 20 EEx b5, ok, NEEEL LD
ic athermal 7z o HOBRARE L DN TNBD 2, BAXKBRWCERT 2MAZEDTH
5o —7F, 20Mo AR0.2HMATBmDTHEVEREET 5, BEKNT-)ERTH
5085, B EdhIBBRAREHEN SbTrk—RKO®K, RANREESEL,
ARG TLICE BT L bbbk » ¥, ¥, 20Mo AL OWWH 2 ERNEHHET D
LIRS AR T dimple 23 b, [EHMABEBEOA L Tnint Efilbh- 7P, T
NLOEEEM B, 20Mo &4 TRBRIGHCET % L»RBRFTmChbT s ) £
BEL, FOI) bO—TCRIFNAREEETT 5, TOEREINEC & 5 THIEL
PET B bE, HONMIBEIOEC TR WHERCOEEREEDZITHESL ), LT HMR
20Mo 4 & CREFDOETC X ZMIEEL D BEHERARRKRE L, ZODICHED L
OCNEIET 54 v v 7V EBVAVNI S R0 BENERAET L, Wik 234 CiEEnc
EHHDEEZBND, In, 20Mo S0 BRI BT Z5EARCE N TH M/
X, COBEFRRNAOEEBI 50 TRAVEELbN S,

sMo A &TRERE VT V¥4 P ERBLEHECHEET 5 C L3 5 I Nk 2,
EREHERLC OV TIRSERTEML 2 TFETD 5,

IV & g

Ti-5, 14, 20Wt%Mo AR OV T AR ROAMNARER LS ZOMIOZE X b

T 5D BEIRREBCRD, FLZAEOMIHRICEEEGEHOLACT S

DIFRARE B Z RNOFORKRE

(1) 77K 23 5 823K DR B X ' FEREHO SRKEHHOE I WE X D 14Mo & &2

BLRMCAREZETHD, 14, 20Mo A4 thermal r o BERIN B &b ot o
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2) 14Mo 4@ Ti1x10% ¥ COFEL N T X » thermal 7z o O R AMEHE I N BT &

n

BHBR, THULOMIIR o HOFERICH EDEBL VD LEE2 BN D,
(3) 77K 2 5 300K ORERIC KT %5 5RARIC X 0, 14Mo & & TrEI A BElR ek

i —Ic U, 20Mo £ & TR DIC X AEFEBFATIVICAT 5 & Lhtbh - 7,
(4) 14Mo A&z EL WHY EEWINTELRERL, #ha@rEE 2H L, 20Mo

ALTR0.2% I INEE W AMHR NI/ E N T & 23D - Ko
51 FA 3Tk
1) Japan Institute of Metals: Extended Abstracts, 4th International Conference on Titanium
(1980).
2) F.C. Holden, H. R. Ogden and R. I. Jaffe: J. Metals, 8 (1956), 1388.
3) B.S. Hickman: J. Inst. Metals, 96 (1968), 330.
4) A.Gysler, W. Bunk and V. Gerold : Z. Metallk., 65 (1974), 411.
5) R.M. Wood : Acta Met,, 11 (1963), 907.
6) FHEFE, BEKXK— BERFEE, RIVLL : BARGEYLE, 44 (1980), 436,
7) E.L.Harmon and A. R. Troiano: Trans. ASM, 53 (1961), 43.
8) HAHANS, MAILE, BAKE, BHE: AAGEYAE, 41 (1977), 632,
9) RwME, AOFE: BASEFLE, 48 (1978), 814,
10) J. A. Roberson, S. Fujishiro, V. S. Arunachalum and C. M. Sargent: Met. Trans,, 5 (1974),
2317,
11) M. K. Koul and J. F. Breedis: Acta Met., 18 (1970), 579.
12) M.]J. Blackburn and J. A. Feeny : J. Inst. Met., 99 (1971), 132.

13)

EMAE—, KEMR, FEEEX: 72 YRR EE, (1977), 23



Atz Ti-Mo A&l & ST FHEAKYICBET 5 b5 93

The Study about the Ductility and the Stress Induced Products
in the Metastable Ti-Mo Alloys
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The relationships between the mechanical properties and the thermal instability,
and the influence of the rolling on Ti-5, 14 and 20wt% Mo alloys quenched are studied
by hardness testing. The deformation behaviours on these alloys are done in tensile
testing at the temperature-range from 77K to 300K. The results obtained are as
follows ;

(1) It is appeared from the dependence of hardness changes upon the isochronal
ageing temperature that in Ti-14wtg Mo alloy the thermal instability is the largest
and the » phase is formed.

(2) By the rolling, the formation of » phase in Ti-14wt% Mo alloy is appearently
promoted, and this phenomenon is recognized up to 10% reduction but not for 30%
reduction.

(3) In tensile testing, it is appeared that Ti-l4wt% Mo alloy is homogeneously
deformed in twinning, and Ti-20wt9 Mo alloy is locally done in slipping.

i4) Ti-14wt% Mo alloy has the excellent mechanical properties having remarkable
clongation and linear work hardening rate, however Ti-20wto; Mo alloy has small

elongation.



