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Improvement of Wear Resistance of Titanium by the Dispersion
of Carbides
Wataru TAKAHASHI, Minoru OKADA, Yoshiaki SHIDA and Mutsuo NAKANISHI
Synopsis :

Titanium alloys have various excellent characteristics, such as good corrosion-resistance and high
specific strength. However, they have not been applied to the sliding parts of machine because of the
lack of wear resistance.

In this study, in order to improve the wear resistance of titanium, the effects of the kind and quantity of
carbide on wear resistance of a carbide dispersed titanium alloy have been investigated using the Plasma
Transferred Arc (PTA) process and Ar arc melting.

Results obtained through this study are :

(1)[ Ti-6Al-4V + W,C] and [Ti-6Al-4V + Cr;C,] alloys showed wear resistance superior to a Co-based
alloy (Stellite) under the sliding wear test. It was also confirmed that they scarcely wore opposing steel.

(2) The excellent wear resistance of these carbide dispersed alloys is attributed to the microstructure
which consists of fine TiC particles dispersed uniformly and a tough and hard matrix of the STi phase
formed by the addition of (- stabilizer, that is, W or Cr during the PTA process and Ar arc melting.

Consequently, wear resistance of the alloys containing the carbides (NbC, TiC) which do not transform
the titanium matrix into the A Ti phase is not improved. :

Key words : titanium alloy ; carbide ; wear resistance ; 8Ti matrix; PTA hard facing; crystallization.
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Fig. 1. Alloying method (Plasma Transferred Arc
hard facing (PTA)).

Table 1. Tested powder materials used for hard
facing.
No. Powder Substrate
1 [Ti-6A1-4V+5~25 vol % W4C]
2 [Ti-6A1-4V+9~25 vol % TiC]
3 [Ti-6A1-4V+5~25 vol % Cr3C;)
4 [Ti-6A1-4V+20~25 vol % NbC] | Ti-6Al-4V
5 High oxygen Ti-6A1-4V
Reference 6 Low oxgen Ti-6Al-4V
material 7 Ti-3A1-8V-6Cr-4Mo-4Zr
8 Stellite No. 6 HT60 steel
Table 2. Chemical composition of Ti-6Al-4V
powder.
Al v Fe C (0} Ti

No. 1~4 Ti-6-4 | 6.12 4.08 0.18 0.021  0.350 Bal.
No.5 Ti-6-4 | 5.95 3.96 0.12  0.007  0.550 Bal.
No.6  Ti-6-4| 6.17 4.00 0.16 0.007 0.180 Bal.

No. 1~6 mean the number shown in Table 1.
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Fig. 2.- Wear resistance of various weldmetals.

Microstructure of (a) [Ti-6Al-4V +25%
W,C] weldmetal showing excellent wear resistance
and (b) [Ti-6Al1-4V +25%TiC] weldmetal showing

poor wear resistance.
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Fig. 3. X-ray diffraction pattern of various

titanium weldmetals.
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Photo. 2. Microstructure of {a) [Ti-6Al-4V + 10%
Cr3C,] weldmetal showing excellent wear resistance
and (b) [Ti-6AI-4V+25%NbC] weldmetal showing

poor wear resistance.
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Table 3. Relationship between

the results of

X-ray diffraction analysis of various weldmetals
and their wear resistance.
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High 0-6-4 a’ X 460
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Photo. 3. Microstructure of (a) [Ti-6Al-4V+
10%CrsC,] alloy and (b) [Ti-6Al-4V + 9%TiC]
alloy by Ar arc melting.
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Fig. 4. Wear resistance of various alloys by Ar
arc melting.
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Fig. 6. Effect of carbide volume on wear
resistance of various carbide dispersed
titanium weldmetals.
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Fig. 8. Relationship between wear of various
weldmetals (Pin) and that of HT60 steel (Disc),
when the sliding distance is 10 000 m.
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(a) [Ti-6A1-4V+10%Cr3Cz2] (b) [Ti-6Al-4V+25%NbC]
Photo. 5. SEM micrographs of the wear-tested
faces.
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By e Bhs, S OO LRSI WTRE L 7.

W,C KU CrsCy & TiC IZHRTHS TARKERIK
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Fig. 9. EPMA line analysis on [Ti-6Al-4V+
10%CI‘302].

kW TH 5. L7hto TH 2 E [Ti-6A1-4V + CrsC,]
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AG° = — 25 kcal (1 890°C) --rremerersernesennes (1)
AG° E= A FATHAH I ENOHEFANI LA EST
T 5.

COBOFHEEREET S L, FHIRETE
CrsCy 213 & AL %<2, TIC &8 Cr PERT 5
Ceaba»s. TiC REETIIC< MY v 7 A IR
WAL, BHEEITLHETHA Crid<wb) vy 7 R
hicEBEL, v b)Yy s 2% BTifbT 5. KO L
7 WoC 2 RABHLTHELS.

Fig. 9 1= [Ti-6Al-4V + 10 vol%CrsC,] & &R EHM D
EPMA #49WER%RT. Thicks exRahmc
i Cr el EInTHELT, Tik CHANHY TiC
S CHDL I LY AY, FRLAVOEY MY v
P ZAHBIZIE CHAEBEALEINTWRVWI ETH S,
2% CrsCo HF»H0ELZ ClaIzEAE TIC L
oTRIELTEY, (1)RTREND SO TH
BERIC T NTETL, CrsC BTFEL TRV I &R
BS 2 E %ol

% B W,C, TiC, NbC it om iz B0 B D 2 860,
3140, 3506°C T Ti-6Al-4V A& RS (# 1600°C)
IZHAh R DB, PTA ME TR AT — BB R E
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Aoye UZ?)settmj;Io] imit 6&;%) 80'_H—°’_n2§s’
BTi(Ti-Al-v-Cr) 1 | 315Hv
(a+B)Ti(Ti-6-4) —] 320Hv
a’Ti(Ti-6-4) 1 330Hv

Fig. 10. Cold deformability of various Ti alloys.
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B EEOMBAICIENS L EAGHEEL, 25
DO HEUERT S, Fhwz (a)w b)) v 7 Z2H
Botga, (b)= Yy 2z 2E B TiC & B4
LW 7y 7 A5 4 - HR L CEREMAEL 5.
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[Ti-6A1-4V + 10 vol%CrsC,] 5&~< MU » 7 2 L 31T
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ABRBA AR LT, BEERELTNEL, #5%
Fig. 10 {Z7R¢. WEEOWEIXZZRZCL20bS
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FREZAH LT, o Ti HEEOEREIE L, 4
LOBMUERT 2 79 2 BELBI EWNbh o722 =
DI Eid Photo. 5 IRT @' TiwhbY vy 7 2% KT %
[Ti-6A1-4V + NbC] A £ OFEHEI L KD 7 5 » 7
FRELTWDHEFESIT TS, ZBRKFIICTET L
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FERE (K.
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(1) RAMDFENC L 25 % V5L O ERN + L E+
LERNE, BET AR OBEIZL > TRKELER S,
WoC, CrsC, 289 10% U EIRGHEMRT A 12k T
A7 74 b EREUEOEMBOZE LHS RUOHEE
MOBEREEGE SN, ZoERESEDE I
PTARED, 7— v BERECLSTEEOMSIZL -
THRELLDTH 5.

(2)W,C T 743 CrsC, 2 RGBT A LT, &l
BOBIZE D= MY v 7 20 B Ti ML & 4405 H 4 8
TiC 2 FEFIZIF O N, - ORI X 0 i EER
VUFBINLLOT, BIIELORIMWES I L EW
BALCERT 20Tz v, RIWARAEMLTH
[a” Ti #8 + TiC] 2% B34, #1242 NbC, TiC R4
BT BEFEME G S S e o,

(3)= b+ v 2H BTi HTH I, BefEGHEE
DENITED, M TIC KR ASAE B & P N T 21t
LTH, F7RBMIALY DR - C bR E S
L L 2.

(4)= PV v 2 25 BTi LT 5 = & Tt EEREM A
UFESNDERIE, TEEE OB, LHAAERBEELY,
BTI OB L, EEhhoMEERICL R
EWEHED~ ) v 2 222 5 5 2 4L ¥, TiC ¥
TOWMBEHDR BTN CRETE LA LEZ NS,
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