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Elucidation of Microstructure and Wear BehaV10rs of Ti-6Al1-4V Alloy
Clad Tungsten Carbide Powder by GTAW Method
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Abstract

In this investigation, titanium carbide (TiC)
and W phase reinforcements were synthesized in
situ using a gas tungsten arc welding (GTAW)
cladding process in which tungsten carbide (WC)
powder was used to clad Ti-6Al-4V substrate.
The evolution of the microstructure during
cooling was elucidated and the relationship
among the wear behavior of the clad layer,
microstructures, and microhardness was studied.
The experimental results reveal that the WC clad
layer specimen under a dry sliding wear test
condition exhibited much better wear resistance
than that of the un-clad Ti-6Al-4V alloy
specimen.
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Wear-resistance, Ti-6Al-4V alloy,
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Fig. 1 Schematic illustration of the GTAW
method.
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Fig. 2 Schematic illustration of the pin-on-disc
wear test.

Air pressure

Table 1 The wear test conditions.

Sliding conditions Dry S.l 1F11ng
conditions
Load (N) 40
Sliding speed (m/s) 0.9
Sliding distance (m) 3257

Temperature (°C) Room temperature
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Fig. 3 SEM micrographs of@top region; (b) middle region; (c) bottom region and heat affected zone
of WC clad layer after etching in Kroll’s regia for two hours.
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Caption *

Element [Weight% |Atomic%
Ti 72.64 | 53.120
Al 0.267 | 0.347
\4 0.63 0.433
C 14.808 | 2911
W 15.278 | 43.189

Totals | 103.623| 100

1685 ¢

Fig. 5 EPMA elemental map of WC clad layer.
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Fig. 6 X-ray diffraction spectra of WC clad layer.
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Fig. 7 The diagram illustration of microstructure how to form: (a)WC particle surface partially melted;
(b) theWC particles were melting quickly and the atoms of W and C were agitated and
distributed in the melted pool uniformly; (c) the TiC reinforcement was firstly formed from the
melting pool; (d) then the W and oval TiC reinforcement was clustered together by the push
effect of the solid-liquid interfaces during matrix solidification; (e) oval TiC reinforcement
pushing each other together then form a dendrite and W,C was formed by rich C and W phase;
(Hthere was TixW.x surround W phase which was reacted by the matrix and W phase around.

:ﬁ%/\ [; FF”F[ AJJT’Tm %\I vﬁj'—[' 1" WC B

[ox s f‘&ﬁiﬁ&f&%ﬁizpa‘m [ < WC RS
%%ﬁi%ﬁ#&ﬁfg + Ti- 6A1 A4V FLFfRE
J:HEZZ‘,&,%“FIJ GTAW % EJ% F'EIIF[JWC
%?ﬁlﬁ(}ﬁmiﬂ@ i 6000 C) T TR

EIQ[is WC 5 i BE R 1P e
*2»[ ’liﬁJ?BHIWC?Eﬁ}%“‘ Iu thﬁl.&’w
= C Fl“ (:[;WC *+%‘Pl [:[JJE]%L[ s
& A ik Wc;'{[ﬁﬁmﬁg Y

7 [l(a) ~ (b)Frke . o EERRIEAHF] 1> [N Ti 2 C
AU [~ SEHIAES W C pu [ SRRIA e E'sr
FUMRY Ti R %‘TE—T‘ WC RS o3 i sy C R

R TIC [~ (12U TIC S
T WLC s D * TIiC AR (3067°C) i

PRI EER I 1 T RS C R 3[
555 TiC » jlp’?‘f TiC %’-E;H[fn‘l_ﬁ PRV EVRR
ho RS C FH'T@E Ti AV "E’!‘?FE”?
19 W A 35 3000°C) =Rl ¥ TiC %ﬁf‘n&_
R > R 785t10 Tk
M= TIiC ALY [E R RS W R =2 C L pﬂ?&
JIF153 Fai_fu 2:1 pUE=f] s P WS TiC
I 7;1’ RS WoC A YAy
W,C TE <7 T1C M W AR R BT 5
BIGE U Y i TIC AP



(L JF<E] ol T f\' , ﬁ&ﬁ?ﬁﬁ}{kﬂlﬁdﬁ\ﬁ% L/t
q%ﬂ(c)~(e)”"?%h—l o f B TI-W S5 {Eﬁﬁ
DIV FR T W A9 G
Ti @Ry et TixWix Wl W9

H e AR R AR T E(DATR
TRHHE B A, -

800

700 -
600
2 . A4
2 500 ‘*‘\ //“"
Py . T
§ 400 o
5 3004 Heat =
T Clad layer | ,ffected  |Substrate
200_ zone
100 -
0 T T T
0 1 2 3 4

Distance from weld surface (mm)

Fig. 8 Microhardness of the WC clad layer.
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Fig. 9 Wear volume loss as a function of sliding
distance (c.f.: F=failure).
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Fig. 10 The friction coefficient as a function of
sliding distance.

Y UL 5 12 [i157 B BT WC oo
IR Ti-6A1-4V FRH VRS (BT 1]
(B BESRT WC O B0 e A
© B R B SRR e
%“(abraswe wear)b’—%wl BRI B ’Pjﬁﬁ
12 q?:ﬁlHlTl -6A1-4V U’}ﬁ%‘iplﬁ{gguaﬁ_n

[ ' £2 (oxidation wear) (% [ EIJT W e
(adhesive wear) e i+ ’E‘%‘;ﬁfﬁ [1 Ti-6Al-4V 284,
RSP S [ Ti-6A1-4V W%p[%
n&ﬁ&#')ﬁﬁﬁ; [~ ﬁ%’ EERT ﬁ%ﬂ Ui R sk

(SEETH phd [ (R ) R i =]
"E'Iﬁ WF&}% | BliGunctions) > 3 EﬁJJHEE‘JHI

; R~ % gﬁfjﬂ' iy Igjiplﬁﬂf

||t WW%IE @ﬁﬂrﬁ:ﬁ

L IR VNG s SR N |

5‘” ﬁlﬁrw Iiﬁwﬁ > fl”ﬁli]&u[‘ﬁ}guk
9 EUIHE‘ EDS JiPr(37 13 q‘%‘[[) IDI]E*HF”



FEIEG WA THC 31 (~FF > *HERLSES WC BE 3 [SENEG o] 35 1 RL S0 ) PR
R WO A S B TIC A (T RS TIC (AT e MR ]
BUFZS o S S e s o

I+ FIO WA - [

Mag = 200 X EHT = 15.00 kV
WD= g8mm Signal A = SE2

Fig. 11 Typical worn surface of the WC clad specimen.
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Fig. 12 Typical worn surface of the Ti-6Al-4V specimen.

Caption A
Element |Weight%|Atomic%
Ti 7.18 22.49

\Y 0.82 242
W 92.00 75.09
Totals 100 100

Caption B
Element [Weight%|Atomic%
Ti 64.12 | 45.83
(& 17.83 50.81
w 18.05 3.36
Totals 100 100

Mag= S500KX  EHT=15.00kV
WD= Bmm Signal A = SE2

Fig. 13 Analysis results of the reinforcement on the worn surface.
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