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Effect of Carbon Nanotubes on Weld Formation and Microstructure of
TC4 Titanium Alloy Laser Welding

Hou Jijun, Dong Junhui, Kang Zhikai
(Inner Mongolia University of Technology, Hohhot 010051, China)

Abstract: Hydroxylated multi walled carbon nanotubes ( MWCNTs) were selected as the surface activating flux to
carry out the CO, laser welding of TC4 titanium alloy. The penetration, width and ratio of depth to width of the weld
joint were measured and calculated. And the microstructure, microhardness and phase composition of the weld joint
were also studied. The results show that the coating formed with the solution of 4% MWCNTs is uniform and dense
on the surface of TC4 titanium alloy. The presence of the coating can increase the penetration of weld joint by about
6% and reduce the width by about 4% . The ratio of depth to width is increased by about 10% under the condition
of given welding parameters. It is suggesting that MWCNTSs can increase the laser absorption. The 8 grain of the weld
joint coated with MWCNTs is fine and ' phase in the crystal is short because of the rise in welding temperature and
cooling rate. In addition, MWCNTSs didnt show an obvious effect on the microhardness and phase composition of the
weld joint.
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Table 1  Chemical composition of TC4 titanium alloy

C 0 H N Al AY Fe Ti

0.016 0.14 0.014 0.011 6.13 4.0 0.136 Bal
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Fig. 1 Macro-morphologies of carbon nanotubes coating with
different content of carbon nanotubes on TC4 titanium

alloy: (a)1%; (b)2%; (¢)3%; (d)4%
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Fig. 2 Micro-morphology of carbon nanotubes coating
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Fig.3 Weld appearance morphologies of TC4 titanium alloy :

(a)without carbon nanotubes; (b)with carbon nanotubes

M TC4 BRA 4 PO AR 4 28 1w 8 FI W, A U0
M, WEWRYOKRE G RR s A L, (HIEARM™
o, A, SRIREMRACKE MRS L, RE K
YR AR EE L BUE AR KA, MR 4% i ot
BRBL. AT HE— 25 B 4 K X TC4 R4 42
JCIREEIE R, A R T WA T AR AR U P
PRI T IRBE ISR FIE e, nlE 4 s, mE 4
ATLUEH, TiREIR RRIREmRNAKE, TC4 5K
G4 CO O aER AL 2 5187, X2 Aok
WIYRE R IAS] T TCA SR &AL IE, T
HOE R REFL”, AR BT B /ANFLARON . OB R
FIREALIN, ZfLREZ ISR B w1, A5 0
AR R LRI 2, BT OB RS AR T
B IREERAIEAR . W SO AR R R
QUK BIIREEIETR (H) 49 2.951 2 mm, JE5E(B) K
5.150 4 mm ., EIEH(H/B) ] 0.573 0; BBk
BIVREEBTR(H) 2 3. 127 6 mm | JE55(B) 2 4. 974
1 mm, FSEH(H/B) 7 0.628 8, 7F TC4 4k & 4 3%
AT 7 Tl 9 KA AT (T AR A I TR IS N 2 6%, I T B
K25 4% , VRFELIEANZ) 10% . M EE E SRR

REARRIARZ MR IX 5 FE A 2R F, IR R AR A H T
TCA PR 5 G IREERUE .

B4 RipELHiRBEHEMKE N TCA RSN @R
Fig. 4 Weld cross section shapes of TC4 titanium alloy:
(‘a) without carbon nanotubes; (b)with carbon

nanotubes
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Fig. 5 Laser induced plasma morphologies during laser welding
of TC4 titanium alloy: (‘a)without carbon nanotubes ;

(b)with carbon nanotubes

EEEE FIRE T A B (i R/ T 1),
WO R B B TR &= A8, RO 1 f
85450y (VAR € (92 b ok e RN A8 T8
THFREE K, VR AR . g &l 5 AT LA
TR BN KA 5 GBS B R iy T AR A ] e A2 Ak
U P A R e A K A X S B0 B AR B SO I A
SO, DR O 2 Bl 0 oK A TS IR A% OB 1Y 2 ik S
HEEFE TR CRAK, FEIEHF AR R
SR

TR e 0 DK A5 R 100 0 T KRR 2 SR T R AR
TR BRIGZAL, B 91K A A A 9K AR N
RGFRONE . RN T RF R0 A% 0 7 %
T SO SRR T B W R T H R Y
HL . RERRFE IE VD A OARE G AB 200 4, 04 HHE
A A B 8 A R B A R R R M R 4
bRl AL, IR ANKE S TC4 kG4 CO, ot
KRR EE P 1928 A 02 B TR KB 1S I 17 XF CO, ¥
TR R A A
2.3 1BUEAR

P 6 o U 78 RN B R AN KAT 1 TC4 k& 4 I8
BEWIMAS, mE 6 ATLA, WEmMWKER,
REaE WA SUR B A B AR 1k, #2 B N A
B TG o R A I AEDIR A 2, o AR IR B
G B TCE R A KA/, 548 Ry 5 B AH W44
[5) T A M S [ e A

e

B6 RikEARBHNREN TCA KL T HMME

Fig. 6 Microstructures of TC4 titanium alloy weld: (a, b)without carbon nanotubes; (¢, d)with carbon nanotubes
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Fig. 7 Hardness distribution of TC4 titanium alloy welded

joints with and without carbon nanotubes
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