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Study on Microstructure and Corrosion Resistance of TA18
Titanium Alloy TIG Welding Joint
GUO lJilong!, FU Juan!, ZHAO Yong', LIU Xin? PAN Yanfei?, CHEN Fugang

(1. Provincial Key Lab of Advanced Welding Technology, Jiangsu University of Science and Technology, Zhenjiang 212003,
China; 2. Jiangsu Changjiang Intelligent Manufacturing Research Ingtitute, Changzhou 213164, China)

Abstract: TIG welding test of 12 mm thick TA18 titanium aloy plate was carried out by using 2B solid core welding
wire. The microstructure, the electrochemical and stress corrosion behavior in different corrosive media of the TA18 titanium
alloy TIG welding joint were studied. The results show that a large number of coarse columnar crystals and a small amount of
equiaxed crystals are distributed in the TA18 titanium aloy joint's weld area, part of net basket organization exsits in the
cover, bottom and intermediate filler layers. The microstructure of the heat-affected zone is mainly composed of needle-like o'
(a")phase, residual a phase and B phase. When the electrochemical corrosion test is carried out in 3.5% NaCl solution, the
corrosion resistance of each region of the TA18 titanium aloy joint from high to low is as follows: base metal, weld,
heat-affected zone. Comparing the slow strian rate tensile stress-strain curves of the TA18 titanium alloy joint in air and
simulated sea water, the mechanical properties of the joint are not significantly affected by seawater and it has low stress

corrosion sensitivity to seawater.
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Tab.1 Chemical composition of TA18 titanium alloy
and 2B welding wire(wt%)
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Tab.2 Welding parameters

1 160 158 18 14.0
2 190 15.9 39 7.7
3~12 220 15.8~17.8 28-54 6.7~14.0

g Al C | N H o) \Y; Fe | Ti

TA18 | 404 | <01| - |<0015/ <01 192 | <03

|
FEm | 1

2B f#4£|15~25| 0.07 [0.04| 002 |0.12|1.0~20| 0.2

KRN TAL8 BK A & A (i F T I 15 T Uk 7 4
FBRFRTEINTS , PR A AR R RS o 3 1 B
UEHEATHT S |, S Jo (o FH D BRSO3 1 2R, DR B
M B 1R G A e il T s ],
SMGE T T R R B AR L R | KAk
PEOLLRY A S B p R R R I 7E 30~ 35
L/min, JA6 b S s HI7E 9~ 12 Limin, 422331
RF R SR B IRANE 1R BT 2380
%2,

J

|

- -
—_ . ¥
Y

07
8

o=

l".

@
1“-"" "'u}.-
i AV
~t
150 .
B 1 3 0 R B8 R 22 (mm)
Fig.1 Groove sizes and schematic of weld pass (mm)
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Fig.2 Macroscopic morphology of TA18 titanium alloy joint
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Fig.3 Microstructure of each region of the joint

KGR R A JREE T I A ST RO A K1,
SETCY B E IS B AHZH SV AR S R A
iR ML, ZABUR G & I0RLE el iatif
FREAA &SI DGR, o FHAZURISIE K K,
T BABER AT BRI, 3 A3 7 SE 78 DRI 25 T X oAS
] DX 35 Y o SROSEL AR AS R A B Ta) , AH B AE 40 JE
HAMIEAL, HAE o A G B A, o H R
B

PG X (HAZ) {57 T KA FRE b 2 R], A5 4%
RN 4 37 K A 10 P88 52 Wi 7 25 21 VAR AR 1 DX 0
A& 3(g) . (h)y A%, HAZURRERRE o (") 5
Ao A BAHAIR A . X TRt
PG ) DX IS AR AR TR, L v e B B TR 0 B
AR IO | A7 T BASR A AR S T 155
anL, TEARIS R AN BAREL AR NERIRIY of (o) K
& B, [HUAL VR HEE RS R RN, o
I SCrE b FIE R, e 2 5 S8 BUR AR Y o AH
25 o MR AR AR A B A
2.2 ELBAZEEMERE

& 4 2 TA18 Bk 445k 7F 3.5%NaCl ik
AL A BT Nyquist B, R AT 422345 X3,
MR AL 2R IR R B A R, TP
IS 78 EIS-Nyquist KRG FERE R, Z-View %X
LA EEE , 3k 3 Fin, Foh il AkBEBT RA4R; ATH
KR TAE R AT e e, FA A LA S, T4

12

Z'/(10*Q - cm?)
-
S 9

»

0 b - i 4 4

Z"/(10°Q-cm?)
Kl 4 TA18 23k AyH LB Nyquist &
Fig.4 EIS-Nyquist diagram of the TA18 joint
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Tab.3 EIS fitting data of the TA18 joint

LK 48k 87 JHsk PE X
IR Re/(Q-cm?)|  14.75:0.14 5.96+0.02 10.27+0.17

WALHLBH R, /(Q - cm?) |(3.78+0.02)x 107(5.58+0.25)x 101(7.57+0.15)x10°

W ALH B Rs /(Q - c?) 0 (2.91:+0.23)x107(2.82+0.11)x10°

13-



PINT TS
Hot Working Technology

FEL AR P TR ol R OGS Hh e ] R, B3k DX i oty Kl 6 0 TIG Mk ANF X I i fb i 2k . v &
PERE = B 000  BEE > JREEIX > g X, 4, 7£-0.03V e~ 0.56V o T EIP , Bf2 FLA 34

K 58 TA18 k& 433k 1E 35%NaCl KT T TA18 kA4 TIG Mgk A M 4% X Ha I 25 i BE AR
FIBHITIE Bode RISl B I, FEARA X BEME |2) 7%, AWML X KA T ik i v I FAE 26 I i1k

sl 10°, UiPAfE AR EAF ARG B B B M DX 2 B R A AN |l e XA et £
[RIE AL A B IR RO XHE AT L, X3N] /) Tafel 105G, 5 UG 20, sk 4 Pos, JE e
TEHRMRTE I BRI T, IS SRR, R REBIMRYC AR X > JREE X > BEE

i, FH CPE1 K CPE2 {URr4lifL %% C, 7f Bode  J& i (i AR B/ IME AP IR X > fR4E X >
PR AR X, A L TR AR S X RBITETE R, M 7R e b , — R i 8 5 4 g ok el 7 L
BHBT 2549 JT 14 (BBl 5(d)R,.Rs) s 76 Bode 3 [RIEHHAG 5 /IN i JEg el 3 28 6 1) TAE A, HLATHE
X AR A 3G R, SRIIAFTE Cdl 45k oo (BN 5(d)  SFRdm g pdeERE . PRk ARTE AL e S H: Tafel 41
CPEL,CPE2); 7 Bode & (1 @4 X, M PR FEAR A, FRUCIE I B2k DX i ol P B oo 48R 20 0

A2 RIFFE R BLELA T BERE > SREEIX > GEmIX
10° -90
10 N eade A [z Boder =1 1-80

AL A

10
SE
X
107+
10'F
10) 1 1 A I i 1 _‘—|—-O 1()() " i i i s
10?2 10* 1¢° 100 1¢¢ 10° 10 10° 102 10* 10° 100 ¢ 100 10¢ 10°
fIHz flHz
10° - N
() #E i [X Bode &1 =izl 80 (OGN
10°p » AR F)
10 160 . Rs CPE1
=~ )
S 108k ] R, CPE2
S 40
107} 0 R
10
0
10° : bt
10?2 10* 10° 100 1 100 10* 10
flHz
K5 23k Bode AR5 i 4]
Fig.5 Bode diagram and equivalent circuit diagram of the joint
3 3 3| N A
TAl8BM | *4 ?%:‘:E’] Tafel NG 4R -
ol Tab.4 Tafel fitting results of the joint
{f/ X3k B g | A
g 1 |"',l JE kLS BV e 040001 |-0.37:0.01| -0.31+0.01
E ol 7 JES b R I S 1o /(A -cm?)| (6.73+0.05)x107 | 8.88x107 | 1.74x10°
e .
Al TA18HAZ = 2.3 ¥R 1 & 1 B
TABWM . PN B 3] e
S ] K 7 TAL8 A5 4 TIG MRHL e 2 SRR
10% 10® 10° 10° 107 10° 10° 10* 10° TR R - AR 2, TA18 ek fEas < rh iyt
1/(A-cm S R o L. %% > M
M6 SRR RN HSRJEINE] 622MPa, I Ay 12.6%, £ K
Fig.6 Polarization curves of different region of the joint T B R AR R ATHARE TR ol 598 MPa, 5

.14-



PINT TS
Hot Working Technology

6001
& 4004
b=
R
1=f 2004
3.506NaCl
0_
0 0.05 0.10 015

17 $ites Rtk b - i
Fig.7 Stress-strain curves of the joint in air and sea water
RN 11.3%,, 7E MR FUEREA R 4k B4
PO BEFIMHC R ZE AR, U] TAL8 M RHE
IKIREE I HORCR I, g T Tl AR
430 ek D P R ) R R R AR AR, R
LA S WIS AE 28 ORI R 14 17 g 5k Bk
PEFREL F(6) F(W) , BARBIE W35 5, i3k 5 nl LIE
WA 2, LEAR TR B RS AT ek AU K3
55T B AT T WA 4 AR BRSO T A
FITRRAR, DEIAYE KT TAL18 5k 44 TIG 5L 7E 18 1
AR b R 2R P AR AR, (HUR TR AR 22
AN WA, R, TA18 Bk 4 TIG 4%
SKAETEK Y ) B DU B F(8) Fl F(W)
/NT15%, FW] TAL18 ek Auii /K35 R I A HA
T3 5 P U
Kl 8 4 TAL8 kA4 TIG K23k 4 0 7 Ji ok e
%5 BLBNT KRR

Tab.5 Slow strain corrosion test data of the joint
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Fig.8 Morphologies of stress corrosion fracture of the joint
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