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Table 1 Welding parameters of TIG

Welding Welding Argon flow rate/(L-min ") Welding
current/  voltage/ speed/
A \% NZ FC BC (cm'min")
128 15 15 25 25 20

622 R (OM) LS FE S () AHZH R, AT it JEg ot
FIBCEE N 20%HNOs+5%HF+75%H,0( #7330 . 18
F QUANTA FEG 250 Y494 L% (SEM) W 75 NTWJ Fl
IR KIS HTWIHIREE IR L, LA iR TS .
H SEM [t 1) EDS 43 #r NTWI SR . H
Instro—1185 AYRAHMLIINAREL 1) = il hr i 7)1 B, i
{HRRE A% 8 = bR TB/T 4745—2002 /i L. ] Wilson 2100B
A2 AT IR NTWI AT HTWI FORERE, R
49N, INEEEN 15 s, IR A E A 0.5 mm.

2 FHR5R

2.1 HEELMAE MR
211 Bk R RL g

PR e Sk A SR AR R, NTWI B
ArEAERGE I, HEk R TR E%. 3% 2 sl
A NTWIJ FIZE 500, 550 600, 650 ‘CiE-K 1 h J54"¥%
AEFREESL I SR A AR R, 3R 2 BoRIB K EHEEL I R
FERMESE =, NTWI (158 % 2 A 822 MPa, {HZ: 500 C
iBokJE, MREEREF] 1108 MPa; £ 550 CiB/kJE, #&
kB OKAA 1223 MPa. SR 2438 KR 32 a5 3
600°CJ5, #BEFUR TR . RAETE 650 ‘CIB K 5 5m & %
K3 1155 MPa, {HA5EL NTWIJ )% 333 MPa.
212 FESkpRERE

B 1 AT N Sk R T b 380 4565 h Je A [] B B9 1)
MR EAERER I BV B . B 1 nTEH, A FL TBS

T2 NTWIAEAFR LR K1 b 32 Sk R e 5 B2
Table 2 Ultimate tensile strengths of NTWJ and welded
joints annealed at different temperatures for 1 h following

furnace cooling

Temperature/ C Ultimate tensile strength/MPa

NTWIJ 822
500 1108
550 1223
600 1185
650 1155

REM (58 BE (B 478HV, 2.2 =T (1E 600 ‘CIiB K15
HERR AR RS, 1K A2 TR R B T B
MIAVERELL . FESKMHRE (U FF U A b, JREE LI
S X (HAZ) IR R e X T BARKE ., NTWI JR4%
L R R v, S TR SE b S R B R, (H
HTWJ f54% o g (1 B2 LU AU o AR A B 0T 422 S il
IFZIAR A, M2 R, NTWI I ERAK, £ HAZ
HIRE BEAE AL 2978 270HV . 28 500 CiB K5, fRg%d
(AT A T FRAG, (ERIEEEMIEER HAZ (VA% KR
. 2550 CTHI600 CiBKJa, Bk —»5
feEs & 600 CiR K5, MFE%I) R IA 3] & K ME
510HV, TMP#E HAZ MAEEHIT. 4 650 CiRK/5,
JRAERERE N B, (R 2 3 & TAE 500 CIB K 115R5% .
650 ‘C A1 500 “CiB Kk HAZ P S A ]

W we  =m o
—4— s
L . 550 °C,1h
500+ o« 4 HBM: 478 -t
‘ C.1h
e

Microhardness, HV

0 2000 4000 6000 8000
Distance from weld center/um

1 BRI L BR A8 M2 AN R B ) HV B

Fig. 1 HV microhardnesses of points at different distances

from axis of weld on cross section of welded joints
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2 iR NTWI 2421, 1 2(a) e ki
BHEPTES, BETEL Tmm, S/E4 4mm, i
NG L DN E RN A P SR N SR AN [N
JRAETT AR SE BT LG, |E T M RAEK, R
SFIER] mm . FEIR S X (CGZ)E SR SR # T o 1)
PR, ZBRR AR ATHE AR, HIRET
e A SR HRIC AT B, XSGR S REA
o AT EARGERNREM i R R LR, 2k
[F) () A4 F R ST I 21 mm 25 PR REL K 5 B B A

2(b)FT7~ N NTWIT ¥ LS P (W1 B 2(a)FTaw)
1) OM HZES . HIE 2 ifLLER], AKX (0Z) 1) d
FbL K, RFZ08 0.5 mm. FR4%8 SRR FEREA 45 5,
FrmRagt LR, AR S REETT M2k 4504,
RABOKTEIEZ) 2:1, RSFZ) 1 mm FPRLR AR R
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Fig. 2 Morphologies of cross(a) and longitudinal section(b)

of non-heat-treated welded joint

222 NTWIJ JRE& 1R o7 A

3 AN 3 o NTWT JBgeksam . f. R
BB(U. M. L)& XK Mo Nb. Al F1 'V &8 M5 M
[Molqo ZEWMFIIIESE 1. . FEEERA DU NES S,
E RGN 2 3 TP ALV S B a5, Mo.
Nb & &SR TS b AR FR I [ AR,
TC4 15421 TBS BEMIBTIR A ¥ AT, R T
LGRS SAk, WA G P e
FREERL T IR BRI AR L

3 BN TIREENI Mol N 6~11.5, JREEINZIN
[Moleg N 10~11.5, &N 6.5~7.5, X7 H A

R

Ui fuslualfusfue

. >
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3 NTWI /REERGET B EDS fs3 04 i X 4k
Fig. 3 Areas of composition analysis by EDS on cross section

of welded seam in non-heat-treatment welded joint

&3 &3 PR NTWI R R & X 23 22 [Mo]eg
Table 3 Compositions and [Mo],, of areas shown in Fig. 3 on

cross section of welded seam in non-heat-treatment welded

joint
Mass fraction/%

Area

Al Nb Mo \% [Mo]eq
Ul 4.20 2.09 9.25 1.02 10.56
u2 4.03 2.36 9.23 1.39 10.87
U3 428 2.9 9.55 1.21 11.24
U4 4.46 1.69 7.03 1.66 8.65
us 434 1.59 6.97 1.82 8.67
18[3 4.73 1.15 5.27 2.84 7.51
Ml 4.14 2.20 9.17 1.34 10.73
M2 4.13 2.55 9.39 1.71 11.30
M3 434 1.57 7.18 1.80 8.86

M4 4.81 1.12 5.19 2.68 6.76
M5 4.67 1.34 4.97 2.07 6.30

L1 3.77 1.93 9.07 1.10 10.39
L2 4.12 2.19 9.1 1.33 10.65
L3 4.29 1.65 7.01 1.85 8.74
L4 4.50 1.37 5.98 1.88 7.65
L5 4.54 1.30 5.67 2.13 7.48

PG R MR Z B0, [Mo]eg BHIED, &
RN p AT otp Y, AKHE[Mo]eg [
WEIRARFIE ) 8 NTWI ARG By AR g AR,

2.3 NTWJ BEERIRMB LR 554
2.3.1 NTWIJ J24%1) SEM 250t

Kl 4(a)~(c) B/~ T NTWI JEELEE 2(a)F A~C i
B SEM BARAHL, HilARIELE . SR
LG BRI G AL . B 4)En 4 (L E H
JHZ924 50 um ITEER B A SR SR AL i, T HLIEAR B
AH SRR EIERRER A EIRAE L. B 4R A 2(b)
ERIOF Sy EE e i et P Y A5 (A 34 S AR AN
Nk . B 4(b) R B A E IEAR B AR ok S
K, HESAHEMHSEERERAL . B 4(c)BniE
BN G EAR T AR B A L RIFEFIEEIRA LY, (HEAR
REMEAL ISR B 2, RSP K. SR Az
AL ERRA LR AR B, RATBUN, X5 Rsr F
TERE I, E 4 R NTWI RLEF IR T AR g A+
SRR, T ELR RIS B AHRSS K TR0, Jk
PAAH e K HLAS S50 50 6] K5 4% (1) 53R 5 FNIBPE AR . F
FRORH 2 M B2 Sk 1) M BERH IR K 5 22, BRI, S NTWJ
JREEI A EAT TEM A o
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E4 K20 4~C X1 SEM %
Fig. 4 SEM images of areas A(a), B(b), C(c) shown in
Fig. 2(a)

232 NTWJ /2451 TEM 14

Kl S(a)fln A NTWI AR4E 3 o M 18 . B
S(a)fc LA AR pARRT o IR SAED &, B MR &
HHCATT1]B, o AR BARATS BE RU S B 0 BB o
R EIR K. B 5iEstl BRyE NTW] fR4EH ik
EHEWRZ . BIESOR R ZER KM o4, SAED
(& A — 3. B S(b)FTm i NTWI JEEE5E 1)
g, MR R AAAE KR S B2 500 nm AR,
7E LA SAED BRMIXMIENFZEA o', 1E
NTWIJ SREER %A ] o4, VLA o B T8
ZEN R, X EH R AN R S5 A BT U « TEM B U
5E, NTWI IREEIAR NS g AH, TEH A EAEEKR
SIEFORN o A1, MESH R oM Z . AR B AH
ISR FEA, PAVESF, FTLA NTWI RIEE E, BEAR K
& o MR AR VR, 8 NTWI 4% v i i ff
P v TS, ARE 55 7 sm BRI, S s s
BET NTWI MRGE Rzl SAgRE e 44,
R4 B8 > PR TBO! 54k £ 4 [ F AL B ST, 5
R J5 AL BRI BE N 43 48 500, 550 600 A1 650 CiE
K 1 hHPss

(110), 5 (101),

(1007
¥010),
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A(012),,
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A KN @

o« A% »

4(011),

Fig. 5 Dark field image of a” phases in middle part(a) and
light field image of o' phase on side(b) of welded seam in
non-heat-treatment welded joint

24 HAIBERER SEM &

Kl 6(a)~(d)Fr 73 A4 5004 550, 600+ 650 C
IBK 1T AR 4211 SEM 1%, SEM 1845 %K. R
EIRGE) N MR NEAS B AH RS 704 AN Y, (HIR K
BT R 2 o MRS R fiAHZEAR K. B 6(a) i
INAE 500 CIB KRR TIREE T I ERA LY, Rk
BT W JZ o A, REIHAR g ARTIIR AL T4
A, FrLLR K EHESK R R B B &, EHAAL
THALKF. Bl 6(b)B/rfE 550 CiRKJG, MR4Edir
7KL NIURCK, R LK IR 4E /) o A1
FIZ o GH/ANTY o K R J2 X0 S % 110 8 1 58 6 )
DRI 22 Sk () o fef i B 31 e KB 1223 MPa, B AR
KIEE . B 6(c)BRTE 600 ‘CiB K JGIREEF I a #H
JRHAH A, FE o AHIK LN 10 pm, S8
29759 100 nme. o AR AL AR Sk (1R A 5 FE FRAIK 9 1185
MPa, {E15 5 75 F B KAE S10HV . & 6(d)E 7~ 1E 650 C
BKJGIREEN) )2 o AHERAL, 2k iR e i ot —
HBE 1155 MPa, BB N I%. 28 Bkl %,
FE Sk (P i L AR P R T oW 2R, T BREARAH,
HAH /N o FHAT DUA SRR 42 Sk PR R e i FEE R 7

2.5 FESKHORLRMT O 24

Bl 7 Fios o NTWI R A RIRFEIR K 1 h J5
PSR IR PR S0 . NTWI (I 240 B 78 1 4%
o, B 7(a) ok NTWI IR E A7 AeAE
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Bl 6 AFMWEIRK 1h 574155409 SEM 14

Fig. 6 SEM images of welded seams annealed at different temperatures for 1 h following furnace cooling: (a) 500 C; (b) 550 C;
(c) 600 C; (d) 650 C

7 NTWJ REARREZIRK 1 h )5
ks SNIETALH L IRpIZ
Fig. 7 Tensile fracture morphologies of

NTWIJ and welded joints annealed at
different temperatures for 1 h following
furnace cooling: (a) NTWIJ; (b) 500 C;
(c) 550 C; (d) 600 C; (e) 650 'C
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JREE T S AEIRACRE R R AE AR B, NSRS d
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NTWJ J 4% (P RE R b A0 JHG o 30K B (R I IR o A 2
i AR B 1) JEU R o 76 500 CIE KRR T IR R o H,
B, B 7(b) sl R A Re i 2k, 18 K AR
B ARIESEIAR, HIRE SR EYE . BT R8RS
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FER AR DX IR BT A (1 e ST 2L . 1 7(d) A (e) o
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ZUT g b TR AT, B S B R AR 1 B ARG,
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KAV B AL R SR IAVE RIS, DR, 3R ek i 2
PEFRETHRREARAH, 4/ BOE BRI 4 AR A X,
YL AREEIENR B AH SR

3 &g

1) NTWJ A48 IF T AN [ /7 72 38 BT BES AR
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Microstructure and property of TB8 sheets TIG welded seam

MA Quan, CAO Di

(School of Mechanical and Electrical Engineering, Baoji University of Arts and Sciences, Baoji 721004, China)

Abstract: TBS titanium alloy sheets were welded by tungsten inert gas welding (TIG) with TC4 wire as filler metal, and
the joints were annealed respectively at 500, 550, 600, 650 ‘C for 1 h following furnace cooling for postwelded heat
treatment. The ultimate tensile strength and HV hardness of welded joints with different postwelded heat treatment were
tested at ambient temperature. The macrostructures of non-heat-treated welded joint(NTWIJ) were observed by OM, and
the microstructure and fractograph of welded seams were studied by SEM. The composition distribution of welded seam
in NTWJ was analyzed by EDS, and the metastable phases were studied by TEM. The results indicate that the welded
seam in NTWIJ shows as-cast structure with heterogeneity in composition, with [Mo]q of 6.5—11, and matrix is composed
of coarse metastable f phases. Cleavage of a” phase in middle part of welded seam in NTWJ during tensile test occurs,
the joint brittle fracture from the center of welded seam. The " phase disappear from welded joint annealed at 500 C,
but no laminar a phases are precipitated. When welded joint is annealed at 550 ‘C, fine laminar o phases precipitating
from matrix f§ phases made the strength of welded joint reach the maximum value of 1223 MPa. When welded joints are
annealed at 600 ‘C and 650 “C, the laminar o phases are coarsened, as a result, the ultimate tensile strengths decrease and
the fractographs show completely brittleness.

Key worlds: TBS alloy; TIG; welded joint; tensile strength; welded seam; metastable phase
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