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Ta/Ni/Mo Laser Brazing of Different Thin Plates
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ABSTRACT: The work aims to explore the optimal welding process parameters for Ta/Mo laser fusion brazing. The orthogonal
test scheme was designed and the optimal technological parameters were obtained. SL-08 Nd: YAG pulse laser welding machine
was used to weld the thin plate to get the welded joint. The tensile strength of the welded joint was tested by controlling elec-
tronic universal testing machine. Microhardness of welding joint was measured by microhardness tester. Weld microstructure
was observed by OM test. The optimum process parameters were verified by the performance of the welded joint. Under the op-
timal welding process parameters, the maximum average tensile strength of the joint was 230 MPa, which was close to the ten-
sile strength of Ta parent material. The weld surface was continuous and clear fish-scale pattern could be seen. The back width
of the weld was uniform, and the weld was well formed. The acicular eutectic structure appeared in the center of the weld seam,
and the grains in the heat affected zone were grown up to different degrees. The hardness of weld zone formed joint was the
highest, followed by molybdenum base and tantalum base. The optimal process parameters obtained by the orthogonal experi-
ment are accurate, and the optimal welding process parameters of Ta/Mo heterogeneous thin plates are: laser power P is 20.8 W
(laser power percentage is 26%), pulse width T'is 5.5 ms, and pulse frequency f'is 4.0 Hz.
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L M PR A 53R i 8 LA A G R i A
H(Ta), $H(Mo). BNi)JE 3 MRFIRIMER &), M
S T v, TR R R LR, A P
T, WG, EHARTHALE R AL FE R AT,
HAEE AN, T, JBTRe. Al 517l
BT, FEalefeoactids . AAR L ATHAE L
e A P R IR TAE R EOR,
AR i B XN < S AR o AR AR S
BELAR T, AR AR o IR ME, SR TR G i L8
FEROCHORI AR, FE KRB R AR, HOt
FHHEBORIT IR B8k A o TR R, BOLH
FOpATOEH - A RN | PR R RE R R L AT
DA Vb 2 ) A2 1 i AR A i), R) o o A
e 3 4 A N T ) B RIS
R, AT IE BT AR SC LR AR 0P 1 32 IR
i, Sk 5 R, ROEAT A R EEIEA, N
BT UG AT AR B AL A AR SCAR IR T 2 Ta,

i P XS < S AR, 2 22 TR A AEAR Ky B AL 2
M2 5, il Ta/Mo RORRHERCH Tl Hig
[El 941 Ta/Mo 53 <G JE AR IE A AR SC L BIAR D, TRt
Ta/Mo Z [H] FSOLIE AT IR I 7 BA SEPRTE Lo

1 SCL§
1.1 ##

SLHHIFFE Ta/Ni/Mo Wi P68 HOLIESTAR
17 0.2 mm JEAYIE K ZSLEE, 179 0.4 mm JREREL ]
LA o B S 2RI IR 10 Ta BRI R LE
B, e MOREE R, MR e R, AR
I, A LS S5 T AU T .

Mo b T2, & —F A m i B AR
WIHBONRA . Pr(Ees . miEsREELr | PUB kL,
Bz T AT BB R, Bl TSR
PUZIK 28U, R TAT BRI, Rl R A
RS SR AR RORE . B IR 2.

Ni FYRERURIE R LR, T ik AR RELS
TER . VOIRES T A R In TE, ZER=, EH

Mo 1E R BATAT I G AR IR AL R A -l vh 2 S8 h RStz —, Hoar Ik 3.
F1 O BASHENULZERS (RESE)

Tab.1 Chemical composition of as-annealed pure Ta (mass fraction) %

Ta Fe Si Ni W Mo Ti Nb O C H N
it 0.005 0.005 0.002 0.01 0.01 0.002 0.05 0.015 0.01 0.0015 0.005

®2 TA4EMUENS (RESH)

Tab.2 Chemical composition of pure indusfria Mo (mass fraction) %

Mo o N C Fe Si Ni W Ca Mg
EN 0.02 0.003 0.01 0.015 0.005 0.006 0.005 0.3 0.002 0.003

&3 NizZpmhENHS (RESH)
Tab.3 Chemical composition of Ni wire (mass fraction) %
Ni Fe Si Mg Mn Cu C S Zn Pb P

AhE 0.1 0.1 0.1 0.05 0.03 0.1 0.005 0.007 0.002 0.002

1.2 FHi&

S SR FH K H) SISMA 23 5] 4 72 1y SL-08 I Nd:
YAG Bkt L, BOBEALE TR 80 W, 3
HTRE 4 BRI SR | YEBE AR MO AT i
o L EREMAIEES R 02 mm, LR
BT W GA L BE S 0.4 mm ZE 45, LA AT AR N Ak
PRAE L REAR ], 5 WK 2 B i S IR B b .
HACE 180 mL ¥ HF (it 40Ch 98% ) Ak HNO,
(s 50h 98% ) #lk (M HF Ak HNOs EL il
1:3) A 200 mL BedfH, BRI 20 mL R A%
F 100 mL BEr, B8 075 8 Tl BH T AR A A Hh

HEATIE I, BRUCE T2 45 s, BUR SRTAUS RS
JU B AR, B A R 10007 R0 40T BE 4R M, i
ZIEER 0.2 mm, REIE N PRz, R B
FEAEZ R Ni 2, WE 1R B EREA In T
A% 25 mmx15 mmx0.2 mm REEZL R, SHAEM RN
FAEHR 03 mm B Ni 22, WEIERTS M . i
AT R AL AL B, AR RERT, SR A B
PRy S A AR, R EHEE R, R
R EEHIZE 10~15 L/min Z 8], EREHE N 0.3
mm/s.

SLIF =N ZE=KF (WFE 4) BIEL TR
WO RN RAE T A58 IR,
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Fig.1 Butt joint experiment setup
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Tab.4 Orthogonal factor level

A B C
L] WoRThER Bk WOREIR
P/W T/ms f/Hz
1 19.2 4.5 3.5
20.0 5.0 4.0
3 20.8 5.5 4.5
®56 EXREAS
Tab.5 Orthogonal test group
o) Hot & Jik e 5 JEE WO s
P/W T/ms fHz
1 19.2 4.5 3.5
2 19.2 5.0 4.0
3 19.2 5.5 4.5
4 20.0 4.5 4.0
5 20.0 5.0 4.5
6 20.0 5.5 3.5
7 20.8 4.5 4.5
8 20.8 5.0 3.5
9 20.8 5.5 4.0

2 HR5HH

21 EXREBERESH

IERR R EE R UL 6, AT AR 19.2
W BF, TR N, AT IR AR S
G, eI EI PR RE R, P RE B
FEWT RIS, PRI Zh 3y 19.2 W Bl R oo B
T LIS, MOk 19.2 W HF, KR4E))
SPEREZE  NRBIE MRS £ 6 TTIY K, Ko, K
TPBUE S RO Bk SERE . ORI 3
Pl PR AE [ — K R HUPias 2 A My, Mo, M3 £7
BUE S M HOET | BRah SE 8 | ORI 3 Ff
P Z AR — /K R 5 his . W Ky ATi0ET
R ZHIR ) 0 J=1E 1 KFE T (P=19.2 W) 3 4~
PUHrsR R Z A, 1M 3 A4 1 KB PThr s B )k
0 (17,2% 3:iKu ), HD 0=0+0+0; K, 47 MMk npos B
DKL 22370 65 7 1) 308 J2 fik b 5 B2 7E 1 7KSF R 1 3 ANt
L5 B KRB 2 R T o S BE R R 1 3 A4S 1 KO
I ILRLIR EE 2R 9K 0, 143, 165 MPa (17, 47, 79
55 ), RP 308=0+143+165; K 17 [ ik nfdii =% K 2 571
XiF 7 () 266 S B J1AE 1 KSR 1 3 AN b i
BEZ AN, T K AR 3 4 1 KRB s B 4
Wik o0, 223, 230 MPa ( 17, 6", 8"t ), HI
439=0+223+216; [FHIA]RTGT Ky F1 K AT IEE -
16 M, AT EOETIR I Z A0 B EUE R 0, 13
WOEINZRAE 1 K F-(P=19.2 W) 4 - 250 PR By
05 76 My A7 H ik w53 32 DR 22 40 6 02 ) R 850 {1 R 103,
AR 22K w5 B AE 1 7K (T=4.5 ms) - X450 i o
J& 103 MPa; 7E M 17 OG5 KR 51 6 I 1) 5K
B 146, FRRBOCHIRLE 1 K F(/=3.5 Hz)BT 1Y
SEBHUHIR S 146 MPa; [R]EEA] 1 My Il M3 A7
BE X R 1 B K o 38 a1 58 6 v] 49 3 1E 58
b4 R, drhise B HEF ¢ AsB;Co>AyB;C>
A3B,C>A,B,C3>A3BC3>A,BCy, HI I AT 18 5
T2 3800 AsBsCy, BIEOETIR R 20.8 W, Pk
YN 5.5 ms, Pkt 4.0 Hz, @ik 6
Mo 26 (HE— PN R e KAA I e /IME ) 20 i A
Ri>Ry>Rs. ] LA B & U HE T Ao T 36> ik
1 B > YOI R (W 22 50 BTt A 5 R R — T R
B, A Ry A PR 28 k& SR B s Y i, AT
IR, X—HRSK P EREHFAGSRD,
JIT LA 80 G 50 36 b 10 52 K BN HER s
JER M R (EE KB HET ). T 1 AR
BT . ML L) R S M A T A B
(R 259 EAT 980 IF
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Tab.6 Analysis of orthogonal test results

ABOL BEKMERE CBOLHIE Hihii g

P I PIW T/ms flHz MPa
1 1(19.2) 1(4.5) 1(3.5) 0
2 1 2(5.0) 2(4.0) 0
3 1 3(5.5) 3(4.5) 0
4 2(20.0) 1 2 143
5 2 2 3 207
6 2 3 1 223
7 3(20.8) 1 3 165
8 3 2 1 216
9 3 3 2 230
K, 0 308 439
K, 573 423 373
K; 611 453 372
M, 0 103 146
M, 191 141 124
M, 204 151 124

W2 R 204 48 22

A2 32 IR 1 2 3

ik 75 % A3B;C,

2.2 BEERF S ITIEIE

H T IO 0 AR 4 BT B2 e AR /N, B LATE
JRPR GG I 1 MR 4.0 Hzo BKP 980N 5 ms B,
RO BRI SE B IR UL IE 2, 7oK
IEHRIEIES, T I IE S T LA,
RN 19.2 WS, TR AR, HREEK
AT, REEROn B AL, HBUREEHRA .
B 5 OGN A 20.0 W, FAd At RE 2 3, A5

200 pm

a BOEThE19.2 WIRLETH

b BETN20.0 WIBLETETH

S eI B, AR R WA NESE, " BT
i, MAETTISEE S . ML TR A 20.8 W
B, IE R RIEY R4 HOtThF N 20.8 W B, A
[ ok b i B K 0 AL % TE 2 T 1 TR S AL IR 3
AL, MRAEHOET A E] 20.8 W, IREEIEH Y
Y B4, BRI B AR K (HJE, Mkehoe
JE ARSI, BO6 5 28 sk, e i A Rl 2 3K
NGRS T 7 2 IR W R i ka4, NI 3¢ FNEl 3f
AT, YPKkAhSEEE R 5.5 ms B, MR AP ARG K,
T RS TE R R e, MRAE E SO AU B A o

WKL L% B TE S0 PT LA, SO T R 5 ik ok
iR XTI A U A WE R, TRk E TS S G
W, OGRS M FLE Sk, R B
el QUL i NI e 3 8 RN iy DO B N (%
HTIR K 20.8 W, FkipFEBE R 5.5 ms. JkupAiRh
4.0 Hz 00T, K88 OB A X e, 5 1E 2SR 56 i 5

G —8.
2.3 RBREEIEEEEESTEIE

YARFEISECT Ta/Ni/Mo BOGIEET FRIE 4% 19 00
MLV, NI IE 3SR 5 AT AR S5 e #1750 E . 30t
Iy 20.0 W HT 20.8 W AR 8 T K07 174 K 4 48
HES LK 4a. B 4b, MPOLTIEN 20.0 W B, 47
BN INIE RS 25 O N 20.8 W, FRAEALE H
WY RAT o MBOCT R AR KA, A% % A R AR K
PEE A AL At R A K, SBUEseAE K, RIS
RGN FUIEERPLT] , BEE P A K, Jhiat
SETRAAR R AR K, BDOBTI RIS R &
[, B, EROETIRN 20.8 WS, (48R
e, Wk, B FRXBEOETIR A 20.8 W HFASH
k58 T 09 AR LA T 40T -

200 pm 200 pum

¢ BOEThE20.8 WIRLEETH

d BORTh#R19.2 WSS I T

e BOEThF20.0 WIELE A

£ BOETh20.8 WIESE X T

K2 ARENEOCH AT RS IE ST U B $(T=5 ms)
Fig.2 The shape of weld front and back under different laser power (7=5 ms)
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a Bk SE 4.5 msiREETETH

b Bk SERES ms)RAE TR T

¢ Bk SERES.S mstRAETETH

d Bk R SEEE4.5 msJREE R

e fkrh e S msH4%E I 1

f Bk FEEES.5 ms/REE R T

&3 ANTa] ko 56 B2 TR MR 4% IE ST MR TE S (P=20.8 W)
Fig.3 Shape of weld front and back under different pulse width (P=20.8 W)

4 AFHOEYIR T AR SERTIE (7=5.5 ms)
Fig.4 Cross-section of weld under different
laser power (7=5.5 ms)

WOLTIE R 20.8 W, Bkih e E 25k 4.5, 5, 5.5
ms st 07 (8 AR R A T T 30 DL A Sa. &1 Sb. & Sc.
ATLAE S, 55 HR 4.5 ms BF, KR4 IR 1S BLIG ;
ko SE EERE N E] 5 ms I, AT F PR T R,
SRR B E WA Mk SE B IN % 5.5 ms B, PLAE
BRI, IEEARN AR, b, B 3 s, 3
ZH ORI 35 PP R I o I R = A BH B3 . X N
Bl kol S8 RE (3N, Ok S R, BARRE R
SAER, (R I IR B T A R ERE AL B AR, R
[ QLU OB N ATE 3 N St 3 S 1D OB <3 i

a BRI EEE A4.5 ms

b Bk FEE K5 ms

MK HAESR A B, SR X b 340 2 TR
AR KRG, 25, fEEOEThR N 208 W,
Jik #h B A 5.5 ms HRRAE B b B, XHAE R IE
ARG AT A T2 S 50T IR B ) 378 4 3k
FEAE PO XY WA SUE S T 0T (L 6), &
PR SE O X B T IR I SR 41 4

X A X BT B S SUR SRt AT a0 i (LR 7 ).
& 7a, & 7b AT A B Ta/Ni, Mo/Ni Fifigk, 4%
A LRAATAE R TIE AL AR AR, T EL7E Ta/Ni
IRALAL, B Ni Az s i/ p R,
BB Ni BEA S R B e, TS Ni kAR
B HIE R, SRR MK K [REA & BRI X
BAASE A K 0 i) IR 0 i T K e v A
24 NEFEMEESIWRIE

B 7 43 A MR 0 B BT R T A, SRR
PSR R R | S | Bk B S ] A R R
TEOUT, ¥ S0 ) R i 2 5 A 17 38 R T4
A EAPE R PE R R o e, AT 2E PR RE R AR X IE
ARG LIS AT RIE

200 pm

200 pm

c Bk FEREH5.5 ms

s T fok e 5 B2 TR B G2 R AT (P=20.8 W)
Fig.5 Cross-section of weld under different pulse width (P=20.8 W)
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Fig.6 Microstructure of weld center

a Tiﬁg%
K7 IEaLMiEdgUE M

Fig.7 Morphology of tissue around the fusion line

b Mo/NitF &4k

WOETIE N 20.0,20.8 W I, AN [H] ik i 5 25 R Y
R4 ) A B 4 A DL IR 8 RTLAE Y, TEHOBTIRN
20.0 W I, Sl (R 20 A SRR A > A5 4E > BHERHE
B R G 0 A DR R AR R RS, RIRHIE TR 4R
Ni (s H AT REA SHM &R N R4
G, Fit, PEOEAM AL, mfERoE)
Hoh20.8 W B, kT8 T=4.5 ms I, FEE% -y hf
FE N HV778.1; T=5 ms FHEEE IR HV636.9;
7=5.5 ms W} BREEF- Y 0B ) HV461.2, fEIZINR T,
TR R A KA > SRR > R . FERK SN
5.5ms iF, B FREA MG S, BKERk, MERRsELt
() SRR R A K KIS, ELAR KA Y I 1 1 42 ) [
BBk s 4.5, 5.0 ms IR FEHEBLEX, 15
KRAERE FERRAR, (H2, AR S BT KA hl A58k
KFEHE

3 Hig

KT Nd: YAG koot @ st B2 0.2 mm
[ Ta 1 Mo 54 J& Witk , >R A 0.3 mm Ni 221 K3
FEARE, AT T R S ORI AT AR . A IERS
R T e KPR E T SR S5, IR AR
HENIY . ML J2E Ry O AT T 5 E

1) IEGRIBAA R T 28 BothR P
J920.8 W, WKTE T M 5.5ms, Pk 4 4.0 Hz,
UEHT P S 230 MPa, $2E Ta BEAF A PLHI 8
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Fig.8 Microhardness distribution of weld under
different pulse width
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B i A= R Y7 18] R A 5 1 R4 rh A0
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