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Ope ass

Abstract

When brazing temperature is higher than 882.5°C, titanium TA2 translates from a phase to 8
phase, whose microstructure is coarsened and the joint properties is decreased. For this issue, the
compositions of brazing fillers were optimized by using orthogonal experiment and two kinds of
Zr-Ti-Ni-Cu amorphous brazing fillers with lower melting temperatures were obtained in this pa-
per. Filler foils were prepared by using rapid solidification apparatus and high frequency induc-
tion brazing of TA2 and Q235 were conducted. The results show that, amorphous brazing fillers
Zrs2Tiz2NiigCug and Zrs2 Ti24Nij6Cug optimized by using orthogonal experiment, whose fully melting
temperature is lower than 800°C, totally satisfying the brazing temperature requirement that no
phase transformation of TA2 occurs. The brazing joint is consisted of three parts: the brazing zone,
the reaction layer of brazing seam and base metal TA2, and the bonding layer of brazing seam and
base metal Q235. The microstructures of brazing seam are coarse Ti(Fe, Zr) solid solution den-
drites with stronger orientation. Reaction layer is existed between brazing seam and base metal
TA2, and the microstructures of the bonding layer of brazing seam and base metal Q235 are me-
tastable compounds formed by Fe, C, Ti. When brazing parameters are temperature 800°C, heating
current 25 A, heating time 15 s and holding time 15 s, the shear strength of the joint obtained is up
to 149 MPa.
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ASCE KRR E E T882.5 C K Ea-TilAB-TifHZR, HEHHAL, HRRFREEHEE, XA EZ AR
5 183 ZFh B 18 KB Zr-Ti-Ni-CudE 4R . A P - Bk & S 5T RHE, LiixiTA2/Q235
FIRBURNAET IR . GREH, RAEZRBRMRAH FIFERE B A Zrs  Tiz2NiisCusF Zrs, TizaNieCus, &F
RSB FRERT800C, HATAZRANREMZHTEREREENR. FERELRFEX. 4548
EMRNERFESREMEEE=50H. T RESEREXFTI(Fe. Z)EBGHERE, 5
TA2RHM RIEERNE, GRS X NFe. C. TiIERHERSHEWHL . FEFBEEES800°C, MK
25 A, INHETE15s, REAEL5 s&MT, RENFEELIVERERRILZ 149 MPa.
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1. 5]

KA GRS, MitERedr, VB LF, LEZETFA. BERST ML TR, H
RS R iim, TR EWHE - NR MRS B - T G SRR 5 I R 38 P AP & & 1
PEREARFA[1]-[5], R EER, 1 HAT LM, BRARHIE A . HEER - INE G S SR Rk S
BT )

T ER S I R MG RMEECR, IRk BT BB KN R ) R4 k)
ERAE RN IR IEMRE, ERETERKENESBRLEYI6]: RHoh, SO mummg oo
7, SWP RS R, IR, JRaE R S 58k B BIRRERMER LAY, M
ARG INNGE, B re A7), BRSNSk, DL G ER SN 2 TR s AR R TR
TS IVERPNERZ BT 78] [9]. LA EHIEA SEPRMERE A ELERAR, FF4E 2 IR E &R ik &40
AR 4 Sk B TR [10]. PRILE, @ H T 4K 5 ANEF i m R AR AT R AR IR H a1l

AR IR = T 882.5°C KA o-Ti 1] B-Ti #H7AE, HLUkAL, PEREFFER I, #%+% Ti-Zr-Cu-Ni
ARESE, BUREFEESSFEOEEREITEIRHE AL USRS FT R R T A AR B TR A 4, T
JEETIR TA SRS EF AR B S Sk e R K

2. ARA*
RIS AL B FH T 4li%k TA2, #ik& 9 50 mm x 20 mm x 2.0 mm, 543N Fe < 0.30%, C < 0.10%,
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N <0.05%, H<0.015%, O <0.25%, RE&EN Ti. WL 50 mm x 20 mm x 3.0 mm [ Q235 ik
TR o

FRRHESRE Zr-Ti BG4 . Zr 5 Ti TORREVE T LR Som B R ORRF M, R RII EZMA TR Z
—o Zr fEERR S, X a-p BARIR RS IR /N . [FIRY Zr i85 Niv Cu B EIE & BRR & 40 A [10]

Ni. Cu JCE Al SETE AL, B T AT B BRAK T AT RS AU 41, Ni B REHE A 4 il M RERI i /83 et
P, FEE AT REANACR T IR Y. BT Cu 5 Ti SRt & B &M, AR &
AEIE R FPRR R 3 e 5 R Ti f Fe fECER AR R AL BAHMEAR, FLVERAT, T m SN 5T
POV EF 4 a1t 4 JB AL AW, AR TRk VERese T TURZE SRR, & Zr £ 50% 4 42 (14 3R
AME, XTI, B E EPR P & TR (at%) e . 48 <Zr<55; 20<Ti<28; 3<Cu<12; 19<Cu
+ Ni < 30,

N T AR R 1 Zr-Ti-Ni-Cu JE &8 5Pk, SR IE RIS B A ER RS o 30 i) 32 2R 3R
FKSE DL 1o RIS FE bR A EFRNE L.

i Tiv Fe. Cry Ni. Cu 24/ (99.99%), 1 m KA ISR IS RET R &6, N B4R SR
THGE [ 2 8 ) % 1 46 HE 60~70 pm, B8 4~8 mm AT RNAM . RIS ELSCER[11]. F X FHRATIHACE
SHAYL R, DSC 7 Mk .

¥ TA2 A1 Q235 MU #4452 9 S it L 2% im AU L BT, WV EF i  h im 1 I A CRE, 42 3 mIHF + 6
mIHNO; + 100 ml H,0 ¥ itz 0, F Olympus GX-71 B4 B dr k4l 43, ] WE-100 B! /7 B
oML B Sk B V) 5

3. R5118
3.1 RIS B s s

MR EF IR AT TA2 AL AS TR 882.5° C 23K, PG fUS AN H 830°C . IEATIIGAR 2 40 #r K
B, RMETRMA SRR RN Zr S, KGR Ti&&, mREAHENHEERN Cu f . BGRES
AP KEIEA S, "SRR Zrs; TinNigCug 1 Zrs, TigNigCug - FEF KL .

PRI DSC i E 1. AHETCAE B, R PR A IR E G T 800°C, 2 TA2
ERAN R A AEAR BT H R FE K
3.2. $THEEfESLAAR SR

FPRHR NS, Bk A LU AL . A, TR D S RN i o BT A% BER 45 G TR IR
RIEGIG . SRR 278 Zr-Ti-Ni-Cu #FRb TA2 B0 Q235 # A A R AF IR RIS eI, )5
BT E R, PSS TR A G RE, R A R R R

] 3(a)& TA2/Zrs,TipNigCug/Q235 ik BARTEIN, FFF Sk ET4EX . FFa% 5 KM R B )= ST

Table 1. Factor and level of orthogonal test
e 1. EXRIEERFIKF

=
K
Zrlat% Ti/at% Cu/at%
1 49 22 5
2 52 24 8
3 55 26 11
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Figure 1. DSC curves of brazing fillers (a) Zrs,Tiy,NigCusg; (b) Zrs;TipgNisgCug
1. Zr-TI-NI-CUﬁﬂ?ﬁE’JDSCEH?ﬂ%(a) Zr52Ti22Ni18CU8; (b) Zr52Ti24Ni15CUg

Figure 2. Brazing sample of TA2/Zr-Ti-Ni-Cu/Q235
2. TA2/Zr-Ti-Ni-Cu/Q235 SR THEHE kiR #

Brazing,seam

Brazing seam

Figure 3. Microstructure of the TA2/Zrs,Ti,,NigCug/Q235 brazing joint (a) Brazing joint morphology, (b)

Seam/TA2, (c) Seam, (d) Seam/Q235
3. TA2/Zr5,TipNijsCug/Q235 $FiELEAN (a) KSR, (b) $TEE/TA2, (c) $T4%, (d) $T42/Q235
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B SWMEMEEZ =W . FFEE5E2) 100 um, AR R R A2, §F 445 TA2 REM ARSI R IT,
WIAIAEAE R ) 7~10 pum PRI RN Z, 5 RN ZMEAT I TA2 REMIEA E8AE R AEAEE, (R T8I
JEARMALILE . 45 5/1Q235 M B FIZEAE, X1 pm AZf. RE, HTHREEMLFEEER,
FHEEPRLZ B0 S SARX RIZY, Ti [EF4E IV RREROR, AN 1 Fe t0A M EF 4% A7

Ti 24F4E 5 TA2 BIM R BZ R EAEICR, BEREI AW 2 AL E 5, %AW TitFe:Zr BE/RELY)
16:2:3, SN Fe 1 Zr 7€ Ti P RIEEAARLLY, Wil 3(b)as. XS T m s B ET IR R g B, AR PR 0] 4,
FTAE TR SRR, RO RARE Y FRATE. 45848 1k E R w0 B 45 & XIF G, e o
HEFE . Zr-Ti-Ni-Cu-Fe 7L EICH &I IR A DL f R RS A K, BRI Bl b, T RIRE4%)E
7 T AR AR AR A it o W0 AE R R Aoy WL 2 A 1 R 2, A2 EClEE R L. T
BB T AR A, e A K v PR ASE o R 381 ] ST T VRORE R PR R AL s B S L, TR TiFe BER L2
4:3 J¢ TitFe:C BE/RLLRZIN 4:1:1 ARG AR, 23 WA 2 Ayl s 3 R A5 4.

WS EF a2 25 & XA 3(d)7w, MR 6 fir Wk 2, ZIX Fe:CiTi BE/RE Y 23:9:1, MiiZs& Fe.
C. Ti BRI RS AL

TA2/Zrs,TipNi1sCusg/Q235 #E4EFLLMLTLARE IR Zrs,TipNigCug FF BT I #2 S A AH [F],

Table 2. EDS analysis of selected points within brazing joint

72 2. §TEEEESLE S EDS 4R

TLROE at%

IP=E A
Ti Fe Ni Cu Zr C

1 50.38 45.76 1.45 2.46 1.75

2 52.10 39.53 3.09 3.53 171

3 56.14 42.94 0.92

4 63.82 15.23 1.16 1.03 2.09 16.68
5 79.30 8.11 12.59

6 3.15 69.84 27.01

Brazing seam Reaction layer

gy

Brazing seam

Figure 4. Microstructure of TA2/Zrs,Ti»NigCug/Q235 brazing joint (a) Brazing joint
morphology, (b) Interaction layer of Seam/TA2, (c) Combination layer of Seam/Q235

4. TA2/2r52Ti24Ni16CU3/Q235 %*?%?%%’téﬂéﬂg (a) E%ﬁé%ﬂs (b) %HEFI'AZ &F—‘i%s

(c) §T48/Q235 &2
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EREEIX . S8 S5 EKIEM ON 2 ST 82 SN 2560 )2 =804y . WISl 4 o FRASFIR, 4T
REEUE B TA2/Zrs,TiNigCug/Q235 FF1EHeskrh, HEFEER N ZHIEN TA2 BEM A THAZ, TSR
RGEA T, 4455 R Q235 Fith 4 VA 1A B ARE .

FER ] Zr-Ti-Ni-Cu E TR AAT AR TA2 5/Q235 i A rf, #23k 8 i £ Z s AT RHE AR B 4T
WA SRR R . PR A ORI B B RHA AR . BT AEEERE DA RS R . Hor, DA AN
Y B TR E SR SR SIINAR, R IR] R 2 R I B 2 e TR, 4
oL T TRV, T e R PR E R k2D A (0 9 s R BT 4% 11 b K K BT R 7 T S ATV 3644, R
PR VAN, VAN RV o7 5 LE MR BE A FE AR T 1) B Ak A 0082 7 5, S5 57 T V8 I R U B A,
FEMRE— DU R, Wt R BORE R 45 5, S EUSGETRIRIBRE Bl oe . i T S ET RHEVR 47
B B S To i, AEAFAT AR AR RRAE AT (I ()43 DAEAT . I ELET AR R LR, EFE% 5k 0 M\ 5 BEM 1) 25
IR, CATT PR R AR SRS AR K, B ISR AE 45 R, T B BT 1 3k i P TR o

FEATRERE 800°C, WA 25 A, IRFARTE] 15s, {RIRATE 15 s &4F K, SIS BRI TRk .
PELBUY) 5 B i ik B 149 MPa, #1486 MPa, “T-YJ{Ei A 126 MPa. k2 MET4% i T 490 BER A 24T .

4, g5ig

1) R IE A RIAL A R R EPELN . Zrs, TiooNisgCug A1 Zrs, TinNisgCus,  #FRFE A ILIIRIEIL T
800°C, il /& TAZ KA K A AHAR (BT Hif FE 3K .

2) FFHL AT EEIX . AR HEREEM RN E S AT 88 SN M 45 G R = A . BT T Al PR
PR HY Ti(Fes Zn)EE AR, 5 TA2 B RAFERNE, SWINEAEX N Feo Co Ti IEKTEAES
AL

3) FEETHEEE 800°C, MM 25 A, INIAEE] 155, fRIERTA 15 454 F, IRIFM0ET Rk ET )
A #] 149 MPa.

E&WE

78 22 7 P A AR B 1R (CX12180(3) . CX12154(2)). BRit&4 #H 1T IR 45 3th 77 & Tt (14JF019) &
PUI AR 3 42 (XBCL-1-12)
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