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Fig.1 DSC curve of the Ti-Zr-Cu-Ni-Co-Mo filler
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Fig.2 Schematic diagram of assembly for brazing
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Content/at%
Ti Zr Cu Ni Co Mo

A 55.08 16.28 12.42 11.91 2.99 1.32
B 55.22 16.37 12.38 11.85 2.91 1.27
C 55.25 16.46 12.33 11.75 2.95 1.26
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Fig.3 Microstructure, EDS analysis results (a) and XRD pattern (b)

of the Ti-Zr-Cu- Ni-Co-Mo filler
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4 JEETRIRSE 900 C. AFJEIHE] 10 min i
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R EDS TR . HE 4a mA, ERARESR
RO LIS, REIRIER R MR
Sk ST A A SR TR B0 AT R 4 Sk 4y O TCA N 5 T B Y )=
I (A0 AR B). HODEFIRZT (AH C. D A1 E) Al
TNM U5 S BLZT CIAE B, &A% R EDS
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RIE S G T EN a-Tiop-Ti AT i 500 )k
RS TR N=KE: — R alRETTE Al
TRESLHT R pRasE TR Cu. Ni Al Cos =2 6 IR [ v
T B-Ti R &M T E V. Mo. Nb &g sz,
NAETYIM b, T = KEITCR S HEE AlL Ni
A Tie R 27H, YF A TR EZEE Ti M AL YIH
B /' Cu. Ni &5 & (Cu 4 4.61%. Ni % 3.50%J5F

¥ FTED AR FEANE p-Ti hi KEWEE (Cu 4
13.5%. Ni £5 10% J5v43%, FHE) ", Frid cu.
Ni 7] 584V AE B-Ti o B4k, VT3 -Ti (1
SRR R SCHEME 454 SCIR[L,61/0 Ti-Al ot
A AR R A 9 o-Ti, Y04H B 4 B-Tio HRIE
YA AR B (1 pARRR E RO A R — B e A
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Fig.4 BSE images (a-c) of the TC4/TNM joint brazed at 900 ‘C for 10 min and EDS element line scanning along white line marked in

Fig.4a (d): (a) brazed joint; (b-c) high magnification images of layer Il and III in Fig.4a
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Table 2 EDS analysis results of each phase and layer in Fig.4 (at%)

Phase or layer Al Ti \Y Co Ni Cu Zr Nb Mo Possible phase

A 9.22 84.03 0.72 0.17 0.73 1.31 3.19 0.38 0.25 a-Ti
B 6.10 74.70 3.91 1.56 3.50 4.61 3.82 0.65 1.15 B-Ti
C 3.51 75.62 0.96 1.14 3.81 8.95 4.50 0.25 1.27 a-Ti+y-(Ti,Zr),(Cu,Ni)
D 1.75 47.20 0.07 2.43 12.85 14.78 19.91 1.06 0.00 y-(Ti,Zr)2(Cu,Ni)+o-Ti
E 0.29 61.96 0.30 451 16.53 7.82 8.13 0.46 0.00 y-(Ti,Zr)2(Cu,Ni)+o-Ti
F 22.23 66.38 0.09 0.36 1.47 2.01 4.38 2.52 0.56 az-TizAl

Layer [ 5.85 78.25 2.68 1.19 3.22 4.02 7.20 0.24 0.58 -

Layer I 1.85 61.59 0.44 2.69 11.06 10.51 10.85 0.59 0.42

Layer IIT 25.68 61.37 0.19 0.25 1.78 2.66 3.79 3.12 1.17
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BRI, TAELL ap-TisAl N EZW A2 H
BUIRR%, XEFERHET Cufl Ni 7 ap-TisAl & NA
R /INTI 77 A2 R << B 22 50N T 3. [ da v & R 4 E A
FEF T3 3 . AR 3 AIAN, B RN JEIH TC4
BEM o1 BP0 AH 35 R (a4 B)-Ti, AHJE TR RE B B & i T
TC4, PRAEMER AT EERZTT I Cus Ni 20 & ER
F(a+p)-Ti W5l BT S hOEFHRE BT F
y-(Ti,Zr)2(Cu,Ni)FHHR 2 1 55 3 Fl ri 5 IRE B & T A 4,
FH y MR ST oTi, 1 Ren & ANPURIHE T BoR
Ti,Cu(4E FCAEE 5194 MPa) Al TipNi(4E FCH# 7056 MPa)
=T a-Ti(4060 MPa), 7RIFEEA_EIAHERT & IEMK. A
T S J2 T (o= Ti AL O 4 PG B /2 4603 MPa, 1 /5 T
TNM BE#4 (1) 3648 MPa. %% LJTik, y-(Ti,Zr),(Cu,Ni)
)5 £ 0 3 AT o) AT 4 ) B 55 70 A e v s PR TR R o
S N R B REA TCA W RIS R
Zr. Cu. NiZEusmERER IR JIEH N TC4 ¥
UL . TC4 HRAES TCA MRS R & -
FEEVEF SRR E J LA b, 5 SO IR E I e B ) AR A5
HEME T2 DL TCA BEM RIS BUEAZ i, HR
KB 5B SR A R, B Er TC4 BEM SOk ) 4P 4E
ARl Bk, SRV EIRHZAH o-Ti f1A-Ti
M. KURIBLRAE Lee 25 NPARIHE T G KRB -

®3 EAahBomERER
Table 3 Vickers hardness of each point in Fig.4a

Point 1 2 3 4 5 6 7

Hardness,
327.8 368.8 558.6 534.1 563.6 469.7 372.2
HV/>9.8 MPa

i
31.9 pm

e i

Fi4h, B EDS i3I, FHRBZE 1 g RETER
SR ET TC4, afaE LR ALK T TC4, EAHH T
TEREZ . ERER B-Ti. K 4a AR N ZEI4
SSEIE T LR, FIEERET, EIRENE
e EERT, KEPREE/N. ¥ ol R 550
() Al JE T M EFEIT AT B TNM BEAF o sk [ 4T 48 v 0
I8, DEEFEIITER Zry Cul Ni %[ TNM 8L, B
BT L TR AL EE ST ER M G B Z TCEDS 45
RWEE 2 i), HZES Ti A& &2 87 5.
Al AR S EREEMK, 4 T M Al EFHAT
1.5:1~3.2:1 Z [ RHE R TisAl. B 4a W51, S
N JZ T JE B 2 ST S L JZ2 T 5.23 5, %R B TC4
) YR A TR R R i DA R L SR AS BT R 2 T A LA
Bz K F TNM. (R, XT3 19 il ke =M
e, FOLEHRE R TiE AR S E G i Zr,
Cu. Ni S5 FAEX & 2 K. [HAF—ME, POf
JRENP &R S &S T C. D EMEIT
AN B B KA AN e/ ME 2 ]
2.3 $TIEBREN TCATNM $EK XN LH LR 89 520

5 FE AT JE I [A] 10 min. T 45 35 ¥ 920~1020 C
YR TCAITNM EFEE Sk A R A R . 46 E
da vl HN, MEEEHERE M S, 2 I%EH 16.2 um
HmE] 51.7 um. 2 WASEEEH 3.1 pum 30 % 6.5 um
BT HEANZ 5 /NE 2 1000 CHH
K, RPEEM SE R Z R G RO 8ONG4
A I N B8 A BT AR R R ) T v R . 2 TR B
ME/NTE 1, nEE2H KEIELS o, TiAl MR
JZ TIP= AR ) B 22 3 N T K

5 3.4 pm
=

5N Y

¥ P

K 5
Fig.5
(c) 960 °C, (d) 980 °C, (e) 1000 C, and (f) 1020 C

L1 TNM

ASTE) IR BEET 45 10 min (1) TCA/TNM T 153 3k 5t i B 4L 21
Interfacial microstructures of the TC4/TNM joints brazed at different brazing temperatures for 10 min: (a) 920 °C, (b) 940 C,
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t & 4a FIE| 5a~5d BT A, Bl BT A0 I T
EFRLIGE (Zr. Cu. Ni. Co. Mo) [a] 5l £ 44 It H
F& TCA Hh g B LA K BEFF TCA FI TNM & 4 95 Al I 1 vk
OFHR IRy #U 2, [EE 0 R ZIH Cul
Ni F1 Co %5 g-Ti LA R u R B F WA Ti mR PR
Z Al LR Z, N FECH QR ZIT o-Ti 3 2 |
y-(Ti, Zr),(Cu,Ni)k/>, BI#¥4H C (5 L2 . #9148 D
FE (G ERA> o HEFIRIR LA B EGE I TCA 1) aop
AR FE (995 CBY) I, TCA &4 o-Ti il
9 B-Ti, WAEFEIH Cul Ni Fl Co £ g-Ti FaE o &
BrA /b BB TNM o D) 430 O [ 3 31
TC4 &, FECPOEFEZ 58 4 b FUTH &N T
Ko EFEERR, TR PZ T 2 2 AR R IR
JEE B RV /0N B P ST TR (oot 3)- T 988 28 B 4T 44 1L 1000 Al
1020 CHF FIHLERIR B (a+B)-Ti,  FLEEEF I35 B T &
mA1L, WP 5e F1 5F fioR o
2.4 $TIEBEN TCATNM $#% hFaeay 520

6 NAFITEEATIE 10 min, TCA/TNM £F4E-8k 7
ARV T ARR At £k . HE 6 FTLLE
H, BEE TR TR, Bk PR e Kk o
EFRIRE 980 CHY, 2 Sk (bt 8Y )9 B ik i K AE
494.83 MPa, % Shiue 5 AR Ti-Cu-Ni $EH#H 4T KL
FFIRIEHE TCAITisoAlse $2k B S K Bt BY 1) 98 2 1y
71.8%. FFJEIRAE 900 CHE, B T-REM SEPRLZ H 1) )5+
P EORNG & N ATE 5y, O ARE TR A7 K & A ifg
y-(Ti,Zr), (Cu,Ni), FEFELITEIVI#EZ 301.01 MPa.

7\',,«"_“ ,"— Ry )
= -—“Quasieleavage plane !

BEEETIRIRBE T, BEM S EPRLZ (R A B HoRG 4
SN, AOCETIEEINTE RN H y S BRI o-Ti
BRI, DL TiAl 2y 3 YA ) ST B W JZ TN 0 5
{BAHLUR WARY, . HSCHR[24-25] 7 %0, y. a-Ti Al TiAl =
H B 2805 7N 40.4810°,10.1<10° 71 9.1<10° K2,
AL, AR RIS ST SRR I A (R A I 2R H
L B o T AL P s i B A I R T PR Sk o R
R IR AT IR SR BT VIR . SR, S4TSR
J£ 1000 ‘CH, FH [ JZMH e Bk, (Hrbui
V3= I E RTINS ettt C A = =3 EE oAt s AN AR N
(o+p)-Ti FEAEFFHENIR (a+p)-Tio HEHEIRH, (a+p)-Ti
20/ R TR A0 2R LA 1 A 2, T R IR LS
Wk, SreE e, Wk, FHEEESL )58 SO
N F%3 355.67 MPa. BAE EF IR E T F 1020 CHF, K

494.83

500

400}

Shear Strength/MPa

300
301.01 295.87

900 920 940 960 980 1000 1020
Brazing Temperature/’C

Bl 6 AFHRIEEEXT TCAITNM &F 45 82 Sk BB U] 48 B 1) B2 i
Fig.6 Effect of brazing temperatures on shear strength of the

TC4/TNM brazed joints
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ot : .
90 20 30 40

20 3.0 4b Sb Gb 7b 86
261(°)
7 AFENREEE 10 min TCA/TNM SF 02 3 3k 37U I B0 7 D3 & XRD &3
Fracture morphologies (a, ¢, €) and XRD patterns (b, d, f) of the TC4/TNM joints brazed at different brazing temperatures for 10 min after
shear test: (a, b) 900 C, (c, d) 980 C, and (e, f) 1020 'C
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R (o+B)-Ti 344k, T Hall-Petch FIJPETT &1
RH K B0 it WL 22 PR AR & & 10 AR R B2, R T 6T A5 iR
1020 “CH L BT BI )58 BE i — 20 R £ 2] 295.84 MPa.
N TR AP TCAITNM STk, B2 it b fE 32
e AR BOHATIR K (0t B)-Ti 4HEH

7 REFIERSTE 10 min, £FMEIEE 900, 980 FH
1020 “CHf TCA/TNM #23k Z 5 55 Y58 f5 1 Wr D ot T2
$if XRD Wi, 7 Wi S A, R EEF IR
FR B U By 11 2 T 4 52 B O ) 4 A T AR, SR B
TCAITNM EFREEk i 2 77 U N e 2. i1 XRD
SYMTEE AT, ETFRIREE 900 1 980 CBY Y)W 1 K TH I
YIRAE a-Ti. y-(Ti,Zr)»(Cu,Ni) Al TizAl, H. 980 ‘CH a-Ti
BIILLEL 900 CHIZ . S4b, HFIRIRFE 1020 CHIBYIT
IR A AEALE a-TiB-Ti 1 TisAlL L, 7] HEN TC4/TNM
TR S 1) T M A OV BT R JE TR T e S JE T
VR R L Z AL, B 75 2EEUmiF 21 ST [ B2
M. (EA 302, WiORmK XRD #—B5AE 7
2.3 5 PO BT R Sk T SO 2 Z AR A BT 4 SR . IR Ah,
y FIAD TiAl EEE ST o-Ti thVF 2 S8R T
] WL T TNM EF48 v i) = 2R R 2 —

3 & it

1) TEEFJEESIE] 10 min, £F4#FE 900~1020 C T.
2K, KM Ti-Zr-Cu-Ni-Co-Mo k& 4Tkl B 25 4T 15 i
2 TCA A1 TNM &4, FFIRERL G RIF, SLAERIE
Bkl TCA M A TH [ B JET. oD AT IR E T TNM ]
FUTH R B T B HLOE B2 5 90 #8453 530 A (atB)-Ti
y-(Ti,Zr),(Cu,Ni)+a-Ti F1 op-TizAl . v, & fil JiF
y-(Ti,Zr)2(Cu, Ni)AH 25 8 A1 o3 A 6 T 5% ) 1 i A8 Ak i
YeE R 2K

2) BEEFASIE M, SR RN R TR R
FHH e N J2 T B8 B2 e 386 I 20 23R WAk, Aol T
P2 E IR/ B PG y-(Ti,Zr),(Cu,Ni) > . 4k
o-Ti W% . METHRIRE 1000 CH, L EF R E T 2
Fi RN EH 3 RN 2 2, FmH R E T GH N W
TR (a+B)-Ti B Z P EDR (a+8)-Ti 58 2B H
It AT U B8 1 3 — 25 T e KA

3) TCA/TNM SFHR4K B BY 1) 56 B2 BE BT I FE 1)
Frim et RGN, 5 Sk ST A 2 A AR A 5 DA O
(1), EFIRIREE 980 CH K, 14 494.83 MPa. BYJiA5 1)
ET AR S S MG I i 2 rh OO T A R T T S 7 2 TP
T SR RN AL, HAT 2EE0 20 S e B2 T
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Interfacial Microstructure and Mechanical Property of TC4/TNM Brazed Joint

Li Li**? Huang Hui'?, Zhang Wentao™?, Yuan Leixin'?, Luo Fen'?, Li Xiaogiang®
(1. School of Materials Science and Engineering, East China Jiaotong University, Nanchang 330013, China)
(2. State Key Laboratory of Performance Monitoring and Protecting of Rail Transit Infrastructure,
East China Jiaotong University, Nanchang 330013, China)
(3. National Engineering Research Center of Near-net-shape Forming for Metallic Materials,

South China University of Technology, Guangzhou 510640, China)

Abstract: Vacuum dissimilar brazing of TC4 alloy and TNM alloy was performed at 900-1020 <C for 10 min using amorphous
Ti-25.65Zr-13.3Cu-12.35Ni-3Co0-2Mo (wt%) filler. The interfacial microstructure and formation mechanism of the TC4/TNM brazed joint
were studied. The variation of the interfacial microstructure and shear strength of the brazed joints with brazing temperature were
investigated. The results show that the interfacial microstructure of the TC4/TNM joints brazed at 900-980 <C are TC4/fine basket weave
(a+p)-Tily-(Ti,Zr)2(Cu,Ni)+a-Ti/TisAI/TNM. The amount of brittle y-(Ti,Zr)2(Cu,Ni) decreases but that of the ductile a-Ti increases with
the brazing temperature increasing. Once the brazing temperature increases to 1000 <C and to 1020 <C, the interfacial reaction layer of the
TC4/TNM brazed joints transforms from three layers into two layers, which consist of coarse acicular (a+8)-Ti with poor ductility and
TisAl. And the coarse acicular (a+p)-Ti is further coarsened with the brazing temperature increasing. The shear strength of the TC4/TNM
brazed joint increases first and then decreases with the increase in brazing temperature. The maximum shear strength of 494.83 MPa is
obtained at 980 <C. The brittle fracture primarily occurs in the brazing seam near TNM side regardless of brazing temperature during shear
test.

Key words: vacuum brazing; amorphous filler; brazing temperature; formation mechanism
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