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Fig.1 Assembly diagram of C/C composites (a) and schematic diagram of shear test (b)
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Fig.2 Shear strength of Ni-Cr-P-xTi solder after welding (1000 <C,
holding time 0.5 h)
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Fig.3 \Variation of shear strength with welding temperature (a) and holding time (b) for joints after welded with TO and T1 solders
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Fig.4 SEM image (a) and EDS line scan analysis (b) of TO solder joint welded at 1000 “C and held for 0.5 h
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Table 1 EDS analysis result in phase regions of TO joint in Fig.4b (at%o)
Region Ni Cr P C
1 84.05 7.74 0.88 7.32
2 64.64 1.59 18.73 15.03
3 1.25 62.11 0.30 35.34

& LA Ni I Ni-Cr [V 44 . 255 40 BT TO £k} i% 4+
CIC HE&MErk Lk RmALLEHN: CICICrC, +
NisP+ Ni(s,s) . CrsC, & £ 7E F I b 5 HUR 35 OIR 58
A, BT CraC, MK REA T CIC H &M KL
FFRVESE 2 (B (s 2 FroR), BT BATE ST AL TE &
T M CIC ZIEFKHZ AR R )86 R 70 A, UK &
WEMBEMK, AFTEZMBERRHN T F4h, CrC,
SEEE Y ATAE LT AL, CraCy MAAT HLTE CIC IR AK 1) FLI
PR ST R B T R R, A CraCo AH 1 BH 2E LR
WK EATRIB BN CIC BIA N, 24 LR K,
B Sk IR AR BT B ET IR AR, P X 5T D) 5k )
28.6 MPa.

R2 BEABYRHBREKRK
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Fig.5 XRD patterns of interfacial reaction layer on joint TO (a) and T5 (b)
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Fig.6 SEM images of TO solder joint after welding at 1100 “C (a) and 1200 C (b)
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HV | WD mageo HFW dwell det ———————200ym———————| HV | WD mag = HFW dwell det 100 ym
20.00 kV.10.2 mm 700 x 426 pm 6 ps BSED! Quanta FEG 250 20.00 V. 10.6 mm 1000 x 298 pm 6 ps BSED! Quanta FEG 250

7 TO £TH} 1200 CHEJG LRI 1, 2 h 423k SEM IR
Fig.7 SEM images of TO solder joint welded at 1200 <C and hold for 1 h (a) and 2 h (b)
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Fig.8 EDS line scan (a) and SEM morphology (b) of the interface for T1 solder joint welded at 1000 C and held for 0.5 h
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Table 3 EDS results of granular tissue near the interface in Fig.8b (at%)

Region Ni Cr P Ti C

1 8.5429 11.8194 2.8805 37.0366 39.7205

det dwell spot. HFW —— 100 pm

HV |mag = Wi
20.00 kV| 700 x_10.9 mmBSED 6 ps 4.0 426 um| Quanta FEG 250

P9 T14#FRME 1100, 1200 ‘CIRiE 0.5 h 533k SEM 5t
Fig.9 SEM images of T1 brazing filler metal after welding at 1100 ‘C (a), 1200 ‘C (b) and holding for 0.5 h



* 366 °

Mty @A RS TR

49 %

F % FEAE R BT RNE &8 4 CIC Ik N iBiE,
EEFRHZE B T — S S BRI 2 3; fT DA R ix ee R A,
SRR PR N T T #FRER Rk,
K AARUR I ), 2 Sk B0 BY V)5 BE A% 1) A 35 R0 T i 2
TR — 2.
223 Wk EMR

TE AT A5 P T v AR B () KB, TO 55 T 4F
BHERER) CIC kb By VI s B2 A AN F A% . T
H, BAHRLE MR AR, 8 Y)W R w3
M ZER. K 10 & 1200 CHR#E 0.5 h i, TO 4FkHE
L) CIC MR SL BT DI IS0, W 34 1 e N o1 2,
HAWE G, SIMEIERRRE . X W b
JE i EDS 40 #r (3 4 1 B Xk), AT LUK Wi ) 3=
B4 CraCuo I 10b, 10c T %01, W% b A sk 21 4
MW LRIk, Wi T 7E C/IC EAaMEZE N, WK
gy A wmE 10d B .

K 11 & 1200°C {3 0.5 h i, T1 4FRHERE M C/IC
MEHESLBI UM B, Wi sl C/IC EAaMER

2 55FRE, 3% 5 EDS 2 #r, 454 XRD Kt al LA
FIBT A XI5 E L CraCy 4, B Xk 22 NisP 4,
AT DUE AR RHE W 2L 25 1% 3 B VR Mt AH 34T o

LR AT TOL T1AFRHE 1200 C B3,
R T7 R G LA RS E DMK . TO 4FRHE
1200 C it 0.5 h I, W35 FHIH 73 AT () CraCo 3G & 2 =
WRIEL AT, BT CraCp BIETILAPHZENER, &A K
EREZBERNEN, CraCo ARV Tl 73 A, At
IR R B FE A A S5 %A 0%, R, LN
CraCy e P AH A8 75 42 Sk AE BT UIE FH 77 1 I 55 I 14 AH B
2, WIRAMELE CICEEMEIREN, WM,
£ 1200 CfRi7 0.5 h 44 F, T1#FEHESLH 1) CrsC,
AN A AT, TR LR AR B KRB UR
SErbor A, G IR 2 BORE BESE R O T HLK
AT CraC, fEF T AT ILAHLZEME L, 4FRHE &R 1
CIC MEINKEBIE, (EFMMITE T LR, W
R GAE CIC MBI R ZMEFRZE Z M R4, Wiz
Wit C/IC MELERIE . Bk RMAERZ . iR #

Interlayer

Crack path

Infiltration

K110 TO %F#} 1200 C. 0.5 h #5 /5 H Sk A 8T T W RS AR ALY fR A2
Fig.10 Shear fracture morphologies and crack path of TO joints brazed at 1200 °C for 0.5 h: (a) fracture morphology, (b) magnified image of

region i, (c) magnified image of region ii, and (d) crack path
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Table 4 EDS result in marked regions of TO joints brazed at 1200 °C in Fig.10

Region Ni Cr P C
B 4.58 35.81 1.25 58.36
C 15.41 1.26 4.23 79.09




51

SIREEE: FHETZ5 Ni-14Cr-10P-xTi £FRNER: CIC B &M RS MERE R IR + 367 ¢

G/C matrix

Interlayer

7 &

G%C ma;(

ﬂ\«
A ‘\\

Interlayer
Crack path ||

Infiltration

K11 1200 ‘C. 0.5 h AT T1 BRI BT RB SN RAY R Bk 1%
Fig.11 Shear fracture morphologies and crack path of T1 joint brazed at 1200 “C for 0.5 h: (a) fracture morphology, (b) magnified image of

interlayer, (c) magnified image of C/C matrix, and (d) crack path
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Table 5 EDS result in marked regions of T1 joint brazed in 1200 °C for 0.5 h (at%) in Fig.11b

Region Ni Cr P C Ti
A 0.87 61.03 0.25 37.57 0.29
B 54.74 8.16 17.05 19.24 0.81
C 0.11 0.30 0.06 99.49 0.06
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Fig.12 Change process of the interface phase of T1 solder joint with the increase of welding temperature or the holding time: (a) step 1,

(b) step 2, (c) step 3, and (d) step 4
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Effect of Brazing Process on Microstructure and Properties of Ni-14Cr-10P-xTi Solder
Jointed C/C Composites

Yi Zhenhua, Ran Liping, Yi Maozhong
(State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Ni-14Cr-10P metal powder was prepared by vacuum melting and inert gas atomization, and then Ti powder and polymer paste were
added to prepare Ni-14Cr-10P-xTi paste active solder by stirring at high speed. The C/C composites were welded in a vacuum brazing furnace with
the prepared active solder paste, and then the shear strength of the welded joint was tested. The microstructure and mechanical properties of the
joints were investigated by SEM, EDS and XRD. The results show that the peak value of shear strength of the joint is obtained when the welding
temperature is 1000 <T and the holding time 3 min, and then the strength of the welded joint decreases with the increase in welding temperature
and the holding time. The addition of Ti accelerates the decrease in welding strength with temperature and holding time. Combined with the
microstructure, the reason why the welding strength decreases with the increase in temperature and holding time after the addition of Ti element
was analyzed.

Key words: C/C composite welding; active solder; solder paste; shear strength; interface microstructure
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