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Table 1 Main physical properties of graphite
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Fusing point/°C CTE/x10° K™

Thermal conductivity/W-(m-K)™

Surface energy/mJ-m™ Resistivity/uQ-m

3650 1-3

1500-2000

40-50 7.5-50

2 H A58 5 SRR T SR A () 32 B e . AR
BN LLR =71 -

(DA =PI R EE S8 AH LR, 3 2 [A] #4
K R B B K 28 R o eV BN R T 5] R ™ B R iR A A
7)o X Ff R HE FR A AT B 2 A T S Ay
Ji& 3 223 R Sk B AR R B R R 0 DU AR KR SE
PREST J4 S S 454 v i R R S

(2) BT SRR TH AE MK L 221 TR ik, 5 B0 R ET R
PEFRMAE DL B B . AU RHE A 38 3R 1T (VS A
TR, M DATE U S B0 R A5-5% , NI BR 1) T F i 45
Ao S Sk R A T R

QGOIERFEEFEF FFRH R R E TR S A5 5 KA
SN S A A A A o 3 B SR A BT AN
g4 A — B AR e 2l R BOE SR o A, 75 5 S 8%
S FRTH R B, R B R R

KEVARW, EH B FMERTES R, 5
BFRHE AT S8R TR 22 2 ) 20 TR Sk R TR & 45 &
TE R ZMBR 2, ik — 20 T SO OB 32 IR R 4
kI MERE I PR A

TEA /4 SR AT IR R T, S R R 5 0 SR Ak 2 (]
M FEAT B S A YR A B, CHR
W Ay, BFRME AT S8 R T RS B R R B S
SORLIRY AR B TR 328 B 1 DA R 3 Sk T B A W] SE 1
DAL L, Bl A 5 5 TR AT D9 R 42 1) R, (] P 2 2
BT KEMR T,

o, S R R A SR 3R T B T R v 22 2 IR A
S/ BRSNS A E RN ORI Rl TR
TEA SR 3R TH A R R 155 , TRVE A K, A5 6T 4 Mk LT Ak
LR BUE IR & 456 TR, PR oS0t T VR B T AR
FR S R ERE RO . DA TR, 1A
S5 F TR PR (R R B 42 1T 43 BT AR 7 12 5 (Rl 4T
FEIT VLRSS, oAb a8 E IR T AT EMA R 51 B RE I A
S HIERAT R BBE VR A I 2 W38 A SR R T et A
Sk o5 AR ST RN ST P

BT R 7 3 B R VE M T R AR N | PR 2
R4 P 5K 7 UL SR 75 4 B SO SR Bh A3 E L el
MRAFET B AR B BUARH AR HP (9 ST S AT g SE I 24
. fE A SRR R, Sn-Ag-Ti Ag-Cu-Ti Z52'E 1 47
RO HIE 2SR THEE M 0@, b TifEmiR T
] A7 55 F T B8 91 5 Bk S SR AR G4t /N 1) TiC, A 5+
TH] 2 TH1 5K 77 3% 25 AR 02 3k A b4l ™. h4h, AgIn
ST R I I S R PRI SRR ), [FIRE A

T8 o R 75l B A 3 ek 2 A A5 i ok AR A B, I
HE— 25 0 ST SR 5 PO SR S I AN B A 4 4 G 2R
JE W) & AR T S, N3 s e RS SR AT N .

TEA S A G ik 2 R, R HR i A T3 1 e R
I e E R P A% . — 5T, TiWCraZr 20 &K nf
TE I K TiC Cr,C, ZrC 55 g AR, i 35 42 i f 58
) G T () 45 B 5B 5 55— J7 THT, Cu Nb &5 [i] J2 ] i ik i
5 LRI RE S $2 = AV K D C P - $ o 3 ST , 1 154
EFRLREBS 70 A S8R S AR A . TEAR B & St
IaE R R, S RO R R O R O, (R
TR A S B2 e B AR K T B T M4k, BTt d i Ak
B PRGN 1] 55 53 350 4 5 SR SIS o

SRS , BT IE 7 15 R AR ST R A 136 14 T
BRI MR EAE R AR S e R P S
TE (1) [N 2= B RE RS AT S B RE G 58 5 25 A ni k.

B B4 JE 7 v i 3 TS A Sa R AT & JE AL EK
FTh e, AT REAS B (1) f BE SR FHE R M . A B S TE A
OV NI AF R N B )2 W TR 5 vk 2 — il i A 4%
LA ) B S TR B 45 55 O XA A 52 3% T 4 N
Mo .Cu-Ti Bk Z JZE & &5, v] i 3% 52 = 5L 1 e, {6 4F
RHESBILE FICI R S R . SRS RN
HRGR i 2, R ST e S TE A ) AP A P R AR
K, 40 Ni 428 02 Be A 25l TiC i JZ A B, AT 7E
IG5 PE R 2 R ST 7R s R
W, Mo B W & @b 2 B A AR #ve e v, ml 3 s
VEE- S P 3 Sy AR &8 N ) e 4 =y
A AA Z2 A8 8 1 B ST 2 — 20 s B K DT A A
BT RME A 28 3R TH R AT N S 38 A T %

5 BH IR T EAR B, (A R R E i S e i AL 2
T T B R TR R B B R A SR R SR SR IR
IR b EL A ST s B P 4 1 58 38 FH 4 8 2 A A 34, &
FH T 5 M35 I T e wf DL S BT VR I 4R &, T Mo W
TZM MG 48 -

KL RGNE TN B A RS SR IRERE T
5 B TR S/8 BT R BRI 3, H X
PRI SR BT R HE A4« S T S L 428 S ke 4 I 77 7 fift 4 % i i)
L, R T CE ETRHE A SR SR TN RAT N S AT 45
BRI LR ARBE, R L, 455 AR L2 RIS
ST OB AT 42 M 5 4 Sk mT SR O T PRI RIE T BICR, X A AR
5E&EBHBEER RS EREHRIEEW R ET
[ AT T REEE, DU N AH SG R e A i i TR N F 5 P e
RIS %



* 3262 ¢

WA mM RS TR

55 %

2 ASTHREXERARMEINR

2.1 AES5EEEEHFRE
2.1.1 AFAHER G IER M R ALH

e 5 5 & R BRI S R RHE A SR SR TR Y
TR RE )2 L] SRR TR 2 1t . Hh T S 51
PEBR R 1 BB, £ ST REME DUE HL 3% 1 A e E T g e
BE4E. Bk, A W7 3 2l 38 hnEFRE 10 e
177 G IERAT A, Foizo 0 BN - AR R R 5N TETE
TCER LA R ST OB, DA R T A e Bt A 5 v PR AR
TERER L, DR R 5 5 T S B () Wi ) 2

TETEEFE A HATSEIA R S R H G R B
Rk 2 —0, 1% ikl /e AT Rk 51N Ti g oo
A AR TR I R b e A S AT RS IF SRR AR B
A 1 TiC 55 4 J@ A A P S 80 )2 5 AT ik 35 B AEC 77 1T e
B RRE RS S .

FET PR 0 2 F A6 7 T, Ag-Cu-Ti F 6 5T R
TR T A SRS SR B EERE. AHEPRH
Ag-72Cu-1.8Ti & & TEVE AT R, 8T B A FHE T 250
THSBSRMM T REER. TR, FEELERT
B A 88/ TIC/Ag-Cu L i 41 21/Cu ZE [H I 4 /Cu” 2 12
T 45 44, e A A SR A AR BRI TiC [ N 2 B 2 G
T AR RLG A SRR T R IR RO SRR G A
RIRBRR 3 o % TIC SN 2= 1R JEE B ] od i e il B2 5 I
T (AT 4% R T 2285, Bk By s e ik 3
17 MPa, Wi 35 A= T S BRI 5 i A, 36 BH 7 1 45
o ORI A S AARIKF

FE I Al E ) 4P SR H Ag-Cu-Ti BREF L,
W B ERE T2 7 GA R & R Ak
TAMNAROER:. Rt s 7Sk sl m =2
WO EE R4« A SR TiC [ 2 SR & 456 4 THIRE
HH Ag-Cu 3 df 2H 2R B, TG S8 A A )T i DA JG 3R B9 8
NFFIE ) Cu L R ZE . BRAL, T EIREF RIS BN
SR LR, 75 FE A 7 A B R R T LN, HE— 3

SEI_ C
Graphite

1 0.6Wt% Ti fll 1.7wt% Ti H 47 28 /5F RHZ LB TE SR C . Ag Cu. Ti JC & K0 A7

7RI A SR I S U BB A o RSk B D) S
T A 20 MPa. [ IRAFFE R B, Bk TiC V2 g it
AT AE F AL, RS 5 HL A A SRR T BB AT
SR TRV ot 348 5 s b T e A SR R T PRI S e Sk P i
PETEEAT B, I TR MR R H B TR s
% AL P AL TR 5 45 A AR «

TEA SRR RN G TC R S IR AL I
8 H A 4 R B AR 1 4k R R R AR E FH . Nagatsuka
LB R G T Ag-Cu-Ti 57K Ti & &5 88/WC-Co
Sk S A SR R s, W 1 TR, SERER
B 351 Ti 4 it B AT SE AT ROV S5 T B, & P B ) Ti
AR T B VIR (2 Y Ti & R A e, TifE A
S R E I S ECTIC R A AL, i i T
O RN RIS ST AR 2 TR R O 2

MR RE R R A SR S R I T SRR I
T AT AL GO IS PR BT 0 B 2 PR B A 70 (R A0, i
TEEECAR ] Sn-5Ag-8Ti v VEET K], 45 &8 75 I 4l B AT 45
FAR, S8 T Tk A S 58RI IR, Bt
FoLE SRR, MRS VR P A O I RN, R T 3 (et
TSR RS RE A R T AR AT A, S AR ) Py B AT SR
VA BRI TR [FII, 6FRERE A K0 U
TARIZN A SRR, T RO LA FL B 45 440 , AT A4) 2 H B0
(e sk FUIET o BFFCIE T B8R 1 FH I R0 4 3 1 B L
A BB, K 1 R R S DR S R R R R
B, ST AR SRR o %I TR B, o 75 il B 1R AT 42
A L 3 SR AT RN A S T R AR, 7R TS B A A R SE
R BB ROE . R b M & R A A B
MR AN TR AR SEE SRR, FFERA
Sn-Ag-Ti RYITEPEET R}, 75 R AIAEE T SLIL T Al S % 4%
T R B 5 8 7 25 A 350 BE 05 A R e B A 2 T 1) 481
JE, 0 2 O VA AT R A B S RAT . SO 4>
Fr& e, Ti e R R B E TR A 80, G/ T R &
[RENT s Sn TG B AE BT 4% T ¥ 51 0 A, L 1) R A 1 TR 5 0%
HAEF s Ag oo R M ) F & SRR AR A &, IE 5 AL L

Cu Ti

Fig.1 Cross sectional morphologies and elemental distributions of C, Ag, Cu, and Ti elements in graphite/solder joints with 0.6wt% Ti and 1.7wt% Ti">"
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Fig.9 Interface morphology of Nb-containing interlayer joint (a) and corresponding EDS mappings of Ti (b), Cu (c), Ni (d), Nb (e), C (f), and V (g)"
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Fig.10 Interface morphology of Ta-containing interlayer joint (a) and corresponding EDS mapping of Ti (b), Cu (c), Ni (d), Ta (e), C (f), and V (g)'
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Fig.17 Microscopic image of the connection area between Cr-coated graphite and copper joint (a); EDS mappings of Ti (b), Cr (c), Ag (d), Cu (e),

and C (f); EDS line scan result of the weld seam (g)!"”
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conductivity performance test results of sample (c)”"
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Overview of Brazing Technique of Graphite to Metals

Xu Guoxuan', Chen Biwu', Hong Xianzhi’, Chen Hui', Li Yuanxing'
(1. Key Laboratory of Advanced Technologies of Materials, Ministry of Education, School of Materials Science and Engineering,
Southwest Jiaotong University, Chengdu 610031, China)
(2. Avic Xi’an Aircraft Industry Group Company Ltd, Xi’an 710089, China)

Abstract: Graphite is widely used in aerospace, nuclear energy, and electronic heat dissipation due to its many excellent properties, and it plays an
increasingly important role in modern industry. Achieving reliable connections among graphite, alloys, and metals is of great significance for
achieving complementary performance of heterogeneous materials and expanding application fields. However, there are some urgent problems to
be solved in the welding process between graphite and dissimilar materials, mainly including poor wetting of the brazing material, control of
formation of brittle phases at interface, and alleviation of interface stress. This study reviews the research progress on brazing of graphite, alloys,
and metals, and elaborates on the effects of direct and indirect brazing methods on the joint performance of graphite and metals. It focuses on
analyzing the solutions to the problem of poor wetting of graphite using various brazing methods, and finally provides prospects for the
connection of dissimilar materials.
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