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Application of surface modification of reinforcing phase in metal matrix
composites with high thermal conductivity
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Abstract: With the rapid development of electronic technology and the upgrading of electronic devices, the
requirement for electronic packaging materials is getting higher than before. Metal matrix composites, especially
aluminum and copper matrix composites have the characteristics of high thermal conductivity, low expansion, and
high stability, which are electronic packaging materials with broad application prospects. However, diamond,
graphene, silicon, and other reinforcements have poor wettability with the matrix, or have harmful interface reaction
with the matrix at high temperature, which limits the development and application of metal matrix composites with
the high thermal conductivity. This paper briefly described the research progress of interface of metal matrix
composites, and proposed several methods to improve the interface bonding based on the factors that affect the

interface bonding of metal matrix composites. Surface modification of reinforcement is one of the most important
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ways to improve the interface of metal matrix composites. The common technologies include magnetron sputtering,

chemical vapor deposition, sol-gel and electroless plating. Finally, the application of surface modification of

reinforcement in metal matrix composites with high thermal conductivity was analyzed and prospected.

Keywords: electronic packaging materials; metal matrix composites; aluminum matrix composites; copper matrix

composites; reinforcement; interface reaction; surface modification
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Fig.2 Droplet shape and contact angle in solid-liquid system; (a) wetting system; (b) non-wetting system
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Fig.7 SEM images of fracture section of pure copper and Cu/GNPs Composites!
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(a) Pure copper; (b) 0.2% GNPs; (c) 0.8% GNPs; (d) 2.0% GNPs; (e) 4.0% GNPs
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Fig.8 Schematic diagram of interface between matrix and reinforcement:(a) type — I interface;(b)type —II and Il interface

EEME SRR SN LN R e R T r A
A B SISO AR B AR AN A3 4 s AR 1Y
MR RE , JE R 5 8 a8 IR 19 BT 25 6 A5 B KR
AN S @R 4 LU N SR v =Y Y e AN

55328 4 B LR S 5 1R e AR TR A ) A T I
I, AR R A A AR Bl 4 SR A B, BRI Y
B, AR K b 45 T 3 s AR A RHEBE , &2 A AR
PEBEZURI T, H B LT AR MR, UL, 2R A
RN e B AT Rk

IR SRR R A1 B R B VT, AT 8(b)
JIt 7 T 52 07 40 7 AR TR e A 118 4 ik i 3
T A — i & BE i ST (FLTH 2 ) S5 . R
B bRk BB 32 LT 285 R AR A A R ), BT ) i
PR A EPERE R
25.1 hFHEk

GBI G MEHE I —Fh s ke 2 G R, L
i g B A MR, IR AT 4 S o sk, &
e A B [ 45 G B AR A% 358 RN ) BT, 1
SRR BETHL | BELASAV 55 A Ab LA R £ M, Y
FEAR 55 48 0 A 2 i) £ A8 S LR R 8055 AT
B, 0 ) 28 amy A6 B IR i b T A AR, (45 L B AN 24
SUHEAR e 2 BOMRL R B 247, (Rt 5 1 R

IAEFERORHI S T 4 8 B S ARk T 22k RE, T
M i A 3 R v R Sk e ST SR A A
AN TR A9 B T B0 S A A R S A [R) 7

R AN B 245 AT Ry, ol e AR AN R Y g 22 b RE .
K 9(a)fias, T BRI Ry ai My Bl & 5w, & A+ R
Z B PR B o MPT BT VIR B o B2 . o,
B T2 A MR G A B AR R SRR o WA
il B A AR TR Bof 5 34 5 A 2 ] 1 B D5 B (W24 ) .
o Mz R, Ui 5 G R B I 45 G o T e
FEUR S IETRAR Y Z 0] B R A D, BV 53 JF B 1T AR
G Ja FEAR S R R R P i 2, 3852 2 (2) Dupre J5 #2 5¢
3 (3) Young-Dupre J5 & Xit50:

Wae = Yu + Yo = Ve (2)

Wy = ¥y (1 + cos 6) (3)
K2 Py Yo yue 7N 4 JE B A G R AR A R
5K T DA e xR AR SRR Z R R Ak T, 6k
4 R AR5 B i A 2 [a] T A, R AR e 0
A 22 ] F8 1 Y 1 e i, R 5 e i A 2 (] ) R T
S5 A0 BB 5 R 2, Y BE R S i A A 22
i, 4 JE 32 A bR S T 25 5 o B A AT, A RHE A2
SRR B SRR 2 By AR v, S 3 EZ A
PRI )2 PR R 2 )



%15 % %2 REF S WBAREAOAREDFALSELLSMA PG EA 245

(a) Hk

:
7;

g = L
.|

iR

(b)

22N

g

I li? < — BEH ()
Tﬁ(—'vi

T

R A

B9 AENEEEESMBNFERENINME: (a) [ BRE; (b) IFMERHE

Fig.9 Effect of interface on mechanical properties of metal matrix composites:

(a) type — I interface;(b)type —1I and I interface

W 9 (o) Bz, 2 S A 5 8 5 R D A 18 ik B8
IO A R T IR, S R T A2 S A B RE (o,

) BEE AN, i 32 i )2 5 B Z M Phiss 2 o,

ABCBY V)5 B 7, LS B2 5 3G R 2 (8] B P
SR E o, BT VISR 7, 52 . KANG 25 ] —
Y = 2 BT A BROTTE X AUSI, B AR R S 2
BAT AT T ECE A, 38 0 I T )2 A ) 2
fiE, RIS THT JZ A i PR AT e ok SRAE B A 5 1 o A S T
PSR EE . Y 512 0 SR A I T 4 s A
R, 6 A v (18 28 A T LA A 50 b 3 ek A T A 3 1) 3 5
A ORGSR AR AR LLE R, AR 2 A MR T
AT Rl AT B IG5, FER 55 15 AR B 5 v ) S i
SEAURE T BT 2 O B AR N T LA
M B, FE AR A B VR TS, S 5 498 i ] £7%) Bt T
JEE5 5 77 A i RS T Az LA, 1 5 1A U AE B
JIRIVE R AR T 02, I 0% L 1w ™= A= 2R AL
T R, IR RN, eAb, 4 R A AE I
FEELT AR 1 4 SE A A AR, e BB DX A )
PERE 1% 5% A 3= 220 I 7R J2 8] B9 DI B b, AL 1H 2
JE B R /N T — I A ), #8245 A1 AN R
R b AL 8 2 for , 304 8 3L 5 A MBI ) 4 Pk R
FEA .

gi Lk 3 A I I8 S A = A R R,
Ho A7 B N 2 PSR PR R RS
YERT o FEIR 5 B i 2 (8] (%) 5t 1f 2 % B A A — 2 I
FHE, Y F i Z e, B A Y AR RR A S
180 A 5 1A s AR 2 R] Y 2 e, AR SRR A 2 A
SREERCE IS I E A SR FE R 5 RS A A A
gia e, FECHAN A EE 2 B A MR IR
BLEAT BT AR, 2 U1 B vy ) ok e PR & i
LA RN SR A S SRR 2 K, R S BT 2
Z 0] Gy Az g T HERR (45 52 6 b RHLE Bt If )2 Bl

5 B2 2 ] = AR, 2 B I )2 A e R
H5E i 5 AR A T S, 07 g 3 Ao AT )2 A% 3 B A
— ), EOE R AR R AR AR I A G TR A R A
BE, Z R I E T RIER B AR RS e AR sk B iwT
JZ S HETRAR Z ] 7= A R
252 IR

AR BH I AT A 5 LA RS s A Y
SRREAT B G R L H PR ) 8 L R R A T2 25 4
XA AR IR et A 2 — e e . FLBRXS
B A MR AT R 1G5 BRI FL R I
LR LS PAFLR, an i 10 Fros , FLERAR 2 75 5 A
38 7] 43 A A FL (X 3 a) FFAL (X3 b) o

Pl FFAL

THL

E10 SE&MREEPHFLEEER

Fig.10 Pore types in composite matrix

HE B AF PR FE AL RO Cu/Mo &G bR A 3
PEBRERYSEMA I, A BLRE FL B AR A9 N, Cu/Mo B &
BRI P K 22 B e R el o AR rh LB R
/INT 38.6% I, FLB BN AL ESH , £L I U2 B4
T2 K 7 A B R B R T, 5 3 Cu/Mo 545 1 A 4
i Bk 22 Rkt FLBR A3 s i o 4 LR rp LB R



246 Reéezekkttsyh i

2024 4F 4 A

KT 38.6% I, FLBR 2R TTFLES I , 52 347 A= iy 4
N1 K2 AN XA AR K 1 i 7 A s, 2
Fifi & FLBR A9 32 1, Cu/Mo & & 41k $1IE ik 2 %k
A PR

I FL B A5 ke g A1, A4 5 3 iR Ak 22 ) 1) 5L T 4
F X524 WA R A IR Bk P BB A AN R A 52, T 3
ST R S B A B, %R R AU K B DL S
SRR R N, B AN, A 75 A AT HE i AY SiC,/
SiC. & &M EH I KA T R, 1 H Schapery 222X}
SiC £F 4 s A P A T o A TR0 1 25 T B T2 DA
R 2% 8 SN2 LG S5 R AT R E, 25 R s
T2 XA A R A I AT A s er s, M2 A
ARH S R 1 078 55 i B, L1 2 A A7 AR AT Rk
T ARG BRI A 25 Ao B, R T B R A ) KL
PRI K LR Ty o n , X s S EE Cu/Co ik & rh
WM Ze oz, RIMFEAR T Ze 5 C 4 4 & RO R
T ZrC, ZrC EE R Cu bk 5 C £ 40y A mi
b, Cu/C 5t I ALK S & b e 45 6 C 4R A
Y] R A v ) TR AR T O S A R AL R A
B, JFH., T Cu/C, Z IR ZrC H 2 A TE A
UGS 1 R S 3SR A T BN T VR, C 2R 4 5
R LR 15 28858, Cu/C 2 A AR K 224K
AR, TR E Ze B B G, ZeC A1 2 R
13 Cuw/CEZ A MR P K R EEAIR
253 FH#HEAR

525 MR BT Ry SR 1 i AR R e
FERFIYE SR AR (e 8, DA S GRAR TR RS R
AR G ABH IR RE A 2 . S T AL
SrRTE GRS I R Y AR L AL, H ) Maxwell
PR AT Hasselma 11 Johnson 5 7Y 1S54 FRE FiUM &2 &
PR P 32 5 5L PR B X H o i A Hh 4518 .
Hasselma Fl1 Johnson B AUAH LT Maxwell £, 2% &
B 7 B CHD) X A AR AR R 5, BRAGR
FEAS [V AR (a0 32 Jr 7 A Al 221, A=K (4) i .

H = ATIQ (4)

3 (4) h: AT PR E o BT A 7 AR IR 22 5 O
B TE BB IS ] A S By S T AR R 4R
F R A MBI ITA, B AR L PARH R N
{HZE A MR LR B A E 23 RO A o S T AARH , =
WG ARG SRR RS, R AR RS
PERBOL S i T e bRl R 2R FT Rt = 2 B MRt
OB , B g A S 1 o 22 ] i VR

BRALBRAL , A ARk G $A - F 3R 0 37 A 5 1 5
A 2 [8) () ST (A2 0, 9140, QTAN SF 1T i £F 4k
RIMRAEL—JZ 0.1~1 wm JEHY TiC 3 )2 R 3 Cu/C,

BAEMEH S S A 1, SR N AEEAROERR T
SR AL SF LR G 15 2 S MR T 3Rk B T
330~365 W/(m-K) , [t A& 1 et 19 &2 5 41 R 4
SR T 24%~43%. ILAL, SR [ B S 3k
AB L 2 0T 2 A AR S A R 7= A R ), XY P 2
(I SR fIG T LR T, B 5 B i 2R, A R
PR RE L2 . AN, #E SCER[S6] T, 7E Cw/C AR &
I Ze T B A AR LR S A 2B R 1S B
kst B, Ze SR HOKR , ZeC B R R, B A4
B AR

3 FENRINERELEREE

) LA 5 498 i A SR T 445 A i TR K R B
I, —FIEM R H B R R, A TR R S Tk
3 R TE B R L T RLRE B LA K 3k T S
S BR T R SERORL 7 B R BRI AL I R8T R
JEAFAMR I R WX A MR AR 45 A 07 A
ML 621
3.1 REHBEHE

XoF AN 2 A TR T SR A 2R PRk T 1)
MRPEAR R B TR R A B 0 SR TH R, BRIV AA
FHSK Sy FE AR A A, AR AR A AN
)53 F 25K LAy E LT S BOR R AR 2% 1
H BB — 225 . 45 A IR BERISCHik[62] 7T
T, R AR T 5K 8K, VAT 144 3R THT 1) i e g
S, WA 5 HE AR I e ik A A B — YRR R A TR
PERURR 2 5 10 R AR SR 1A b RRAA 1A AR, B [ A2
THT FI FH BE A HS K, MR TE & A8 L il g, [ -k
F IO HE A DN TV R AR 5
32 FRERRM

AR A H REXHE R R R R T R
TR RELRE B2 DA R Ak 2 P T — 3y Bl B AR 301, BA
We SUVE . S2hn b2 i 4 T2 IR I e T 5, [ 44
ARk 2 T IOW b N AT 3kt G A7 E Ak 22 2R A3 A AN 3 —
PE, BB ARZE 100 5 B . 1948 4F , CASSIE 75 4% i £
S A RS R AR B 3R 1T S P X A A S, R
[F] ) Ak 2% 41 43 5 W AR I A R TR 4 D 35 )
Y53 AE — 8 TR B L R 3R TRDRELRS 445 F4) AFRL, X608 ik 2
0 BELA VR, 3 a2 ik o B8 R0 a3 i Ak [
B E AR AE R H Y W — 2 SE AR, AR B A7 e AN
T 4 Je YR AR T 0 AR AR [ B T T s P i 1
TR 2R, 3 R 2 T 1) G102 BB A% A 8 0 o) ik 1k 5 3
S AR K A SR R L AR T LR % CASSIE 2 2
WS ] AR 2 1T AR RS L LTS T 2 G T AR 2



%15 % %2 REF S WBAREAOAREDFALSELLSMA PG EA 247

SRR
3.3 HREE
2 18 ][] AR 2 T AU 235 ) %o Vi YR AR R 1 R
FEXRTIE R 2% 1A () A 5T T, WEN 48955 1R 2 [
AR THT AR B, 22 [ A 2 T 1) S T ke, 7422 M )
T 2 1A T HRE R T (E RS PR R AL S B
A M FDEAR R G R AR A LUE) , Bl WENZEL
FEHE, R (5), 2 r =1 B, 156 A 1A 2 1 4 5 i
RISz R 2
r(')’sv - ')’sr,)
Vi
M >1,0< 0 <90, Bl 5 RS X B, [ -
AR 2R R fil A N I 1) TR L 0 R G AT

= cosf' (5)

(a)

TR AR, 0y S rokEDRE S T 9 e 8 A AR R ARk
TP ST AR A R AR B I N AR 2 T

M >1,90°< 0 <180°HF, bl 5 HLKE H F r #K
[ {2 3 11 A7 6 )RR 285 4 RUH R, X W 4% 1) BHL
e AR R Bk B, R 2 28 L £T FL &L )Y (Pinning
Effect) 1 205 5l it B ., 5 SO0 V2 A 1 B0 IS
PG, i 11 (b) Frzm o -4 ZR 04 H2 fioh K
W2 A 2 76 o AL o AR TR AR R, AR B if o
TNANZS Gy i .

BEAN X6 B T A 2R TR 2 T ) R A
G TR — Y 2 T ) fh e AR S A, R T B v
VRN 9 IEL

(b)

gl
s
~
S
\
\
i
' 9:

11 -k 7 s s X iR R 2200 : (a) IR R (b) FEEIEE R

Fig.11 Influence of roughness on wettability in solid—liquid system: (a) wetting system;(b) non—wetting system
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