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Study on thermal-physical property of Cr-coated diamond particle
reinforced copper matrix composite
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Abstract Cr-coated diamond particles were obtained by blending evenly the raw materials including chromium
powder, NaCl, KCl and diamond particles according to a certain proportion used the mixed molten salt method. Cr-
coated diamond particle reinforced Cu matrix composites with excellent thermal and physical properties were prepared
by spark plasma sintering.The results showed that the chromium complete coating on the surface of diamond particles
can be achieved by using the mixed molten salt method. The interfacial bonding between Cr-coated diamond particles
and Cu matrix metallic materials was excellent. Cr-coated diamond/copper composites prepared by spark plasma
sintering had high relative density,excellent thermal conductivity and relatively low thermal expansion coefficient.

Key words diamond, Cr-coating,composite, thermal conductivity

B WA E A AT R R PR Rk R B R
o NS T Bk 5 ok 25 i 22 100 S P B 7 T L A 1 e
PAL SRR SURA Tz BN AR . SR, B
P < W A7 i X L A R A L e 45 IR i L 30 T
PR B A w8 S AR R R AT, R AT 4 N
A IR 38 9 < T AR T A PR A B b REAY O v L AT
K HAT o A AR i B AR R ORI R R e 2 A
1 S RERE L X A% B8 R 1 0 R RE (SIC/ AL W/
Cu.Cu/Ni ) fFE M I Z G . W T8
SLARBERH & 0l 0 25 A 5 R AT R K &
B RS SR SRR A 2, R
e A e 1B ST R HANZ y d R T i R

PERE2E . 55 B WA 22 047 R AR o f) 5 T BE S E LAY
R, T S A 25 M A R B T
] A7 8 DR A 4 () i, 08 45 550 T A BEL R L 52 5 KL AR
X AR AN BE S 1) 45 5 T A M R4 S R R Y
ROR . T v MR AR5 4 T i 22 17 S5 TAT 4 4 fk )
R AT L7 <y Ji A R A R RN BK B B A T R 9 Bk
BB S AR R A A TG 5 ) R AR A R S R
) 22 T g SR TR K T AT B G g T A
PERE . (R IR NG PEIT R, 20 RS 1 Pt BT
HETT S0 52 5 AR R 55— bkt J7 5 0 Xt
B b 2 T BEA T 8 Jm AL AL B, FERR R R B o — R
BIRIZE . XTI LLSGE BB RL 5 5 J  B0 SA Tw

ESTH: WY QAR 4 (162300410036 ; H K H AR RSBS54 (UL1604121)

EFE N RIEIE 1987-) . 53,1 BI85 05 1) S A ) 3w Ak 2



%4l A HE NS - 5% A0 Y <5 WO A TR 18 T B 3 A 5 b R Y A B RE T T © 67 -

il I i A RIS Bz ST

WO B 4 W 2 T < R AR T I A R R B A R
25 SOMDURL B R Al 2 B A Dy it sy ik
SRS RERG 1 — € PR IR -] 1) B T R AL L AR
IO 7 R D80 0K iy | A B B8 vy LB A o e 22 I
Je $Y Ak P AR 45 i 2 TR] AL, DR g e B AT < R
A0 AL BT 1k AT LA A A e WA S R
B ST PR T R B WA A B R T e A
SR R A KT 1 N i [ TR

AT 5T TS B XS G A I 07 IR AL 4R TSR
H8 R IR BN B W A7 3 T R AT B 8L ol il
SEE T RAE ORI A TR RE O S 04 4 W -4 2R AT
B YRR B 5 T G W R R BO0 S5 4R
PERE B R

1 SLIEER4Y

1.1 FEEFEN

WA URE (MBDS) o H R Bl A1 B A7 BR 2 ) 5 4%
#3(99. 9% s wt, BT #5435, R [RD 8B (99. 9990, &
VK ARV RHB A BR A W) 5 A8 O D), R
P54 Ak 2 1R 1 3 AT BR A | 5 SR BR L JEOK & B T
1% PRI o 359 S 43 07 2 (] 245 4 AT Ak 2 R A BR S D
1.2 &NARNFRELE

T 4 W A 0K B b BERT B e X 4 NI AR
FH LR A5 B3 g0 A7 2% 1 A 3. (1) 7R D 8 9 i A7
PG UE 15min 2 A7 25 B 3% I ] R A7 76 19 A UL
(FETEIK Z B JE4T 20min 26 A7 Y 48 75 35 0k , 45
FE B B PR E v (3O 10% (R
B0 W A 2 1 WA Wk 4 W A UKL 25min A2 AT, X 42
W7 3 TR A 7R Ak Ak B 55 J5 25 B K ok & op
P RS 51 70 A0 B 4 I R

HJG RN 5 NaCl: KCl=1:0. 5:4: 4 (Fi &
FoO BE iR & Bkt ok AT PR TR & 1 50 J5 i AT
W o, E B RLA s T8 AR A&
T THEHE K 5°C /min, SR 880,920 B 950°C 3 41
PR , SR 60min J5 B R A, & LB FKRE
TH Pk Kook 0 Ak 3L L A5 3] % T % G 11 4 M A R
1.3 £NA-AESEEHBNHE

G I 40 5 52 5 A SR T 0 vl 45 8 1 bR 4 R
4t (SPS. Mod. 1050 &, H A A7 s 7l #k 20 & 48 A
A AR B e S R 4 NI FURE R R e IR — 5 L
BRGSO A B2 s Eorp, O — JF % A SPS 4%
giprrp AT e . betl T2 4 0 k. bE A IR E K
950°C , FHEHEF K 50°C /min, {4 R I} A 4 Smin, 52

25 PR AR K0, 03MPa) , JE 3k JE 38 & 50MPa,
1.4 MR 5RAE
A RS (SEM, EVOLS-15 i,
Zeiss 23 F)) B 5 4 WA UKL 1) 2 143 736 3800 B 4 W)
A1 -4 2 BORE A ST 25 5 1 1O 5 SR PR BT BEOK 1 HE
K T e 1% %% B R R o % B 5 R S A R B0
AL (LFA-457 AU, F5 [ i 4 2> =) W & 52 G MR
TR SR A K 2 B0 A (DIL-402C 7Y, {8
Tt 5t 2 7)) X 4 R - 2 A2 5 A R R A Tk 3R %

2 BR5®

2.1 REBEXMENAREEERRB I

1 el i BE Ry 880°C 451 F % AL 7 4 Il A1
i SEM &, W& 1 Ca) ATAL 7R3 A T2 466 T RES
S WA 2 T A (ELR AE TR 4 W BORE (11D
T AL A AN SE BB AR s 1R 1(h) AT 1 Co) AT, A5 42
WO AR F 4% 45 B0 2 1 P HLAL R 2T

@ P ol

P 1 880°C T & NIA I SEM K
[(a) %1503 (b) X 3003 () X 2000]

Bl 2 920°C T4 4 NIA-4 32 & M B SEM E
[(a) X150;(b) X 300;(c) X 6000, (b)H 1 4b;
(d) X 6000, (b 2 4b]



.+ 68 - b T A B R 546 B

B 2 KB s i BE R 920°C &5 T8 &Nl A
) SEM &, Ho & 2o F (D 20 R I 2(b) Ky
JEAE 1 Al 2 FrZE X8, i & 2 Ca) FIIET 2(b) A,
24 4h HE B 35 B 920°C fE W SC BB 7E 4 NI A PR
(100) A (11D M Ay 48 s WIE 2 (o) FE 2 (d) 7]
R AEXA T L5 T 55 7 4 W Uk 3% 18 -3
Ha#EY5 AR KN 0.3~0. 5pm,

1 3 2 950°C B8 A 7 4 WA -4 L A 6 kY
SEM . AL EX A T 240 T etg s il 4
NI s EZ R A s g,

&) @ o

™
o i

&3 950°C ™ 4%t 4 NI -8 5 52 & 4 B SEM K
[(a) X300;(b) X6000]

L5 LTIk L 4 WA B0 b A5 il R X HE 3 T B K
REA o3 835 09 R W BE 45 R R R B
PG peaiiin R R B R, BT A
WFFE R SPS il £ i) 8 Wi A4 ik 52 5 b1 ) rp ok
JH 1 2 1T Ak 28 4 W A1 UKL 2 Ol 920°C 444 i &5 1
B AL BT A < WA R
2.2 2NEERSIENERE-AEESHREX

= E R %0

< AT AR 20 A0S <6 T -4 3 25 b AR X
LR UL 4, b AT, S A Ak B Y 6 W
A UKL SRR 5L 5 5 R E L FE AR Rl B9 SPS T
ZAETT S SR % A0 B Y < W A UKL T #5491 7 -4
B GPRRA R r N S A SRR .
T 3 T A <5 M A R A AR i g 39 T I R
T WA - 525 R B4 68 245 R 8 % 5 X AT RE 2
DR B3 < DA AR B 20 B A 8 A A T A
VAT A 1 47 i 2 ] i AT AR 408 < AT 2 [ 1Y

100

o8| —.

¥ g6} "~
5 94t .

Eol
\

90 '\

88

—— BSR4
—o— SRIF /4

3I5 4IO 4I5 _';0 5.5 60
SRIEERBUI%

P4 e WA RS BN e W66 4

A 5 1 10 B 0

2B, L, 2 4 N R B A 80K T 5000 B % 4
T 4 NI A4 I 52 6 bR WA Ak R 1 4 A -4
SO A P RLRE % B AR .
5 WA AR5 B0 R 45 % Bt A BRRT S 4 WA -
M 552 A PR i SEM R UL 5. M 5(b) T
DAFE 56 A0 78 11 4 I 0K 0 4 56 1k 22 8] 53 1 45
B OAFEWR RSB, X E 5 Al 5% A
B 4 NI A UKL AR R S T A WA A R B T4
Ao INTHTAT B8 35 T 2 A AR A X 2 B
(@) ) -

5 AhPRETE & RIA-4 R A MR SEM E
[ Ca) ZbFR AT 5 (b) Ab B /S ]

2.3 ENAERSYBNERNG-AEESH BRI
RE B9 %2 0

G WA VR FR 20 BN 46 WA - Bk 52 5 B R B
JiK 2R BB 5 e DL TR 6,y PR R SR A A B0
W7 -4 52 5 A ek B R ik AR RO AE Turner #
AL ROM REAL SR 2 0] L 53X i — 20 i W
SR FH B 0 B2 1Y < 0 O A 28R e 1 4 A A
Rz R A5 .

—n- RAE
—e— ROMALAYFH B E
— - Turnerf B EEAH

BB R B/ (x 109)
20w 58 &

35 40 45 50 5'5\ %0
SRIAERBEU%
6 4 WA PR AR A B 4 WA -4 2 52 4 b k)
YA EX iR A

<G A7 -4 3 52 5 0 R B RS R A1 O L T
7o mr P AL % A AT A 4 M - 2 A R A R
S A 4 WA PR RR 23 B 8 S O R L 2 WA
PRBU BN 5020 . #T R 5 1K 657W/ (m+ KD 1]
HL AR A B 5 A0 X 8 38 I < W 0 PR AR 0 Mk A2 4
— B, T BAT AL B g WA - 2 S SRR T
R A 5 W7 R 3 B 3% i A1 B AT AR R
PRI Sy o ¥ A 2 T ALk ) < W 0K 5 4] i 4 22 ) £
TR R A B T ) B2 Ao X LA 5 ) 4% S L S B0k
TR,




R I A5 % A0 1 < WA TR 4 508 5 B 52 5 B kA A BILPE RE T 5T © 69 -

& 450 . GBI
& 400 o GRIF/G

=
#2500+,
g%gg A P
1005723545 350 55 60
NGRS B %
B 7 WA R B0 4 WA -8 5 8 A R
FAC A

SR P 5 TR vk A 3 4 I A 50K, OF F L SPS
Bl o T AR N AR SR, HE—
AT TR R A B WA UL X <5 I - R
BRI F T 2 fok R X R e B A% S RE R R

(1) 2R R 30 SE TR B AR 215 W) £ J0RE L Ak 1R
JE O 0 7 OR BAT 3 R, 2 4R IR O 920°C
I AIE #1515 2% 1F0 % 4 00 1) <5 W) 40 KL HL 95 A B i
SRR T A BT A A e e R
AR,

(2) 5 A A6 1Y) < W A0 AT B0 ks 1 4 I
BB T4 R R AR s T e W -4 S S AR
(9 A X 5 8 e RGP RE

S % Uik

[1] Yasutomo S,Hideto I,Kenichiro I.Structrally uniform and a-
tomically precise carbon nanostructures[ ]J]. Nature Reviews
Materials,2016,1(2) : 1-11.

[2] Chen Q.Ji W,Chen S.Direct synthesis of multicolor fluores-
cent hollow carbon spheres encapsulating enriched carbon
dots[J].Scientific Reports.2016,6(19382) :1-8.

[3] Liao W, Yang S, Wang ], et al. Effect of molecular chain
length on the mechanical and thermal properties of amine-
functionalized grapheme oxide/polyimide composite films pre-
pared by in situ polymerization[ ]J]. ACS Appl Mater Inter-
faces,2013,5(3) :869-877.

[ 4] Virendra S,Bougher T, Annie W,et al. High thermal conduc-
tivity of chain-oriented amorphous polythiophene[ J]. Nature
Nanotechnology,2014,9(5) :384-390.

[ 5] Yuan G.Li X.Dong Z, et al.Pitch-based ribbon-shaped car-
bon-fiber-reinforced one-dimensional carbon/carbon compos-
ites with ultrahigh thermal conductivity[ ]].Carbon, 2014, 68
(3):413-425.

[ 6] Balandin A. Thermal properties of graphene and nanostruc-
tured carbon materials[ J |. Nature Materials, 2011, 10 (8):
569-581.

[ 7] Yan Z,Liu G.Khan J.et al. Graphene quilts for thermal man-

agement of high-power GaN transistors[ J ].Nature Communi-

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

cations,2012,3(3):827-835.
Zhu C, Zhao H, Fa W, et al. Processing of diamond particle
dispersed silicon ( Ti) matrix composites by in-situ reactive
sintering and their thermal properties[J]. Ceramics Interna-
tional,2014,40(5) . 7467-7472.
Shen W, Shao W, Wang Q. et al. Thermal conductivity and
thermal expansion coeffient of diamond/5wt% Si-Cu compos-
ite by vacuum hot pressing[ ] ]. Fusion Engineering and De-
sign,2010,85(10) :2237-2240.
Li Y,Jiang H.Pang L.et al.Novel application of nanocrystal-
line nickel eletrodeposit: making good diamond tools easily,
efficiently and economically[ ] ].Surface and Coatings Technol-
0gy»2007,201(12) :5925-5930.
Hatsuo L,Saraunt R.Very high thermal conductivity obtained
by boron nitride-filled polybenzoxaine [ ] ]. Thermochemical
Acta,1998,320(1):177-186.
Yuan G,Li X,Dong Z,et al.Graphite blocks with preferred o-
rientation and high thermal conductivity[ J].Carbon,2012,50
(1):175-182.
Chu K, Liu Z,Jia C,et al. Thermal conductivity of SPS consol-
idated Cu/diamond composites with Cr-coated diamond parti-
cles[J].Journal of Alloys and Compounds,2010,490(1):453-
458.
Zhu C,Wang C,Lang J.et al.Si-coated diamond particles rein-
forced copper composites fabricated by spark plasma sintering
process[ ] ]. Materials and Manufacturing Processes, 2013, 28
(2):143-147.
Ciupinski L, Kruszewski M, Grzonka J,et al. Design of interfa-
cial Cr3C; carbide layer via optimization of sintering parame-
ters used to fabricate copper/diamond composites for thermal
management applications[ J]. Materials & Design, 2017, 120
(1):170-185.
Raza K, Khalid F.Optimization of sintering parameters for di-
amond-copper composites in conventional sintering and their
thermal conductivity[ ] ].Journal of Alloys and Compounds.,
2014,615(8):111-118.
Hasselman D, Johnson L. Effective thermal conductivity of
composites with interfacial thermal barrier resistance[]].]
Compos Mater,1987,21(6) :1011-1013.
Bai H,Ma N, Lang J, et al. Thermal conductivity of Cu/dia-
mond composites prepared by a new pretreatment of diamond
powder[ ] ].Composites Part B,2013,52(9):182-186.
Majumdar A, Reddy P.Role of electron-phonon coupling in
thermal conductance of metal-nonmetal interfaces[]]. Appl
Phys Lett,2004,84(23) :4768-4770.
Maldovan M.Phonon wave interference and thermal bandgap
materials[ J].Nature Materials,2015,14(7) :667-674.
Turner P. Thermal-expansion stresses in reinforced plastics
[J].J Res NBS,1946,37(1) :239-250.
Passler R. Limiting debye temperature behavior following
from cryogenic heat capacity data for group-IV, [lI-V ,and Il -
VI materials[J].Phys Status Solidi B.2010,247(1):77-92.
W75 B #1:2017-10-19





