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Microstructure and thermal properties of
Mo-coated graphite fiber/Cu composites
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(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Mo-coated graphite fiber/Cu composites were fabricated by vacuum hot-press sintering with milled mesophase
pitch-based graphite fibers and Cu powder. The molybdenum coatings on the fibers were obtained via metal organic
chemical vapor deposition technique. Microstructure and thermal properties of the composites was examined. The results
show that the fibers have a preferential orientation in the plane perpendicular to the pressure axis, which leads to the
composites possess higher thermal conductivities and lower coefficients of thermal expansion (CTEs) at the 2-D direction.
The Mo coating reacts with graphite fiber, and part of which forms a continuous Mo,C layer during densification process,
which can improve the interfacial bonding between the fiber and metal matrices effectively, and then improve the thermal
properties of the composites. The composites achieve 2-D thermal conductivities between 367-382 W/(m'K) and CTEs
of 4.2X107°-8.6X107° K™' with the fiber content ranging 35%—55% (volume fraction). They can commendably meet
the heat dispersion and matching requirements of power electronic devices to the packaging materials.
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Fig. 1 SEM images of as-received graphite fibers
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Table 1 Parameters and thermal properties of milled mesophase pitch-based graphite fibers

Thermal conductivity/

Coefficient of thermal

Density/(g'cmf3 ) Diameter/pm Length/um (W'mfl'Kfl) expansion (CTE)/ (1076 Kfl)
Axial Radial Axial Radial
2.225 10 100200 900 15 —1.45 4-5
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Fig. 2 SEM images of Mo-coated graphite fibers

AR SR AT A SR TR A AE VO RSR B it
17, TRBHIHHE Y 150 t/min, VEAIHE N 24 he A
JE TR R AL LR R e 45 4 (1 4 SRR i T he gl
R EAEN 107 Pa, FHEHERL) 10 C/min. 4%
IATEIRE R 950 C, $E4EET10 40 MPa 44 F R
i 40 min, BEGAEIZE 200 C LA . 29064
F B AR PRI E 88 35%. 40%. 45%.
50%- 55%MAFE, HRSFZ00h d 20 mm X 15 mm.

1.3 7k

AR & 546 MBS XH
LEO-1450 13 L BL(SEM) M 45 PR I 412 R T
FJE3; H Siemens D5000X 5 £ 74 (XRD){X (Cu #E)
X E A RT3 AT; 1k LEO JSM-7001F 1

B3 SRR AT T )07 [ R MR SEM B3 LU ZT 4 i 7=

fiber orientation(c)

NN 7./ (¢)  Pressure
7 %fv A
d AT 25
‘/:‘nn R S lﬁ“ AN TS
Wi NI 72225 ¢ . ,
/\’ .,._’)"\0 \’-/ \\/f<< ‘.-05".-‘" g
NI F s TS i S
\- \4.\.-"& a\." (R -2 00 avar %™ *‘. =
R \\.‘ \}o’\“ \\:\J —93 00 s 2 - Z
‘ /4 "/’/a/\ i /; A L §‘ ”"'-b:’{:: ::o':",.' X 'Y 3
.i \{' ‘,\\‘,\\ ,W //;’\‘ 3;\“\%. .‘9—.\‘:‘\ #o: Ty }."2:, section| |section
AN % Yo X - I.‘.... O .A.
S NN P GRES a5 e vy X
LS N T oz SRS 2 e S0 o0
A VAVAIL 255/ 100 um - °0?
S A L = XL s

KA H 8 (FE-SEM) Al JEM—2100 3% 5 HiL 5% (TEM)
XSG AR S X AT LSRN 53 AT

HEMERZIRMY H#E o /£ NETZSCH LFA
427 WOLITAC RIS, FERYE R R A=ape T
S, L SR, W K o WIGECER,
p NFEMEIE, kem™; ¢ AFEM LA,
Tkg K, SR ZES I E#GE T NETZSCH DSC
404F1 Pegasus Z=/mF Il AU EDGE o H GRS
Ji Z B 4E NETZSCH DIL 402C #uig kA bt
17, RRIR Sl 25~200°C, FHRI#E % 3 “C/min,
RANRI TR fEARLR T, EEMEHAZIK R
#h 50~100 Ciff B3 Fl PR 2 KA

2,1
m-S ;

2 HR5ITR

2.1 HMEREFREEHE

LHAGENRE, Bl A AR LT e AR
FERIECE BEIAE 97% A Fo & 3(a)RI(b) T Ky SR
AT S5 2T 4E/Cu A MEHY SEM 1R, Hrpfy s 21 4k
WD EN 50%. ATLLVEH, £FYEfE Cu SEAR 34
XS] BIEW i, AT R OLF T BERG BL G AL
TAMAAE . (HARERNE, fERkEgidfed, BAT
AR LA SR LT 4l 52 2B DI 7 A I AR AR
JUTEARIIBR S, 7 Cu SRS LT 9 W)
PO B 3(e)ffs, 45 € R J5 108 Z J5 1,
T T I  X=Y J5 ), WA EFEAHRAn 75 X—Y
Jrm = gerin b AR, EFYERIXM AT A T
B G MRHAE fE 2L 17

P 4 o o B A ST e AR S S0%I =444
KLY XRD %, MK 4 WA, ZEFEH ALY
£ Cus A7 881 Mo AH, A E] T Mo,C #Hl. HitH]

=
=

&

Fig. 3 Typical SEM morphologies of composite in vertical(a) and parallel(b) to hot-pressed direction and schematic diagram of
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Fig.4 XRD pattern of Mo-coated graphite fiber/Cu composite
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Table 2 Thermal properties of Mo-coated graphite fiber/Cu

composite measured along X—Y and Z directions

Fiber volume  Measurement cog;j;ﬁljilt y CTE/
fraction/% direction (W'm*"KJ) (10°K™
XY 382 5.3
50
Z 219 8.5
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1096 A G A R

2013 4F4 H

3 AFEMCRES A BT/ Cu L AFEHTERE

Table 3 Properties of composites with uncoated and Mo-coated

graphite fiber
Fiber surface Relative cozgjzgljilty y CTE/
state density/% (WK ) (10°K™
Uncoated 97.3 198 8.2
Mo-coated 98.6 382 5.3
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Fig. 6 TEM image of interface of uncoated graphite fiber/Cu

composite
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Fig. 7 Fractographies of composites with uncoated(a) and

Mo-coated(b) graphite fiber
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Fig. 8 Effect of fiber content on thermal conductivity and

coefficient of thermal expansion of composites
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