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M M15 and M23)
[ ?Ovol% . 25vol% .,
RD, Raman spectrums,
thermal analyzer and resistance instrument. The results indicate that all the lhreemal powders have the graphi-
tization structure. Compared to M15 and M23, the M22 filler shows a regu%@&ical particle, the highest carbon-

ization (I,/I;=0.23) and the lowest volume resistivity. The moisture

Abstract: The mesocarbon microbcggi CMBs) with different size and fabrication process
© .

ance, thermal conductivity and electri-

cal conductivity of the MCMBs/CE composites are enhanced wit easing of fillers volume fraction. While,

ithoftrther increase in filler content. The MCMBs/

impact strength of 23. 6 kJ/m*, a high thermal con-

the impact strength of composites presents a marginal reducti
CE composite achieves a low water absorption of 0. 45% , 2 %

ductivity of 1. 28 W/(m+K) and a low volume resistj .5 Q+cm containing 40vol% M22 filler.
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Table 2 Particle size of MCMBs powders

MCMBs d(0.1)/pm d(0.9)/pm [d(0.9)—d(0.1)]/d(0.5) Specific surface area/(m?+g~ 1)
M15 8.51 27.68 1. 21 0.151
M22 14. 59 31.98 0.79 0.095
M23 11. 33 42.12 1. 35 0.109

Notes: d(0.1)—10 percent of the population lies below this value; d(0.9)—90 percent of the population lies below this value; [d(0.9) —
d(0.1)]/d (0. 5)—Span.
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Table 3 Volume resistivity of MCMBs powders

Filler MI15 M22 M23
Volume resistivity/ (102 Q«cm) 16. 7 17. 2 14. 4

2.2 MCMBs/CE & & # # B R W 57
& 5 2 MCMBs/CE & & AR B B 8O0 2 5
SEM El %, W UL, 4 3k 5 55 0 10vol % B,
& M15 1l M23 = Fp UL 515K #0047 CE
R, T O AR AT L MCMBs ik N CE 3 4
JI 7 FE B MR (& 5 Cal) L 5 (b TR 5(c1)),
B A SEURMACR S0 B 38 . ORI 1 22 8] B 22 fioh
i, SRR 2% % R R (L 5 (a2) . Bl 5 (b2) T
5Cc2)), M G b kW H AS B BLRE . AT DLk CE
S S N O T G L RS o I B R S N |
40vol %5 IF . MCMB “E BERE ¥ 51 3 A . T A
RIS, A4 A T MCMBs 150 7 B i 1 1
2%, MCMBsHURL 5 CE B g B4R 2 8] A 25 P 45 (&
5(a3 S(b3) A 5(c3),
CMBs/CE E4MEHNSHB
Kl 6 5 MCMBs/CE & & b B 14 B Ha B % A48

AR H

REfs A 3% CE MBS M B} 9 4 FH gﬁ 4 M22
8 h 10vol Ui, MCMBs/CE Ak B A AR

FH% K 30.5 Qe+ cm, ULHTSH CMBs ¥5) 53 i
ﬁ%w¢,ﬁﬁw%w%§§%mu%mﬁﬁm%
SR%. T HOR B E] 40vol %t F
M22/CE % 4 b ENGIE R B FESIL. 5 0- cm.

LR BRI A Bt s SO Rk S
50volys., /CE S & b OB iR B B K B

1. @ F B 2% I R W 3 e, X T

MCMBs & & B3 A, SFURHBURL BE 48 1% I 5 %
B i, U T E W RE R RE A B R & & R R
i, =R PR BIAH AR 1Y 53 — Ak, B k%
TE LG, AT B FL D 45 5 R 52 4 A R 1 AR FR
BH 2 5 2 T RE

= MCMBs # B R F 19 R oF 25 5 4 MC-
MBs/CE & & # #HA T B3 1 s i . 72 B AR
FE T (10vol % Ml 25vol %), MCMBs R KL T 2
[B) AN e A 250 s PRI skl = oA [) RO 9 SEURE e o]
) MCMBs/CE & & 1 %} 9 L BH 2 4 it 22 51 A K
T 24 R} & B B9 5 (40vol %00, LA M22 1E 0K
il & 1y M22/CE & & # BB (KBRS PR B AR T
M23 Fl M15, X /2R 46 b% 28 B, M15 kiR



- 606 - EAMBER

(al) 10vol% M15 (a2) 25vol% M135

o it Cu
b 100 um

(b1) 10vol% M22 (b2) 25vol% M22

(c1) 10vol% M23 v (c2) 25vol% M23 (t‘%) 40vol% M23
o o
I 5 MBs HUEl 75 5 MCMBs/CE & 45 b1 BHS SO0 IE $1 SE
Fig. M images of MCMBs/CE composites with different vo ion
0 Tt o m R R SR A
5L o AT Bk E A IR 1% M23 3R, T
—_— L ]
S a5} :
£l g ’(\Q 4 MCMBs/CE E&# IS A
IR —— v CI N 7 S = AR [ B4 MCMBs i % 9 MC-
g L e M22/CE ’ MBs/CE Z5 M BB F R, mIH, CE B AL #
= r .
S &l SN 0.11 W/(m«K), Fifi % F0OR & 2 59 38 i,
| ST SR AN MCMBs/CE & & bt B i) 5 5% 72 i 96 1, 4 L)
5 10 15 20 25 30 35 40 45 50 53 M22 fE N B, 5 &N 40vol% B, MCMBs/CE
Filler content/vol%a /—%*j *SI‘ E,:J ﬂ _gﬁ %J\j_-\‘, éu T 1. 28 W/(m° K) , H_f;
O MOMB/CE RIS CE A fif # F R BB T 116 ff; 4 0 A i A

Fig. 6 Volume resistivity of MCMBs/CE composites

50vol Y51}, MCMBs/CE & & # B G 258 5] T
BN, MEKORARSEORL, SR Z R f e i B AN RS 1,86 W/(m=K) . L 40vol SIS $275 T2 45%.

ZERLPH T K, M15/CE & & Mk (R B BH 38t 5 MCMBs/CE & & # 8 S8 1 32 5l DL
. A ZAT SEM B br, M22 3 FERIZEURE RS W S04 P i 25 43 ORI DR Z 1]



TRA A, . PR BR R /SRR R BR A AR S S M R .« 607
20— / 2 61 BN AT B S B 2 Ly — A PR AL
z s M2CE ' FIE 5 1 B R 5 e DR, LT B 05 4 DR 2 ) 2 2
& 15[ T Bruggenman 4 BRAE & SR (RO 55 T AU 2 R R S
3 ‘ s/ 9 2% 15 (4% . AT T 75 (19 MCMBs/CE & & 1 f
g Ll L B H 520 25 TR T
g A ;o B OB B 1 BRIV R 22 [ 0 b
Ssb oL éﬁ@h@%mm%ﬁ%@%%wm%ﬁﬁ%m,
E 8 T MCMBs/CE & & #1 Rk B9 A4 T 5AR L 7 o A 7
= - i§$%%%ﬂ%%%%ﬁTﬁ%%ﬂoﬁ%&%%%,
0 0 20 30 40 50 FEEHIER T, =F MCMBs/CE & & M B #1 5:
Filler contentivol’e o7 SRR TR, M22 X T A R A

©)
7 MCMBs/CE E%M*ﬂrm%fs <‘ @&/X

Fig. 7 Thermal conductivity of MCMRs mposites

1 I FE 4 42 fi i R G S 3G
O PATE A R R
M, HH Maxw%

2 S INA T e
ARSI R 1Y
en PR A] Bruggeman #8

RUZRBE 2 PSR, 43R R
Maxwell- oOmodel[m :

A=Q (32, / A+ /(V,,+V (3A,./
(22, TAD)) (D

Bruggeman model™* ; @
A=VDA—2AD=Q—D A, /D' \CB?
A A RE ARG A R EDE S
(210 W/Cm « KOM 5 A o JE 4K AR A 53 2 0
(0. 11 W/(m+K)); V; R UK B V., I
BHAR 5L

WA 206 25 R T 15 0SB HHE 5 Maxwell-
Eucken # & Fl Bruggeman # B JE 47 o3, 7] DL &
B, FEARE & T (10vol Y%0) Iy = A [a] kL 42 0L iy
il % B9 MCMBs/CE & £ b B S IR 22 A K
R TRE &, BB Z At AR X IKS7, A
TE LA 3 F AL i A8 . = Rk A8 B R R 22
X MCMBs/CE & & # kL1 #4325 ma /)N,
JF % MCMBs/CE E%M*ﬂr%ﬂﬁi%ﬁﬁﬂ
Fr, MeAh, =R & 19 MCMBs/CE & & 4
() P R B T DA b R A i L ) S R
1t Maxwell-Eucken # 8 v, BURHBURL % B O Bk
R, M R FZ B2 A M EER, i T
RFRIT AR 22 (1) 452 v 9 T FACREL o AT ok g AU Y
TR K, M AE Bruggeman #5818 i i
HeRL 4, B SEORHSUR I AR BLAE AN A B =
WA A 9 MCMBs/CE & & # kil #4535 T
Maxwell-Eucken £ R | £ A 52 56 7 MCMBs 3 K

P BE 2 TR B K, T M15 X 5 $ Pk R 9 42 T
B E T M23, X2 H T MCMBs/CE & & MRS

AT ORI AR P RO F B T BB BT R
LN B @0) MCMBs i3~ 47 2546 B I

T LA th . VRO 75 A S BRI B
SRR AL A A O, R I
,.:! M15 Fil M23, BEAb, /MR A% i R
e kS 2 5T  BUR 2 [ 19 7040 ik 1 %

AR 24 (ELIR B T TR R A 2 T

Oﬁﬂ,ﬁMTE@MMW%mﬁﬁﬂm@§§%ﬁ
FHES IS RE 0T A8 TSN 5, B
%%zm%mM%,@m%ﬂma@awﬁEWﬁ
SEASE S “ONNE P FaTE 37N (02 SRS e
FABE Tk, A% MC 5T 43 I A
B0 M22 Bk HRGE T3k
BARH M23, 1

L 2 BEAT ROE LT
BHALAH

. 5 MUSMTI, H CE 32 1 5 i
xf% s B M22 R R M22/CE B &
7 IR,

2 MCMBs/CE £ & # #H 5 R 7k 1§

O & 8 NAEML L MCMBs/CE & 4 # B 4 %

7J<%|ﬁaé£° Al I, M22. M15 fil M23 =Fpi20kl LR

[l f & i i e CE BT 43 9 &2 6 A RHg WK 22
M22/CE <<M23/CE << M15/CE, Ffi# S0k & 81
Hm, MCMBs/CE & & # ki W 7K ¥ A Fir 38 fin
ELHE T 4 0 2 52 T A, b, 40vol Vo 35 58 AR I
M22/CE & & MBI K H R 0. 45 %, Y IH 7 54
JnE] 50vol Yo B, Hife s K Z 1 40vol Yo B3 1
29 4.5% . BAMEHUR M 5 K5 T 78 KA kR
AT (4 W BFAE 178 96 s B T MCMBs 26 i 57 7K (1 455
MAERG Y RAF 8k, RRg R4 M 2 &
AR K R0 T, S I T 38 H R A R TR



+ 608 -

EAMBENR

— A= o —g—0—0
/ "
———8—8%
2 "
S —*
§ a—u—E—u
2
=
5 —u— 10vol%
= —eo—25v0l%
= —a—40vol%
—o—50vol%

Time/h )

(b) M22/CE

Water absorption/%

—n— [0vol%
—eo—25vol%
—a—40vol%
—o—50vol%
0 50 100 150 200 250 300
Time/h
0.7
(¢) M23/CE
0.6

ES

‘E —e—e

2 —* —"

=

:._‘3 -8

= —u— 10vol%
—eo—25vol%
—a— 40vol%
—o—50vol%

0 50 100 150 200 250 300

Time/h
Kl 8 MCMBs/CE & & # R K 3 Bl i 1) 722 £ i 2
Fig. 8 Water absorption varying with time curves of

MCMBs/CE composites

IKF 2y, [l B ) MCMBs/CE & £+ #
HAR LA A 1 T A i
2.6 MCMBs/CE £ &#1 ¥ & 1% 6

K9 MARBFER T MCMBs/CE & & kY
philis B, AT L, W AF B R T, M15, M22 Al
M23 =Fh R FE ) MCMBs/CE & & b R o s
SR, M22/CE>>MI15/CE>M23/CE, [6#f % M,
MCMBs/CE % & # &} b o 38 J3 B 25 SFURHA BUE 58
PRI B TR A, Y M22 DL 40vol % 35 75 I 7

' N
0 50 100 150 200 250 300§

26 + —o—MIS5/CE
—a—M22/CE
24 —e—M23/CE

T nf

5 20f A/

= 18] A
2 [

5 16

% 14

=

NN
S =

8 [ 1 1 1 1 1
10 20 30 40 50

Filler content/vol%

9 MCMBs/CE & & bR vht 38 FE
Fig. 9 Impact strength of MCMBs/CE composites

CE Ha‘ﬁ‘(ﬁlﬂﬂﬂ%fﬁ%%@ﬁ 23.6 kJ/m*, It CE # i

(WpEF 8RB 5.5 k]/@ TIET 3,29 f%; 4 M22

@%%%i%&)ﬁuﬁ@%ﬁﬁme%ﬁﬁ
Ak TE A & 14l CE 4R .

Bs 7£ 40vol ¥ HL 78 & T MK [H w] DL 2 &

s/CE Z &Mk Ry shdi tEre vl ge I K, 4

T (DFE CE Wi N — & & E-7 R E M

NORBUETC LR By S e T

ﬂﬁ%,#%ﬁﬁtwﬁTCEﬁégé sty
%ﬁTCE%i%%E,%@§> f o
G690 (2) LT B L B s GEOM B 0B Py 35 7
B 1 1

el SR RA I N TR, AR CE 78 MC-
MBs i i 18535 CMBs Fikr 5 CE 854 &

MR B—JFim, MCMBs 5 CE B i
T AT DL ] AR s i, 7= AR B Y 3 E AR

di
@%Wo L& B, M15, M22 F1 M23 = Fj 48 B} %

A

CE S ) R4 B pIEH .

ZEALLE M. Y = Fh MCMBs [ 38 5T R N
40vol Yo ik, FF il % 19 MCMBs/CE & &M R 28 &
PERE .

KI5

WIS AEA R T2 280 A48 R b R 7 O i
T iRALE L, 58] T =M A [FRAE(d=15. 73 pm,
21.98 pm,22. 78 pm) Y 1 [E) A Bk Bk (MCMBs)
2y B g M15, M22 #il M23, =Fh MCMBs LAA [
PR B 7T 2 B s U RR IR R IR (CED 2 1R 4R 153



A, S P RA R BOER / BURR R AR 52 PR Sl S R P fE

* 609 -

MCMBs/CE & & #1 %},
(1) =F MCMBs H. LI M22 ¥ R BRIE B £
W RO R AR N R A i SR R A SRR
FEw (A B DR G Wi, In/1,=
0.23), B HRER/N,
(2) i T MCMBs ¥

(5]

HA w2 RS, P

il % ) MCMBS/CE & &M B H & B ahaett. = C
ﬁﬂﬂ%%mmM%KEﬁAﬁﬂﬁ%%ﬁ\%

S

(0]

[7]

[8]
Tl_ 3.29 £, I:J'/:T‘ ¥ T, =f MCMBs/ o

M@ﬂ%%@%%ﬂm
Nmzﬂnz>wu5i§}

3 = 1%¢,uMmﬁﬁﬂ,ﬁﬁ$
H 40wl T il 5 1) M22/CE & & M k25 A %&
ROV SEUACK Y 0,459 (iR BRHEE_\O)
§L5me,ﬂ%%¢1a8wﬂmqo,w‘gﬁp
ﬁ%%%%%?n@ﬁ%ﬂMﬁE%%ﬁ‘
1L BRI AT ﬁﬁ%M%%Mﬂmﬁ§x

NE R4 7

[11]

S EZ 0k

T [12]

GU X, ZHANG Z ], L1 Y@ Developing high perform-
ance cyanate ester resin with significantly reduced postcuring
temperature while improved toughness, rigidity, thermal and
dielectric properties based on manganese-Schiff base hybrid-

ized graphene oxide[J]. Chemical Engineering Journal, 2016,

298 214-224. o

LIN C H. Synthesis of novel phosphorus-containing cyan[l4]

esters and their curing reaction with epoxy resin[]].@
mer, 2004, 45(23): 7911-7926.

A, SREE, BRI — PSRRI AR 1R TR 4
WS &M BRI T, B &M AR2EHR . 2018, 35(3):
528-536.

[2]

[15]

QIN Y J, HAN J P, CHEN S H. Evaluation of a cyanate es- [16]
ter-epoxy resin as the matrix of composites used for structural
components of satellites[ J]. Acta Materiae Compositae Sini-
ca, 2018, 35(3): 528-536 (in Chinese).

OCHT, B, AR, S LR ECME o IR SURR IR B IR 1Y
il g S L RE BRI [T]. & BB £, 2018, 30 (s1)
15-18.

[17]
[4]

@RU()FF R S, BALANDIN A A, CAT W W, et al.

g@olechnologles, 2014, 25(12): 1546-1551.

i

CAIW F, WANG F, LISY, et al. Study on the binary co-
polymer of cyanate ester resin with high temperature resist-
ance performance [ J]. Acta Materiae Compositae Sinica,
2013, 30(s1): 15-18 (in Chinese).
MIN C, YUD M, CAOJ Y, etal. A graphite nanoplatelet/
epoxy composite with high dielectric constant and high ther-
mal conductivity[ J]. Carbon, 2013, 55: 116-125.

Thermal
conductivity of isotopically modified graphene[]]. Nature
Materials, 2012, 11(3): 203-207.
LIJ, MA P C, CHOW W S, et al. Correlations between
percolation threshold, dispersion state, and aspect ratio of
carbon nanotubes[J]. Advanced Functional Materials, 2007,
17(16) .

XIE C, L1 Y, HAN Y. Fabrication and properties of CTBN/

3207-3215.

Si3N4/cyanate ester nanocomposites[ J]. Polymer Compos-

ites, 2016, 37(8): 52026,
ZHAO C, X } QIN Y, et al. Thermally conductive cya-
nate ester| omposites filled with graphene nanosheets

Walled carbon nanotubes [ J]. Polymers for Ad-

AN Q. YUAN L, ZHANG Y, et al. Improving the me-
chanical, thermal, dielectric and flame retardancy properties
of cyanate ester with the encapsulated epoxy resin-penetrated
aligned carbon nanotube bundle[J]. Composi B: En-

gineering, 2017, 123, 81-91. @
b,. al. Electrochemi-

YANG S B, SONG H H, CHEN X
bon microbeads as anode

cal performance of expdnded
material for lithium-ion b ] Electrochemistry Com-
munications, 2006, @ 142.

KIM J S. YOON

7 YOO K S, et al. Charge-discharge

utface-modified carbon by resin coating in

terpJ |. Journal of Power Sources, 2002, 104(2) ;

properties
Li-ion

G Z, WU B, GONG Q M, et al. In situ fabrication of
carbon nanotube/mesocarbon microbead composites from coal
tar pitch[J]. Materials Letters, 2008, 62(20); 3585-3587.
ASTM International. Standard test method for water absorp-

ASTM D570-98[ S]. West Conshohocken:
ASTM International, 2018.

tion of plastics:
ASTM International. Standard test methods for determining
ASTM D256-
10[S]. West Conshohocken: ASTM International, 2018.

SHUI H, FENG Y, SHEN B, et al.

the izod pendulum impact resistance of plastics:

Kinetics of mesophase
transformation of coal tar pitch[J]. Fuel Processing Technol-
ogy. 1988, 55(2): 153-160.
YANG L J, CHENG X Q. GAO Y Z, et al. Lithium com-
pound deposition on mesocarbon microbead anode of lithium
ion batteries after long-term cycling[ ] ] ACS Applied Materi-

als & Interfaces, 2014, 6(15): 12962-12970.



+ 610 -

RN T

[18]

(191

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

LIS, LIN BF, TZENG S S, et al. Structure and properties

of mesophase pitch-derived carbon foams reinforced by meso-

carbon microbeads[ ] ]. International Journal of Materials Re- [29]
search, 2016, 107(2) . 148-157.

SONG L J, LINSS, YU B]J, et al. Anode performance of
mesocarbon microbeads for sodium-ion batteries[J]. Carbon,

2015, 95 972-977. [30]

CARMONA F. Conducting filled polymers[J]. Physica A:
Statistical Mechanics and its Applications, 1989, 157 (1):
461-469. @o
RUSCHAU G R, YOSHIKAWA S, NEWNHAM R

Resistivities of conductive composites[ J]. Journal of A

Physics, 1992, 72(13) . 953-959. ©

LIN F, BHATIA G S, FORD J D. Ther @ ctivities of [31]
powder-filled epoxy resins[ ] ]. Jour Applied Polymer

Science, 1993, 49(11): 1901-1 o

BRUGGEMAN D A G. ng verschiedener phys-

ikalischer Konstan eterogenen Substanzen I: [32]
Dielektrizitatskon und Leitfahigkeiten der
Mischkérper a %otropen Substanzen [ J ]. Annalen der

: 636-664.

O
@ 6(7)
A ‘i: ; UOEDA A, NAGAI S. Thermal conductivities of
co <

Wposites in several types of dispersion systems[J]. Journal

44(10) : 105501.

FANG X Y, WANG K, HOU @1

ing leads to anomalous the Yivity of n-type cubic [34]
silicon carbide in the high-tempsrature region[J]. Journal of
Physics: Condensed Matter, 2012, 24(44) . 445802-445807.
NAN C W, BIRRINGER R, CLARKE D R, et al. Effective
thermal conductivity of particulate composites with interfacial
thermal resistance[]J]. Journal of Applied Physics, 1997, 81
(10): 6692-6699.

RFW], pEAEE, WE, F R SRREEREYERE AL

B HERELT]. Z AR 24, 2018, 35(4): 760-76

WU Y M, YU]J H, CAO Y, et al. Review of polymem

¥ 5%

A
(@)
[36]

composites with high thermal conductivity and low filler load-

ing[JJ. Acta Materiae Compositae Sinica, 2018, 35(4) : 760-
766 (in Chinese).

RAVICHANDRAN J, AJAY K'Y, RAMEZ C, et al. Cross-
over from incoherent to coherent phonon scattering in epitaxi-
al oxide superlattices[ J]. Nature Materials, 2014, 13(2):
168-172.

fp Rl , R, Hoha, & BARD N A RBEHA /RN
WmEGME SR SRERMEZmEILE )] a8 FR,

@2017, 34(9): 1911-1918.

HE S H, HONG X M, XIAO X T, et al. Mechanism of the
ultrasonic vibration influence on electrical and thermal con-
ductivity of GNP/PP composites[J]. Acta Materiae Composi-
tae Sinica, 2017, 34(9): 1911-1918 (in Chinese).

SUNIL K, KARADA D A, FRANK R J. Moisture absorp-
tion by cyanate ester modified epoxy resin matrices Part III:
Effect of blend composition[ J]. Composites Part A: Applied
Science and Manuf%@, 2002, 33(12): 1665-1675.
B, BEREANDER, & WK/ A RS &

BB I SFERELT]. AR, 2018, 35(1):
35-43.
W J. HU Q X. YAN W L. et al. Moisture absorp-

n and mechanical property of modified linen/unsaturated

polyester composites[ J]. Acta Materiae Compositae Sinica,
2018, 35(1): 35-43 (in Chinese).
MARIETA C, SCHULZ E, IRUSTA L, et a@ation of

fiber surface treatment and tougheni@‘@rmoset matrix
on the interfacial behavior of carbfreinforced cyanate

R I I 1 £ AT PER R . 2011, 26(1) : 6-10.
MA W X, @ W W, HE Q H. et al. Study of E-51
#Ex}%odified bosphenol A cyanate ester resins[]].
etting Resin, 2011, 26(1): 6-10 (in Chinese).
GEYUKI S. Handbook of advanced ceramics: materials,

applications, processing, and properties{ M]. 2nd ed. New
York: Academic Press Inc, 2013.

WU S. A generalized criterion for rubber toughening: The
critical matrix ligament thickness[J]. Journal of Applied Pol-

ymer Science, 2010, 35(2): 549-561.



