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PS ¥ K : K42 7E 50~350 wm Z [d], 5 PG 33,
AR BT %8 g /10 min( 200 °C, 5.0 kg), 'F EH &
A3 LS B A BR A F s SEBS-g-MAH : 7K 2, Ji Jiii &
I3 H130%, B KR I 4 B 5 & 9 0 1.4%~2.0% , 15 14
It 3 45 5 14~28 g /10 min( 230 °C, 5.0 kg), BHE R &
YDA BR 5T A F] s L Bt i (DMIF) = A #8 T BL
TG GT: PR AR 10~15 wm, 7 5 £ A
BAARAA .

FHHEAL: 25 RM200C, M /R VE IS 5 LS H R A
PR T4 A A s BREEML: A 5 AT B IR, M o FE
KA s Y v 2B 0L - 48 [ 38 8K K T G e
MiniJet 43 B4 v B3 5 6 11 1) B AL« AR 4 K A2 50 AL
A R A B A P71 ZQK-20 [ B B 1 I BEFL s b s
B9 0L+ AR 4 4 R0 AN 2 ) 3 A FR 2 W\ A 77 ) XJUD 28
A A2 IR L s I AL : SANS Tl 28 il
B 75 R il Be pL, A5 2 CMT4104.

1.2 #H&E&

# PS, GT il SEBS-g-MAH Jil & | 80 °C H %5 4t
T4 h, LL7:2:0 BT RE HOR S TONAT B R
MU ER BE 12 h, BRBE 5658 O 500 t/min, BRE}EL A 25/1,
REIPSIREY . BUEEIKEM 2R ESY, MAF
DMF ¥4 7 v 5 it , e 3 Jelt 308 ok 25 9 fiR )5 1) PS, 15 2]
BRE S W, B JE TN TR, B £ R
G )G MK BE 72 )id 4 P-S-20GT-BM .

¥ bR Bk B AL 3 B GT 5 2 1 PSR &
VAT T, R 2 EMLTE 190 C I @l 3 10 min,
¥ 3 N 60 t/min, Fir 13 LR ¥ 1d ¥ PS/20GT- 10S-
BM. [& ], % 4l PS, PS/SEBS-g-MAH( Jii & Lt PS/
SEBS-g-MAH=9/1) Al PS/GT/SEBS-g-MAH ( Jii & Lt
PS/GT/SEBS- g- MAH=7/2/1) 4} 5] % F % J& #L 1F
190 °C #% @l £ & 10 min, % 3% 24 60 r/min, i £ 73 2|
9 3% Y8 9 4> 7l id A Pure PS, PS/10S 1 PS/20GT-
10S. Hodr, “20GT” E /= LR Y GT 1 5t & 7 %k
9 20% 5 “10S” & 7~ JL IR ) SEBS-g-MAH [ i &
SN 10% s “BM” RoR LR Y GT &3 T 5 BREE
AbHE

V2% 5 LR ) #% 15 2] 1 Pure PS, PS/10S, PS/
20GT-10S 1 PS/20GT-10S-BM V&4 T 14 i, K F ik
R ML AT 1 B R Y, VR SRR FE O 220 C LB R
718 65 MPa, 15 3| B /2 40 mm. & & | mm 1) [& 7
mir s LA R 4% 2R (P o A RE SR AN SR R e A 5% 0 I
J S AR 1SR WL v o B 25 BE H 2 mm IRV Y

BT, JHCE 24 he

1.3 Mk 5 R

1.3.1  # K E 59 A7 (TGA): K F 5 L M55 ) -4C 0 2
N T A PR ) TGA/DSC3+/1600 #4425 8 43 #r A % 46 GT
A P-S-20GT-BM F¥ fity 47 #4k H 0 . FE &L 7E 50
mL/min B 7S5 H, L 10 C/min B FH R 3 2 M
30 ‘CFHi#E A 1000 C.

1.3.2  + % k3% (RS) % #7 : K H 9% [E Renishaw A 7]
A 7= 1 inVia Reflex $i 2 54 3% 06 4 GT A P-S-20GT-
BM A i AT B2 61 4 Ao K KR 532 nm,
I H03E A 100~4000 em

133 X 4H4& k& F i (XPS) 2 A7 : K 9L [H
Kratos 2 ] [] XSAMS00 £ Ty it K 1H 7> 1 HL T fig 1%
AN} 4l GT A P-S-20GT-BM ¥ S #E 4T T X 5 28 %
TREVE /3 AT o W K IS Gl C1s(284.8 eV) KL IE .
1.3.4 1=2# % -F 2 #455(SEM) & 4E F PS Ky K FlER
B J ) SR Wk R 3R T W & 5 R T BB
M 82 4l PS A LR T4 o (R B, K Bl 28 v 8 Jorr o]
AW A RE SRR R A R 8 h i I BB, W T 48 B
S A, A T BB WA EPSE S
ERE R 1) 2 BORAS o R B Stz Aof i 48 0 e o 0 4K
SRR = TR v S = I R R 5 DU =3
SEM 8 1 im o HL 4 5.00 KV o

1.3.5 - # M Ak W) 9K : >R A 5 3 Hot Disk A FR A &
A2 77 1) 2500-OT #45 e A P 25 000 & [ 1 KA il () °F
T #CT 2, A AR DI 2 A4S, BOH P 24E .

1.3.6 A3 A b Ak ) 5K, < i 2R v 98 BT A I 44 Y R 5%
JE 24 h, 4% R R [E AR GB/T1040-92 1E % i
BEAT R AR IS, F7 A0 22 E Y 5 mm/min. B2
WAL ZEH N SAS, Mk 25 FRHCE I E .

1.3.7 B v ob & d Al aX AR 4 B AR GB/1943-2007
78 XJU-22 ki il 56 HL L AT B O b s e, A
FEZR I 5 A, % 5 6P 341E .

2 #R5i11E
21 AENRRFBIESEWERLE

WM B TE A AT R By ATk RAE, TS
BOE IR & IR B2 e B R, B T —
FEEOR W, TE 8 TR 1) Tz U5 2 Y FL N 550~630 C, A
S AR I T2 18 Y5 B D 630~730 °C, GT 1 The
18 ¥ B2 ¥ [ A4 830~1000 °CU . B4 KL T, V6 [ 5
HIEEHE VM, 4T GT KU, GT KIHE ) ] ~F ik
NG JE R, L T AE R /DN o Figl R T GT BREE
AT JE A 2R B il 2 (SR 2R R A Ok E I — B B o il
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Fig.1 Mass-loss TG curves (solid) and its first derivative (dash) curves with respect to temperature
(a): GT; (b): P-S-20GT-BM
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DTG M 2 vh 73 il % B 3 AN U, 55 1 AN 1§ 7E 300~400 C
Z 18], X J& GT 5 5% & W3k [F 3K B 1) PS CR H ¥ 71 B
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Fig.2 Raman spectra of GT and P-S-20GT-BM
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Fig.3 (a) XPS spectra of GT and P-S-GT-BM, and deconvolution of the C 1s peak for (b) GT and (c) P-S-GT-BM

Fig.5 SEM images of the fracture surfaces of (a)pure PS and (b) the PS/10S blends



Fig.6 SEM images of the fracture surfaces of the (a)PS/20GT-10S and (b)PS/20GT-10S-BM composites

Fig.4(a) 1 Fig.4(b) 73 7l /& PS ¥ K Il K B& JL IR )
1) SEM KM% . tH SEM 1] LA 2, PS # K R 448
7£ 50~350 wm Z [8], M Fig.4(a) £ 32 (K JEK B v B TS
2 M F B PSR TH G M H Y. Fig.4(b) A& BREE 15 2 1)
IIRVITE S, 5 46 PS B R AH L, TR & Pk K R 4%
K. AT K AT LUE B, A ss 4ok A 7
PS FURL 2 THT , 3F — 5 JBOK 6 M 1 3R T X 38 ] DU 2
MEABERAPSEmM (BT AGBT LK, 5
PSE % 44 . M SEM B AT LUAE B 1 S 40K iy R
W A GIE W, %A WS BB BT E k. 4
BRI SCRAE S AT DAAF S50, TR BR S T AT ) 2
GTHE T AEgK, JFHASHDEA B,
22 FHREKERUNINBAEMNREZCHESHH
S5 EZNn
221 RE T A S M8 F M AR Fig.5(a) Al
Fig.5(b) 4> 5l /& 2 PS A1 PS/10S F I8 # Wr 1 £t 35 i
i o 4l PS [ T TH DM 3% 22 AH 45 #, SR T, PS/10S
LR W 1) Wi 1 O i I 45 4, 31 K SEBS-g-MAH fF
N5 B 351 50 4 BUAE PS 36 R AR v, M AT 32K P
Al DLW %2 3] 4% 4k 1 SEBS-g-MAH # Ll & SEBS-g-
MAH H #4858 #2300 CE e 3 B D o

Fig.6(a) Fll Fig.6(b) 7 %l /& PS/20GT-10S F1 PS/
20GT-10S-BM & & 4 RL I i i) 49 B B2 B o M
Fig.6(a) 7] LB R 10 F 212 & M B A GT R —
ECABELMRTEE, HHGT SR AYH %
I fib LR B, GT ME DLAE 4k 3 50 43 . % PS/
20GT-10S & & #4 ki W 1 3k — 22 K v LU 2|
GT HJ R~ LE 10~15 wm 2 [8], Ff H GT 5 3R ¥ 3

A () F T A7 A5 B 2 42 B . SR, A Fig.6(b) 1R A
& B 2R GT 47 7E , 4% PS/20GT-10S-BM & 4 14 #} 7
[ 3 — 2B K AT LB B 5~10 wm [ A S5 90K B, 9F
H oA BBk 5 344 ) ST 45 & ok, S b Ve
HOLH B4R . RLERRH, GTEREY —
I 2R B () 1 2 b, GT 52 21 Bk BS 1 59 D) 1 A 4t 3 &
J T B SRR R, R I A IR A2 ) Bk BE ) oo
TER, B R~H A BTN . Bk 2 4, GT 5 B &
Sh R ER BB RGBS GT R T A BYKk A E RS
Bk T 1 253 o Bk, T B K 5 B R LT A
1 th i

z
>
-5 1.6 |
Q
i
S 1.2 /
- 0.8
5.0
Sz
o<
=]
= 04 F
i
= A V) 7
K=
.0 . h i
0 Pure PS PS/10S PS/20GT-10S PS/20GT-10S-BM

Fig.7 In-plane thermal conductivity of pure PS and PS composites
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PS/20GT-10S-BM K & # Kl S #MEREIA B 1 1.565W/
(m + K), 5 PS/10S FL R ¥ #4H b, # 3 2 5

394% . MFRL IR &5 A o e FLPE RE S R SO A T R
o, G AT A B SR e 1 7R N T R R R
I 2> WA FRAR 7 I B, SEA N 4R R 2
W AR LN J7 1a B R HE A . IE 40 Fig.6 B s, PS/
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MRECR S8 402K B S5 9R A R SR TR HE A 6 45
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H K GT /4 Rl 3L R 45 2 11 PS/20GT-10S & & # £t
AH B, 2R JE AL ) BS GT 43 2] 1) PS/20GT-10S-BM &
HEM B SRR & T 27.5%, X 2K N, GT 1E
HRESHETHHMEL T EEAEHKATIED)E
FBME, AT GT, B 2806 1A 28 99K F (1 #4
SEREE, HFHGTHH AR EHNAENKAG,
SR AL 5y BUAE PS Bk, SRR LS A AT E £
o, FURHI ) 5 A8 TR B 2 1 3 G B, AT B —
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KA, AMLAEHE = PS HVR Y1 T kg, 10 BE it —
A I .
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LN F7- AR i 28 A0 757 A, PS/10S SLIR A 77 AR 5 il iy
PO T KR AE R . 24 PS/10S FLIR 4 b 7
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Fig.8 (a) Stress-strain curves, (b) tensile strength, (c) tensile modulus, (d) elongation at break and (e) impact strength of

pure PS and PS composites



Fig.10 SEM images of the fracture surfaces after the notched Izod impact test for (a) pure PS, (b) PS/10S, (c) PS/20GT-

10S and (d) PS/20GT-10S-BM
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Effects of In Situ Exfoliation of Graphite via Dry Ball Milling on Thermal
Conductivity and Mechanical Properties of Polystyrene Composites

Honglian Wang, Yingjian Guo, Yang Zhang, Hong Wu, Shaoyun Guo
(State Key Laboratory of Polymer Materials Engineering, Polymer Research Institute of Sichuan University, Sichuan
Provincial Engineering Laboratory of Plastic/Rubber Complex Processing Technology, Chengdu 610065, China)

ABSTRACT: Compared with traditional wet ball milling, exfoliation of graphite (GT) via dry ball milling takes less
time to prepare graphite nanosheets, does not require any solvent, and is environmentally friendly and low energy
consumption. In this paper, graphite nanosheets was obtained via in situ peeling of graphite in the presence of solid
diluents, polystyrene (PS) and maleic anhydride- g- (styrene- ethylene- butadiene- styrene) (SEBS-g-MAH). The solid
diluents (PS and SEBS-g-MAH) can form strong interfacial interactions with the GT surface. Then, PS composites
were prepared by melt blending and micro-injection, and the effects of the morphological structure and dispersion
state of fillers in the matrix on the thermal conductivity and mechanical properties of PS composites were analyzed.
Compared with non-ball milled GT, the graphite nanosheets have stronger interfacial interactions with the matrix and
are more uniformly dispersed in the PS matrix with oriented arrangement, the thermal conductivity of PS composites
is increased by 27.5%, and the notched impact strength is increased by 14.9%.

Keywords: graphite; polystyrene; dry ball milling; thermal conductivity; mechanical properties



