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Properties of PHBV/MLB/RH-Si Dielectric Composites
Wang Hao, Dong Lujie, Zhang Xi, Li Shuai, Chen Yuxia, Guo Yong
(Anhui Agriculture University, Hefei 230036, China)

Abstract : Rice husk silicon (RH-Si) doped MLB/PHBV composites were prepared by melt blending and injection molding
techniques using mahogany charcoal (MLB) as the conductive filler, poly-3-hydroxybutyrate-co-3-hydroxy valerate (PHBV) as the
matrix, and rice husk silicon prepared from rice husk as the modifier. The effects of different rice husk silicon doping amounts on
the interfacial bonding properties, mechanical properties, thermal stability, electrical conductivity and dielectric properties of MLB/
PHBYV composites were analyzed by using swept surface electron microscopy, X-ray diffractometer, mechanical testing machine,
thermogravimetric analyzer, high resistance meter and dielectric tester. The results show that the addition of the appropriate amount
of RH-Si improve the thermal stability, mechanical properties and dielectric properties of the composites. When the content of RH-
Si is 10%, the flexural strength and flexural modulus of the composites are the highest, which are 32.95 MPa and 3387.97 MPa,
respectively. At 2% RH-Si content, the dielectric constant of the composite is 422.76 compared with that of the composite without
RH-Si (371.39) by 13.83% and that of pure PHBV (4.58) by 91.36%, while the dielectric loss is the lowest at this time, indicating
that the addition of appropriate amount of RH-Si can make a balance between high dielectric constant and low dielectric loss for
conductor-filled polymer-based dielectric composites.

Keywords : biochar ; PHBV ; rice husk silica ; dielectric properties
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LB B ML, & AR R/ R B
o, e TR S MR iE AR AT EE D B
W 4 W D) B SR M (PVDF) SRSk B 1 i i
Re bk i S8 A 5807 (GO-IL) ikl 4 T —
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HEHEAARL, Z5 R FEB I MR, PUGO &
BRI A B B 3] 108, 240 P 26 £, Liu
25 UV AE PLE A IR 5| ALT BIEIKA (GNR). 45
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AR, MA T B L BTO MBI R AW E M
B SR AEWE A HSHEA RN B E SRR
WRARE 75%, 1A% 219, HA AR HITZE 7% LA
. Kavinkumar %5 ' D £ BEfR 40 K45 (MWCNT)-
GO S HUBHE 28 1A B A AR A FL R EO 17
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G E R . 28 B, SR TR I AR &
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(MLB) >4 3 H SEUR}, [R] 2% 1) A B B X 2 5
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HA ZALYK R E M REsE ik (RH-Si) XA 9 e e b4
Ak AR 11 S R IR AT RE , DAY RH-Si A9 i
AR A XS H OB MLB 378 1T [ A 3R 5 0 45 i A
HLE A MR PERERE M . AR FH AR 90 B ] A H
BA MRS 225 W KA 2 1) 1
JEH L [FECA TEE S SR R R S YA
B AR A FL B PBi R A FELASURE 1Y) [ R —
PR
1 KIGFER4SY
1.1 E£ZRAH

FEBEAHS : 150 um (100 H ), 1 ;

FE5eHky: 180 um (80 H ), i ;

PHBV : 3001, [ MR A A

BEMY : bl b e T

VIR : Srbral, i e kAR A R D
1.2 EFEMNEREEL

B b OTF-1200X &, A A0 f BB R R A
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X FHEATH (XRD) 1 : XD-6 B, Jb 502 A
I ABR DA A 5

NECEIY : Delsa Max Pro %, Il 78 & JZE /R
S RaEig N /N

WA (TG) /3 BT : TG 209 F3 HY, 7 [ i 5 /X
ol BRA 5

P2 HNCTEL : DXR Y, FEER G H R B 2 A 5

¥ 5 R ST L W R (SEM) + S-4800 Y,
HAH sk att

X SR AEREIY . X-Max N 150 Y, A H 37 bk
ot

BTt PC-68 B, FIRFEE/SHERA A

A HL AL : DMS500 B, 58 0UE S R A
FRH]
1.3 M#HH &

(1) IREEARAY Tk (MLBY) il o

PERRMEAR AR LE 105°CTF THR40FE 24 h )5, &
SEAGTERX P hE iR bab 1. w5t It
MR 10 °C /min, JEEVEFE 0 ~ 1000°C ; 5 il
FERRE 1 h 5 AR A 300 mL/min.

(2) RH-Si il 4% .

¥ 80 HFEFCHIFE 105°C T~ T4 24 h, K
F/NT 3%, SR HRECR B T I E N 5% 1)
MRS IR, 90 °C R B 3 he R A H
2B G UE, dliK Tk EREFAENER R P, R
£ 105°C N T4 24 ho FREETHRS RSk FAGTR
HLP A 25 S e A AR, Bl A U R AU
550°C KRB = 2 w7 A5 ARG A 3L Si0,.
oS BB S A Si0, #2 1 : LIRG, AR
BT 700°CHN#A 1 h, 3845 RH-SH, 38 i
6 mol/L Eh R HEATIRVE , LA B 25 R B i 18 M5 LA %
MgO 452251, Il ad Z2 B0, AR Y RH-Si.

(3) RH-Si 7% PHBV/MLB & &R Hl % .

B BT A OB EHE A 80°C R T4 24 ho R
i W8 5% 1 B 7, ¥ MLB, RH-Si A1 PHBV 4t #k 17
IR | % B il 45 RH-Si # 24« MLB/PHBV & & #
Bl Hodr, S B R E R 120 °C, # 5E h 40 t/min,
ff 8] 4 10 min, F5# RH-Si $ 4% PHBV/MLB &
A MR R R A 2 R, TR AR T SR LR IR

B FE 143 91 2R 120°C,0.6 MPa T 7 9 i R~
80 mm x 10 mm x 4 mm [IFESc. 3B EGER - Tk &
TP REALAL L, 5 I EE R 120°C, 51 5 MPa,
A 10 min, P4E 5 min, ¥ 7K 10 min, il 5 & B
1 mm 1 RH-Si # 4% PHBV/MLB (PHBV/MLB/
P-RH-Si) & & #4413 A. PHBV/MLB/P-RH-Si ' P
TR 2% RH-Si & &, WA 2% RH-Si, W& A #F
£/~ i PHBV/MLB/2-RH-Si.

%1 PHBV/MLB/RH-Si E&#HME A %

b MLB PHBV RH-Si
PHBV/MLB/0-RH-Si 50 50 0
PHBV/MLB/2-RH-Si 48 50 2
PHBV/MLB/4-RH-Si 46 50 4
PHBV/MLB/6-RH-Si 44 50 6
PHBV/MLB/8-RH-Si 42 50 8
PHBV/MLB/10-RH-Si 40 50 10

1.4 MR K
K SEM il X B e i {30t il % 9 RH-Si il
AR TIE S S RE T 3B , I 6 R it 2R T
MR — 2 A TR, FH e S S o
K P EIEAE 532 nmiot, 3R N4 em™
A1 16 K BFAGEIEILEE 1000 ~ 2000 cm™ YL H
G
K XRD % RH-Si M 52 A bR REDEA 745
s PERE BT BRVE R 40 KV, HLIE 50 mA, FHE
Fil 5° ~ 60°, #1434 °/min.
KA CHU AT RH-S1 (R A TIAE |
X F TG 43 X % RH-Si 1 3% PHBV/MLB
AR RHARE AR EE, KK LA 10 °C /min BT
T AR DA 30 CINAAE] 700°C, B A~ L g ok 72
TEA/S (30 mL/min) {547 F 47,
i B GB/T 1449-2005 #F 17 25 il 1 A8 M 3,
Jin 2% #E B 2 mm/min, ¥ 1 60 mm, ik & R Sf
80 mm x 10 mm x4 mm,
P GB/T 1410-2006 , 3 1 755 B0 <2 44k
RFREEHZR, AR S 80 mm x 10 mm x 4 mm.,
K FHAY FL IR A AR 255 Bl 20 Hz~1MHz, %
AR RN A B PERESEA T
2 #ER5ITR
2.1 RH-Si M7
RH-Si 9 XRD 717 53 & k4% 53 A1 B OB
SR DL RETE Q] 1 ff7R . RH-Si 3 2t =X
(1) ~(3) BB RS 2 A= 1,
Si0,+ 2Mg = Si + 2MgO (1)
MgO +2HCI = 2MgCl, +H,0 ()
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SiO, + 4HF = SiF,1 + 2H,0 (3)
r & 1a AT %0, RH-Si A =/ H 5 HLAYE ki,
A3 BT 260=28°,47°,56°, 43 Sl % N 2 i (111),
(220), (311) {4 1T, H XRD &l HhJC HAth B Sk i) 2
Ut BRI SR = W R Uk S JIT il 6 1) Ak 14 40 A vy L
i aA LAE @ e e, 55, W 1b &,
FITAS P AR B PAE 135 ~ 190 nm Z[a], 45
G e n[FE BT R RE 2 PR Z FL85H , 258
S R R 4ok ROSF i RH-Si kE & A= S 4 i &
1d 7l %0, iRXFE 2 C, Si, O, Pt 2%, Hh Pt o
e GO , DR H 7 i 2 A R A R AR , R I AT
FEFRAY Si0, Je: A o S iR ot et 1 1Y,

0 50 100 150 200 250 300 350
HA%/nm

(®)

Pt PtPt Pt

(d)
a—RH-Si 1Y XRD #i5f&l ; b—RH-Si #if2 537G &l 5

c—RH-Si OWES Rl ; d—RH-Si fgig &l
E 1 RH-Si PEfEHTE

2.2 PHBV/MLB/RH-Si & &-##H69 UL 50047
&l 2 J& PHBV/MLB/RH-Si & & # K} Wt 15 1
. MK 2 aI A BEE MLB % 598/, RH-Si
SR, 2 A PR I RS AR Y A T2 A
Ifo B 2a AN RH-Si (W GAP R W E, 7] &
A MLB & 580, TEAM BN R K A= A 5 JF HLT
AT ) B0 A RO 7% 3 B LIRS . 1 2b (] 2¢
Ay SR AT 53 B0 R 2% 1 4% RH-Si i 4 4t
R R, ATE DR 9K gL RH-Si A X 1R
T TF 325 o B i ), BT T RS B AR A Z2 AL
AW FLBR R, 7 MLB & B i — A1~ 282 1
UK, 156 I A= 0 ¢ 5 AR 2 1) Ay e A S B T SRk
HURL A B AR . A 2¢ HHRETE
HOULEE B A 1y o 5 AR X Fiiie A X254, &1 2d
~ [ 2f 43 i) & RH-Si JiT & 50 50R 6%, 8% 1 10%
Y52 A5 AR BT T T, S5 5 R FH [ A 2 A
FIAK L RH-Si #RE MLB, 740 T AE 0% &
A e ), TEORH P SR ok () A R B 1T S ), L oK )
RH-Si BN AREGSAEHE MLB 3-8 T hnd4 4y, fdids
HORS RR 2 o] () L B AT

50um

a—PHBV/MLB/0-RH-Si ; b—PHBV/MLB/2-RH-Si ;
¢—PHBV/MLB/4-RH-Si ; d—PHBV/MLB/6-RH-Si ;
e—PHBV/MLB/8-RH-Si ; f— PHBV/MLB/10-RH-Si
%2 PHBV/MLB/RH-Si & &A1 35 i Wi 24 i il 0 e S &1
2.3 PHBV/MLB/RH-Si & &-##45 XRD 5 #7
A T #F5¢ MLB F1 RH-Si BfIIAXT PHBV R4
YIRS B 2 . R XRD B #1750 B, 14
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3 & PHBV M HAE A& M KRS XRD Eli. PHBV A&
HAE AR R B U B A AT 547 R, Hoh PHBV
FIAAN RH-Si () PHBV/MLB & & R = M5t
W, o3 B AL T 20=20°,21° F1 22°, 43 51 %} i PHBV
[ (021), (101) A (111) 25 & S ™. M 3 0] LU
RIL, MLB BIIIATJF AR PHBV BRAY &7, H
IR A BB B T 588 1Y fhARSE R . SR, AT
DAVE A8 b 2 R, 5 A5 B0 45 i W 77 S i 32 B /s
T4l PHBV RIATHITRIE , 254 B A A RHO RO 5
3T, XK MLB (1) 2 FLBR 4544 5 54k PHBV
TE K IR AR 45 A, W BHAS T PHBV 1Y
HEBz o)y, s g . MO RH-Si & A 4k
) XRD K&, &4 MR B 50 6 T4, B 2%
PHBV 19 3 AT ST WA, 53 b 3 07 55 06, 43 51 %F
o 20=28°,47°,56°, 5 RH-Si B4 5 0 0437 8 Jor %of
N, I HLRf 2 RH-Si 75 5 038 0, 12 06 0 177 55 i i
B, BB RH-Si 725 G A B N B 28102,
Ab, RH-Si BT ALFEAR T PHBV (AT 5 W45 i,
Ui RH-Si MM B Je A 4 PHBV (1) h R 254,
HRAK Y RH-Si R TS Z AL, SR AWK
SEA BRI R AW o FHEBAE B, BK PHBV A4S i
P RO SRR R 25 A, o — R
FEERE

VA U &
6 VY
S I N
N U
3 A
2 A
1 Jl,.

lb 2‘0 3‘0 46 5‘0 60
20/ ()
1—PHBV ; 2—PHBV/MLB/0-RH-Si ; 3—PHBV/MLB/2-RH-Si ;
4—PHBV/MLB/4-RH-Si ; 5—PHBV/MLB/6-RH-Si ;
6—PHBV/MLB/8-RH-Si ; 7—PHBV/MLB/10-RH-Si
¥ 3 PHBV/MLB/RH-Si &A1Y XRD i
2.4 PHBV/MLB/RH-Si & &-##+45 TG 5 #7
[ 4 /& PHBV M PHBV/MLB/RH-Si & & #1 %}
1 TG FIUT A EE (DTG) M2k, 525 b ik Uit
FE R R R 2R IRE R AR R AR AR
RN 20 WK 4a B EHIFE IR T,
PHBV H 38—~ X 0] 221.0 ~ 341.6°C, ik
iF PHBV U5 RRAUN 3.13%, Ui B 7E L IR X JA]
4fi PHBV JLF- kA T 8Bk, SR, B G R
TG MIZEN B B 53 X a], 43 BIHE 220 ~ 375C

1375 ~ 420°C Z [6], {H )& DTG Bk H HA — %
fif I, 454 5% 2 4l PHBV 2 H & A 0 R B
AN BT, S A MR A 2 ik DX (] 7y
it 5 2 35 R PHBV, IR Ry A 1) Joit 7 2 £ 700 °C 2L
ST § 25 1Y, HOHT T RH-Si #4387 o] A1, i
(R4l e R T ARG . I, & &4
L2 BT AZs H B A o it X ] i =8 2 A9 1 B PR
A= Wy I e AN RH-Si (AR BAE F X PHBV 1) 30 it
FEAE R

T, AR 2 A, B A M RHES I BT IR %
fiif, 4l PHBV AR E 4551, iR MLB B9 AT
PHBV (3R ) T ARG RE SRV, TEAR KR
BE BT T MR AR E M. XA RH-Si A
MLB & & BRI U6 B B i R i 18 % A T4 PHBV,
F 35 2Ky RH-Si Fll MLB 2 S 3P DR, e T
PR B A% 3, AT e ) G o At T R A T (R Y
RH-Si #1 MLB A H Y 3E1A PHBV it c 2 )5,
TR I W RT B BT B 4 SR I 52, BRI T
RAE YIS I AL 33 AT A AR Y i
DL TREGE T MORHE R I B b5 IR
myE— 2T, AR B PHBV )G —20 kR
Rfirt , DRI, 2 B B2 HE B R A A DX ) . AR
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Ui
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1—PHBYV ; 2—PHBV/MLB/0-RH-Si ; 3—PHBV/MLB/2-RH-Si ;

4—PHBV/MLB/4-RH-Si ; 5—PHBV/MLB/6-RH-Si ;

6—PHBV/MLB/8-RH-Si ; 7—PHBV/MLB/10-RH-Si
a—TG Hh£k; b—DTG Mk

¥4 PHBV/MLB/RH-Si &4 ¥k TG Al DTG HhZk
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%2 PHBV/MLB/RH-Si £ &#HAES IS H

- PHBV PHBV/MLB/0-  PHBV/MLB/2-  PHBV/MLB/4-  PHBV/MLB/6-  PHBV/MLB/S-  PHBV/MLB/I0-
RH-Si RH-Si RH-Si RH-Si RH-Si RH-Si

T/C 321.0 228.20 220.80 220.30 220.40 220.10 220.05

T,/ C. 386.9 382.7 381.5 378.6 376.1 375.6

T,/C 3335 413.4 413.2 409.9 407.6 404.9 403.1

TJC 341.6 419.7 420.1 4182 417.0 415.5 413.8

ML/% 97.23 49.63 49.03 46.81 44.41 42.95 40.72

RM/% 3.31 48.04 48.63 51.14 53.26 54.78 56.77

T : To MIRMEARIRLEE , To, 5 —BERIIRPEARIRE , T WEEIRE, 7, 201U, ML Tl (64, RM 5ihe

MG E %G RH-Si & 34 I, 26 4Rk w)
R AR A TR B R R i TR N8 1 3R B X TR, 3
BEIR R Ry ik 1 T R AT, N PHBYV (1) B i,
{2 TR SRR IR 48 SRR Z e . TR B
RH-Si & it 40, 52 G bRk i) % Je 32 20 W 14 0
456 TG MEZNRHESEU T, RH-Si A $E
TR AR AR e T
2.5 PHBV/MLB/RH-Si & &4 4% W 5#7

K 5 &4 24 A 5] RH-Si % i /Y PHBV/MLB
BEAMEE PR, IWE S thaT LLUE IR, Bl
RH-Si 7% & 938, &2 G b0 Rk 0 25 it i 22 Fn 25 it
S AR B0 K, O H 4B 4l PHBV (1925 il M Rk
(75 il 5% B 17.68 MPa, 5 P 451 B 56.89 MPa) A
AR KRR B (R 4R 0, 24 RH-Si Ji i 50 50K 10% B,
25 M RE I A it R A i M T B K, 43 )
4 32.95 MPa #1 3387.97 MPa, #1 %% & il A RH-Si
() 52 A5 B Rk %) 5 il e 8 Sl B AT A i
29.20 MPa,2280.14 MPa, 43 il #& Ft 12.84% FlI
48.59% ; I H A4l PHBV A9Z5 s 2 5 86.37%.
4fi PHBV 119 25 ity 38 4 455 5 AR /1N, 136 B PHBV J& —
ol WP AR ARG 1% 22 M AL {H B 25 IR R F MLLB
RH-Si (A, & A BB S i g A B 4 i R
W1, &5 1T PHBV BN, 45 G OWES BIE | &
TcAE MLB HA 5 i £ fL45H , fES 5 PHBV
SR 2 (AT B 7 [ 0 “BLAR L A” a 4 =X (n
&l 2b &l 2¢ IR ), f i 1 IEDRHS SR FE S5 5
M A IRIRZ I IAE R, RS SAARTE B R
U FUTH RE AR BRI K T, I H DR 53 0 ) A% i
)58 FBF 5 1 MLB M40 oK RH-Si b+ b, (2 &
R AR A TR B PR BE 7 1458, e X MGE R A AR
J12EbERE B RH-Si (A #E— 2427+ T PHBV/
MLB & &A1 R S Al RE , 322 B i AR
T4 % RH-Si, { #F MLB 43 #5444, B 1 MLB
LV T A ST B )T, 485 MLB 5 PHBV
(R ES A, - H I A S el B RN T 1E A

T3Ab OWEE RS /R 8K P RH-Si R ik 241,
WA H T 5EE4K PHBY A HISS 5. ik, E64
BHAS I RERE S RH-Si & B3 g s

30 s 300
- 33 b e AR 13200 >
S x| 13000 E'ﬁ;
2o &
= 12800 =
?&’ 30l 12600 E
| 12400 &p

N 42200

0 2 4 6 8 10

RH-Siff #5040/ %

[# 5 B4R & RH-SI () PHBV/MLB/RH-Si
S A BHEHIAS [ PR
2.6 PHBV/MLB/RH-Si & &-#1# 64 b 46 447

Kl 6 f& AN [F) £ & RH-Si #82% PHBV/MLB & &
POBH AR B BH R .l &l 6 n] AT, i RH-Si 5 &
HSE N, A AR AR R BH R AR R, REE
9K RH-Si PR T MLB 78544 N Y
50 380, A5 oy R 22 () 1) R 2 328 T 4 K, S i)
MLB ¥} R ATE 1 FLd 1, S BUE B M R AR
RH AR T = o o5 — 7 T, A1 45 9 RH-Si R
SR RAOKRGR T HAB s 206 LA R Y
Fea B 22 J3 R 7 A S i, DT 23 6 28 3 - A 1 B8
TR B 77 A — g S, e Al A AR R TR
Eﬁlﬂﬂﬁfﬁizoﬁéﬂt 2,

56.5

55 L
g
g 50 r
ﬁ’; 45
=
& 40 388 —%0.9
B '}
ﬁ 35_1/./

35+ 36.8

30.2
30 |

0 2 4 6 8 10
RH-Siffi 53 50%
%l 6 PHBV/MLB/RH-Si & A #H R AR i B AR (L 1A
2.7 PHBV/MLB/RH-Si & 441469/ st 58 5 H1
TEAFCR N 1 MHz JEEE A 20°CHY &4 T, AT
RH-Si &5 #:4¢ 1 PHBV/MLB & & 8B4 i
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BB A B AR & 7 Bk, IR ET LB
MLB JFi 50 80N 40% ~ 50% I, 52 4 k4 RHG A H
FEUR Y B RE AR 42 T4l PHBV( 4 HL 48 4.58,
L RFE 0.02) #E R AEF R, BB REIE, Ul
BH L s e 7 d O S (BT . JF EL I 7 wf
ML E A MBI A BE BONA L IFERE # RH-Si %
SEAYEGIN, 23 50 A3 0 5 AR S R AR e 3G K
A8 Ak, S A BT & 53 0CH 2% /9 RH-Si B, 2 &
ERE I A W % (371.39) fie i, M 422,76, MAE T
A0 RH-Si B9 G AR A HUH B 5 13.83%, 5%
4 PHBV #15 91.36%. HILHF A/ B BFEMR T A&
B RH-Si W& G Mk, 855 300 23 B i 1 vk 53
Br, i RH-Si B INAJZ#E T MLB 9 2) 534 1
KT A BURLE] A PR B, BEAR T 52 A RN Y 23
BAOTE B (AN T&] 2¢ & 2d IE ), AR RE P R 45 A
B S HES TR AR A H R R IR R R
LR R A LB AR . (HJR , B 40K RH-Si &%
) UE— A2 5, MLB A RH-Si 1) 2L F1 3 kL
Bk, (ARG R S S A A GE G AR BR ) 1
PHBV K555 F M ALz 3, (A58 % 1 A £k
AR HKE MLB & /b, HAE A i 25 4%
(AR RN B4 DT (A A A (0 A v 3 BRI . B
SRYNK RH-Si (3G, i 52 G A0k H BH G I, B
SHFEREAL, (I 4K RH-Si R 71 RSN
LR MR, ol 5 R G YIATE B T R i i
FERIER TR T - SERR G A X A ik
BN 25 R HE WA R L AR, 3 n T A i Ak i
WACIFER N, Fe 2 5302 A MR A e B
B e, WSS SRR E , 7F PHBV/MLB & &
BB S AE 7 B9 90K RH-Si ( JFi 20 50h 2%),
A MARERT LATE = A H i BORUIR A FEL A 22 [ RS

A, XA M TR BA B R R BE R i RE L

e
450 - R
- fudiEe . 118
400 + 11.6
350 | 114 -
s 112 §
300 | -
& 11.0
250 | 1038
106
200

0 2 4 6 8 10
RH-Si & 8/%

&7 B2 AH RH-Si %) PHBV/MLB/RH-Si

BEMER A HLERE

3 it
(1) FIFHFEZEH % 1 2L 90K RH-Si, IR FHAS
[F] ()45 2 SRSl 25 1 LAAE W) Pl R SR G o SRR
A=W Ry HL SEDRH AN ] RH-Si & 222 0 F e /
REVABEZ GO X Rl 0k BAA O S
T T 2 B R A
(2) RH-Si S &30, ik 155 bk HuE
T, (R R L AR R IR R, B T MR
PAENE .
(3) 44K RH-Si i A {2  MLB (1935 %) 43
B WD T ot R T HoHLRE I 3R M = 1 5 ARk
S LS G A AR S R RERE S RH-Si %
TS INTTHG R ARG K T 2 G M RHACRR L BH
BELRS 1 3 HL 30 PR AT 1, S b4 R FL P BE
(4) S ERPRH A o R G 94K RH-Si & 1
B e IS BRI, A AL AR AERE S RH-Si 5 i
I SEREARE B . 78 RH-Si it 20800 2% 1,
IR EOR, A L BFEAIC, SR B 1 A B PR R
i i RH-Si B ITAAE #E 7 MLB 19 345) 734 |
BT oy BURLIA] B BT, AR 1 S A RN TR RY
23 BREIE I, SRR BRGS A BN %, i A A bk
R A HL S o, [T R AT PR s B R A SR B A1
ARG DR, 7R A F BRI AR X A
SR B WP JE AR AL, SEBL 1 R 04 [ B i s
T, 5 I 2 A RN 2O EERYMEH] .
S % 3k
(1] VERS, g7, HlgE | B AR G Y R AR AR E B R Y
HFgE R (3], MRHTAH, 2022, 36(4):209-215.
Wang Yezhou, Qu Shaoning, Yin Xungian. Research progress
of filler-filled polymer-based dielectric composites for energy
storage[J]. Materials Review , 2022 ,36(4):209-215.
21 B9, WHR, W= . RS R S YIS MR
Tk [J]. o TR ,2019(8):14-21.
Luo Sha, Shen Jiabin, Guo Shaoyun. Polymer-based dielectric
composites with high energy storage[J]. Chinese Polymer Bulletin,
2019(8):14-21.
(31 JHME#E, BTk, SN A A B R AR AR R A
S A RR [I]. k2R, 2010,22(8):1 6191 625.
Lu Pengjian, Wang Yilong, Sun Zhigang, et al. Polymer-based
composites with high dielectric constant and low dielectric loss[J].
Progress in Chemistry,2010,22(8):1619-1 625.
[4] B0 GRS ARG R RSB E S
FERHG £ B HAERE (7). 2 A PR ,2022,39. DOI:10.13801/
j.cnki.fhelxb.20210916.001.

Luo Rui, Huang Jiao, Yang Shangke, et al. Preparation and



T, %% :PHBV/MLB/RH-Si /1t A bRH 26 S EfE 51

(]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

properties of graphene functionalized polyvinylidene fluoride
dielectric composites[J]. Acta Materiae Compositae Sinica,2022,
39. DOI:10.13801/j.cnki.thelxb.20210916.001.
Feng Y, Li M L, Li W L, et al. Polymer/metal multi-layers
structured composites:A route to high dielectric constant and
suppressed dielectric loss[J]. Applied Physics Letters, 2018, 112(2).
DOI:10.1063/1.5009795.
LiJ, Wang Y, Li H. Enhanced dielectric permittivity of graphite
oxide/polyimide composite films[J]. Journal of Central South
University,2016,23(11):2 747-2 753.
Liu X, LiY, Guo W, et al. Dielectric and mechanical properties of
polyimide composite films reinforced with graphene nanoribbon[J].
Surface and Coatings Technology,2017,320:497-502.
Jun S Y, Jung D, Kim J Y, et al. Dielectric characteristics of
graphene-encapsulated barium titanate polymer composites[J].
Materials Chemistry and Physics,2020,255. DOI:10.1016/
j.matchemphys.2020.123533.
Kavinkumar T, Manivannan S. Thermal and dielectric properties of
multi-walled carbon nanotube—graphene oxide composite[J]. Journal
of Materials Science:Materials in Electronics,2017,28(1):344-353.
KR, M, KA MG, 45 . PHBV/ S5 RREF 46 BRI S 5 b 1l
& Mg AT (1], TR, 2021 ,49(12):61-66.
Zhang Yi, Yang Bin, Zhang Qipeng, et al. Preparation and analysis
of influencing factors of phbv/jute fiber felt flame retardant
composites[J]. Engineering Plastics Application,2021,49(12):61—
66.
Bittolo Bon S, Valentini L, Degli Esposti M, et al. Self - adhesive
plasticized regenerated silk on poly (3 -hydroxybutyrate -co -3 -hy
droxyvalerate)for bio - piezoelectric force sensor and microwave
circuit design[J]. Journal of Applied Polymer Science, 2021,

138(4). DOI:10.1002/app.49726.

Ke S, Huang H, Ren L, et al. Nearly constant dielectric loss
behavior in poly (3-hydroxybutyrate-co-3-hydroxyvalerate)
biodegradable polyester[J].2009, 105(9). DOI:10.1063/1.3125271.
Sun T, Levin B, Guzman J, et al. Rapid electron transfer
by the carbon matrix in natural pyrogenic carbon[J]. Nature
Communications,2017,8. DOI:10.1038/ncomms14873.

Xin D, Xian M, Chiu P C. New methods for assessing
electron storage capacity and redox reversibility of biochar[J].
Chemosphere,2019,215:827-834.
XA, BORE  WEHE R , A5 . R ST il 4 I 7 i b 22 LAk i
FORE ], BRI TS24 - F AR RT, 2014,39(6):14-18,
73.
Liu Shuhe, Zhao Shuchun, Yao Yaochun, et al. Porous silicon
synthesized from rice husk as anode material of lithium-ion
secondary batteries[J]. journal of kunming university of science
and technology (Natural Sciences).2014,39(6):14-18,73.

FARBE Y RERR SR A R A Bk 4 SO A A2 PERERT5E [D].

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

MR« IR Tl R, 2019.

Chen Yuefei. Preparation of silicon carbon anode materials by

magnesium thermal method and its electrochemical properties[D].

Harbin :Harbin Institute of Technology,2019.

Begum P S, Joseph R, Joseph D, et al. Synthesis, characterization

and appilcation of rice husk nanosilica in natural rubber[J].

International Journal of Science, Environment and Technology,

2013,2(5):1027-1035.

XA, TERG, i, 45 REFC Rk / B A A AR A

fiE [3]. #4BL T4z, 2015,29(22):43-47.

Liu Shuhe, Dong Peng, Yao Yaochun, et al. Silicon/carbon

composites synthesized from rice husks and their lithium storage

performance[J]. Materials Review,2015,29(22):43—47.

TR AR, SR AALE . Pk / SRR T RN IR I R A

HBHOASHTERE [1]. 5 70 T AR RLE S TAE, 2016,32(11):58-62.

Su Minglei, Ma Xiaojun, Zhu Lizhi. Structure and properties of

bamboo powder/poly(3-hydroxybutyrate-co-3-hydroxyvalerate)

composites[J]. Polymer Materials Science & Engineering, 2016,

32(11):58-62.

TR, T . B TR R R A BELAS A B (0], Ao 7T

2006(3):4-7.

Wang Yuanyuan, Wang Bingqiang. Fire Retardant and fire

retarding treatment of materials[J]. Chinese Journal of Chemical

Education, 2006(3):4-7.

RV AT BRI 6 STA R 45 S PERERTSE (D). A3 HE -

LA R, 2020.

Zhu Shiliu. Research on the preraration and properties of bamboo

charcoal/polyamide 6 composite[D]. Heifei:Anhui Agricultural

University, 2020.

Mok i, R, A, 55 Ak AL IR R IR &

FHEM Y LR IR EIE (1], 4025 h1 L, 2017,50(5):1-5.

Chen Qiutao, Zhu Chunyan, Wang Meng, et al. Research progress

in dielectric properties of micro-nano SiO,/LDPE composites[J].

Insulating Materials,2017,50(5):1-5.

P TGRS AR IR S G bR 2 B S A

A HPERENTFT [D]. MR « I/RIERLT K%, 2020.

Li Jialong. Investigation on structure, thermal conductivity

and dielectric performances of 2D-nanosheets filled PVDF-

based composites[J]. Harbin:Harbin University of Science and

Technology,2020.

P, BB, R, 45 . AR AT e / B R L0 S A

L MEIBE P i) 8 B TR AL BE (] 4 RS 412, 2020, 34(24):24 145

24 149.

Yang Lu, Zhao Qiuying, Shen Mingxia, et al. The fabrication

and piezoelectric performance of MnO, fiber/PVDF composites

films[J]. Materials Review,2020,34(24):24 145-24 149.

PV, XIORL, BV . BRI | KA b 52 45 4
( T#% 90 1T )



90

AR

2022 455 50 4,55 7 )

[3]

(3]

(6]

(8]

]

injection mold for main shell of car central handrail[J]. Engineering
Plastics Application,2019,47(10):82-85.

TR, k228 . ST CAD/CAE H AR5 2= ML S AL EL
VeI [J]. 8L Tlk 2020, 48(6):78-82.

Jia Juanjuan, Xu Xiaochang, Design of complex panel injection
mold based on mold CAD/CAE technology[J]. China Plastics
Industry,2020,48(6):78-82.

Tl A IER . 3T CAD/CAE A5 e AR IEHIBBLRR T 1.
WIRRHY ,2019,47(4):82-87.

Ding Tongmei, Zhou Zhengwu. Design of injection mold for
notebook base based on CAD/CAE[J]. Plastics Science and
Technology,2019,47(4):82-87.

Wi LUK, BXGPE  HUXUR 7 R 2 F R R R B B ()], T
FEIRH ] ,2021,49(1):91-96.

Chen Xianbing, Zhao Xingze. Design of injection mould for electric
fan housing with multiple undercut molding[J]. Engineering Plastics
Application,2021,49(1):91-96.

JEIEE W15 K . UG NX 12,0 BEHBETHHAR 5 928 [M]. B -
VU A A i, 2019.

Zhou Huilan, Hu Yong, Zhang Hai. Die design technology and
Practice[M]. Chengdu:Southwest Jiaotong University Press,2019.
ks, EALAT . BT Moldflow 9 754 e Ry 4P i LR AL s 11
[7]. BLEL T, 2022, 48(3):55-60.

Ma Zhaoqiang, Wang Chuangi. Optimization design of mould
for automobile seat guard based on Moldflow[J]. Die & Mould
Industry,2022,48(3):55-60.

ERE M AGHT . SRR T AT (M. JERT ALl
Jittt:, 2019.

Wang Qun, Ye Jiuxin. Plastic molding technology and mold
design[M]. Beijing:Machinery Industry Press,2019.

XY SRS M. Jbat : BUBCT ik, 2002.

Liu Caiying. Plastic Mold Design Manual[M]. Beijing:Machinery
Industry Press,2002.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

WRIRGZ ol o5 o, RS | FAGRIE TE SR (M. db st - HURCT L
Hi A, 2016.

Xu Peixian, Zhang Zhanbo, Wang Lijun. Hot runner injection
mold[M]. Beijing:Machinery Industry Press,2016.

3y BET CAE (@6 Bl o T 2040 i MR it 0] 1
L. T0lk,2019,45(3):46-49.

Fu Yinglong. Process analysis and mould design of highlight
toilet seat cover based on CAE[J]. Die & Mould Industry.2019,
45(3):46-49.

AR SmaE OU e + B0 3 WA S LS AU S (0],
[E¥%} 2020, 34(10):80-85.

Xu Hui. Design of injection mold with compound core pulling
mechanism for end cover[J]. China Plastics.2020,34(10):80-85.
BUTRR, R YRS S A BRI TR A LR IR
i [97. LR Tk, 2020, 46(5):57-60.

Jia Yulin, Yuan Shenxi, Luo Haofeng, et al. Design of compound
core-pulling mechanism with internal[J]. Die & Mould Industry,
2020,46(5):57-60.

PA R T UG BB 2 ST (1], WRRHE, 2018,
46(7):102-106.

Luo Caiyi. Scroll multi-cavity injection mould design based on
UGIJ]. Plastics Science and Technology,2018,46(7):102-106.
JRVERZE RS . JE T CAD/CAE VR 75 FE Ry it ) G PR IR T8 11 48
RV (7], TRRMURHR FH 2020, 48(12):77-80.

Zhou Huilan, Han Yaopeng . Hot runner injection mold design for
car seat storage box based on CAD/CAE[J]. Engineering Plastics
Application,2020,48(12):77-80.

T KU 3T MoldWizard B9 FHBFAS 2 ETE ML ] HL
M TR A, 2018,47(11),23-25.

Ding Yongfeng. Injection mold design of snore guard upper brace
based on MoldWizard[J]. Mechanical & Electrical Engineering
Technology,2018,47(11),23-25.

(EEES1])

A& B HA BRI (0], L R AA4E, 2021, 36(S1):1-7.
Nan Jiang, Liu Chengwei, Xia Pingan. Preparation and dielectric
characteristics of nano-SiC/PTFE composite[J]. Transactions of

China Electrotechnical Society,2021,36(S1):1-7.

Ji W, Zhao G, Hu G, et al. The enhancement in dielectric
properties for PVDF based composites due to the incorporation
of 2D TiO, nanobelt containing small amount of MWCNTSs[J].
Composites Part A:Applied Science and Manufacturing, 2021, 149.
DOI:10.1016/j.compositesa.2021.106493.



