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Influence of nanoparticle morphology on the direct current dielectric properties of
polypyrrole/LDPE nanocomposites

ZHANG Chengcheng’, REN Zhaohui, REN Qiang, ZHAO Hong
(Key Laboratory of Engineering Dielectrics and Its Application, Ministry of Education, Harbin University of Science and
Technology, Harbin 150080, China)

Abstract: In order to study the effect of nano conductive particles with different microscopic morphologies on the
direct current (DC) dielectric properties of low-density polyethylene (LDPE), polypyrrole (PPy) nanospheres and
nanowires with a diameter of about 100 nm were prepared by soft template method, and melt blended with LDPE to
obtain PPy/LDPE nanocomposites. The microscopic morphology of PPy nanoparticles and their dispersion struc-
ture in PPy/LDPE nanocomposites were observed by scanning electron microscopy (SEM). The crystallinity, space
charge distribution, dielectric spectrum, and DC conductive current and DC breakdown strength of the composites
at different temperatures were tested. The results show that the addition of PPy nanoparticles can improve the crys-
tallinity of LDPE, inhibit the accumulation of space charges in LDPE and reduce the relative dielectric constant, DC
conductive current and DC breakdown strength. The addition of PPy nanospheres can reduce the DC conductive
current of LDPE by more than one order of magnitude at different temperatures, but has little effect on its DC break-
down strength, and can increase the DC breakdown strength of LDPE by 4.4% at a higher temperature. The improve-
ment effect of PPy nanospheres on DC dielectric properties of LDPE insulation materials is better than that of PPy
nanowires.
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A 420 pL LI SRR IR TR R A, =R R
W imidE 2ah, BOAE, HEEFKMOEE
ODUES, HEWBRE DM, HE.0 WA 50T
Ha WA T 2ah 58 2 B G0 PPy 44 K4k
(PPy(W)) #3K o

Pk B 0.324 g FeCly-6H,0 ¥ fif# | 40 mL 2 & F
K, SRJGHIA 0.058 g CTAB, ¥ f# 5 il A 140 pL
MEng A, R NI R 24h, B0 AR, UE
%, TGS 3 B A5 ) PPy 44 K R (PPy(S)) #3 K .

PR B — 7 5 1 PPy 44 K KL 83 K A B & B
WWh, B AL 30 min, i PPy 44 K ki T34
M BAECBE T, 7E110°C WRURIHAIL (KL-157/345,
MR E AR AR T A AE) hds 40 g
LDPE, 1 LDPE #5RlJE , 20 BOR IS #44) 1)
0.2 g PPy 4 Kb T 1) L FE IR AW, I AR
2y 30 min, fF £ B 5¢ & % & J5 15 3| PPy(S) Al
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*1 RZFEEZ% (LDPE) REM % (PPy)/LDPE
MAESH B R
Table 1 Nomenclature of low-density polyethylene (LDPE)
and polypyrrole (PPy)/LDPE nanocomposites

: LDPE PPy(S) PPy(W)
Material content/wt%  content/wt%  content/wt%
LDPE 100 0 0
PPy(S)/LDPE 100 0.5 0
PPy(W)/LDPE 100 0 05

Notes: PPy(S)—Polypyrrole nanospheres; PPy(W)—Polypyrrole

nanowires.

1.3 MK E5 R4
1.3.1 SEM /3¥7

FHHE B B (SEM, SU8020, H A
Hitachi 23 7] ) Xf PPy 44 KA 1 JE 3 e 40 Kb+ 78
PPy/LDPE 91K & G B i 0 BPE SE 1 T R AE 4%
JEBE 298 1 mm B A9K 5 A RHR A 7E A e
Wr, JEXTRE W 2 R T w4 Ab 3, EE A T
AR T R D 4 T 1) SO B
1.3.2 FTIR SGiE4r#r

K A B AR 341 A) (FTIR) % 3% X (FTIR-
6100, H 7 JASCO 723 &) XF PPy 44>k ki T~ . LDPE
J PPy/LDPE 94 K & & b B E 47 45 ¥4 Je B 6E A1 43
Mr. PPy 44 KK 1% H KBr JE F, 40Kk T & &
9 0.5Wt%~1.0wt% .
1.3.3 DSC 43 #r

K 22 s 4 = Y (DSC, DSC-1, i 1 4
R LR £ N ) 43 1 PPy 44 K ki T %F LDPE 4%
Bl g5 it A2 . 7E (50+5) mL/min 5 46 A
SAYT, LA 10°C/min ()T 20K R N = IR
JH% 150°C, 1HIE 2min, PITHEEARI S, SR
Ja LRI AR R R i R, AR5 mMhd,
JEFRTHR = 150°C 5 2 i £k .
1.3.4 75 [i) H faf 43 A7 0 3K

K FH L 7 ki (PEA) i LDPE #1 PPy/LDPE
YK AZ A B AL T AR A T A e B 3R AR A i R Y 2 )
Hff 20 A 20 SR BUREFE 2498 300 pm AYIREE, FEE
IR B T -40 kV/mm 3% $EAT 40 min il
JEMAR, AR5 #E4T 30 min 4G B0 . 43 B0 s
JEBT[E] 5 60s. 600s, 1200s, 1800s 5 2400s 5
S BRISTTR] R 35, 60's Sz 1800 s Hif [ 2% H] HL £ 43 A7 o
1.3.5 A HL IS

K 58 0 A H BH $E 3% 42 (Concept 40, 7 5]
Novocontrol 2+ 7)) ] i LDPE #1 PPy/LDPE 44Kk &
B MEREAY AR XA H R ORI B A R AR I el
R F Y 10°~10° Hz, BUREJR 29 2 200 pm,

AT R A R ML A R N 2R BE B AR
20 mm 19 [RJE 55 LA o
1.3.6  FL 555 T H 5 H 300 0

K PO A5 B 0k PPy 44 oK kL T Y L S K
W — 2 =0 PPy KR TRy K ARESRE N, 7
— BRI, A RS L BE A4 (FM100GH,
HE YAOS) Wl i 8, SR = R GE ik
LDPE #I PPy/LDPE 44K & & A BHEAR R E . A
3750 T S, WX RS ek .
T AR IR A AR = 43 AR K e R B R R (HB-
Z103-2AC, K #7181 E R A R ) R R
(BST122, dbtsmtf 3R A R R ik w7
JELJE 245 24 200 wm (RS RE P Z8 B AR e Ak, — Sy
HAR 74 mm A& R, 55— B 4% 50 mm
A AR PR BE K 2 mm, Ab 142 74 mm B4R 4
Mo R B YT B 77 L4 5L 30°C . 50°C M
70°C T RE Y B UL LI
1.3.7  ELyi oy 28 R ik

K AR AR — M % & 48 0 i LDPE 1 PPy/LDPE
YK A MR L SRR . Ry okt A A AR
R AEUT I N 2%, R AR R R R A RE T T
HUE BE 20954 100 pm (1 [/ JE 08, 03 2 7 o LU
600 V/s 3 B &) T 1 AR 2R R, Aol
£ 30°C . 50°C M 70°C T 4 A Ff b4 RE I 25 4~ it
KE, IR E Weibull 5304 % o F8R A 7481

2 #R5WR
2.1 PPy. LDPE #1 PPy/LDPE 41X £ & # £ 89 W
&

12 W PPy 49 K bE - 1 49 i F 4 AR
ATULF W] i B0 ROE PPy 9K 46540, H.45
¥ — , PPy(S) Y H 4% £ 100 nm, PPy(W) H &
£5100nm, KEKF 1um, KEHLKAT 10,

. 3. —— | L e
1 BILSAKER (PPy(S)) (a) FIZRMEIE A4 KL: (PPY(W)) (b) F
SEM [&1%

Fig.1 SEM images of polypyrrole nanospheres (PPy(S)) (a)
and polypyrrole nanowires (PPy(W)) (b)

€] 2 Jy LDPE Fl PPy/LDPE 44 >k & & 1 Kl 19 1%
VR 2T AR B RS . 1T LLUE B PPy 4 KR
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(b) PPy(S)/LDPE

2 LDPE Fll PPy/LDPE #K 5 544K SEM &R
Fig.2 SEM images of LDPE and PPy/LDPE nanocomposites

7£ LDPE P R 8L R 45 19 0 bk PPy(S)

/1 3 % PPy 44 % ki T . LDPE J PPy/LDPE 4 W\W\“
K4 B LA G M\ LDPE 0 PPy/LDPE \Mwwmmwvfmwwwmwwwwmﬁ
£ 4% AT LU ) LDPE 1Y 3 A58 1E W i i LDPE
76 K 29 2900 cm ™" &b FYy W e U B2 L X g PPy(S)LDPE
—CH,— 1 XF B A R % K A0 45 3% 3 7= R /Y E
1458 e b (I S P —CHL,— (25 i 3R 0 2 PPy(W/LDPE
AR, 719 emt A Y IR O R B — CH,— IO 4R 42 4R
g A i B, o PPy 4 K kL7458 24 31| LDPE )5 ,
fE#)1554cm™, 1178cm™, 1045cm™ & 910 cm™ 910
Ab H BT B B W 0 0g , 1554cm™, 1045cem™ 4b . . . . .

F W i 0 53 A 0F 5 - Py 1 W R (1) 2 4 i 4 B0 a0 2om 100 T
iR 2 Jo C—HHEE M 2P Pk 3h, AE 1178 cm™ A [93 PPy 4KH T . LDPE il PPy/LDPE 444 & bHEZT Sl
910 cm ™ b IS K B PPy Ab T-1B 70 520, Fig.3 FTIR spectra of PPy nanoparticles, LDPE and

2.2 LDPE # PPy/LDPE UK E &M BIHI & R4F % PPy/LDPE nanocomposites

€ 4 *4 LDPE #il PPy/LDPE 4K &E A 418 DSC
. 3L DSC AT 2 R R S w2, K AH, MBS BRI (J/g); T 2N Rl

“HH

At =60 [ 210 @ VERRIRRIES TOREMIRN LRI QuD
= T 1 . . N . .
m T B 2NN A (W/g); BT IR# % ('C/min),
0
(a) Melting curves (b) Crystallization curves
-0.2 20 F __IDPE ‘
,,,,,,,,,, - -~ PPy(S)/LDPE 1
04 P~—D""" el e PPy(W)/LDPE i
= g6 | e
= ——LDPE 3
% _gg | -~ PPy(S)LDPE b5
| -~ PPy(W)/LDPE =
(=] o
= —10 t =
= 2
T 12} =
-14 t |
-16 | v
0

30 40 50 60 70 80 90 100 110 120 130 140 150 30 40 50 60 70 80 90 100 110 120 130 140
Temperature/ C Temperature/ C
[¥l 4 LDPE il PPy/LDPE 4K & &4 8H1 DSC ik
Fig.4 DSC curves of LDPE and PPy/LDPE nanocomposites
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A3 BiGE  10°C/min,
W= AHn
7 (1-w)AHy
Ap: W, h&5E; o A PPy £ LDPE H [f) Jit i
7740 ; AH, A LDPE 58 42 45 i B (R 0 Bl IS, AR
X HUAH=293.6]/g.

7 2 4 LDPE #il PPy/LDPE 44k & & ¥4 ¥} DSC
M558, 5 LDPE ML, PPy 4 KA FHIMA S
14K LDPE % 45 & &, H 1 PPy(S)/LDPE 1) 4%
JEE 380 A i B A K, ¢ LDPE 2 5 T 24 13.66%.
L R AT B J& PPy 98 KL - by JFOREE 1) B2 1)
WIVER, 2 F M BE % S5 A0 B, {fi PPy/LDPE 44
KA MRS, S BERG I, I AR R B M i 43
B PPy 9K KL T+, PPy(S) Uk R %, AL
WfE 5, Sl PPy(S)/LDPE & & K B0 45 /&
JEE ARG 3G 0 5B . PPy 9 OKORE - 1S O R
W 7E LDPE 9 45 & 1 S0 il i B2, Ui PPy
YKL B IS N IR 2 LDPE 19 R 55 o

% 2 LDPE # PPy/LDPE #4X £ &# £l DSC MiX &R

Table2 DSC test results of LDPE and
PPy/LDPE nanocomposites

x 100% (2

Sample We/% T/ C T./C
LDPE 39.60 110.83 95.17
PPy(S)/LDPE 45.01 109.67 94.67
PPy(W)/LDPE 40.95 110.33 96.50

Notes: W,—Crystallinity of the sample; T;,, and T,—Melting and
crystallization peak temperature, respectively.

2.3 LDPE 71 PPy/LDPE 4 X 8 & # 3l i == /8] B8 o7
DI
& 5 >4 LDPE 7£-40 kV/mm EL i .3 il He #l

30
(a) LDPE stressed
1 min
20 + — — 10 min
— - =20 min
---- 30 min

r —-—--40 min

Space charge density/(C-m?)

0 100 200 300
Thickness/um

JoT I 1) 25 (8] L fef 43 A 1€l . W LLE Y, LDPE s
[i) EL oy AR SR A ™ E, AE PH AR B i A 2 i 1 R A P
23 (B LA A 5 i AR AR ) g 184, S AR B i
T BRI T R B 11 S A A R e O B TR
KA 20 6.7C/m*, 5 W% 1 25 18] L for — J
LDPE 2R H i 2% 0 76 BL 3 F 3 4 FH O e 5 i
Az O AR SR BHAR AN A /0 I A A ) e A
Mo FER KRR, BEE B A AR, ke
DAL (1) F £ i 3% T SR Ok

¥l 6 &y PPy/LDPE 44K & & M4 BHE I e Fl i
o B v i 28 ) F e 43 A6 Bl . #E LDPE i A PPy
YRR T I, B A RN RE B AR A BH AR B 2
] H i AR5 R BE A BT LDPE W] W B IR o Hy
Kl 6(a). K&l 6(b) 1] LLE i, PPy(S)/LDPE & & #4
REBA A B B D B A M AT, R RE AU
2.1C/m*, 7 BH AR B3 A /0 i [R) A 1 2 1) f i A7
P, HLE I RRE P s T R A ek AR S i R AR
Ak B 1) A 2E K Tk > . B e(c). B e(d) L 7E
PPy(W)/LDPE & & #4 #} B # i 3 B T /b 45 1 [+)
W 2 [ B fop I AR IR AR fb A AR T 2218 B, Bk
Hi fof 52 (B R 2.0 C/m®,  BH AR B3I LT %A 25 [l
R . ARE DL LA 7T LIAS H, 7E LDPE HiR
Jin PPy 44 KKz BT LA S 10 6 A bR N 2 )
L fif AR, H U AT fE J2 78 LDPE ) fin A PPy 44
KA 25l A K599 KK+ 5 LDPE () #Li X,
TEBCERBE B, T 4l 2% b 3 A B R A P F A, 7
P AR B S0 0 B [ A LA )2, B LT TR A B &
AT B i E A7 ) 3 S AP [, AR A R
B TR B BRI LA R 4 0 Pl 85 o 1% S A0 2 2 ) L Ao

g L (b) LDPE short circuit

Space charge density/(C-m™?)

0 100 200 300
Thickness/um

5 LDPE %5 [HHLf 5310
Fig.5 Space charge distribution of LDPE
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(a) PPy(S)/LDPE stressed g L (b) PPy(S)/LDPE short circuit
—— 1 min 3
20 r -~ — 10min 6 L . _60s
‘ — =20 min —--1800s

----30 min
[ -~ 40 min

Space charge density/(C-m™)

_3 0 L
100 200 300 400
Thickness/um
30
(c) PPy(W)/LDPE stressed 2\

-3

Space charge density/(C-m?)

730 -

100 200 300 400
Thickness/um

Space charge density/(C-m™)

100 200 300 400
Thickness/um

g L(d) PPy(W)/LDPE short circuit

—3s
— —60s
—--1800s

Space charge density/(C-m™)

4 |
6
8t
100 200 300 400
Thickness/um

6 PPy/LDPE 9 K5E A4kl %8 (Al L faf 43 A

Fig.6 Space charge distribution of PPy/LDPE nanocomposites

T B 45 A o 25 6 o, 7 O T 21
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2 i L B SRR, S T S H ST T A B 3 s
200 5% R P 1 ST 14 A o i 5 e 21

1 dy
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