584 A 5. 1521 A5 R Vol.58, No.5: 15-21
202545 4 20 H Insulating Materials May 20, 2025
DOI:10.16790/j.cnki.1009-9239.im.2025.05.003  FAEIS 2 : TM215:TS764.2

FEV) AU LS B E XS B 5 L4 5 AR M BE R =2 M

% &', & WL M R, R K, F OFL, R R, ERT

(L AR ARFAENGCAHFZRERE, TRAECAEETERELTEERE,
J &R 7N 5100625 2. i w MAFH R A RGNS, A& M 510530)

OB )RS R O L AR R WU B B L T RS T T A e B BB RN, T T R Y AT S 4 R o 1 7
75 45 AR e (1 R MR B, AR SR P AR A8 Sk 1l 4% 1 AN ] 45 o B8 A ) 27 24 L 0 149 [ 82 0 28 4R, % L 77 21k
A LR PERE AR )y 25 Ve R HEAT IR . 45 TR R W« [R5 5 48 4K ) VL A0 BiR JE A2 4 D) 4T 4 465 52 R S e R Ok, J R R e
BTEF ke o 1 75 40 AR HUsK 18 HU7E 4K J4 U A JU-F-AS 52 50 V) 21 4 45 & 5 1 R A, (B 78 20 0% 2 )5 U B 5 J D 2T
o 8 S P (3 T 3G K, 2 R V4T 4 45 0 2 HH 27.19% 38 K 42 47.91% ), 405K 19 P sk 48 20 46.2 N-m/g 34 Jin 42 58.0
N-m/g. BbAh, ARTK 1T P 46 1 Be A1 5 5 V) A0 4 (10 45 8 B2 & UDAR OC , 2 D) A1 24 45 & B FH 27.19% 38 K A2 47.91% 1,
ARIK P R 4.8% /N E 1.3%.

SEBEIR - AU 57 20 4R D) ET 4 s 4 o s ok AR 200 o A0 s Bl 4 26

Effect of crystallinity of chopped fibers on properties of
meta-aramid insulation paper

PENG Lei', GAO Meng?, FU Qiang', ZHUO Ran?, LI Zhi', SONG Huan’, REN Junwen’

(1. Guangdong Key Laboratory of Electric Power Equipment Reliability, Electric Power Research Institute of
Guangdong Power Grid Co., Ltd., Guangzhou 510062, China;
2. Electric Power Research Institute, China Southern Power Grid, Guangzhou 510530, China)

Abstract: The crystallinity of chopped fibers has an important impact on the mechanical strength, thermal shrinkage
resistance, toughness, and other properties of aramid paper. To investigate the influence and mechanism of chopped fibers
crystallinity on the properties of meta-aramid paper, meta-aramid papers with different crystallinity of chopped fibers were
prepared by controlled variable method, and their mechanical properties, electrical properties, and thermodynamic properties
were tested. The results show that the electric strength of meta-aramid papers is not significantly affected by the crystallinity
of chopped fibers, it is mainly determined by precipitated fibers. The tensile index of meta-aramid papers is almost not
affected by the crystallinity of chopped fibers before hot-pressing, but increases with the increase of the crystallinity of
chopped fibers after hot-pressing. When the crystallinity of chopped fibers increases from 27.19% to 47.91%, the tensile
index of papers enhances from 46.2 N-m/g to 58.0 N-m/g. In addition, the thermal shrinkage resistance of papers is closely
related to the crystallinity of chopped fibers. When the crystallinity of chopped fibers increases from 27.19% to 47.91%, the
thermal shrinkage rate of papers decreases from 4.8% to 1.3%.

Key words: meta-aramid paper; chopped fibers; crystallinity; tensile index; electric strength; thermal shrinkage rate
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Tabel 1  Evenness and air permeability of aramid base paper

samples
Fedl YIRS B /%  SIE/%  ESE/(um/(Pass))
P-A 27.19 67.44 0.87
P-B 33.80 68.77 0.61
P-C 37.97 70.83 0.47
P-D 44.38 69.40 0.56
P-E 4791 66.45 0.70
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Table 3 Thermal performance parameters of meta-aramid

papers after hot-pressing
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H 7 AN 3 W] RN, 9% 07 48 4R B 2 LT
— 3 RREMREIIE 4S5 C LA . R BN
DN ANTR) &5 it JEE DD 2T 4 (¥ 73 1 45 K — B0, 1M 23 A i
JE R BT 73 a5 ik R 5 105 4

2RI TS P REREAT M0, SR S5 R MR 3. AR3
R RAE Y, BB A D) £F 4 455 L 138 T, 57 28 4R
TS5 R B A, 3K RO IS 45 R AN 5 73 T 45
KR, 05 L4 RES E M E DI R, 2 4k
{0 5 it JEE AN B 1) Pl sy, o T R A O R R
RN, 73 7 B IE k52 B, 33 1T 49 205 5K Al 4
FAIN 5 T A G T BE R T

3 g

AR SR A% 1 2 BVE B U T A R 45 & RE A V)
2 2 X 18] 47 95 28 4R BE A2, 38 AH SC I il R Ak
Ao, AR LU i

CI V)£ Y45 it JE X 57 48 4R D F 7008 B 5 i
AN F7 S AR R0 T B R O 2T 4 D

(20 TR, R0 V) £F 4 25 &5 X 57 28 AR 4k
TR A K I 5, B8 55 J6 D) 2T 4k 25 i AN
K&, 75 22 AR SR TR BN T K

(3D V) 2T 24 25l 6] 57 28 2% (1 XA TR R i
AKX N 75 48 AR IR #A R 5 1k B B T 2T 4
Gy ¥ T A [ £ 8 B 1R R D) 4T 4 1 S A 2R
ALL 5 57 28 2% (i FA S 6 128 DU 5 L D1) 2T 44 2t P
DA G, R ) £T i 45 i E vy, 70 T HEPIUR 5,
HI AR /N, 73 7 12 Bl 2 B P ] 4% (10 07 28 4K
TSR N , T PR 2 1 e

S22 Hk References

[1]  JEWRAE A, 28 M 55 D) £ 4 & 50 R 05 28 4R 1 B 52 0

FH R 206 RBUEE A 0], HE T3 R 2 3],2024,39(21):6921-
6931.
FAN Xiaozhou, YANG Rui, FAN Sidi, et al. Short-cut fiber con-
tent on the performance effects of the performance of the inter-
bonreal paper and the analysis of its relationship relationship
mechanism[J]. Transactions of China Electrotechnical Society,
2024,39(21):6921-6931.

[2]  EMR B, 8 T M, A5 . R v il ol 2T 4 3 2 S AR IR

R EB) i [J]. 26201 K1,2021,54(12):15-21.
MA Linquan, ZHAO Chenglong, XIONG Xuemei, et al. Status
and development trends of high-temperature resistant non-cellu-
lose insulating papers in China[J]. Insulating Materials, 2021, 54
(12):15-21.

[3]  PEEi e, 2508 W 5 . AVAL 05 28 B DD T 4k /SRR IR IE LE X 95 26
A AR BRI R MR [J]. A R R R 2015,41(2):364-373.

LIAO Ruijin, LI Xiao, YANG Lijun, et al. Effect of the ratios of
aramid fiber to pulp on the properties of aramid paper[J]. High
Voltage Engineering,2015,41(2):364-373.

[4]  BESEFR IR R B, I X ()7 55 28 AR 25 1 5 iU

P REHISEIR [J]. 28251 81,2023,56(5):32-39.



5 &S RO YA S X TR 05 40 4 2 AR B IR R 21
BAO Zonglin, XIE Qing, SONG Jingxuan, et al. Effects of ther- [D]. #6275 4k Tl K 2%,2019.
mal ageing on micro-structure and electrical properties of meta- YANG Bin. The efficient preparation of aramite nano fiber and
aramid paper[J]. Insulating Materials,2023,56(5):32-39. its application in paper-based insulation materials[D]. Xi'an:
[5]  ZEMy o0, 35 K 4L, K e, 55 . 2 5| LA 1 7 5 8 1 () A6 5 40 AR Northwestern Polytechnical University,2019.
PEREXNT LURIE AL [J]. 462544 K,2022,55(2):23-27. [14] YAO S I, LIU Y B, PEI J H, et al. Design of sandwich-struc-
QIN Panliang, JI Yonghong, LIU Yan, et al. Comparative study tured para-aramid paper with polyphenylene sulfide non-woven
on properties of domestic and imported meta-aramid paper for fabric for enhancing mechanical properties and breakdown
traction motor[J]. Insulating Materials,2022,55(2):23-27. strength[J]. Composites Communications,2023,37:101436.
[6] Z=IERE. m i A MERE DT B A5 BETE L 48 SR AR 5T [15] WANG Z Y, ZHU Y J, CHEN Y Q, et al. Flexible nanocompo-
[D]. Kb e K 2#,2021. site paper with superior fire retardance, mechanical properties
LI Zhengsheng. The structural design, preparation and perfor- and electrical insulation by engineering ultralong hydroxyapatite
mance research of high-electrical insulation performance aramid nanowires and aramid nanofibers[J]. Chemical Engineering Jour-
paper[D]. Changsha: Hunan University,2021. nal,2022,444:136470.
[7] BXSLH AR U . D) & B AT At B FAE AR Ty RE A4 RE ) L [16] HFZE Y AL S B X 95 40 52 16 5K 20 FA B PR RE S M ).
[0]. HE4R0,2020,41(22):11-15. JTZR L 17,2024,37(2):88-94.
ZHAO Lixin, ZHAI Shenbo. Short-cut synthetic fiber and its HUI Baojun, XIE Yue. Short-time thermal treatment affects the
application in paper-based functional materials[J]. China Pulp & performance of degraded cross-linking polyethylene thermal
Paper Industry,2020,41(22):11-15. power performance[J]. Guangdong Electric Power, 2024,37(2):
[8] TR, BE BN, GR35 | 00 55 28 SR 45 K 1R 2R AIE 1 95 28 2 88-94.
FE AR R GE[)]. 403 48,2009,28(11):32-35. [17] AREAZ BT, ZRAE 55 | 25 FE S J= 30 55 26 R B0y 1+ A
ZHANG Meiyun, LU Jinbei, ZHANG Sufeng, et al. The charac- FE A F AR L[], ] 2R F8 47,2023,36(4):11-20.
teristics of the structure of the arandium meal and the physical LIN Biren, DENG Honglei, GUO Deming, et al. Thermal net-
properties of the aramite hot paper[J]. Paper and Paper Making, work model of dry-type transformer considering local Nusselt
2009,28(11):32-35. number of air duct[J]. Guangdong Electric Power, 2023, 36(4):
[9]  SRM, I sEUe, (=1 45 fik, 45 . T3 5 26 AR 10 i) 46 S M R F L (0], 11-20.
LM FL2015,48(6):9-12. [18] BT 8, E 35 0 . JLh i 1k E 2T 2k A lle 44 1k B 1o LI 9 ]
SONG Huan, LIU Zhuofeng, BAI Shuxin, et al. The preparation TRAER 2R (H SRR 1),2002,28(1):116-118.
and performance research of the aramite cardboard in the middle HUANG Liqian, WANG Shanyuan. Research on the contrast of
[J]. Insulating Materials,2015,48(6):9-12. several high-performance fiber thermal contraction performance
[10] EhB . YibT£F 4V pe oot 05 4 4a 2 A0 S MERE 52 W [D]. b [J]. Journal of Donghua University (Natural Science Edition),
AL 7R %,2022. 2002,28(1):116-118.
MA Jie. Effect of fibrid properties on electrical properties of [19] XKV, & YL M, 55 . TIRIE 97 2 0] 4% = PERE I AL D% 46
aramid insulating paper{D]. Beijing: North China Electric Power G5 5 M REE T[], & AT 4k T20V,2022,45(5):33-36.
University,2022. LIU Yufeng, CAO Kaikai, YANG You, et al. Wet and wet french
[11]  Bris By, 07 B, 70 U, 25 . 40 U 41 245 1 o |) 52 75 28 4R L < spinning to prepare high-performance interval thermal aramid
YL e (M) 52 (0], 46064 %1,2024,57(2):19-28. and its structure and performance research[J]. China Synthetic
RUAN Haoou, LU Fangcheng, SUN Kaixuan, et al. Effect of Fiber Industry,2022,45(5):33-36.
properties of chopped fibers on electrical insulating performance
of meta-aramid paper[J]. Insulating Materials, 2024,57(2):19-28. ¥ B BB :2024-05-08 ; & @ B #A: 2024-07-19.
[12] B4R AT 24 fb 22 M. At oh [ 52 Tl AL, 2012, VEZ G

[13]

PEI Jicheng. Plant fiber chemistry[M]. Beijing: China Light In-
dustry Press,2012.
W . 5 28 9K T 2 00 2% S FEAE AR BE 4 2 ek o 1 2

H&(1989-), B (%), ALMMA, & T2 L,

FRNF G A GHR .



