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Analysis of key production issues in high thermal conductive insulating
polyimide films

JIANG Gengjie, QING Shuanggui, SONG Yuxia, JI Yaning,
TANG Xiaoqing, MA Jixiang, PAN Qinpeng
(Guilin Electric Research Institute Co., Ltd., Guilin 541004, China)

Abstract: On the basis of the film-making data of the 300 mm wide polyimide casting test line and the 1 200 mm wide
polyimide biaxial stretching production line of Guilin Electrical Research Institute Co., Ltd., the effects of formulation,
equipment, process, and other factors on the preparation of high thermal conductivity insulating polyimide films were
investigated. The results show that compared with the biaxial stretching method, the casting method has advantages such as
low trimming loss, simple equipment and process, excellent film-forming properties, lower cost, and good thermal
conductivity of prepared films. In terms of improving the thermal conductivity of thermal conductive films, it is necessary to
overcome the problems such as difficulty in peeling the casting film from steel belt, increased difficulty in filler dispersion,

poor interfacial matching between filler and resin, and decreased film-forming continuity when boron nitride is highly filled.
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Fig.1 Schematic diagram of the production for thermal

conductive films by casting method
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Fig.2 Schematic diagram of longitudinal drawing system in

biaxial stretching method
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Fig.3 Transverse stretching guide rail and chain clips in

biaxial stretching method
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Fig.4 Production process flow chart of

thermal conductive films
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thermal conductive films with different contents of h-BN

Film-forming performance and edge trimming loss of
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Table 2 Effects of different contents of release agents on the

production of thermal film
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Table 3  Effects of different surface modifiers on thermal

conductivity coefficient of thermal conductive films and

peelability of casting film steel belt
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Fig.5 SEM images of different h-BN surfaces
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Table 4 Effects of different h-BN on performance of

thermal conductive films
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Table 5 Thermal conductivity of thermal conductive films
prepared by different formulation using casting method and

biaxial stretching method
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Table 6 Applications comparative analysis of spherical
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etz A h-BN

oyt R —f&

R R —f&

JEE S A HU/(W/(m-K)) 0.52 0.75
I HE JE A i 34 5 ik W2

M 6 AT LUF Y, LR h-BN 1) ¢ i 77 1] 3 7 R
HOEAER 1045, B A % (0 R 5 AR B BN
S A ) % TR 1.4 % 5 BRI S AL B 1) & 1) 20 B
B> O AN BB 238 T 4 IR h-BN ;SR T ERTE S A
Bl 5 3 AL, RIVASE A TR0 BB 771 € RE I %1 8

3 g

(DMAEEE =& LEmMER T2
ZHOT BRI IEVE T N E A . 24 h-BN i & 7 #<
26% I, PR R0 AR 7 7 VA I RO M 3 R 4 & Ay
A 29% I S IR A I &% 6 S BE 5 h-BN
JoR B 43 E R — 20 R e, a2 B A, HLA
75 PR 32 1) B f) B A R

(2) I Tk P = 2 TG 0T A8 A0 JBE P 0 s %) 15 P o
ORI, BN 2 35 PR AR T AR 1 s APk
B R0 At P B 5 e Ve 1 TS 0 2 8 i B 1D AW s A
JBEABE 751 X T A 28 AR R At ) B R, 1H 2 h-BN &2 57
H=34% I, FREM BAARESWHE T, XA
KH550.KH560. % [ i% .\ NaOH % 5§ h-BN 3 [ o 14
2 M TR SAE R e ) 5

(3)AN[A h-BN 7E 43 5t 5 348 R A A5
PSR % I S S ) B 1k 4 U Th % R AL
A HEL ) h-BN P [F) BC 26, w5 B AR o A0 AR
T2 55A RN T4 KA AR R BC 5 1, 8 i i
FEVE i) £ 1) 3 B T 2 R B8 B T R o
SR, BROE S AR ECT AR h-BN, B AL
S (R T K B 1k 5 43 HOvE

ZE @k References

(1] W88, AR R, W HE A, A5 . RUHG T AR 0K <5 M Y % 3 7 S T

e 3G MBS & 5 RAED]. & TR R 5 TR,
2017,33(1):153-157.
YANG Na, WANG Nongyue, YAO Yanmei, et al. Fabrication and
characterization of hexagonal boron nitride and nanodiamond hy-
brid filled polyimide thermal conductive composites[J]. Polymer
Materials Science and Engineering,2017,33(1):153-157.

[2] YANG X, YU X Y, NAITO K, et al. Enhanced thermal conducti
vity of polyimide composites filled with modified h-BN and nano-
diamond hybrid filler[J]. Journal of Nanoscience and Nanotech-
nology,2018,18(5):3291-3298.

[3] ARk W PR 28 G B0 & A IR 1 23 # B Sk [, AX S8R
FH F,2019,26(3):66-70.

REN Jie. Analysis and improvement of heat dissipation issues in
rod control and positioning system equipment[J]. Instrumentation,
2019,26(3):66-70.

[4] AP, NG, B, A G R TR Y Jf £ i IR 17 7 3k
JE[I]. 4841 81,2021,54(6):1-9.

GAO Mengyan, WANG Changou, JIA yan, et al. Research prog-
ress on thermally conductive polyimide insulation films[J]. Insu-
lating Materials,2021,54(6):1-9.

[51 ety 2 0E, 5Kk i, 55 . — b ANKLAR BRIE N 05 S AR B 3 il 46 07
1£:CN202410976094[P].2025-05-06.

HOU Xinmei, LI Qun, ZHANG Kuo, et al. A small-sized spheri-



HMARE: @S

A 25 TR0 U 9 B 7 DR B I ) AT

137

(7]

(8]

[10]

[12]

[13]

[14]

cal hexagonal boron nitride (h-BN) and its preparation method:
CN202410976094[P]. 2025-05-06.
ZHANG G D, FAN L, BAI L, et al. Mesoscopic simulation assis-
tant design of immiscible polyimide/BN blend films with en-
hanced thermal conductivity[J]. Chinese Journal of polymer Sci-
ence,2018,36(12):1394-1402.
iy = i, b 2 3 PRI R e R SR IR R S A
PRI ST R (D). 482544 84,2020,53(7):12-17.
HE Tingrong, QU Shaoning, YIN Xungian. Research progress on
epoxy resin/boron nitride thermally conductive composite mate
rials for electronic packaging[J]. Insulating Materials,2020,53(7):
12-17.
TR, 75 UL, B 20 9, A5 . — T e 4 250 R I o0 B % I
2% J71%:CN202211428429.1[P].2023-07-28.
JIANG Gengjie, QING Shuanggui, MA Jixiang, et al. A thermally
conductive insulating polyimide film and its preparation method:
CN202211428429.1[P]. 2023-07-28.
S TR 7 U . A5 — ol v THT /- A % 5 2R T I 3 R
J ot % 757%:CN202011355242.4[P].2021-07-27.
JIANG Gengjie, QING Shuanggui, JI Yaning, et al. A polyimide
film with high through-plane thermal conductivity and its prepara-
tion method: CN202011355242.4[P]. 2021-07-27.
XU ML, 2,55 . h-BN/PL = 5 #5246 M R o5 J HPE R
HE[I). 42181 ,2025,58(5):49-54.
LIU Jie, YANG Jun, JIANG Qian, et al. Preparation and charac-
terization of h-BN/PI high thermal conductivity composite mate-
rials[J]. Insulating Materials,2025,58(5):49-54.
FHH, TR, H A TR R T A 5 S R T A
HEFR[D]. 138 47,2023,36(8):1015-1026.
WANG Yanyan, ZHANG Xian, XIAO Chao, et al. Research
progress on polyimide-based thermally conductive insulating
composite films[J]. Polymer Bulletin,2023,36(8):1015-1026.
A5, 2205 0,52 4, 55 R L S A AR IR 5 M RHIK
FLE R[], 4854 %1,2024,57(9):1-14.
FU Qiang, LI Haoming, PENG Lei, et al. Research progress on
filled thermally conductive insulating silicone rubber composites
[J]. Insulating Materials,2024,57(9):1-14.
ALEM N, ERNI R, KISIELOWSKI C, et al. Atomically thin
hexagonal boron nitride probed by ultrahigh-resolution transmi
ssion electron microscopy[J]. Physical Review B,2009,80:155425.
WANG Z D, CHENG Y H, YANG M M, et al. Dielectric proper-
ties and thermal conductivity of epoxy composites using core/
shell structured Si/SiO,/polydopamine[J]. Composites Part B:
Engineering,2018,140,83-90.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

HUANG J C, HE C B, XIAO Y, et al. Polyimide/POSS nano-
composites: interfacial interaction, thermal properties and me-
chanical properties[J]. Polymer,2003,44(16):4491-4499.

FAAR T 202 RUZSORK S A8 5 52 S kL2 1 3t
TR PEREWEFE[D]. JbHt A I # J7 R 5,2023.

LI Shikun. Structural design and performance study of high ther-
mal conductivity insulating composites based on multi-scale hy-
brid fillers[D]. Beijing: North China Electric Power University,
2023.

DUAN G Y, CAO Y T, QUAN ] Y, et al. Bioinspired construc-
tion of BN@polydopamine@Al,O; fillers for preparation of a
polyimide dielectric composite with enhanced thermal conduc-
tivity and breakdown strength[J]. Journal of Materials Science,
2020,55(19):8170-8184.

LIU D X, CHI H T, MA C G, et al. Improving in-plane and out-
of-plane thermal conductivity of polyimide/boron nitride film
with reduced graphene oxide by a moving magnetic field induc-
tion[J]. Composites Science and Technology,2022,220:109292.
FANG Y T, DONG J, ZHAO X, et al. Covalently linked polydo-
pamine-modified boron nitride nanosheets/polyimide composite
fibers with enhanced heat diffusion and mechanical behaviors
[J]. Composites Part B: Engineering,2020,199:108281.

ZHOU S S, XU T L, JIN LYY, et al. Ultraflexible polyamide-im-
ide films with simultaneously improved thermal conductive and
mechanical properties: design of assembled well-oriented boron
nitride nanosheets[J]. Composites Science and Technology,2022,
219:109259.

HWANG G H, KWON Y S, LEE J S, et al. Enhanced mechani-
cal and anisotropic thermal conductive properties of polyimide
nanocomposite films reinforced with hexagonal boron nitride
nonosheets[J]. Journal of Applied Polymer Science, 2021, 138
(18):50324.

BICERANO J, DOUGLAS J F, BRUNE D A, et al. Model for
the viscosity of particle dispersions[J]. Journal of Macromolecu-
lar Science-Reviews in Macromolecular Chemistry and Physics,
1999,39(4):561-642.

OHASHI M, KAWAKAMI S, YOKOGAWA Y, et al. Spherical
aluminum nitride fillers for heat-conducting plastic packages[J].

Journal of the American Ceramic Society,2005,88:2615-2618.

s B #3:2025-05-20; #2 2] H #3:2025-07-15.
fEERE T

FBIRAR(1985-), B (k) , ) BEKRA, HA TR, £&

INFE G Ao A 0 TR T,



