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Currently, with the development of industries such as electronics, information technology, communications,
and energy, there is an increasing demand for high-density electronic components in integrated circuits. This
trend has led to the miniaturization of electronic devices while increasing their power consumption. The rising
power density makes electronic devices susceptible to temperature increases due to heat accumulation, which
can significantly impact their performance, operational safety, and lifespan. In light of this situation,
composites with high thermal conductivity and electrical insulation properties hold great promise in various
fields, including electronics, information technology, and energy. Silicone rubber (SR) is widely used in the
preparation of flexible thermal-insulating composites due to its high flexibility, excellent resistance to extreme
temperatures, thermal stability, and outstanding electrical insulation properties. SR serves purposes such as
heat dissipation, shock absorption, puncture resistance, and sealing. However, existing thermal-insulating SR

composites still face challenges, including low thermal conductivity and instability in performance when the
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filler content is high. These issues prevent them from simultaneously meeting the requirements of high thermal
conductivity, electrical insulation, and flexibility. Furthermore, many of the methods currently used to enhance
the thermal conductivity of composites are not suitable for large-scale production and industrial applications.

This thesis addresses the aforementioned issues by attempting to build a thermal conductivity network
through the combined use of thermally conductive fillers of different forms. Simultaneously, it leverages the
varying electrical conductivity of these fillers to interrupt the conductive network. The aim is to create silicone
rubber composites that exhibit high thermal conductivity while retaining electrical insulation properties.
Additionally, this research explores the continuous production of thermal-conductive silicone rubber
composites by employing continuous, highly thermally conductive fiber materials as fillers. This approach
seeks to achieve a balance between composite performance and the continuous, large-scale production of
thermally conductive silicone rubber.

In chapter 1, the main introduction includes the background of the research, various thermal conduction
principles, thermal conductive filler materials, methods to enhance the thermal conductivity of composite
materials, some reported thermal conductive silicone rubber composite materials, and the purpose of this study.

In chapter 2, the main introduction includes the materials used in the experiments, the testing apparatus, and
the general preparation method of silicone rubber in the experiments.

In chapter 3, various forms of boron nitride (BN), graphite, and carbon nanotubes (CNT) were used as fillers.
These fillers were individually or in combinations dispersed in SR through mechanical mixing to prepare
thermally conductive silicone rubber. The study investigated the enhancement effect of different sizes and
shapes of single fillers or composite fillers on the thermal conductivity of SR. The influence of filler content
and composition on the curing process, thermal conductivity, and mechanical properties of silicone rubber was
discussed. Ultimately, the most suitable individual powder filler and mixed powder filler combination were
determined. When the total powder filler content was 20 wt%, the highest thermal conductivity was achieved
with solely filled BN, reaching up to 0.526 W m K'1. When BN and graphite were mixed as fillers, the
thermal conductivity reached up to 0.685 W m™ K. The composite also exhibited satisfactory mechanical
properties, meeting the requirements of relevant applications. Additionally, incremental curing allowed silicone

rubber to be used as an insulating coating. Incremental curing had a minor impact on the mechanical properties
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of SR. The coating effectively bonded with the composite without the need for adhesives, and the coating
interface had a minimal effect on the thermal conductivity of BN/SR. Through this method, we successfully
prepared and controlled the electrical conductivity of high thermal conductivity silicone rubber composites.

In chapter 4, continuous carbon fiber (CF), (BN, and SR were used as raw materials. The CF/SR or
CF/BN/SR composites with vertical alignment were prepared by infiltrating CF with SR first or mechanically
winding BN/SR around CF. Under the influence of traction and CF compression, BN was distributed along the
CF direction. This arrangement facilitated the orientation of BN along the fibers, enabling the formation of
independent thermal pathways within SR. With the increase in BN content, when CF content was 30 vol% and
BN content was 10 vol%, the thermal conductivity of CF/BN/SR composite reached 2.789 W m* K.
Additionally, an insulating BN/SR coating was prepared on the surface of the CF/BN/SR composite through
incremental curing. This significantly increased the volume resistivity of the composite while maintaining high
thermal conductivity.

In chapter 5, a method involving continuous fiber winding was employed to prepare PBO/BN/SR thermally
conductive insulating SR using inherently electrically insulating continuous PBO fibers and BN as fillers. Low
viscosity LSR was used as a transition material to reduce defects in the PBO/BN/SR composite. When the
PBO content was 20 vol% and BN content was 10 vol%, the thermal conductivity of PBO/BN/SR was 7.853
W m?t K. The PBO/BN/SR composite heated from 35°C to 100°C in just 19.4 seconds and cooled from
100°C to 35°C in 28 seconds. Using continuous fibers in this method facilitates continuous production.
Furthermore, by controlling factors such as traction speed and LSR viscosity, the PBO fiber content can be
precisely regulated.

In Chapter 6, all the experimental results were summarized. SR composites with high thermal conductivity

were prepared by filling continuous fibers and boron nitride.



A LR T A =
W X @ H |Preparation and Performance Evaluation of Continuous
Fiber/BN/Silicone Rubber Thermal Conductive Composites
GEAGEAAE/BN/ > U 22— o 2 ABMREHE SR O AlHLds X OVERERTE
fith)
F {58 # B bR R
%U%EE%QE B 9e—
BELEB
Bt Ly i (&)
il A = 3 SN @ A @
il A @
(fE I K)

et e S =
FSCTCIEL, M A AT AR EEEM B Z BT 5 720lc, v U a—2 T A (SR ORMICE(L
%7%®Mﬁ%@@ﬁ%%%ﬁﬁéﬁ EWEMRENE 2 F 3 2 EEMEORIRGTE & & OPERE A MG
LTW5, AXide 6 B THERINTWVD,

01 EI T &LT BEAF DOWFFED b BUREM B OB R AR L. AFROF R Z B~ RIFED
HHIZRLTWD, FH2ETIE, MBBIORBRGEE LT, 8YiEs Y a— 2 I AEEMEIO/ER
Fik L OVEREHEFIEZTBIH L CTW5b, 5 3 BT, BMREMRE Y « 7 —%2 M7 52 &I12k D,

VY a— I AEEMEIOBRERN R LT A EER LTS, S5, #RLZBN 7407 —%
RWC, EM(]E T BN/SR itk = —7 ¢ 7 L, £ DOREO ) FRIVERE & BURERA~D R Z Tl
L7z, BAETIE, BEIETIERLIZBN/SRMEIZ~ R 7 2L LT, BFLIBXMTHIET, #
feik FikME (CF) THIEI M7z CF/BN/SR BB GBI ORI L. £ OEEM B OBYmER
EREL L&Y, £, Mikka—T 4 72k 0 CF/BN/SREAMEOEEMED FH 282 T
%, FHOEETIE, LVFHH TCEXRMBMELATHIRI E 7z oA F v E T 2= T R T Y —
JVAEME (PBO) % CF LiEX#iz, [Al U X {115 )71 T PBO/BN/SR BMREE SR LA ERL U T=, 2 Dk
M. PBO/BN/SR EAMEIOBYLER/N 7.853Wm 'K ETREL M ELTWD, 56 FIIHmTH O |
WFEhERE £ L HTV D,

Z DOFmSL ORI, EERHE 2 I U 7o ik A2 G T 5 mBMR S S RO BRI B9 5 Bllim & B
MHZ BN TEHBER PN EIRZ F7-37200 T <. ZOEWVIERIC X0 Bz TPiMiE A £ > Tv
Do SHIT, BFERRIE & LT, Al X O 4t ERSSE 1 F, ENSE 32 AR LTV
5o

X oT, R+ (%) O e LTa &7



