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Abstract: A series of mica doped polyimide composites have been successfully
prepared via the solution process. Compared to the virgin PI, the introduction of 15wt% mica
leads to an increase of 15% in tensile strength. The introduction of the mica led to an
increase in the temperatures at 10% weight loss (Td,), it showed a 25°C increase in Td;o when
only 10wt% of mica was added. Breakdown strength showed that the introduction of mica have
certain affection on its properties.
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The development polyimide has a history more than 49 years. And the researchers all over
the world manage to improve its physical and functional properties by changing the structure and
doping technology of the material. The electrical insulation performance, especially the corona
resistance, could be increased obviously by doping mica-one kind of clays into the polvimide
material, and this doped material would be widely used as electrical insulation material. In this
paper, the mica/polyimide composite systems has been prepared using solution method, and
thermal, mechanical and electrical properties dependent on the content of mica in the composites
had been tesied by means of TGA, tensile testing, and breakdown strength etc. '

1. Experimental

1.1 Materials
The molecule of polyimide is composed of ODA and PMDA, the structure was shown in
Fig.1, and the mica powder has a size of 12530 meshes.
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Fig. 1 Structure of polyimide
1.2 The preparation of mica powder doped polyimide films
Take 40g(0.2mol) ODA into 468g DMACc solution, and then put 42.6g(0.2mol) PMDA into
the mixture, and poly(amic acid) solution could be got after several hours. Measure certain
quantity of poly(amic acid), which was diluted using certain DMAc solution. Certain mica was

stirred using ultrasonic wave with a coupling agent. And then put the mica mixture into poly(amic
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acid) solution slowly and carefully, stirred for several hours until the mixture was homogéneous
'completely. The mixture solution was cast on a glass substrate, and then thermally treated
conseculively by following process:
70°C(1h)—120°C(1h)—150°C(1h)—>200°C(1h)—>250°C(1h)—>300°C(1h)
In the latouratory, 7 kinds of polyvimide films with different mica content were prepared, and
the components of the films were listed in Table 1.

Table 1 Composition of mica— polyimide composites

Composite system PI-0 PI-2 PI-5 PI-10 PI-15 PI-20 PI-30
Weight ratio (Pl/ Mica) 1:0 1:0.02 1:0.05 1:0.10 1:0.15 1:.020 1:0.30

2 Results and discussion

2.1 Mechanical properties

Fig. 2 gave the relationship between tensile strength and mica content in PI/ mica composite
films, it could be seen that the maximum tensile strength of the film, which was 1.135 times higher
compared to the virgin polyimide, was achieved when the mica content was 15 wt%. This result
was achieved mainly due to the synergetic effect between the mica powder and the polyimide
resin. However, further increase in the mica content caused a decrease in the tensile strength

because of the aggregation effect of the powder.
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Fig.2 Relationship between tensile strength and mica content in PI/ mica composite films
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2.2 Thermal property

Similarly, the decomposing temperature could be increased for the synergetic effectiveness
between mica powder and polyimide molecule (see table 2).

Table 2 Thermal properties of PI/ Mica composites

Composites PI-0 Pl-2 PI-5 PI-10 PI-15 PI-20 PI-30

Tdo(° C) 598 614 616 623 621 615 . 615

2.3 Breakdown strength

Because the mica powder has a better electrical insulation performance, and the breakdown
strength of compeosite film could be affected compared to the virgin polynmlde And some
breakdown strength of the composites was listed in table 3.

Table 3. Breakdown strengths of PI/ Mica composites

Composites PI-0 PI-2 PI-5 PI-10 Pi-15 PI-20 PI-30

Breakdown 119 159 136 96 85 77 56
strength

(KV/mm)

From the testing results in table 3, it was found that the introduction of a small amount of

~ mica powder leaded to an increase in the breakdown strength of the composite films due to the

lower aggregation degree and the synergetic effect. But with the increase of the mica content, the

breakdown strength was decreased for the higher aggregation degree. Otherwise, the composite

film would be more fragile and much more defects would be generated on the surface, and the
strength was decreased accordingly.

3. Conclusions

Based on above analysis, conclusions could be drawn as following:

G Mica/Pl composite films with homogeneous distribution of mica power could be
prepared successfully using solution method.

®  The tensile strength of the composite film has a maximum value when the mica content
was 15 wt%, which was 1.15 times of the virgin polyimide.

® The Td,, temperature was increased with the content of mica, and Td, temperature was
25°C higher than that of polyimide when the mica content was 10wt%.

® The introduction of the mica would have certain influence on the breakdown strength of

the composite films.
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Fig. 1 Structure of polyimide
12 ZRREAFHULE A EENH &

# 40g(0.2mol) ODA # T 468g DMAc #, M 42.6g(0.2mol) PMDA, RNV E /P15 E]
REEREH. 2 HRINEENREE®E, A—<CEN DMAc R, BRI—EWHK=
B, A—MEBFIEESERTLE, REH 2 S0ERE — O+ — A RIRImAR T 23
ANEBERER T, HEUhe. BREHEEETHIRER LRE, REMBETHRLHE,
TE&WTF:

70°C(1h)—120°C(1h)—150°C(1h)—200°C(1h)—250°C(1h)—>300°C(1h).
AHENBZUBARBLKRESE.
FRPHET THARAZENSENRBRUAE &R, TR RR S HBR TR FR.
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F 1 ZHNREBNRNE &R AR

Table 1 Composition of mica—polyimide composites

AR R PI-0 PI-2 PI-5 PI-10 PI-15 PI-20 PI-30
&2 (PY/ Mica) 1:0 1:0.02 1:005 1:0.10 1:0.15 1:020 1:0.30

2 GR5HE

2.1 J1EtERE

B 2 & Mica/Pl E&EIRMR BN S ZERNSENXRE. AETLEL, S8
FEREN, NAREMEZSNIEMEMTNA, AEREEET 15wt%T, frf#
ML TRA, SRBURSEMHIL, MRERET 15%. RABRERNARIERH
F Mica 5RBERKRSFZIEMHRAEANTSBESEFRMRENT . 2 Mica TR
seEn, RABRNNMBRERTRRK. TELHT Mica SEHE—PHERET =8
B ERARME, EREEGRIEEREK.
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Fig.2 Relationship between tensile strength and Mica content in PI/ Mica composite films

2.2 #EEMERE

R R BT RS RBE SR EASRRENRAH(ILE2).
UM ERBAE, MEZ BRSNS, Td hHERA. XBEFERBT Mica 5
BB FZEMHEEFANTTSEE 4 E Tdo BFE. 24 Mica 580 10wt%A, 4
FM Td,o BAIMM e EAARIER T 25° C.
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& 2 Pl / Mica Z & BRI AR

Table 2 Thermal properties of PI/ Mica composites

*H PI-0 PI-2 PI-5 PI-10 PI-15 P1-20 PI-30
Td(° C) 598 614 616 623 621 615 615
23 HFRE

HTZ8HRA RFNELEERE, FLEERFIANERANZRT KEERNBFEYE
e, RIPIIHTHEMROETRE. '
F 3P/ Mica BAEBEKBEFRE

Table 3. Breakdown strengths of PI/ Mica composites

&% PI-0 PI-2 PI-5 PI-10 PI-15 PI-20 | PI-30
R 119 159 136 96 85 77 56
(KV/mm)
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CEELRETEGHERNGFRE, BREEZSNSBORE, zBRZANERNS
HRMGE, SEOBISMRE, 5, MEZSNSEMNRE, ReHREMR, REX
=, NMERGEBRE T RERK.

3. &8

REBLUESITER, 40T

® RAAWHIET LA I & Mica/Pl E& M4,

® Mica FEIXF 15wi%E, BMRERRNTMBERK, N TRETKEEAR
BT 15%.

® [E%E Mica SEHEM, TdoBHEZE®E, 24 Mica MEEEME 10wt%H, Td,
BT 25°C. '

o B{E% Mica BN, HTFBRELHFLARSREMESR.

B2 30k
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Abstract: A series of mica doped polyimide composites have been suécessfully prepared via the-
solution process. Compared to the virgin PI, the introduction of 15wt% Mica leads to an increase
of 15% in tensile strength. The introduction of the mica led to an increase in the temperatures at
10% weight loss (Tdo), it showed a 25°C increase in Td,o when only 10wt% of Mica was added.
Breakdown strength showed that the introduction of mica had an extent affection on its properties.
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