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Abstract: Ａ series of mica doped polyimide composites have been successfully

prepared via the solution process. Compared to the virgia PI, the introduction of I5vvt% 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 (Tdio), it showed a 25°Ｃincrease illTdio when

onlv 10wt% of mica was added. Breakdown stren th showed that the introduction of mica have　。　　　　　　　　　　　　　　　　　　　　ｇ

certam affection on Its properties.
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　　Tlie development poKamide has a historv'more than 40 years. And the researchers all over

the world manage to improve its physical and functional properties by changing the structure and

doping technolog!' of the material. The electricalinsulation performance. especially the corona

resistance. could be increased obviously b>' doping mica-one kind of clays into the polyimide

material. and this doped material would be widely used as electricalinsulation material.In this

paper. the mica/polyimide composite systems has been prepared using solution method, and

tliermal,mechanical and electricalproperties dependent on the content of mica in the composites

had been tested by means of TGA, tensiletesting.and breakdown strength etc.

1 . Experimental

1｡１Materials

　　The molecule of polyimide is composed of ODA and PMDA. the structurewas shown in

　Fig.1,and the mica powder hasａsizeon250 meshes.

1 2 The preparation of mica powder doped polyimide films

　　Take 40g(0.2mol)ODA into 468g DMAc solution， and then put 42.6g(0.2mol)PMDA into

the mixture. and polv(amic acid)solution could be got after several hours. Measure certain

quantitv of polv(amic acid), which was diluted using certain DMAc solution. Certain mica was

stirredusing ultrasonic wave with a coupling agent. And then put the mica mixture into polv(amic
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acid)solution slowly and carefully.stirredfor several hours until the mixture was homogeneous

completely. The mixture solution was cast on ａ glass substrate. and then thermally treated

consecutively by following process:

　　　　　　70°C(lh)-^120°C(lh)-≫150°C(lh)^200°C(lh)ラ250T(lh)-)-300°C(lh)

　　In the laboratory, 7 kinds of polvimide films with different mica content were prepared. and

the components of the films were listedin Table 1.

2 Results and discussion

2.1 Mechanical properties

　　　Fig.2 gave the relationship behveen tensilestrength and mica content in PI/ mica composite

films,it could be seen thatthe maximum tensilestrength of the film. which was 1.15 times higher

compared to the ＼Trginpolyimide， was achieved when the mica content was l 5 wt%. This result

was achieved mainly due to the sμiergeticeffect between the mica powder and the polyimide

resin. However, fiirtherincrease in the mica content caused ａ decrease in the tensilestrength

because of the aggregation effect of the powder.　　　　　　　　　　　　　　　　　　　　　　ト
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2.2 Thermal property

　　Similarly, the decomposing temperature could be increased for the svnergetic effectiveness

between mica powder and polyimide molecule (see table 2).

2.3 Breakdown strength

　　Because the mica powder has ａ better electricalinsulation performance, and the breakdown

strength of composite film could be affected compared to the virgin polyimide. And some

breakdown strength of the composites was listedin table 3.

　　From the testingresultsin 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 cou'd be drawn as following:

Ｇ　Mica/PI composite films with homogeneous distribution of mica power could be

　　prepared successfully using solution method.

●　The tensilestrength of the composite film has ａmaximum value when the mica content

　　was 15 wt%, which was 1.15 times of the virgin polyimideに

●　The Td,o temperature was increased with the content of mica, and Tdio temperature was

　　25°C higher than thatof polyimide when the mica content was 10wt%.

●　The introduction of the mica would have certaininfluence on the breakdown strength of

　　the composite films.

Proceedings of the 6th China-Japan Seminar on Advanced Aromatic Polymers



Reference

[1]Matsuura T, Yamada N, Wishi s, Hasuda ｙ Polyimides derived from

　　2,2':-:Bis(trifluoromethYl)-4, 4'-diaminobiphenyl. 3. Property control＼for polymer

　　blends and copolymerization of fluorinated polymides
，
Macromolecules, 1993, 26:

･

　　419-423.

[2]Robin E. Southward, D. Scott Thompson, David w. Thompson, Anne K. St. Clair。，Ｅｎｈａｎｃｅｍｅｎt

of dimensional stability in soluble fluorinated polyimides via the in

　　situ formation of lanthanum(III)－oxo － polyimide nanocomposites, Chem. Mater.,

　　1998,10: 486-494.

[3]T. Agag, T. Koga, T／Takeichi, Studies on thermal and mechanical properties of

　polyimide-clay nanocomposites, Polymer, 2001, 42: 3399-3408.　　　　　　　　　　'

[4]Ｋ. Yano, A. Usuki, A. Okada, T. Kurauchi, O. Kamigaito, Synthesis and properties of

　　polyimide-clay hybrid, J. Polym. Sci･, Ａ: Polym. Chem, 1993,31:2493-2498.　　　　　　　十

Proceedings of the 6th China-Japan Seminar on Advanced Aromatic Polymers



云母惨染聚酸亜肢隻合薄膜的制各与性能研究

　　　　辺而娼　張艮云

(上海市合成村脂研究所，上海200233)

摘要s通辻溶液法，成功制各了MiCa/PI 夏合材料。当Mica含量込到I5vv1%吋，整今夏合

体系的拉伸強度最大，相対于聚酸亜肢母体提高了15％。熱性能研究結果表明，随着Mica

含量増加, Tdio也随之提高，当Mica的含量増加到lOwt%吋, Tdio提高T25・Co 缶穿強度

測斌結果表明. Mica的引入一定程度上影咆了其性能。

矢健n-. 聚酸亜肢，云母，n.合材料

　　聚醜亜肢的反展己有40多年的篤史,力了更送一歩提高其物理性能,Jr友其功能特性，

国内夕卜的吽多学者駄蜷杓，添加等各神m径対其改性，己経取得了根多可喜成果[1,2]其中

用粘上来改善性能就属子其中一実【矧。云母是粘土的一神，由于官具有仇昇的屯地縁性能，

尤其是恍昇的耐咆彙性能，目前, r活用子各神咆地撞材料。本文通辻捗奈方法将不同含量

的云母粉引入到聚敢亜肢体系中，制各了多神夏合材料。井用熱重分析(ＴＧＡ)，拉伸強度測

試，缶穿強度測拭等方法研究了云母粉対夏合体系性能的影哨。

1。実験部分

口斌胎原料

　　聚酸亜肢法拝的是ＯＤＡ与ＰＭＤＡ姐成的分子縫，錨杓兄團l.云母粉尺寸力1250日。

1｡2云母粉捗染聚酸亜肢夏合薄膜的制各

　　将40g(0.2mol)ODA 溶于468g DMAc 中，加入42.6g(0.2mol)PMDA,反庇数小吋得到

聚醜肢酸溶液。分別称取定量的聚醗肢酸，用一定量的DMAc稀秤，再称取一定比例的云

母粉，用―介偶朕剤在超声波中処理，然后将云母粉溶液在一辺撹枠一辺徐徐加入的方式倒

入聚m.肢酸溶液中，撹挫数小吋。将混合溶液在干浄的破璃板上原膜，然后階段升温処理，

工乞如下:

　　　　70°C(lh)^120°C(lh)^150°C(lh)^200°C(lh)^250°C(lh)^300°C(lh)｡

　　冷却后即得云母捗奈聚醜亜肢夏合膜。

　　実款中制各丁７神不同云母粉含量的聚醜亜肢夏合薄膜,材料的成分姐成如下表１所示。
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2結果与付恰

2｡1力学性能

　　圖２是Mica/PI 交合薄膜的拉伸強度柚云母粉含量的矢系閔。由閔可以看出，当云母粉

含量較低吋，拉仲強度随着云母粉含量的増加而増大，当云母粉含量込到15wt%吋，拉伸

強度込到了最大，与聚酸豆肢母体相比，拉伸強度提高了15％。拉伸強度的升高主要是由

于Mica 与聚酸豆肢分子之同的切同作用駄而尋致交合体系拉伸強度的升高。当Mica含量

継渉増高吋，隻合体系的拉伸強度反而降低。主要是由于Mica含量逃一歩増高尋致了云母

粉之同国聚加刷，造成夏合体系拉伸強度降低。

2｡2 熟学性能

　　云母粉和聚脱3E肢之同的相互作用同祥也会尋致夏合体系熱分解温度的提高(兄表2)。

当云母粉含量較小吋，随着云母粉含量的増加，Td,o也随着提高。逮也主要是由于Mica 与

聚酸肛肢分子之同的悟同作用以而尋致友合体系Tdio的升高。当Mica含量力10wt％吋，体

系的Td,o較鈍的村脂基体提高J 25°Co
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2.3 缶穿強度

　　由于云母粉具有良好的屯絶縁性能，因此官的引入也大大的影咆了夏合薄膜的屯学性

能，表３中列出了夏合薄膜的市穿強度。

　当云母粉含量絞少吋，云母粉団聚程度低，由于与聚酸亜肢之師]的切同作用，因此一

定程度上提高了夏合薄膜的缶穿強度,但是随着云母粉含量的提高,云母粉之向的団聚就会

越来越男害，尋致分散均勾性降低. 男外，随着云母粉含量的提高. 夏合薄膜変脆. 盾量変

差. 弑而使夏合薄膜的缶穿強度降低。

3。姑恰

根据以上分析結果，結槍如下z

●　釆用溶液法可以成功制各Mica/PI 夏合材料。

●　Mica含量込到15wt%吋，整今夏合体系的拉伸強度最大，相対于聚醜亜肢母体提

　　高7 15％。

●＼随着Mica含量増加，Tdio也随之提高，当Mica的含量増加到lOwt%吋. Tdio提

　　高了25・Ｃ。

●　随着Mica含量増加, 缶穿強度也有先升高后降低的地勢。
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