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Abstract

　　　Ａ senes of cardo polyimides were prepared from cardo diamines containing differentalkyl substitueiilsand

4,4-oxydiphthalic anhydride(ODPA), 3,3'4,4-benzophenonetetracarbox>lic dianhvdride(BTDA), 3,3",4,4｀-

biphenyl tetracarboylic dianhydride(BPDA)and pyromellitic dianhydride(PMDA). llie results show that the

incorporation noncoplanar structureled by the introducing alkyl substituentson cardo diamine can improve the so-

kibilityof cardo polvimides in organic solvents.Most of cardo polyimides exhibited excellent solubilityin com-

nion organic solvents such as m-cresol，chlorofonn, tetrahydrofuran(THF), N-methyl-2-p>Trolidinone(NMP),

N,N-dimethvlacetamide(DMAC)etc and intrinsic viscosity in N,N-dimethvlacetamide(DMAC)ranged from

0.31-0｡92dl/g.

Keywords: Cardo: fluorenvl polyimide; Solubility

1. Introduction

　　Pohimides containing ａ rigid backbone as ａ result of totally aromatic or heteroaromatic

repeat units gcnerallv exhibit high thermal stability and good mechanical properties. However,

thev are generally insoluble and infusible in their fully imidized form, leading to processing

difficulties; and this process of poly (amic acid)intermediate has several inherent problems such

as emission of volatile b>products (e.g･，H2O)and storage instability etc. To overcome these

problems, much research effort has been focused on synthesis of soluble and processable

poKimides in full> imidized form without deterioration of their own excellent properties.

　　The introduction of “cardo”groups into polymers such as polyimides], polvamides''八

polvamideimides【"*'， polvquinolines etc. can give them specific properties; (l)excellent heat

resistance; (2)cxcellent solubilitN'.Therefore, the introduction of "cardo” groups into the backbone

of polvmers is an efiFective approach for improving solubilitv and thereby processabilih of

polyimides【'】.Because cardo polvimide contains a bulkly bis-phenj'lfluorcnc moiclv as the loop

like moieU, they have high glass transition temperature while providing high solubilih in different

organic solvents.

　　In the present stud>， our objective is to investigate the effect of incorporation of different

alkv'l substituents on cardo diamine in the solubility and thermal stabilit>-of cardo polyiiiiides. Ａ

series of cardo poKimides were synthesized and characterized based on ortho alkyl substituted

cardo　diamines　　such　　as　9,9-bis(4-aminophenyl)fluorene(BAFL),　9,9-bis　(3-methvl

-4-aminopheiiyl)fluorcne(BAFL(2Me))and　9,9-bis (3,5-diedwl-4-aminophenvl)fluorenc

(BAFL(4Me))and different dianhvdrides such as 4,4｀-oxydiphthaHc anhydride(ODPA)，

3,3"4,4"-benzophenonetelracarboxylic dianhydride (BTDA), 3,3",4,4｀-biphenyl tetracarbox＼ lie

(iianhvdride(BPDA), p＼Tomcllitic dianhydride(PMDA). These poKmers were characterized by

Gel permeation chromatographv (GPG),TGA, DMAclc.
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2. Experimental section

2.1 Materials

　　9,9-bis(4-aminophenyl)fluorene, 9,9-bis(3-methyl-4-aminophenyl)nuorenc and 9.9-bis(3,5-

dimethyl-4-aminophenvl)fluorene　was　synthesized　in　our　laboralorv, 4,4｀-oxydiphthalic

anlivdride(Shanghai Research Instituteof synthetic resin),3,3｀4,4゛-benzoplienonetetracarbox%lie

dianhydride, 3,3',4,4-biphenyltetracarbovlic diaiiliydride(Ube Industries, Ltd), pyroniellitic

dianhydride (Shanghai Research Instituteof synthetic resin)｡

2｡2 Polyimide synthesis　　ダ

　　Ａ tN'picalpolymerization procedure is as follows (Fig.l). Equivalent molar diamine and

dianhydride was dissolved in dried m-cresol in 250ml four-necked flask fittedwith a nitrogen inlet.

ａ thermometer. ａ condenser and ａ mechanical stirrer.Tlie reactive mixture was heated to reflux

temperature under nitrogen atmosphere for 5h, and then the solution was precipitatedin ethanol in

ａ high speed blender. The product was filtratedand washed by excess ethanol，and was dried in a

vacuum oven at 80・C/21u and 200・Ｃ/5hr.

2｡3 Measurements

　　Inherent viscositx'measurements were made with 0.5% (vv/v)solution of poKmers in DMAc at

25±0.1°Ｃusing an Ubbelhode viscometer. Number average molecular weights (Mn)and

weight-average molecular weights (M＼v)b＼-gel permeation cliromatography (GPC)using a Waters

24 14 instrument. The thermogravimetric analyses(TGA)were made with Perkin －Elmer 7 Series

Thermal Analysis s＼stem.Experiments were carried out under N. atmosphere atａheating rate of

10°C /mill.D>naniic Mechanical Analysis (DMA)was obtained using ａNetzsch DMA242.

3. Result and discussion

3.1 Synthesis of polyimides

　　Soluble polyiniides were synthesized by direct poK merization in m-cresol. Because these

polyimides had a higher degree of polymerization and better organic solubilitv than tliosc from the

thermal cycodeh＼ dration of PAAs in two steps'"'''Polvimides la-Ic. Ila-IIc，Illa-IIId was prepared
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bN the method. But the pol>iniide Id. lid ＼vereinsoluble in hot ni-crcsol.and were prepared b＼ the

classical hvo -step method and chemical imidization. Intrinsic viscosit､in DMAc of the soluble

polyiniides ranged n･oni 0.31 to 0.92 dl/g and Mns varied from 19000 to 52000 rclalive to

poKshTcnc standards (Table 1).

3｡2 Organo-solublity

　　As shown in Table 2, most of cardo polyiir.idesbeing prepared from cardo diamincs and

ODPA,BTDA . BPDA or PMDA exhibitedｅχcellentsolubilit>'in common organic solvents such

as m-cresol, chloroform, THF, NMP, DMAC etc. The results show that lhc incorporation

noncoplanar structぼeled by the introducing alkvl substitucnts on cardo dianiine can significanlh

improve ihc solubilityof cardo polyimides in organic solvents. For example, BAFL(4Me)-PMDA

can c＼endissolve in hot m-cresol. NMP and chloroform.
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3.3 Thermal and thermo-oxidativc stability

　　To discuss thermal and thermo-oxidativc stability,the onset temperature corresponding to 5%.

10% and 15% weight loss of this svstem was measured by TGA in di＼nitrogen (Table 3). All

polviniidcs show good thermal and thermo-oxidati＼e stabilitv，powder samples of theses

poKimides undergo 5% weight loss between 430・C and 554°Ｃin nitrogen at a heating rale of 10・Ｃ

/mill.Incorporation of ortho alkyl substitucntsresulted in the descend of thermal stability,but the

5％weight loss temperature stillexceed 400・c.

　　Moreover, the Tg value of ODPA-typc Cardo polvimdc ranges for 307 to 368°Ｃmeasured b>

using a Netzsch DMA242. This indicated that cardo polyimidcs show good thermal and

thcrmo-oxidative stability.The increase of number of alkvl substituentson cardo dianiinc resulted

the decrease of Tg. which resultswas unexpected. the reason need to be researched further.

4. Conclusion　　　　　　　　　犬

　　Cardo poKimidcs were prepared from cardo diamines and ODPA, BTDA，BPDA or PMDA，

and characterized b＼ Gel permeation cliromatography(GPC). TGA, DMA etc.The incorporation

noncoplanar structureled b＼ the introducing alkvl substituents on cardo diamine can improve the

solubilityof cardo poKimides in organic solvents without sacrificingthermal properties..
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可溶性笏基聚酸亜肢的合成和表征

　　　　　　　　　　　　　　胡志強王明海臭建隼＊李善君

　　　隻旦大学高分子科学系和聚合物分子工程教育部重点亥雅室, 200433.中困上海

　　　　　　　　　　　　　　　　＊上海市合成村脂研究所

摘要

　　利用不同坑基取代的Cardo二肢分別ち4,4｀一気双郭栄二甲酸断（ODPA），3,.V,4,4｀一四駿基二輩甲胴二

肝（BTDA)｡3,3｀4,4｀一収栄四唆酸二肝（BPDA) 和均栄四甲酸二肝(PMDA) 反庇，制各得到了一系列

Cardo 聚醜亜肢。寞監結果表明，通辻在Cardo二肢上引入非共平面的焼基取代基能提高Cardo 聚酸亜肢在

有机溶m中的溶解性。実萱得到的大部分Cardo聚翫亜肢溶于同甲醗。U防，四気映哺（Tiff），N一甲基

叱略焼胴（NM））和N,N一二甲基乙醜肢（DMAc) 等有机溶剤.DiMAc中的特性粘度?ii国力O.31－O.92dl/g。

芙鍵司:Cardo;笏基聚醗亜肢;可溶性

1，引言

　　含有剛性主縫的全芳族或芳染坏聚酸亜肢具有高的熱稔定性和良好的机械性能,但是官

幻在酸亜肢化后'M常是不溶不熔，加工困堆;利用聚醗亜肢酸中同体路銭又存在加工辻程中

戸生揮友性小分子(如水）和儲存穏定性差等向題。力克服辿些向題，合成可溶性聚醗亜肢

引起了更多美注。

　　在聚醗亜叙川，聚酸肢口］，聚政肢醗亜肢[･*]和聚畦嚇等聚合物中引入Cardo基団能賦予

辿些聚合物特殊性能: （1 ）it昇的耐熟性: (2）仇昇的溶解性。因此，在聚m亜肢主縫上引

入Cardo基団是提高聚政亜肢溶解性和加工性能的有栽途径叫這是因力Cardo聚政亜肢含

有大的双輩基笏基側坏,所以能肪在保持高破璃化特交温度的同吋提高聚合物在有机溶剤中

的溶解性。　　　　　　　　　　　　　　　　　　｀

　づ在本研究中,我椚的目的是研究在Cardo二肢上引入不同的焼基取代基対Cardo 聚政亜

肢的溶解性和熟穏定性的影哨。基于部位焼基取代的Cardo二肢.如9,9｀一双（4一気基苓基）

笏，%9'一双(3－甲基－4一気基華基）笏和9,9｀一双（3. 5一二甲基－4一気基輩基）笏，和

不同二肝，如4.4｀一気双部華二甲酸酎（ODPA)，3,3＼4,4｀一四竣基二華甲胴二酎（ＢＴＤＡ），

3.3` .4.4"一朕茉四竣酸二酷（BPDA）和均輩四甲酸二酎（PMDA).的一系列聚m亜肢被合成。

辿些聚醗亜肢被使用GPC、ＴＧＡ、ＤＭＡ等方法表征。

2、亥胎部分

2｡1原料

　　9,9｀一双(4-気基華基)笏，9,9｀-双(3-甲基－4一気基華基)笏和9,9゛一双(3. 5一二

甲基－4一気基華基)笏:自制｡4，4｀一気双郭華二甲酸酎(ODPA)，均輩四甲酸二酎(PMDA):

上海市合成村脂研究所。3J｀,4,4｀一四按基二華甲胴二酎(BTDA)，3,:v,4,4｀一朕華四竣酸二l酎

　(BPDA):　日本宇部。

2.2聚醗亜肢合成

　　典型的合成路銭如下（閔1):在帯有気汽尋管，温度汁，冷凝管和撹挫漿的250ml四

口焼瓶中，等摩匁的二肢和二酎溶解在同甲酌中，反庇混合物加熟回流５小吋，高速撹挫下

倒入大量乙醇中況淀。商品辻濾，大量乙醇洗降，在真J- 燃箱中80で/2hr，200r/5hr干燥。
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2｡3測斌　　　　　　　　　　　　　　づ

　　特性粘度力25士0.1・Ｃ下，0.5％(w/v）聚合物DMAc,溶液使用島氏粘度汁測定。数均

分子量（Mil）和重均分子量（Ｍｗ）采用Waters2414 型凝肢惨透色遊侠測定。TGA用Perkin

－Elmer 7 SeriesThermal Analysissystem在干燥気気↓10・C/min升温速率下測定。DMA用

NetzschDMA242 測定。

3、結果与付迫

3｡1鶏槌合成　　　　　　　　　　　　　　　　……

　　可溶性聚酸亜肢在同甲酌中直接聚合得到｡因力這些聚醗亜肢比那些ilii聚m肢酸和熟

坏化的丙歩法得到的聚醗亜肢具有更高的聚合度和更好的溶解性巴聚醗亜肢Ia-Ic, Ila-IIc.

Illa-IIId使用一歩法制各，但聚酸亜肢Id,lid由于不溶于熟的同甲酌,使用丙歩法化学亜肢

化制各。得到的可溶性聚酸亜肢的特性粘度位園是0.31－0.92dl/g.数均分子量在19000 fij

52000 10]（兄表Do
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3｡2 溶解性

　　如表2所示，大部分由Cardo二肢和ＯＤＰＡ、ＢＴＤＡ、ＢＰＤＡ、ＰＭＤＡ制各得到的Cardo

聚酸亜肢在通常的有机溶剤，如同甲勣，気彷，四気映哺(THF)，N一甲基叱略焼醐(NMP)

和N，N一二甲基乙醗肢(DMAc).具有仇良的溶解性o in果表明，非共平面的焼基取代基的

引入能有哉提高Cardo 聚醗亜肢的溶解性。比如, BAFL(4Me)-PMDA 甚至能溶于燕的同甲

酌，気彷和NMP。

3｡3 熟和熟気化稔定性

　　力吋迫燕和熟気化稔定性，5％，10％和15％熟失重的温度利用ＴＧＡ在干燥気賎下測

･定;(表3)｡,所有得到的聚醗亜肢展示了良好的熟和熟気化穏定性. Cardo聚醗亜肢粉状祥品

的5％熟失重温度在430 T到544 °C之同。引入焼基取代基可能尋致熟穏定性下降.但熟失

重温度依然大于400 r。
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　　此外，使用Netzsch DMA242 測定的ODPA型Cardo聚酸亜肢的Tg偵在307 r到:^68'(

之向。這也表明Cardo聚酸亜肢具有良好的熟和熟気化穏定性。焼基引入数量的増加呼致

Tk的下降，原因需要道一歩研究。　　　　　　　　　　　　　　‥

ぐ説

　　利用Cafclo二■肢与ODPA、BTDA、BPDA、PMDA反庖制各得到了Cardo聚政皿肢、井通ii

GI:)c、TGA、DMA等退行了表征。通辻在Cardo二肢上引入㈲共平面的焼基取代基能在不降低

l熟性能的同吋提高Cardo型聚政亜肢在有机溶剤中的溶解性。
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