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Abstract

Alternate copoly(amide-imide) was synthesized from two aromatic diamines and trimellitic anhydride (TMA). When the diantime was
phenylenediaminent-PDA), the resulted poly(amide-imide) [P(A-alt-1)] was found to be of light colour. Specifically, wh&DA was
located between two amide groups in the P(A-alt-1) chain, the P(A-alt-1) was colourless. Using triphenyl phosphite (TPP) and pyridine as
condensing agents, a series of P(A-alt-1)s (sdiiescontainingm-PDA was synthesized through direct polycondensation of an aromatic
dicarboxylic acid [l ,) prepared froom-PDA and TMA, as well as various aromatic diamines. The isomeric series of P(A-alt-1)s (8&yies
was synthesized from diacid monomers that had been prepared from various diamines and TMA, asw&l/asThe colour (yellow) of
P(A-alt-I)s IV was lighter than that of the isomeric series of P(A-altil)s The 24 P(A-alt-)s (serieHl and seriedV) had inherent
viscosities ranging 1.01-1.88 dI'§ The tensile strengths, elongations to break and initial moduli of the films were 86—112 MPa, 6%—42%
and 1.74-2.81 GPa, respectively, and most of the films had yielding. Polymers ofISehiad glass transition temperatures 228293C,
which were higher than those of Seridis ranging 223C—-278C. The 10% weight loss temperatures in nitrogen of these two series were
similar in the range 47Z-56TC. © 1998 Elsevier Science Ltd. All rights reserved.

Keywords:Alternate copoly(amide-imide); Colourless

1. Introduction or diamine can produce P(A-alt-l) [7-9]. However,
resulting polymers have low inherent viscosities due to
Aromatic polyimides are polymers resistant to high tem- the above-described monomers’ moisture uptake.
perature and noted for their mechanical strength and excel- Our laboratory has developed a convenient method for
lent electrical insulating properties [1,2]. Polyimides are P(A-alt-1)s’ synthesis, and many kinds of alternate PAls can
difficult to process due to their high softening or melting be synthesized. The method involves using 2 mol TMA and
temperatures and their insoluble nature in most organic 1 mol diamine to prepare an imide ring-preformed dicar-
solvents. To overcome this drawback, various copolymers boxylic acid, which is then reacted with another aromatic
have been developed and reported, among them beingdiamine to prepare P(A-alt-1)s. The direct polycondensation
poly(amide-imide) [P(A-alt-1)] [3,4], whose amide groups utilizes triphenyl phosphite and pyridine as condensing
can improve the solubilities. P(A-alt-1)s can be synthesized agents in the presence of CaGir LiCl in N-methyl-2-
from various monomers containing anhydride, carboxylic pyrrolidone [10—-12]. In general, the study [3—9] of new
acid or aromatic amino groups by polycondensation [5,6]. polyimides or P(A-alt-) syntheses using various diamines
To synthesize P(A-alt-)s, one can usually use dicarboxylic has been carried out to improve polymers’ processability,
acid, dianhydride, diamine, aminoacid or anhydride-acid, mechanical strength, crystallinity and high temperature
among which trimellitic anhydride (TMA) is an aromatic resistance, but the colouration of polymers has been inves-
anhydride commercially available. TMA and diisocyanate tigated less often [13]. Among the conventional diamines,
such ag-phenylenediaminen-phenylenediaminen¢ PDA),
4,4'-oxydianiline, 4,4-methylenedianiline, 4,4thiodiani-
* Corresponding author. line, etc. mPDA can give colourless polymers. Because of

0032-3861/98/%$ - see front matt€r 1998 Elsevier Science Ltd. All rights reserved.
PIl S0032-3861(98)00314-0



1026 C.-P. Yang, R.-S. Chen/Polymer 40 (1999) 1025-1034

o o] o
-2H
HoN-Ar—NH, + 2 Hooc @ o 20 Hooc ‘©::>N_ Ar_N<::©—COOH
o)

O O

la~1 lla~

™A
o) o
HooC COOH
N©N +  HoN—Ar—NH,
o o
Il

la~1

TPP/Py ? i i g
C —N—Ar—
R @;&N@fr/\:@r Eotnet);
(0] ©)

lla~1

o o
NH
HzN@— 2+ Hooc<©:>N_Ar_N<‘;©—COOH
o} o

Ib Ha~1

TPP/P ( H e 5 )i ? )

yl N J—

NMP @N C‘@N“AF—N@C n
o) o)

IVa~I

A= (@) @_(h)—© © —@ C) _@o@
O " OO -OO-
VOO0 " OO
P OO0

Scheme 1. Procedure of alternate poly(amide-imide) synthesis.

m-PDAs larger amino grou’N NMR chemical shifts &) 2. Experimental

[13], its polymers have a lighter colour. Being commercially

available and cheapmPDA was chosen to investigate 2.1. Materials

P(A-alt-1)’s colouration in this study. Whem-PDA and

TMA are used as main ingredients, alternate PAI can be Aromatic diaminesp-Phenylenediamind § from Wako)
synthesized with another diamine by the method describedand m-phenylenediaminel ; from TCI) were vacuum-dis-
earlier. The resultant polymers have some characteristics:tilled before use. All other diamines such as 2,4-tolylenedia-
colourless [aromatic P(A-alt-1)s or polyimides are yellow], mine ( from TCI), 4,4-oxydianiline ( 4; from TCI), 3,4-
good solubility, mechanical properties, and thermal beha- oxydianiline (; from Teijin Ltd, Tokyo), 4,4-methylenedia-
viour. In this study, two series of P(A-alt-1)s containing niline (I, from TCl), 4,4-thiodianiline (4 from TCI), 4,4-
phenylene groups were synthesized and their properties of(1,4-phenylenedioxy) dianilind {; from TCI) were used as
polymers characterized. received. The diamines 4:41,3-phenylenedioxy) dianiline
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Table 1
Synthesis of poly(amide-imide)s
Amount of reagents uséd
Polyme? Amount of each NMP (ml) Additional CaCl, (9) Py (ml) TPP (ml) e (dl g™
monome (mmol) NMP (ml)

I 5 1.25 9.0 3.0 0.70 2.0 0.8 0.57
1y 15 7.0 0 0.45 1.5 0.9 1.09
1 ¢ 15 7.0 0 0.46 1.5 1.0 1.19
LI 15 7.5 0 0.45 1.5 0.9 1.36
1 e 1.0 45 0 0.30 1.0 0.6 1.35
1 ¢ 15 7.0 0 0.45 1.5 0.9 1.02
I g 15 5.0 0 0.30 1.0 0.6 1.07
LIS 15 7.5 2.0 0.46 15 0.9 1.39
1 15 7.5 0 0.45 1.5 0.9 1.71
' 1.0 5.0 15 0.30 1.0 0.6 1.64
1 1.0 5.0 1.0 0.30 1.0 0.6 1.14
(11 1.0 4.5 15 0.30 1.0 0.6 1.42
IV, 1.07 6.0 0 0.50 1.2 0.6 0.87
IV " 1.50 7.0 0 0.45 15 0.9 1.09
V. 1.29 6.0 0 0.30 15 0.9 1.44
IV 4 1.33 6.0 0 0.45 1.2 0.9 1.54
IV 1.14 5.0 2.5 0.30 1.2 0.7 1.88
IV ¢ 1.14 5.0 1.5 0.38 1.2 0.7 1.72
IV 4 1.06 4.5 0 0.30 1.0 0.6 1.25
IV, 1.05 5.0 15 0.40 1.0 0.6 1.69
IV 1.54 7.5 1.5 0.45 15 1.0 1.01
\ 1.18 5.0 1.5 0.32 1.2 0.7 1.39
IV 1.00 5.0 0 0.30 1.0 0.6 1.37
[\ 1.25 6.0 15 0.38 1.2 0.8 1.27

2 All polymers were soluble throughout the reaction, besitlgs

11l , andIV ,, are the same.

¢ Polymerization was carried out at T@for 3 h.

9 Measured at 3T on a concentration of 0.5 gdlin DMAc + 5% LiCl.

¢ Measured at 3T in conc. HSO,.
(1), 4,4-[isopropylidenebis(1,4-phenyleneoxy)]dime (120 mmol, 23.049g) and mphenylenediamine I{)

(1)) and 4,4-[sulfonylbis(1,4-phenyleneoxy)]dianilinel §

(60 mmol, 6.48 g) was dissolved in 120 ml of dry DMAc

were obtained from Chriskev Corp. and used without further and stirred till the solution was clear. Toluene (20 ml) was
purification. According to a reported method [14], 2,2-bis[4- then added, and the mixture was heated tdCAtil water

(4-aminophenoxy)phenyl] hexafluoropropahg (vere pre-

(about 2.1 ml) was distilled off. Heating was continued to

pared by the nucleophilic substitution reaction of the corre- distill off the residual toluene. After cooling, the precipitate

sponding bisphenol precursors am¢hloronitrobenzene in

of Il , was isolated by filtration and recrystallization from

the presence of potassium carbonate, and subsequent redudN,N-dimethylformamide (DMF), and was dried to give

tion of the dinitro compound. Trimellitic anhydride (from

Wako) and triphenyl phosphite (from TCI) were used with-

out further purification. Commercially available calcium
chloride (CaC}) was dried under vacuum at 1%D for

6 h. N-methyl-2-pyrrolidone (NMP, from Fluka)N,N-
dimethylformamide (DMF, from Fluka), and pyridine (Py,
from Wako) were purified by distillation under reduced
pressure over calcium hydride and stored over; 4nble-
cular sieves.

2.2. Synthesis of diimide-dicarboxylic acids
In our laboratorys previous reports [15-19], diimide-

dicarboxylic acids were synthesized from TMA with
various aromatic diamines as follows: a mixture of TMA

29.3g of Il (yield: 99%). Other diimide-dicarboxylic
acids were synthesized similarly.

2.3. Synthesis of poly(amide-imide)s

As an example of polymefll ., a mixture of 0.183 g
(3.5mmol) of 2,4-tolylenediamine 14, 0.684¢g
(1.5 mmol) of diimide-diacidl ,, 0.46 g of calcium chlor-
ide, 1.5 ml of pyridine, 1.0 ml of triphenyl phosphite and
7.0 ml of NMP was heated while being stirred at 400
for 3 h. At the end of the reaction, the polymer solution
was trickled into stirred methanol, giving rise to a stringy
precipitate, which was washed thoroughly with hot water
and methanol, collected by filtration and dried. The pro-
duct obtained was 0.86g (yield: 99%). The inherent
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Table 2
Elemental analysis of poly(amide-imide)s

Elemental analysfs(%)

Polymer Formula (mol. weight) C H N Moisture uptdk@s)
" 5 (C30H16N4O6)n Calcd 68.18 3.05 10.60
(528.48), Found 64.46 3.68 9.27 5.46
Corrected 67.98 3.48 9.78
1" (C3H16N406) Calcd 68.18 3.05 10.60
(528.48), Found 64.13 3.65 9.11 5.94
Corrected 67.94 3.43 9.65
" (C31H1eN4O0¢) Calcd 68.63 3.34 10.33
(542.51), Found 65.29 3.81 9.15 4.87
Corrected 68.47 3.62 9.60
I 4 (C3gH20N407) Calcd 69.68 3.25 9.03
(620.58), Found 67.01 3.62 8.20 3.83
Corrected 69.58 3.48 8.51
¢ (C3H20N407) Calcd 69.68 3.25 9.03
(620.58), Found 67.25 3.58 8.32 3.49
Corrected 69.60 3.46 8.61
I ¢ (C37H 22N4OG)n Calcd 71.84 3.58 9.06
(618.60), Found 68.85 3.88 8.15 4.16
Corrected 71.71 3.72 8.49
I g (C36H 20N 406S)n Calcd 67.92 3.17 8.80
(636.64), Found 65.43 3.55 7.93 3.67
Corrected 67.83 3.42 8.22
" (CaH 24N 4O0g) Calcd 70.78 3.39 7.86
(712.67), Found 68.42 3.72 7.32 3.33
Corrected 70.70 3.60 7.56
1 (C4H 24N 4O0g) Calcd 70.78 3.39 7.86
(712.67), Found 68.40 3.68 7.22 3.36
Corrected 70.70 3.56 7.46
Il (Cs1H3aN4Og)n Calcd 73.73 4.12 6.74
(830.85), Found 71.75 4.31 6.32 2.69
Corrected 73.68 4.19 6.49
" (Cs1H 26N 40gF¢) Calcd 65.25 3.01 5.97
(938.80), Found 63.51 3.31 5.53 2.67
Corrected 65.21 3.22 5.68
1 (C43H 28N40108)n Calcd 67.60 3.31 6.57
(852.83), Found 65.72 3.59 6.13 2.78
Corrected 67.55 3.49 6.30
IV 5 (C3gH16N406) Calcd 68.18 3.05 10.60
(528.48), Found 64.98 3.52 9.71 4.69
Corrected 68.03 3.35 10.17
IV (Cg(]H 16N 406) n Calcd 68.18 3.05 10.60
(528.48), Found 64.13 3.65 9.11 5.94
Corrected 67.94 3.43 9.65
IV (C31H1gN4Og) Calcd 68.63 3.34 10.33
(542.51), Found 65.47 3.78 9.60 4.60
Corrected 68.48 3.61 10.04
IV 4 (C3eH20N407) Calcd 69.68 3.25 9.03
(620.58), Found 66.93 3.68 8.56 3.95
Corrected 69.57 3.53 8.90
Ve (C3eH20N407) Calcd 69.68 3.25 9.03
(620.58), Found 67.12 3.61 8.41 3.67
Corrected 69.58 3.48 8.72
IV ¢ (C3H 2N 40¢) Calcd 71.84 3.58 9.06
(618.60), Found 69.00 3.91 8.45 3.95
Corrected 71.73 3.76 8.78
Vg (C3eH 20N 406S5), Calcd 67.92 3.17 8.80
(636.64), Found 65.26 3.60 8.08 3.92
Corrected 67.82 3.46 8.40
IV h (C4H 24N 4O0g) Calcd 70.78 3.39 7.86
(712.67), Found 68.18 3.68 7.53 3.67

Corrected 70.68 3.54 7.81
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Table 2 ¢ontinued

Elemental analysfs(%)

Polymer Formula (mol. weight) C H N Moisture uptdk@so)
IV (C42H24N408)n Calcd 70.78 3.39 7.86
(712.67), Found 68.91 3.62 7.56 2.64
Corrected 70.73 3.52 7.76
IV (Cs1H 34N 40g) 1, Calcd 73.73 412 6.74
(830.85), Found 71.16 4.37 6.45 3.49
Corrected 73.64 4.22 6.68
IV (Cs1H 26N ,06F¢) Calcd 65.25 3.01 5.97
(938.80), Found 62.90 4.12 5.57 3.60
Corrected 65.16 3.97 5.77
IV, (CgH 26N 4016S)n Calcd 67.60 3.31 6.57
(852.83), Found 65.54 3.59 6.35 3.05
Corrected 67.54 3.48 6.54

@ For C and N: corrected value found valuex (100%+ moisture uptake %). For H: corrected vaksefound valuex (100%— moisture uptake %).
® Moisture uptake (%)= [(W — Wo)/Wo] X 100%;W = weight of polymer sample after standing at room temperature\¥ne weight of polymer sample
after dried in vacuum at 12@Q for 10 h.

viscosity of the polymer solution was 1.19 di'gat 30°C, 3. Measurements
measured at a concentration of 0.5 g'dh N,N-dimethyl-
acetamide (DMAc) containing 5 %wt LiCl. Other poly- Elemental analyses were carried out a perkin-elmer
(amide-imide)slll ., and IV o, were synthesized in a model 2400 C,H,N analyser. Inherent viscosities of all poly-
similar manner. mers were determined at 0.5 g diconcentration using a
Table 3
Solubility of poly(amide-imide)3
Solven?
Polymef DMAc DMAc NMP DMF DMSO m-Cresol Py THF Conc.
+5% LiCl H,SO,
I, - + + - - - - - +
11 + + + - + + +h - +
I . + + + + +h +h + - +
I g + + + + + + + - +
([T + + + + + + + - +
I + + + + - + + - +
n 4 + + + - + + + - +
I, + + + + +h + + - +
I + + + + + + + - +
1 + + + + + + + - +
I + + + + + + + + +
I + + + + + + + - +
IV, - - - - - - - +
IV + + + - + + +h - +
IV, + + + + + + + - +
Vg4 + + + - - + + - +
IV e + + + + + + + - +
IV ¢ + + + + + + + - +
IV + + + - + + + - +
IV, + + + + +h + - - +
IV, + + + - +h - - - +
IV + + + + +h + + - +
IV + + + + + + + + +
IV, + + + + +h + + -
@ Solubility: + , soluble; + h, soluble on heating;* , partially or swelling; — , insoluble at room temperature.

® DMAc, N,N’-dimethylacetamide; DMRY,N-dimethylforarmide; NMPN-methyl-2-pyrrolidone; DMSO, dimethylsulfoxide; Py, pyridine; THF, tetradro-
furan.
© All of polymers are insoluble in dioxane, CH& Ixylene, acetone and MeOH.
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Cannon—Fenske viscometer. Solubilities were determinedTable 4
at 1% (w/w) concentration. Colouration of all polymers Colour data of poly(amide-imide) films
was determined py Macbeth Colour-eye. Measurements Calculated dafa

were performed with films about 0.05 mm thick, observa-

tional angle was 19 illuminant was CIE-D, and colour ~ €°d¢ DB DA DL
difference equation used was CIE LAB. Differential scan- paper -9.77 0.92 92.67
ning calorimetry (DSC) analyses were performed on a Sinku Kapton 62.88 10.98 76.23

Riko DSC-7000 differential scanning calorimeter coupled ':: a 20.63 o1 56.07
to a Sinku Riko TA-7000 thermal analysis controller in b ' o '

i ; ! ) n . 49.76 -9.99 86.53
flowmg. mltrogen (30cmmin™) at a heating rate of ) 73.59 —10.07 78.33
20°C min™". The samples were heated to 400 then n . 71.98 —4.10 83.64
guenched from the elevated temperature to room tempera-ll 1 61.75 —6.33 83.43
ture in air to yield more amorphous samples so fhgof I 96.92 0 8848
n 68.43 —8.96 85.87
polymers could be easily detected in the second heatlng 63.72 552 8211
Thermogravimetry (TG) was done on a rigaku thermoflex ||| 54.98 _12.94 88.94
TG 8110 coupled to a Rigaku TAS-100. Measurements I K 56.09 —10.48 86.60
were performed with 18- 2 mg samples in flowing nitro- Il 45.49 —12.87 88.54
gen (50 cmimin™Y at a heating rate of 2C min~%. An v
instron universal tester model 1130 with a load cell 5 kg ° 3983 816 86,97
was used to study the stress—strain behaviour of the sample,\, 40.61 _8.02 86.66
A gauge of 2 cm and a strain rate of 5 cm mimwere used IV g 4451 —6.86 82.23
for this study. Measurements were performed at room tem- 1V 40.74 —9.45 86.02
perature with film specimens (0.5 cm wide, 6 cm long, and 'V ikt —7.53 84.29
about 0.05 mm thick), and the average of at least five Vg 36.16 —8.38 87.42
AN L) IV, 47.69 -6.71 84.04
individual determinations was reported. v, 36.87 _0.14 73.98
IV 28.94 -7.86 86.91
IV 36.20 -8.74 86.73
4. Results and discussion Vi 38.90 -7 8532
@ Standard, Paper; Calculation Eq., CIE LAB. DB values tend to
4.1. Polymer synthesis yellow, ‘~" tend to blue; DA values+' tend to red, -’ tend to green;

DL values from 100 to O mean white to black.

A diimide-diacid was prepared fromm-phenylene-
diamine m-PDA) and trimellitic anhydride (TMA), and  proposed structures, but the hydrogen values were higher.
then was directly polycondensated with various aromatic This could result from the hygroscopic nature of the
diamines to synthesize alternate poly(amide-imide)s [P(A- samples, something attributed to the amide groups of poly-
alt-1)s] lll . Another series of isomeric P(A-alt-1)¥ was mers. The amounts of absorbed water for the two series
synthesized fromm-PDA with various diimide-diacids, polymers were in the range of 2.64%—5.94%. The moisture
which were prepared from TMA with various aromatic uptake was calculated from the weight loss of the polymer
diamines, as shown in Scheme 1. Direct polycondensationsamples at 12@« under vacuum after they were exposed to
was performed using triphenyl phosphite and pyridine as the air at room temperature for 5 min. The corrected values
condensing agents. The reaction conditions were shown inwere in agreement with the calculated ones after deducting
Table 1. In high monomers concentration, the reaction solu- the amount of moisture uptake.
tions were homogeneously transparent in the presence of
CaCl, in NMP. The viscosity of some reaction solutions 4.2. Solubility
increased after about 1 h, and an additional volume of
NMP was added to the reaction mixture to reduce the The solubility of these two series polymetf (and1V)
viscosity of polymer solution for smooth stirring. The series was tested qualitatively in various solvents. The results
of P(A-alt-I)s Il had inherent viscosities of up to were shown in Table 3. The polymers of the two series
1.71dlg! and 1.88dlg* for series of P(A-alt-I)slV. containingm-phenylene structure exhibited excellent solu-
Due to the rigid structure op-phenylene unit/ll ; and bility in polar amide solvents andn-cresol. Due to the
IV o were insoluble in the solvent and had low inherent rigid structure ofp-phenylene moiety, the solubility off ,
viscosities. Except fotll , and IV ,, all of the polymers andlV , was limited. The solubility in amide solvents was in
had inherent viscosities above 1.0 ditgThe results of ele-  the order of NMP> DMAc > DMF. DMSO was similar to
mental analyses of the two series polymers were listed in DMF. Polymerslll ,_, and isomeridV ,_, had similar solu-
Table 2. In all cases, the observed values of carbon andbility in the amide solvents, but were insoluble in general
nitrogen were lower than the calculated ones for the organic solvents such as xylene, dioxane, CkGind
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acetone. In THF, onlyl  andlV  with fluorine atoms were  the colouration of polymers was caused by A and B

soluble. segments:
A B
4.3. Colouration " : o T o _: H o o
. . i <©f'>N'Ar1‘—N TN=Ar=N-C N——
Colouration of all polymers was determined by Macbeth | ! | l
Colour-eye, and CIE LAB colour system was applied. The L _ _ _ R o

results were shown in Table 4. These parameters are

generally used by the industry to describe the colour, The Ar, in the B segment affected the colouration more
colour intensity, and colour difference. In Table 4, DL strongly than Ai in the A segment. The weaker the elec-
is lightness. The colour is quantitatively described by tron-donating nature of a diamine in the B segment is, the
parameters DA and DB. For instances, a red sample has dighter coloured the polymer is. From the data, the polymers
positive DA, and a green sample possesses a negative DAof serieslV containingm-phenylene moiety between two
value. Similarly, positive DB means yellow colour, while amide groups have lighter colour than the isom#ricseries
negative DB implies blue colour. For colourless film, the containingm-phenylene between two imide groups, and it
values of DA and DB are 0 and the value of DL is 100. The corresponds with the above result. To reduce colour, not
item Paper refereed to in Table 4 was the result of white only do the polymers need a high percentage ofntighe-
paper that was used as a standard. When polymer films werenylene group but thenrphenylene group has to be located
tested, a white paper was placed behind the films as abetween two amide groups in P(A-alt-I).

ground. The popular polymer, Kapton, was also tested and

it had a little red and much yellow. The differences of DA 4.4. Mechanical properties

(values are small) and DL (affected with thickness and sur-

face of film) between the two series polymers were small, Except forlll , IV ;andlV ;, transparent and tough films
but the values of DB (colouration of yellow) were large. The could be cast from the DMAc solutions of all the poly-
DB changed according to the type of polymer as follows, (amide-imide)s. The tensile properties were summarized
Hg>U g > IV > IV, andIV, > IV, With in Table 5. Some polymers of tHd series, in which the
increasing percentage of tha&phenylene group in the linkages (-Ar-) of second diamines had more phenyl-ether
polymer, the colour of films became light. It was clearer chains, such adll ,_, exhibited yield points and had
in serieslll , where high percentage polymdis . were strengths of 90—117 MPa. The films of serikshad tensile
lighter coloured than others. From DB of the two series, strengths of 87—112 MPa, elongations to break of 6%—39%,
polymers of seriel were larger than those of the isomeric and initial moduli of 1.74—-2.81 GPa. The films of seri¥s

IV series, as shown in Fig. 1. The differences were in the had yield strengths of 92—-103 MPa, tensile strengths of 86—
range of 20—-30 DB, but were reduced when the second105 MPa, elongations to break of 7%—42%, and initial
diamines werd ;). From the above results, we found that moduli of 2.31-2.60 GPa. Most of tHd series films had
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Table 5
Tensile properties of poly(amide-imide) filths

C.-P. Yang, R.-S. Chen/Polymer 40 (1999) 1025-1034

Codé Yield strength Tensile strength Elongation at Tensile modulus
(MPa) (MPa) break (%) (GPa)
I 5 — — — —
(11 — 110 8 1.74
I ¢ — 112 9 281
(11 — 87 6 1.77
I e — 99 13 1.77
I — 103 7 2.16
I 4 — 110 7 243
(11 106 103 12 2.71
I 117 109 14 2.58
I 97 96 39 1.98
(113 90 88 11 191
(11 96 89 15 2.34
IV, — — — —
AV — 110 8 1.74
V¢ 98 91 9 2.48
IV 4 100 95 42 2.48
IV e 97 86 37 231
IV ¢ 96 93 20 2.60
Vg — 105 7 2.54
IV, 92 91 12 2.39
v — — — —
IV 103 101 35 2.36
IV — 97 7 2.60
I\ 96 90 29 2.60

2 Films were cast from polymer solutions of DMAC.
® Films of polymerslll , andIV , could not obtained.
°Ill , andlV , are the same.

4 Film was brittle.

higher tensile strengths, and most of thé series films
exhibited yielding. Elongations to break and initial moduli
of the IV series films were also higher than those of lihe
series films, and thdV series films were stronger and
tougher than théll series films. Except foll 5 and IV ,,
Seriedll andlV polymers had good mechanical properties.
Especially,Ill j and IV 4¢; had yield points, high tensile
strengths, long elongations to break and high initial moduli.

4.5. Thermal properties

The thermal behaviour data of all polymers were listed in
Table 6. Due to the symmetry and stiffnesspgbhenylene
moiety, transitions were not observed for polymkksg and
IV o Il oogandlV ,_g which had shorter linkages (-Ar-) of
second diamines than thoseldf,_, and1V _, containing
more phenyl-ether chains, showed higligrvalues.ll | and
IV, containing the -S@ group, which had higher polarity
and increased the intermolecular forces, exhibited higger
values. Except folV ¢, series of polymertv/ exhibited the
same or highefthan did the isomeritl series. Thd& s of
serieslll were in the range of 223278C, and seriesV
were higher s of 228C—-293C. This may be due to the
effect of the chain rotation of polymers.

The 10% decomposition temperaturel; {9 Of two

series polymers were recorded in the range of°@#2
561°C in nitrogen. The TGA curves for two series polymers
indicated that all of the polymers did not significantly lose
weight below 45€C in nitrogen and the air atmosphere.
Most of the polymers decomposed faster in the air, so
Tg1048 Were lower in the 472-574C range.lll , and
IV . containing the p-phenylene structure had higher
Ta1008 than other polymers, and polymers containing,

as second diamines also had higligigs. This may be due

to the fact that the long chain will bring polymers closer. In
addition, the polymers with fluorine atoms were heat-resis-
tant. The char yields of polymers at 8@in nitrogen were

as high as 58%, indicating good thermal stability. Because
the degree of polymerization ¢¥ , was low, its char yield
andTg109iNn the air were affected. From the data, the poly-
mers with more phenyl-ether chains had no effect on the
resistance of heating, but the polymers with short linkages
(-Ar-) (Il e and IV ) had worse thermal stability than
others.

5. Conclusion

Most polymers of aromatic polyimide or polyamide-
imide [P(A-alt-1)] are coloured (dark colour). When alternate
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Table 6
Thermal behaviour data of poly(amide-imide)s
TG

DSC Decomposition temperatir¢C) Char
Code T3 (°C) In air In nitrogen Yield (%)
11N — 574 560 64
1y 278 472 472 62
1IN 277 477 480 63
1 g 254 488 495 66
I 270 511 550 66
1 ¢ 251 507 506 67
I 242 496 505 63
1y 244 537 535 64
(11 223 516 509 63
I 225 522 525 66
(1138 229 537 545 60
1 256 524 536 60
IV, — 527 553 51
IV 4 278 472 472 62
V¢ 293 490 480 60
\" 277 500 504 64
Ve 258 492 492 63
IV ¢ 262 513 508 67
IV 4 253 484 498 67
IV 247 536 550 63
\A 254 522 561 60
\ 245 516 515 67
IV 228 506 540 58
IV, 261 513 528 61

3 From the second heating traces of DSC measurements conducted with a heating ra@mi26 in nitrogen.
P Temperatures at which 10% weight loss was recorded by TG at heating rateCofr@® .

¢ Char yield in TGA at 808C under nitrogen atmosphere.

411 , andIV ,, are the same.
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