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Abstract : Tetracarboxylic dianhydride monomers containing preformed bisamide (bisamide) were sy-
nthesized from two diamines and rosin-maleic anhydride adduct (RMA) made from rosin and maleic
anhydride. The polyamideimides have been obtained by the polycondensation reaction of the bisa-
mide with various aromatic diamines catalyzed by triphenylphosphite in NMP solvent. The effect
of copolymerization by means of varing two diamines in polymer unit on their characteristics was
examined. The polymers were characterized by infrared, elemental analysis, x-ray diffractometry and
inherent viscosity measurement. The viscosity of polymers ranges from 0.23 to 0.55dl/g : higher vis-
cosity was obtained from the homopolymers prepared by using only one kind of diamine such as 4,4'-
diaminodiphenylether ( 77 of polymer, 0.55 dl/g) or 4,4'-diaminodiphenylmethane (7w of polymer,

0.53dl/g). The results of thermal analysis showed that the polymers had good thermal stability with
the initial decomposition temperature ranging from 335 to 355C. Isothermal ageing data also indicated
that the polyamideimides were stable at 200C since no weight loss occurs even after 72hr heating

in air.
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Fig. 1. IR spectra of RMA, RMA —CI and bisamide I.

188

#y7]

1,4— 684 92ld, DMAc 2 NMPE AH&-3 d3}
Table 19149} Zo] A& AH23 A 713 £
FEE Ueol HHe wte gz Hdesigc),

H| Lol E A = HA] AL, IREA 2 Y94F
Moz g3tk BA-I, BA-II8 Z3Agte
25 117+ 0.3mg KOH/g (©]24+3k 116.7) ol th.
Fig. 19] IRZHEH MR 1550cm™ 9} 3200~3400
cm'ol A olu]=e] > N—Ho| 7|918h= Bjo|ast,
1667cm ol A] ofn|=9] =C=09 7]91sh= A
olaz} z4z el o, 1775cm?9b 1844cmoll A
HFE EA Yo AYE BEs) Yehd Aoz 9
Ao FAE gt

o
C

HOO CHy

ZANWA

+ H,N-R-NH,

cioc”  Th, Diamine
0, 0
Ne c’
< O (T [
C 7
A0 O %
CONH-R-HNOC
Bisamide
= —CH(CH
R ( 33? Abb, R MW,
R,=Aromatic Unit
BA—1 [©H20 962
BA—1 {5 0~O)| 964

Scheme 1. Synthesis of bisamide via RMA—Cl.

Table 1. Yield of Bisamide [ According to Reaction
Solvents

Solvent Yield( %)
Dioxane 65
Pyridine 82
DMAC 69
NMP 73
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Fig. 2. Effect of catalyst concentration on the yield

and the inherent viscosity of polyamideimides obtai-

ned from bisamide I and MDA.

Table 2. Yield and Physical Properties of Polyamideimides Obtained from Bisamide 1 and Diamines

Polyamideimides Yield Properties
- .
Abbreviation R (%) Color ?;}2?3 (Eln;g)
PAI-1 ~Orem <O 8  brown 1.20 0.53
PAI-2 ~Oro<Or- 78 brown 1.21 0.43
/CHs
PAI-3 -@M:_/— 78 brown 1.24 0.40
CH,
PAI—4 @[ 75 brown 1,20 0.28
PAI-5 ~Cs0.~0Or 8  brown 1.24 0.24

*measured in NMP at 30C (C=0.5g/100ml of solvent).
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Table 3. Yield and Physical Properties of Polyamideimides Obtained from Bisamide II and Diamines

Polyamideimides . Properties
Yield Densit —
. " 9% ensity inh
Abbreviation R (%) Color (g/em’) (dlfg)

PAI—6

Q

CHZ—©— 87 brown 1.21 0.44
PAI—7 o0~ 76 brown 1.23 0.55

H,C CH;,
PAI-8 75 brown 1.24 0.42

PAI—9 o 8  brown 1.21 0.37
s0,<0)- 48 brown 1.24 0.23

*measured in NMP at 30C (C=0.5g/100ml of solvent)

©

0

PAI-10
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Fig. 4. IR spectra of polyamideimides obtained from
bisamide I and diamines.

Table 4. Elemental Analysis Data of Polyamideimides
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Polyamideimides
Calc. Found Calc. Found Calc. Found Calc. Found
PAI—-1 79.00 78.11 747 6.82 498 4.67 - -
PAI—2 77.80 75.55 7.28 7.04 497 512 - -
PAI-3 7709 76.10 7.56 742 492 495 - -
PAI—4 7761 75.12 7.72 7.24 541 5.10 - -
PAI-5 76.62 73.81 6.98 6.48 4.77 497 2.73 2.69
PAI—-6 77.80 73.83 7.28 6.74 4.97 4.49 - -
PAI-7 76.60 73.89 7.09 6.87 4.96 4.52 - -
PAI-8 77.89 74.97 7.37 7.25 491 4.55 - -
PAI-9 76.57 74.25 743 7.32 533 5.18 - -
PAI-10 75.39 72.68 6.98 6.85 4.89 492 2.80 2.78
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Table 5. Solubility Characteristics of Polyamideimides

PAI | PAI-1 PAI-2 PAI-3 PAI-4 PAI-5 PAI-6 PAI-7 PAI-8 PAI-9 PAI-10

Solubility

parameter, 1009 1014 1041 1000 — 1014 1027 1049 1005 —
Solvent 5(cal/em®) 2
Carbon tetra-
chloride 8.55 _ _ _ — _ — _ _ _ _
THF 9.10 + + + - + + + - +
MEK 9.45 - - - - - - - - - -
Acetone 9.62 - - - - - - - - - -
1,4—Dioxane 10.13 - - - - - - - - -
m-Cresol 10.20 + + + + + + + + + +
DMAc 10.80 + 0+ o+ o+ o+ o+ o+ o+ o+ 4
NMP 11.00 + + + + + + + + + +
DMF 11.79 + + + + + + + + + +
DMSO 13.00 t + + + + + + + + *+
Acetic acid 13.01 - — - - - - - - - -

*THF : tetrahydrofuran

MEK : methylethylketone

DMACc | N, N -dimethylacetamide
*Solubility keys: + , soluble; *,

PAI—1

PAI—2

/

PAI—3

Intensity

PAI_4
PAI—5 \\\v
A L 1 1 A
5 15 25 35 45
20

Fig. 5. X-ray diffraction diagram of polyamideimides.

TGA, DTA R DSCE4S 3. Fig. 69l BA
-1 topgio g BE dojxl TFA, Fig. 7=

192

NMP : N -methylpyrrolidone

DMF : N, N -dimethylformamide

DMSO : dimethylsulfoxide
partially soluble or swelling; — ,

insoluble.

BA-II¢} Yotrloz BE 4% S8 TGA-
DTAZAS UelliQc), =3 TGAEMZHE HE
5] H|3}7) 98} Table 69l 4 A o] ezt
2% ME LERITE FASAT 10% 9 et
225 E EBI2=z Hd3isich  Table 79+
DTARHA A 17} B 2x9) 24 Falewd &
A8k,

Z+ 23A e ALY (2F 20ml/min) lefl A1 9]
271 A= 340T oo 2N HuE ¥
S YEEALS Bgon, FESA A3 ol
o] MDA, ODA % OTB¢! 77} TDA, SDAS! 7
SR WEEAo| Uk B3] OTBE AHEd 2
£ 800C ool M= HalE A Y= FEo] ok 20%
HEATH DTARA M9 12} Bl 259} 23 23
2= 42 TGAE A 93 10% FIFLLLE,
60% TFALLE) gAZ XL & = AN
t}, DSCEMZ Tgs Tme BE3A S &
it
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Fig. 6. TGA-DTA curves of polyamideimides obtai-
ned from bisamide I and diamines in N, gas.
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Fig. 7. TGA-DTA curves of polyamideimides obtai-
ned from bisamide I and diamines in N, gas.

Table 6. Weight Loss Temperature of Polyamideimides Observed by TGA Curves

Endo— AT — Exo

Weight Polyamideimides
(l(‘)yfs) PAI-1  PAI-2 PAI-3 PAI4 PAI5  PALI6 PAI-7 PAI-8 PAI9 PAI-10
10* 354 355 352 342 344 344 346 351 335 351
20 407 407 394 381 388 398 406 406 364 393
30 457 458 441 431 445 450 458 453 430 446
40 488 488 476 469 480 479 488 479 453 480
50 501 508 497 490 497 499 503 496 480 505
60 515 519 511 503 511 508 516 513 494 516
70 525 531 524 517 523 521 527 530 518 531
80 538 544 638 531 541 538 542 684 524 546
90 600 632 —* 567 573 656 644 - 552 575

100 - - - - - - - - - -

*Decomposition temperature.

**over 800C

Table 7. Maximum Exothermic Temperature of Polyamideimides Observed by DTA Curves

Maximum Polyamideimides

Exothermic

Temperature(C) PAI-1 PAI-2 PAI-3 PAI-4 PAI-5 PAI-6 PAI-7 PAI-8 PAI-9 PAI-10
1st 352 357 360 358 360 334 354 371 346 346
2nd 512 514 518 499 511 509 519 510 501 530

E2|0 A48 A23 19909 49
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Table 8. Isothermal Weight Retention in Air of Poly-
amideimides Obtained from Bisamide I and Diami-

nes

7

Table 9. Isothermal Weight Retention in Air of Poly-
amideimides Obtained from Bisamide II and Diami-
nes

% Weight Retention after
2 6 12 24 36 48 72(Hr)

PAI  Temp.(C)

% Weight Retention after
2 6 12 24 36 48 72(Hr)

PAI Temp.(C)

PAIl 250 98 96 95 93 88 87 82
300 86 83 75 74 72 69 63
350 56 43 33 25 17 — —
PAL2 250 97 95 93 90 85 82 77
300 89 8 77 75 74 71 66
350 57 48 35 29 21 — —
PAI-3 250 99 97 94 91 86 85 81
300 88 82 80 78 74 70 64
350 55 44 32 24 19 — —
PAI4 250 96 95 92 89 86 83 78
300 87 84 76 69 68 65 59
350 59 45 39 27 19 — —
PAL5 250 96 88 86 81 80 78 71
300 81 77 68 67 66 64 58
350 51 31 27 21 14 — ~—

PAI-6 250 96 94 92 88 81 80 74
300 87 83 73 69 67 65 60
350 55 43 31 26 19 — -
PAI-7 250 98 93 90 88 82 79 72
300 91 8 74 71 67 63 60
350 66 51 37 20 19 — -
PAI-8 250 99 94 92 87 85 84 79
300 92 87 79 74 69 67 62
350 67 54 34 27 20 — —
PAL9 250 97 94 90 87 84 79 70
300 92 89 74 69 68 62 59
350 66 56 37 31 22 — —
PAI-I0 250 94 81 77 73 65 64 62
300 71 68 59 58 54 50 46
350 47 38 29 19 13 — —

A7) 29 B7F SeGENAHE Table 8%
Table 99 YERIRTh 2t @AY WAEEe 7
7|2 AT} A2 YRS H|2olr| = [elA &
o)A 27} H)Aotu = oA oA FEA R
ok7k & ARE BJth 4 F8AE 3715 250T
o)A 72217 A Folx 2k 20~30%] FF HA
ohe B, 3] 2008 APAME A FFH
AE Holx ¢kt o] Az B A7 Feoln|
coln =yt E4%s N (2000) =9 F& W
A FHYAEE o] 828 F ASS FIEHh

24 =2
[—

2337 TYAFFESZHE RMAE s,
RMAS} tlolqlo 2 RE gaag] v 2o =g 3
A3 % o2 wEEriolnlzt ZFFAA Aj7HA]
Zejolnsoln|=g FAstd 1 AL AEY 2
I ey Ze ZES doth

1. ZukeA B Rer 189 1.589 FE
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ALE-Ete Ao A9 SgEr) A EdT

2. FEA 9 YAEE 0.23~0.55d1/g2) HAA
o, fopgle 2 MDA & ODATHS: AH&3 ¢
d A Y=t 22 0.53 di/g, 0.55 dl/ge-
2M F5EARY ok

3. FHAE FHEIAY F& ok st AHF
ZE 731 9en] DMF, m-cresol, NMP %
DMAcS 9] =3&Al 7t it

4. FEAY ZVEHeEE  AAFEY7AA
335~355C 9] MAZA vnH £ WISHS |
120 A=

5. F71FNA e T2HIHE A7 200C (72Hr)
ANxe A9 FaLATE glem 250C (72Hr) ol A
°F 20~30% 8= FHFFAI YEE.

S -}
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