DABHAN HWAHAX HWOEEE
&!md of the Korean Chemical Society)

ol. 8 1987
Printed in the Rodiblic of Korea

Bis (p-carbonylphenyl) diphenylsilane Ct9|#t gbRet
=Z|0ln|=-0[n| =o] B RS N WHIB B AP

SR - RWE" - PR
AR Ao shuts)
*FIA Y o Hu g 2w
woo ot Ad AR shets
(1987. 8. 6. AS)

Syntheses, Solubilities and Thermal Properties of Polyamide-imides
containing Bis(p-carbonylphenyl)diphenylsilane units

Un Sik Kim, Young Kiel Sung* and Koo Sik Yoon**!
Department of Chemistry, Busan National University, Busan 607, Korea
*Department of Chemistry, Dongguk University, Seoul 100, Korea
**Department of Chemistry, University of Ulsan, Ulsan 690, Korea
(Received Angust. 6, 1986)

8 ¢k Bis(p-chlorocarbonylphenyl) diphenylsilane (BCCDPS) 9} pyromellitic dianhydride(PMDA)
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ABSTRACT. Silicone-containing polyamide-imides were prepared from bis(p-chlorocarbonyl-
phenyl)diphenylsilane (BCCDPS), pyromellitic dianhydride(PMDA) and diamines. The thermal
characteristics of the above polymers had been carefully studied using a thermogravimetric analyzer,
The thermal stability of polymer was decreased with increasing contents of bis(p-carbonylphenyl)
diphenylsilane units(BCDPS). The effect of diamine on thermal stability of polymer led benzidine>
m-phenylenediamine >4, 4'-diaminodiphenyl ether>4, 4’ -diaminodiphenyl sulfone. The activation
energy of degradation of polymer obtained by Friedman method increased as the contents of BCDPS
in the polymer decreased. The degradation temperature of polymers generally increased as the
activation energy increased. The solubility of polymer increased as the content of BCDPS increased
except polymers prepared with benzidine.
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Table.1. Moles of monomer, vields, mole fraction of monomer in polymer, and reduced viscosity of polymer

containing PMDI units.

- Moles B o Yield oo™ Reduced
Polymer Diamine — b (%) BCDPS jn  Viscosity
iamine MDA BCCDPS polymer i/

MPDA I MPDA 21.70 27.70 0.00 97.2 0. 00 -
MPDA 11 13.87 10. 40 3.47 64.1 0.18 0.18
MPDA Il 13.88 6.94 6.94 47.1 0.39 0.24
MPDA IV 13.87 3. 47 10. 40 40.0 0.59 0.23
MPDA V 10. 80 0.00 10. 80 79.1 1.00 0-34
BZID 1 BZID 16. 30 16. 30 0. 00 99.6 0.00 0.38
BZID 11 9.23 6.92 2.31 81.¢ 0.17 (.23
BZID 111 9,22 4.61 4.61 59.3 0.45 0.18
BZID IV 9.23 2.31 6.92 42.7 0.58 0.20
BZID V 8.67 0.00 8.67 58.0 1.00 0.85
DADE I DADE 15. 00 15. 00 0. 00 98.7 0.00 0.38
DADE II 8.67 6. 50 2.17 76.4 0. 083 0.19
DADE Il 8.68 4.34 4.34 49.7 0.26 0.19
DADE 1V 8.66 2.16 6. 50 32.9 0.75 0.11
DADE V 8.67 0.00 8.67 67.6 1.60 0.32
DADS I DADS 18.30 18.30 0.00 96.5 0.00 0.16
DADS II . 8.67 6.50 2.17 77.5 0.23 .20
DADS I 8.68 4.34 4.3 38.3 0.46 0.17
DADS IV 8.23 2.31 6.92 21.2 0.61 0.21
DADS V 8.67 0.00 8.67 36.2 1.00 0.39
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Table. 2. Solubility of polymer containing PMDI units

Solvent
DMF DMSO

Polymer Pyric

NMP DMAc dine

MPDA I
MFDA 1I
MFDA III
MPDA 1V
MPDA V
BZID 1
BZID 11
BZID III
BZID 1V
BZID V
DADE I
DADE II
DADE III
DADE IV
DADE V
DADS I
DADS II
DADS III
DADS IV
DADS V

O ¢ Soluble

X

QOO0OXXOOXXX0OxXxxXxXX0O0X X

OCOOXXOQOUXXXQUOXXXXOUXXX
QOO XXxOOXXXOXxXXXO0OX XX
OQOXX TOXAXXUOX XX XOOX X X
OOOXXOQOOX X XX XXXOOX X X

X : Insoluble,

LB - A - FRE

~
S

Weight Jossi)
8

—=—-—30°C/min

————30°C/min
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5°C/min
=~ 2°C/min

1 L 1
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Temperature( °C)

i .
300 400

Fig.1. TG curves of polymer MPDA IV at various
heating rate under Np gas(50mi/min),
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NeNE HAaAEE ol £33l Fig e o
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TFeld Table. 4 o) Webd A}, Bruck® & F%
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Table 3. Rate of degradation at various stages of polymer MPDA IV

10% Degradation

15% Degradation

20% Degradation

Heating Rate - > —
° i em w Tem dw emp. 0
Comimy T o[-EE) S w-CHE@)] TS w[-(0F)

2 488 —1.393 518 —0.833 540 —(. 844

5 506 —0.525 536 0. 020 558 0.105

10 514 —0.010 547 0.673 570 0.787

20 525 0.713 561 1. 366 582 1.481

30 532 1. 046 569 1.696 592 1. 864
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Table 4. Activation energy of degradation of polymers
containing PMDI units at various stages of degrada-

tion

Activation Energy(K]/mal)
Polymer

10% 15% 20%
MPDA 1 300 280 320
MPDA II 320 380 390
MPDA III 310 320 420
MPDA 1V 290 280 310
MPDA V 290 430 4502

746

BZID 1 330 360 370
BZID II 370 380 410
BZID III 300 320 330
BZID 1V 280 340 440
BZID V 190 260 410
DADE 1 330 320 340
DADE 11 340 340 370
DADE III 320 370 410
DADE 1V 260 300 330
DADE V 1807 200 1N

2000 400* 500*
DADS 1 350 330 320
DADS II 360 340 380
DADS III 290 310 320
DADS IV 260 290 300
DADS V 270 270 290

° ; Heating rate is below 10°C/min. *; Heating
rate is above 20°C/min,

g}, AFF 24 dEAg & A A A
47 F-8e) 4 DADE I & < &4 53 2= Frie-
dman ¥ o2 AN T4 3o A 3L (330K]/
mol) & Bruck ¢} 1 FZe]A F&3k B1K]/moD)
3 & sort gk, Wk 2 AFdA FH
AFPgPoz A& BRG] 433 A
Ao Ackz 4 Ak 10% L8 WS
B4 3o 2 gk 2 L5 Aol o] JAIE Fig.3
o £A3AY @& SHAE B4 Fd A ge)
Zotsle P st Fotde AEE Yl e
g o] $}7+e AM4-L Kinjo §10] ¥ % A #s}
YA AL & F Ak F BHIgANWYAR
o] Zd ¥ AEF7 oHHAGE A
B Fid o)gte AL 4Bl A o]
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Fig.4, TG curves of polymer MPDA 1, MPDA 1I,
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Tabie 5. Percent weight losses of polymer containing
PMDI units at various temperatures under Ny gas
(heating rate 10°C/min)

Temp. (°C)
500 550 600
Polymer

MPDA I 1.5 2.4 4.4 12.3
MPDA Ii 2.3 4.0 8.5 20.0
MPDA II1 3.8 6.8 12.5 23.6
MPDA 1V 5.0 8.9 15.6 26.0
MPDA V 3.8 13.0 20.8 32.0
BZID 1 0.0 0.5 2.0 6.5
BZID 11 1.3 2.3 5.0 11.7
BZID III 2.3 4.1 8.6 18.0
BZID IV 3.3 6.0 12.3 20.3
BZID V 3.5 15.1 27.0 36.0
DADE I 0.0 0.1 1.8 15.0
DADE 11 1.7 3.0 6.1 16.5
DADE 111 2.4 4.8 9.2 20.8
DADE 1V 4.6 9.5 16.0 26.4
DADE V 7.0 13.5 20.0 28.2
PADS 1 1.0 2.7 8.5 27.5
DADS II 7.6 11.0 18.6 36.0
DADS HII 7.5 21.0 31.5 40.4
DADS IV 10.2 2.5 37. 4 43.3
DADS V 9.8 8.7 38.9 43.1
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Fig.5. Relation between mole fraction of BCDPS and
temperature at 10% degradation (O : MPDA, A :
BZID, X : DADE, (J: DADS, M : mole fraction

- (BCDPS) +1/2(DADS)
(PMDI] + [BCDPS) +1/2{DADS).
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(KBr pellet).
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Fig.8. TG curves of polymer MPDA I, BZID I,
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Table.6. Bond dissociatiZn energy (KJ/mol)
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