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e e i5A) (dlmethylphenoxy) BAETNE 2 Z3] =S A o] = (poly (hydroxyamide) s, PHAs) 9] &4
1 JAEAS DSC, TGA, FTIR, pyrolysis combustlon flow calorimeter (PCFC), X—ray diffractometer&
ARgsto] 2RIt FRAEY HulslEE 37 E9718kelA] 276~396 T2 W9E B3Itk PHAsS]
heat release (HR) capacity$} total heat release (total HR) ZH5-S MPEGS] #x}2F #7}01] w2t 7S
B3ick 290 Celld dAzle M—PHA 22| 7% d*]2] Alzkel webA HR capacity #F5-2 253 J/gKelA 42

J/gK=E 72381901, 60% % 7k 2= 408 CTolA 856 C= Z718kach PHASJ 23 @43} oux =
129.3~235.1 kJ/mol2] HLS Hol1, Adkgol we} 27151tk PHAsS 9% BE# A MPEGS] ARso|
7} Z7Vekel] wel Ask o, PBOi AgE Foll= 27] Radint 4§ Adssisith

Abstract : Physical properties and flammability of polyhydroxyamides (PHAs) having poly (ethylene—
glycol) methyl ether (MPEG) and/or dimethylphenoxy pendants were studied by using DSC, TGA, FTIR,
pyrolysis combustion flow calorimeter (PCFC), and X—ray diffractometer. The degradation temperatures
of the polymers were recorded in the ranges of 276~397 C in air. PCFC results showed that the heat
release (FHR) capacity and total heat release (total HR) values of the PHAs were increased with in—
creasing molecular weight of MPEG. In case of M—PHA 2 annealed at 290 T, the values of HR capacity
were siginificantly decreased from 253 to 42 J/gK, and 60% weight loss temperatures increased from
408 to 856 C with an annealing temperature. The activation energy for the decomposition reaction of
the PHAs showed in the range of 129.3~235.1 KJ/mol, which increased with increasing conversion.
Tensile modulus of PHAs were decreased as increasing chain of MPEG, and showed an increase more
than initial modulus after converted to PBOs.

Keywords : poly (hydroxyamide)s, poly (benzoxazole) s, thermal cyclization reaction, activation energy,
heat release rate.
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Figure 1. DSC thermograms of M—PHA 1 annealed for 1 hr.
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Table 1. Thermal Properties of the Polymers

in air

Polymers Tie” T Residue at

(0) () 900 C (%)
P—PHA 310 369 2.7
M—-PHA 1 255 299 2.5
M—-PHA 2 251 287 2.3
M—-PHA 3 250 281 1.5
M—-PHA 4 244 276 0.8
MP—-PHA 1 269 397 2.1
MP—-PHA 2 257 383 1.3
MP—PHA 3 254 360 1.1
MP—-PHA 4 250 355 0.7

5% weight loss temperature in TGA thermograms. ‘“Maximum
weight loss temperature in DTG thermograms .
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Figure 2. Thermal decomposition of P-PHA and M—PHA 2 in
air or in Ny atmosphere.
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Figure 3. TGA thermograms of M—PHA 2 annealed at 290 C.
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Figure 4. XRD patterns of M—PHA 2 annealed at 290 C.

Table 2. Flammability of the Polymers

Polymers HR Capacity J/gK)  Total HR (KJ/g)
P—PHA 53 6.3
M—-PHA 1 221 12.2
M—-PHA 2 253 13.2
M—-PHA 3 287 15.0
M—-PHA 4 328 15.8
MP—-PHA 1 146 8.2
MP—PHA 2 197 10
MP—-PHA 3 203 12.2
MP—-PHA 4 215 12.6
PE“ 1558 40.0
pPC? 382 19.0
Kevlar® 292 15.0
PEEK" 163 13.0
PI* 29 9.0

“The values of adopted from literature 9
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Figure 5. Heat release rate curves for the polymers, P—PHA,
M—-PHA 1, M—PHA 2, M—PHA 3, and M—PHA 4.

Table 3. Flammability and Thermal Properties of M-PHA 2
Annealed at 290 C

Annealing HR Capacity’ Total HR® 7ie! 7soe Residue at

time (hr) (J/gK) KJ/g) (T () 900 T(%)
0 253 13.9 340 408 27
2 205 9.2 364 655 29
4 160 8.9 382 709 37
6 125 8.0 391 757 43
8 71 3.8 406 795 52
10 42 2.2 427 856 58

“PCFC results. 5% weight loss temperature in TGA thermograms .
‘60% weight loss temperature in TGA thermograms .
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Figure 6. TGA thermograms of MP—PHA 2 at different heating
rate.
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og B 0.4567 =7 (D
7T A=
A %2 (min Y
R: 71A41747(8.314 J/mol-K)
E 343} oA (kJ/mol)
B e2E = (dT/dD
71&7=
R
E=-71&7 2
171 51567 @

Table 4014 F8A] W FE3AE] Fall B3} oA+ 2
Z+o] AHghgol] wit 129.3~346.3 kJ/mol W] ke zh=
= AS & 4 9tk P-PHAY Ag&o] e &3} oux|E
AR #2719 0.1% AFEolM= G2 1Els) @il 9
S E T ZAREYIR tuEnlEA]l 25 S A vzt
oFsl JHEEo] HafE]o] 266.1 kl/mol2] F& Xl o7 A7t
Hoh 7831, 0.2%2] Mg M= 346.3 kl/mol] 7V =& &
8] B33} U E Bt ol WY YvlEAl 15
Fro] BafjEda e 243} dux7t Hesh| witolelal A
AR u

@ ok F3A9) M—PHA 1~4% Askgo] v 0.1%9
M—PHA 1°] 190.5, M—PHA 27} 143.1, M—PHA 3¢] 139.0,
M—PHA 47} 138.2 kJ/molZX H]wa] w2 73 &43} v

Table 4. Degradation Activation energy of the Polymers*

Activation energy (kJ/mol)

o(%
Polymers 0.1 0.2 0.25 0.3 0.4 0.5

P-PHA 266.1 346.3 255.1 183.7 94.3 -

M-PHA 1 170.4 192.3 195.0 196.9 198.3 225.0
M—-PHA 2 143.1 158.0 163.0 170.0 179.0 190.0
M-PHA 3 139.0 151.6 155.5 165.1 166.9 173.7
M—-PHA 4 129.3 149.1 154.8 158.8 162.5 165.3
MP-PHA 1 190.5 208.4 210.6 212.3 225.1 235.1
MP-PHA 2 158.7 170.5 173.3 1754 188.6 197.6
MP-PHA 3 1439 164.3 171.9 1779 1854 191.6
MP-PHA 4 138.2 151.1 170.9 174.3 182.0 185.6

—97

“Calculated by Ozawa equation.g3
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A5 7Y Agkgo] Skl ek At Sl 0.5%2] -
235.1, 190.0, 173.7, 165.3 kJ/mol®] k.7 Z}7} 44.6, 46.9,
34.7, 27.1 kJ/mol2] Fke] S7RIGS-S ERlsiGit) W dds
o] e B @43} ouAE Kol A Ag oy} <k
o A AREE0] BallE]y] wiEoln dekgo] SRS A
oAR7} et AREEe] Ak walE7] witel &3} oluR|7F &
7Vek= Ao Azkdr) w=E MP-PHA 1~49] 2% 93X M—
PHAS} 593 A7 Vet 218t 4= 9k Kim 52
A2-62] w3l 243} oux|7t d3kgol ue} 129~434 kJ/mol
WS By, [ Sl upe @443} oflu=)7F F7kshs o]

& 27l By Ak o7} ofst FtelA] gl
slgkEo] RallEa, Algte]l Xl wel FrF o FAREo]

F3A1 M—PHA 13 358411 MP-PHA 19] 3l 4%}
oflUAE B M-PHA 19] ¢ Hghgof we} 170.4, 192.3,
195.0, 196.9, 198.3, 225.0 kJ/mol®] 7t 71411 MP—PHA 1
£ 190.5, 208.4, 210.6, 212.3, 225.1, 235.1 kJ/mol®] #o=
A} MP—PHA 19 #°] 10.1~26.8 kl/mol A% %25 & 5
Qlt). o]2f3t o)fi= 5l MP—PHA®] W&=719] phen—
oxy 152 EAE Qlste] Atjro R w2 dekgido] A7) o
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Figure 8. Tensile modulus and displacement of polymers at 1 Hz. (a) M—PHA 1, 2, 3, and (b) MP—PHA 1, 2, 3.
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