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=2 Z(odAZ)E) vl 8 2 [poly (ethyleneglycol) methyl ether, MPEG] ZANE7)9} 3 72151

vl g s =A] (dimethylphenoxy) BAREZ1E 2 ZBI=EF Aol = (poly (hydroxyamide)s, PHAs) &) £/
4 HAEAS DSC, TGA, FTIR, pyrolysis combustion flow calorimeter (PCFC), X—ray diffractometer&
AHEEle] ZABIATE ZRASS AR Z7] 275 telA] 276~396 T2 WS Bch PHAs?)
heat release (HR) capacity$} total heat release (total HR) #H5-= MPEGE] A2 F7to) ujg} Z71gS
Bk 290 CTolld @]9 M—PHA 29 79 dxg] Al7kel] g&bA HR capacity 3HS-2 253 J/gKolA] 42
J/gKZE 748301, 60% 5% 24 2% 408 T4 856 CE F7IHth PHAsS £8) #4443} oux|=
129.3~235.1 kJ/mol2] M E xo|x, Mgl wel S718lith PHAsS % RE&AE MPEGS Ao
7} 71l Mt ZhAstgl o, PRBOR A3he Fol= 7] BE AR ¢ A453l%nh

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 (HR) 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 T 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 Tio Tymab Residue at

§9) (C) 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
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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
PC* 382 19.0
Kevlar” 292 15.0
PEEK* 163 13.0
PI¢ 29 9.0

“The values of adopted from literature K

XRD 2E 37 U= AL 4o 3Aaels HoE HAeg 1
o} APRE: A& Eo| A2 AAE AoE FEHT

ZEHISS oIS FTAES) dASAHLS LyonT Waltersell
el /pkel PCFCE 548110 PCFCE 4% 4% A
50 ol AFet 71 ARZAAEN § mg T AE oF
°oF E3rhasi, o37lelM ojl HRR(W/g) #ES S48 At
2 AR 2RE A=Y 1A A5 NS Brkehe
t] %23t 2122 heat release capacity (HR capacity, J/gK)+
Ho) HRR(W/g) & 7194 T2 rolA Alike Zlold, Sduls
(total heat release, total HR, KJ/g)-& HRRtH A)71-& 2 %
Blo] A W] AEkg daviazel A ALgE 9visitk Char
FEEY 60 wt% TEHEL25E TGA AafollA d3lch

Table 20 PCFCEYH A2 zt FHAE A5 A &
Aste 1EAt ASE] e A8 AAES e Ao ¢
sl P-PHAT 28] TGA AN HoFE ulel o] S3A1E
Z 71 92 71 E B ok 2 S3AE¢) HR capacity
E "l M—PHA 1& 221 J/gKE B o] 32 P-
PHA (53 J/gK) &l oF 4uliell sigs= #ho® MPEG AksE°] &
Flze] el A §A4E B30y 71AEE FATE
AEE 3 S-S Bl FoH, FRAE 5 MPEG AREH0)

s IE=Y
7F 7V 20 M—PHA 4(M=1100)¢] 7A-$= 328 J/gKE M-

A=)
RUN

ZEH, A30W A6F, 2006

r
0
Ho

400

3004

2004

HRR(W/g)

1004

300 400
Time (s)

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 T

Annealing HR Capacity” Total HR* 7zs” Tion® Residue at

time (hr) J/egK) Kl/g (T (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

PCEC 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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74zke) Aghgol| mE T3 W FFFAEL 5 Y3 A
k& Table 4°f JERNSITH

N

rlr

O

— E 1
log8=A~-0.4567 = ‘(1)
T:dges
A 91502 (min ™Y
R 71AA(8.314 J/molK)
E: 843 oA kJ/mol)
B e2E T (T
71&7)=
R
=— Q. 7
B~ Gme 2

Table 4014 F84 2 BEATY Bal BT oUAE 2
2te] AeEo] Wet 120.3~346.3 klfmol RS S 2
The 2 % 4 Itk P-PHAS] Askge] me 243} oluxg
Asug Bazrle) 0.1% deglE 91 Tsh A 9
23 AL 2AL7IQ DelEsEA 1F F 28 IR}
ol Qi o] FallEe] 266.1 kl/mold] #H8 B Ao AT
"k 781, 0.2%2] A& 346.3 kI/mols] b 2 &
& B3} oA S Bl o) BRI tuEsEA 1%
BRo] BalEwA 2L B4 AUl Besp) WEoln 4
Zhgie,

T o2 39l M—PHA 1~4% Aggo] 92 0.1%Y u
M—PHA 19} 190.5, M—PHA 27} 143.1, M—PHA 30¢] 139.0,
M-PHA 47} 138.2 kJ/mol=4) Bl24 & £3) 243} oy

Table 4. Degradation Activation energy of the Polymers®
Activation energy (kJ/mol)

a(% 1
Polymers 0.1 0.2 0.25 0.3 0.4 05

P-PHA 266.1 346.3 2551 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-FHA 3 139.0 151.6 1555 165.1 166.9 173.7
M-PHA 4 129.3 149.1 154.8 158.8 1625 165.3
MP-PHA 1 190.5 2084 210.6 212.3 2251 235.1
MP-PHA 2 1587 1705 173.3 1754 188.6 197.6
MP-PHA 3 143.9 164.3 171.9 1779 1854 191.6
MP-PHA 4 138.2 151.1 1709 1743 182.0 185.6

“Calculated by Ozawa equation.?*™%
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AZ 7 Aggo] Frigk] wt Fat Sk 0.5%4 B
235.1, 190.0, 173.7, 165.3 kJ/mol®] ko2 747} 44.6, 46.9,
34.7, 27.1 kJ/mol®] #o] F7lelle8 ERIEINIE W HEE
oA e 2l B3} oURE Hole 22 A oyt ¢
S S AEEo] B3] gl Aikgo] TS AY
oqx)7} 78k AREEo] Al BallE7] uhizel] 843 oAt F
7k Aog AzrEc) w3k MP-PHA 1~42] 7% ¢4 M-
PHAS} 598 2715 vehde 818 ¢ gIlrh Kim 527° 4
UE-62] w3l 93} olliA7} Mgl weh 129~434 kJ/mol
S 2oy, 8-S Sl urt @A) oAldA7E Sk o)
F2 HkS- Z7lell= v E A oluR)7} kst el g3k
& 3R] BE T, Aol Al wel FRHoT FAKS0)
walls]7] whtoleka sl

Zghlel M—PHA 13 ¥%39] MP-PHA 19 E3) &-43}
LA S BH M-PHA 12} A% d3kgo et 170.4, 192.3,
195.0, 196.9, 198.3, 225.0 kl/mol2] 3% 7KL MP-PHA 1
2 190.5, 208.4, 210.6, 212.3, 225.1, 235.1 kl/mol®] F}S2
Al MP-PHA 19} #o) 10.1~26.8 kI/mol A% 558 & &
At} 0)23 olf= 3FTAN MP-PHAC ¥3%7]2] phen—
oxy 152 EAZ sl Al or e Gl 47171 o
Folgty AlgHTh

ZeHECl SHM Sy, 2 FRASY FojEd 4UE =
AVel7) 9134 DMTAS AHgstol FRAE B8 9 w50

—— M-PHA3

Tensile modulus(MPa, Log E)

—=— M-PHA1
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Uitk Figure 84 S8AEY 7] A BE2L g& B4
M-PHA 1¢] 10", M=PHA 2% 10", M—PHA 3& 10"
MPao|i, MP-PHA 12 10°%, MP-PHA 2= 10*%, MP-
PHA 32 10°" MPaZ PHAY 2AIE<) MPEGS) Zel7t &7}
s U BEEAT A ade & 5 gk oleld A
W% 7paAlzA 2H8eRe MPEG dol7t AojAd 7hast Awrt
Z7skeA 1A o) zas| wiolzka Az Te)n
FEGAY) 7] BEeis ol FRAY #EY ¥ w2 @ B
ol olfe oAl U2 EA3} ool AFT nie} o) FF
gl Afels dudHlxA] 2Fo] EAE] wiolsta A4
et

T5 9o e} 44 1)) o] dojupr] He] ez A%
2438 Roltiyt Q& welst dxdo] AlFshe = (M-PHA 1=
194 C, M—PHA 2=180 C, M—PHA 3=176 C)¥¥ tr] 4
238 Koy, $s) PBOE Mg 300 C o)F o= REHA
7} 7] BEYAET O AAsEE Belch o] AuE Hol 93 1
23} whgoZ Q3 A% PBOE= PHART ZAAAIS 714 28
22 grol o ol A& & 4= Sl Whiof| o)& FEA<]
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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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Fargol A1 2t FSIESAlol|Ze B4 U velSy

PHA 3=176 C)ol¥ #Age Hol=d)| o|zidt A F3A)
l M—-PHAZ} €% 123} sk 2 Qs Zo) wkd UrpaA] =2
o] £&3l] wRolzly bl w3 Figure 8(b)ollH BHe
uiel o] FEIAT A FEAL v AEYE RS el
& F AUtk =3 FE L FERAES] 95 1) vhgo] Al
2l £27)F MPEG AReZolrt 271848 A A4S Hol
v, ol#st E4 A F8A2 BrkET|U MPEGS] d&ko)gt
I ArgEe},

4 B

Z3 2 FEREAEY] 5% FHENLEE MPEGY 243 =
7Vel B 74T, HRE R 37) ol 276~397 T
2] HE By

=3I S2] HR capacity= 53~328 J/gK9) 32 Heols MPEG
2} AREZol7) F7igke) w2 71gAE ey Ut 290 €
ol dxj2l® M—PHA 29 7% gz} A7t ek HR ca—
pacity ZF5-2 253~42 J/gKZ 7431811, 60% FRALT =
408 oA 856 CTE 71384 w3t

ZEAEL] R B8 oA Agge] wel 129.3~235.1
kl/mol®) k& 71 dg-ge] S5l uet 23l 843 <y
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