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ABSTRACT

Synthesis and properties of aromatic poly(hydroxyamide)s

containing ether linkages

By Shon, Jun-youn
Advisor : Prof. Choiae3Kon, Ph. D.
Department of Polymer Science &

Engineering, Graduate school,

Chosun University

A sereis of polyhydroxyamides(PHAS), having etheikdiges in the polymer backbone
were prepared via solution polycondensation at tewperature. The PHAs except for
the PHA 4 exhibited inherent viscosities in the ganof 0.5~1.1 dL/g at 36 in
DMAc solution. This precursor polymers were studigs FT-IR, 'H-NMR, DSC, TGA,
XRD and PCFC. Most of the PHAs except for the PHAwére soluble in polar
organic solvents such abl,N-dimethylacetamide(DMACc),N-methyl-2-pyrrolidone(NMP),
and N,N- dimethylformaide(DMF). Subsequent thermal treatmehthe PHAs afforded
poly- benzoxazols(PBOs). However, the PBOs were wearkoluble in variety of
organic solvent. Most of the PBOs except for the PBOshowed glass-transition
temperature(d) in the range of 200~246C by DSC and maximum weight loss
temperature in the range of 596~6%7 in nitrogen by TGA. PCFC results showed the
heat release (HR) capacity 8.4~83 J/gK and totat helease (total HR) 2.4~5.5 kJ/g.

Theses results showed more low flammability than PE, PEEK, and Kevlar.
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Table 1. Structure and Thermal stability of Engiieerplasticd
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I.3 9= = 18E 2= PBOg(polybenzoxazoles)9t 1 AT (PHAS)
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Fig. 1. Chemical stuctureof PBO
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Table 2. Properties of the PBO

Regular High Modulus
Properties Unit
AS HM
Filament decitex dtex 1.7 1.7
Density g/cm” 1.54 1.56
Moisture Regain
% 2.0 0.6
(65% RH)
Tensile Strength cN/dtex / GPa 37 /5.8 37 /5.8
Tensile Modulus cN/dtex / GPa 1150 / 180 1720 / 270
Elongation at Break % 3.5 2.5
Melting Temperature T none none
Decomposition of i
) ) C 650 650
Temperature in Air
Cofficient of 5
) ppm/C - -6
Thermal Expansion
Limiting O
imiting Oxygen ~ 68 68
Index
Dielectric Constant ~ ~ 3.0
at 100kHz '
Dissipation Factor - - 0.001




Table 3. Comparison of properties of high perforneafibers

Tensile Tensile ] ] Heat
Elongation at Density )
Strength Modulus Resistance*
Break (%) (g/ml) 5
(GPa) (GPa) (C)
PBO 5.8 180~270 3.5~25 2.0~0.6 650
p-Aramid 2.8 109 2.4 1.45 550
m-Aramid 0.65 14 22 1.38 400
Steel Fiber 2.8 200 1.4 7.8 -
Carbon Fiber 3.5~5.8 230~304 15 1.76~1.80 -
PBI 0.4 5.6 30 14 550
Polyester 1.1 15 25 1.38 260

*Melting or Decomposition

PBOs= Uutxom A7A wyoz Azstm vk A A Hpgest
bis(c-aminophenol)g} &= diacid chloride$] # &< <

S 72 = poly(o-hydroxyamide)s(PHA)S =3 3F &
= Aola, ¥ WA w2 pis-aminophenol)¢t #3F= diacid diphenyl estefd
1 §§ TF5FOE PBOss AFdte AHolth agla viAE A WA gy o =
61921 nolyphosphoric acidS AF&-at bls(o-amlnophenoI)SJr HEFE diacidd] 2H &
TEH o WaFSH PBOss Alxdt= Aol

2 AFaAME A HA wHE o]8sy 3,3—dihydroxybenzidinél} ek di-
carboxilic acid chloridegt®] #& &8 F=3o| 293 PBOs] ATFAS poly-
(o-hydroxyamides)(PHAYE #| 23819 th?? o] 2 ©HEo|x PHAE HaE g o}y
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oJA, PHAE 1 AHAIZA 145 ot Eless
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Hlgt 5SS AFToEA 4 EE f7]8e oig 7134 F7eE dF
So] gy glr} 1o 309
Hiso 5% & pB0O¢] FAlZol| hexafluoroisopropylidne E$13to] & ujEA o]
FFENL L TE 7HAH =2 oA S ZeEta Risgla, & oJEL

i

diphenoxybenzenel 52 =3t Wa= poly(ether benzoxazolegs 4 3le] dd
ol PHAZ} PBOE ¢33 A&H AL, PHASH PBOY SriE/do]l A FFHNU
w2 BEasiolnh. 2eu eSS FEAI717] Y3 hexafluoroisopropylidene: =
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PBOs= HAE wjSki= hexafluoroisopropylideneZ %2 =AZ <23l fluorines $H-
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Fig. 3. Preparation of PBO.
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Phenyl hydroquinorn@ chloro hydroquinon& AldrichA} #3552 5314 Al 8lo] AL
3310, catechol, resorcinol, 2,3-dihydroxynaphthal@ne2,7-dihydroxynaphthalere
AldrichA  AES  AAglel iz AMESET T 3,3-dihydroxybenzidinet
p-fluorobenzonitrile=  TCIA}F  AlFS  AAlglel U2 AMEsIgich. agla
N,N'-dimethylformamide(DMF), N,N'-dimethylacetamide(Pi)= 71Z=¥ MgS0O4s 4
I 2403 FoF WA & ZRSE SRSkl AMEkal e, toluene® sodiumE WL

=315, thionyl chloride= triphenyl phosphité} 2A]3t

23 B9t BF
F FReke AgsHaT

%
B A

0.1 2 7] 7]

B d7e] 497 S4zAbe A6 MR Ve oea 2ok
FT-IR spectrometer : JEOL JNM-LA300

FT-NMR spectrometer : Shidmazu 8610PC

DSC (Differential Scanning Calorimeter) : TA Co. DRD10
TGA (Thermogravimetric Analzer) : TA Co. TGA 2050

X-ray Diffractometer : PANalytical Co.(XPert Pro)

PCFC (Pyrolysis Combustion Flow Calorimeter) : Ly&nWalters
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23573, ¥4 H=Z= Scheme. I ATl W EZHOZ  4,4-(2,3-naphthalenedioxy)-

dibenzoic acid chloriddl &AL A713F4 .
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+ 2 C=N — —Ar — —
A F—< >_ K,CO N_C@O Ar O@C_N
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II. 2. 1. 4,4-(2,3-naphtha enedioxy)dibenzonitrile®] A

4,4-(2,3-naphthalenedioxy)dibenzonitdie 4 H2> 23 7Tl  DMF/toluene
=1/A(viv)e] &uf 44.2 mbll 2,3-Dihydroxynaphthalene 6 g(0.037 m@l) &3] 7] 1L
o] &9 K,CO; 10.04 g(0.074 mof H7}3F1L, 140 Cel 4 Dean-Stark traf ©]-&
3t toluenes A A3t ths p-fluorobenzonitrile 9.07 g(0.074 med) 3 7}sked 150C
oA 18AFEt FAIZ T B T2 WhEES 300 mle] FHEe] Hojme Z
*“94 A 82 T3 AFsto mRrgES AN SH,

==
Zﬂ%?ﬂiﬂ oA 12/ A7 F HEgeE 44
T-

10

ko3 2
T ]L‘]lﬁ
2o

T

®
3tgE9] #9e FT-IR¥} 1H-NMR spectrun®-2 2135150 H,
Fig. 49} Fig. 5 YRSl 28] &S 1058 .2 78%S] +

Z}
7]
i, ==HL 125~126 Col it}

o2
3 a

ol&

FT-IR spectrum (KBr) : 2228 chC=N, streching)
1450~1600 &aromatic C=C)
1220~1260 &(C-O-C, streching)

'H-NMR spetrum (CDG):

§ 6.86~6.91 ppm(d, K 4H)

6§ 7.525~7555 ppm(t, & 2H)
§ 7.555~7.60 ppm(d, & 4H)
65 7.645 ppm(s, H 2H)

65 7.80~7.85 ppm(t, K 2H)
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II. 2. 2. 4,4-(2,3-naphthalenedioxy)dibenzoic acide] ¥4

KOH 5.27 ¢(0.09 mot oler2/E=1/1(viv)2] |1 33.4 mbl =2 F 44
-(2,3-naphthalenedioxy)dibenzonitrile 2 g( 0.005 ngol)d7}sle] &3|A121 3, 80 T
oA 204 7HERt BFAZAT. o] Whg EHFES AFste] AdS HE F, HCIE
=U1(vv) 89S Ho] AEEAA FHE2S A ol AdES EF
95t & 80 T FFHx7]A 12A7F AxAZ . @4 F&dE9 &2 FT-IR

'H-NMR spectrun. 2 2213lglom, o]5< 2tz Fig. 6% Fig. 7o YE2ATh
aela SES 2039 FE 89.5%° FEES YL, HEFE 275~276 Tl

i‘# B

%1

FT-IR spectrum (KBr) : 2450~3150 &{O-H, streching)
1700 chC=0, streching)
1420~1610 &aromatic C=C)
1220~1265 &C-O-C, streching)

'H-NMR spetrum (DMSO-¢ :

§ 6.9686~7.0147 ppm(d, 41 4H)
5 7.498~7.54 ppm(t, & 2H)
5 7.80~7.82 ppm(s, &1 2H)
§ 7.86~7.91 ppm(d, & 4H)
§ 7.91~7.95 ppm(t, & 2H)
6 12.6~13.00 ppm(s, {1 2H)

II. 2. 3. 4,4-(2,3-naphthaenedioxy)dibenzoic acid chloride®] 4

44’-(2 3-naphtha|enedioxy)dibenzoic acid 1.0310 g(0.0628)2 SOChL 6.4 mbl 2A]

T AusFae] F¥el socks AAseH, £5F

_13_
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Fig. 4. FT-IR spectrum of 442,3-naphthalenedioxy)dibenzonitrile(KBr).

[

J N

8.0 7.4 7.0 6.5

Chemical shift(ppm)

Fig. 5. '"H-NMR spectrum of 4,4(2,3-naphthalenedioxy)dibenzonitrile(CREI
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Wavenumber(cm~ 1)

Fig. 6. FT-IR spectrum of 442,3-naphthalenedioxy)dibenzoic acid(KBr).

14 12 8 7

Chemical shift(ppm)

Fig. 7.'H-NMR spectrum of 4,4(2,3-naphthalenedioxy)dibenzoic acid(DMSg)-d
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I 3. A9 344

B AT AL&3 PBO ATAQ  polyhydroxyamides(PHAS) &4 7E =
Scheme. 2} #11, A& F5Y ZAEE o83t A FHAEE ol=
£917] slol A 3,3-dihydroxybenzidine 0.54 g(0.0025 m@l) DMAc 3 mIE =9l %,
CaCh 0.45 g(0.004 mo¥ 7}3t1L, ice bath8}°ﬂ A 4,4-(2,3-naphthalenedioxy)dibenzoic
acid chloride 1.1928 g(0.0027 méf) H7F g F 8AI7F F2t RHEAIZL th, 2ol
A 4N 3 WA e E & AEES Uﬂ‘%‘r%oﬂ MAs] dojey JAHES
AL, o] FHES HEEE T3 AF g F 60 T 3Ax7]|oA AxAIZT
T3 =3 ATAELS FT-IRF 'H-NMR spectrun. 2 g<lstglon g AFA
o] F5E2 51%eIUth 1Elal o] 9] Fig. 8% Fig. 9l YERH AT

H )% o]stell A= cstechoE =Yg TS PHA 1, resorcincE =93 53
AZ PHA 22} 31131, phenyl hydroquinong =43 Z¥AZ PHA 3, chloro
hydroquinon& =43t T A& PHA 42} &1it). 18] 2,3-dihydroxynaphthalere
=3 FAE PHA 5, 2,7-dihydroxynaphthalege =3+ =342 PHA 602 3}
Aot @7 183 vk £ PHA 1°] HgE PBOZ PBO 1= 391il, 747} PHA
2~62] PBOE PBO 2~&|2} 3}3ith

Q
2
k
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FT-IR spectrum (KBr) : 3000~3500 &i(O-H, -NH streching)
1660 cHC=0, streching)
1420~1610 &aromatic C=C)
1220~1265 &(C-O-C, streching)

'H-NMR spetrum (DMSO-¢) :

8 7.03~7.085 ppm(s, 1 1H)

6 7.085~7.10 ppm(s, 4 1H)

§ 7.10~7.14 ppm(d, & 4H)

§ 7.49~7.54 ppm(t, H 2H)

§ 7.70~7.75 ppm(d, H 1H)

8§ 7.77~7.83 ppm(s, H 2H)

§ 7.89~7.96 ppm(t, & 2H)

§ 7.97~8.02 ppm(d, § 4H)

6 9.50~9.55 ppm(s, H2H)

6 9.91~9.94 ppm(s, iH 2H)
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Scheme 2.

-, 8 ;
+ CI—=C O—-Ar-0O C—Cl
HO OH
CaCb

Ar @)
o ho O

PHAL PHA 2 PHA 3
- (2
PHA 4 PHA 5 PHA 6
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Absorbance —

T T T T T T
4000 3500 300a 2500 2000 1500 1000 500

\\-"a\-'enumber(cm'l)

Fig. 8. FT-IR spectrum of the PHA 5(KBr).

105 10.0 9.5 a.0 85 8.0 7.4 7.0 6.5

Chemical shift(ppm)
Fig. 9.'H-NMR spectrum of the PHA 5(DMSOsd
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I. 4 ZIAEY EAFZA}

2 dAFA FHE FFAES] FdoF+= Shidmazdh(Shidmazu 8601PC)
FT-IRZ JEOLAHJEOL JNM-LA300P] 'H-NMRE o] &3t 2135ttt F3A S0l
3 144 =E Ubbelohoded =AIS AFE3te] 35 Co] F2FoA FAH3IN oH,
olmw g-oH T DMAc £9ddA 0.1 gidle At SEAEY 94 g3

O

gde] 3
k3o e FHA 9 chae] AAAZFES =AM $18] TAARS] TGA(TGA 2050)
E AFEE D AA E97IsteA $&&5EE 10 T/min& 2 50~900 C7HA4] A9
= 3tttk

7t SEAEY 494 unEd vhsoE Q| yeve d3dESs #Es] Ast

o] TAAFS] DSC(DSC 2010¢ o]&3to] AL E97]stlA $2&5E% 10 T/min&
= 3to] 30~450 T7HA A< skl o]
FT-IR (Shimadzu 8601P€) ©]&3}o] =
Z3at7] 913 PANalyticakle] x-d 3 A& 7](X" Pert Prog ©]-&3lo 35 KV, 20
mAZ Ni-filtered CuK radiatior ©]-83}312™ 2 ~ 60 °(20)7}*] scan 3} th
FTHAE2 flammabilitys mg T2l ABZo] ot flammability Aol 2 $Hsk
Lyonz} Walterll 2|34 7HtE Pyrolysis Combustion Flow Calorimeter(PCFEE)©]
231959 dZun parell ©70 ¢ 3 mge] AIEE pyrolyzeel FEAIZ FH A
2 EH7IEIA 1 Clse] £EF 100 Tl A F-E 900 T7HA] 7hEsted 23 A7)
i, Aae aka EEIFATE EAEHE 900 T2 Aa7]d B 9d daAZih
ojuf AEH Ao o] O, 47N oM A EHL o] <7 heat release

rate(HRRY} =7 = S1th.

r o
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¥
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AW ds 2 ad
M 1. TA9 duty 432

2 AT F4E FEAE] FAHAJAE H5te] FT-IR spectral 'H-NMR
spectra AF&3}ITH EA}3Fo] 548.621 PHA 59 B¢ £ AT AEL FT-IR &3
EAL Fig. &l YehdEd, 54 WME=<l 2450~3150 ciel A -OH, -NH  HIE=,
1700 cniol Al C=0 W=, 1420~1610 cifell Al WFFH C=C W=, 1220~1265 ciel
A C-0-C NEE FRIFoEN FHFA7F FAHNSZTES & F UMt 281 Fig.
99] PHA 59 'H-NMR spectré& UERNSIETE. 7.03~7.085 ppm, 7.085~7.10 ppm,
7.70~7.75 ppmil 4 dihydroxybiphenyleng] proton=<2] chemical shife &3 4+ 2
21i1, dibenzoyl 99 protons¢] chemical shift 7.10~7.14, 7.97~8.02 pprhil,
2,3-dihydroxynaphthalene &% 2] proton=<¢] chemical shift 7.49~7.54, 7.77~7.83,
7.89~7.96 ppm|™, -OH2] chemical shife= 9.50~9.55 ppm, -NH2] chemical shifte
9.91~9.94 ppmilA Z+ZF gold 4= ATk 28]l Z4Z+2] chemical shifg] ™2 H|

L oEA B YNFOEH FF ATAL FHHALS FUT & AU

=

Table 4= $4E FFAES] L=l st YeENRALL, PHA 42 A<9l%
5~

ojge IAFHEE 0519 %S 7HiTh PHA 4= o grfol= =2 o} 1
FHEE S48 Zaigio

Table 4. Inherent viscosity of PHAs

PHAs Nink"
PHA 1 1.10
PHA 2 0.5
PHA 3 1.08
PHA 4 -

PHA 5 0.87
PHA 6 0.6

? Inherent viscosity was measured at a concentratfo.1g/dL in DMAc at 35.
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Table 3 TP ATAES] SWMEAS YehAA WA, 1% 52 poly
-hydroxyamide)(PHAE 3733t 1 &ui5A4E A A3 LiCle] H7He DMAc
¢ NMPoll = 2 a3l o, DMFSE DMSOel = LiCle]l FH7bH o= RERHo =7
FeE e SAEE BIRSe Budth E Hsiad) 5 BT fAME
polyamides F/dste] 1 §v] 54 XAl 23 DMAc, NMP, DMF2} DMSO9

Ao, 2 T 2E FHAEL LCE Hteto® REHOR g3HAY

=
A3 BAlHA oS HAFAT 2y B ATl ether A2 E EUS F
g ATAe] SuEAS AHEE, PHA 45 A <g Umz] PHAES &3=7t &
Eo] LICIE 94 ¢4 DMAc =& NMP, DMSO, DMF 59| aprotic &rfjo] 2+
LA e AFAE0] WY AHUE IF EE internal rotatio®] & o
UAE zh= ether A28 5L FA EYsts AL free volumes IS0 24
AMEEY T 588 HaAIHAT ol 1A AFEEIRY FAZESE oFs)
AA 7FEAE FEANNAY SlEE S HalMol b aga 93 1
g3 52 4ozl PBOY &uiEAS PBOEY 13} vk F fr]&ujo] H3
3 EA] @ BE ofygt St e LA EHA F5S Elth olgg A= ether
OFE0] 944 1g3 ws Fole fIAE T HEH E8S FA &S H
FE Aol
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Table 5. Solubility of the PHAs and PBOs

Polymer Solvents
code DMAc DMF DMSO NMP Pyridine CHA THF HSQu
PHA 1 O O O O o) X A O
PHA 2 O O O O o) X A O
PHA 3 O @) @) O O x A O
PHA 4 X x x x x x x X
PHA 5 O O @) O O X A O
PHA 6 O O O O A x A O
PBO 1 X X X X X X X X
PBO 2 X X X x X X x x
PBO 3 X X X x X X x x
PBO 4 X X X X X X X X
PBO 5 x x X x x x X X
PBO 6 X X X x X X x x
O : soluble, O(L) : soluble with LiCl, A : partially soluble, x : insoluble

DMACc :

NMP : N-methyl-2-pyrrolidone, TFH : tetrahydrofuenTFA : trifluoroacetic acid

N,N-dimethylacetamide, DMF : N,N-dimethylimamide, DMSO : dimethylsulfoxide,
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I 2 TFA9 943 43

2 AFdA FAHE FRAEY €4 18l w3l 93 PBOZE HeHE F=E
= Scheme. 3} -t}

Scheme. 3

m+@@+m

H
heat % ébiil\c‘@* O—Ar —o@m
-H,0 o ° '
" g -
hol e
PBO 1 PBO 2 PBO 3
cl Q
-O- S
PBO 4 PBO 5 PBOG
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Fig. 102 PHA 4°] €4 ugst wh§ d3 F9] FT-IR spectr&], 183} vk
Aol s ZFAEY EA W=l 3000~3500 c(O-H, N-H)2} 1660 cmi(C=0)l A
A3E BYoy, 183 w39 MEEo] A9 AteiEe 1T S A,
PBOY E4 Hi=<l 1721 cmi(C=N)E & ZA. PHA’Y €4 aelg dbg &
PBOZ A9 A&HATH=E AS AT F A

et
ot
(o]
9{_1‘
o

Absorbance —

4000 3500 3000 1900 1800 1700 1600
, 1
Wavenumber(cm )

Fig. 10. FT-IR spectra of PHA 5 and PBO 5.
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Fig. 111 PHA 29| 13 9 27 d3F3Ae Yelgded, 13 FHoAE 277
T~297 C 24 & ¥4 J3& & F Ao, F¢€ Jas €4 ngst a4
of o3 Yelts F3zA 1Es) vkgo] dojd 22k X MM E Al RS &
T AATh o] EX PHAZE €3] @4 iglst vhg o s PBOR HEEHUTH=
AL FAd F JATE® 23 F M)A 200 T PBO T, 2 4 x4, ole
ether A1) B3 J2o2HE A52 &z, APE 1§59 Ad F94
3 A el 5wl T,E RoiFtn A4t BE 02 PHAES Hd
AI4E YERRA A, PHA 45 A 93 BE PHASIAM T 23} I3 oA 779

1st heating

2nd heating

Heat Flow(W/g)

a0 100 150 200 250 300 350
Temperature( C)

Fig. 11. DSC thermograms of PHA 2 at a heating rdtdQC/min (in Ny).
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Flg 122} Table &1 2+ ¢ ATAE2 DSC €343 ZHELS HEYAE
T PHAES 18]35 ®E3o dfigdstes 2479 §¢€ f3& 29 F UJgh =
Ao oJefA] oxazole 119 FAHoE B &4 g3iA 7<=
FEIIAES Ho FAed, FAAHC PHE T( CO)F
Atk EHEAIES] AFA7E EYolv=
2% 180 THrT} 100 CTole] H& 2
3 FE2E 7HA7]
JA ool o)}
| H] 3

il X*?-ﬂlé o]
DSC 4 el A €]
B q}aﬁ 277~297 C9] 4 9& HAFS
i i 183 Be
T, ol imide ¥ Bth oxazole 11E] 7} T A
g Zolglm AZHETE® PHA 2, 3, @ S99y 357} 7247 204 C, 278 C, 297
Ao FALE phenyl wR=e) 45LQ°1
=7t D}E T ATFAE
naphthalenejl\ﬂE 7= PHA 6°] B =2 99t
=0
&
29%°]

1_4

o] AFA<1 poly(amic acidy
HoFlth DSC £ 3
TET
o

TE HY
TolH, PHA 32 74
=% AFARG
T AT :LFJ
=S HolF9t}h Table @14 PHA 1, 2} PHA 5, 6 <3
hel{e: | U‘jxio] 1:1 E,'_\:].E Lo 3Flo] sk
Aaks] B PHA 1, 2=
o] dHor HirES &
o] 7|7} FUlH o2 AolE B

==
=

l::_g____
1 ¥t HES e 149~207 J@EA = AFAE Fxo
) 7.
£

°of PHA 25t} Fav|32%7 ¢

=

$5E 21
24 W&
Al Gojd A=
#Aste] Y GES

AAH(AH)S B3] B PHA 13} 29]

AJded, o5 ngsg v oE AAY FEFS

i, PHA 5, 62 6.5%=% ®2}gko] A ulep FE

T AT wEA ol S HlEEA FEHA

A ztE e

1= A
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Heat Flow(W/g)

Fig. 12.

)

(e)

(c)
(b)

(a)

O

a0

100

150

Temperature( C)

200

250

300

350

400

DSC thermograms of PHAs (a) PHA 1, (b) PHA(Q, PHA 3,
(d) PHA 4, (e) PHA 5, (f) PHA 6.

Table 6. Thermal properties of the PHAs and PBOs

PHAs PBOs

Ty AH  T10  T4™C Residue at ng T10° T4™9  Residue at
code . ) ) code . . )

(C) Q@ (€) (C) 00C®) ()  (€)  (C) o00C®)
PHA 1 291 204 502 680 40 PBO 1 235 591 697 46
PHA 2 294 207 509 599 48 PBO 2 200 593 600 57
PHA 3 278 157 549 583 55 PBO 3 223 588 596 64
PHA 4 293 159 376 683 46 PBO 4 - 623 695 54
PHA 5 277 149 529 688 49 PBO 5 246 590 692 56
PHA 6 297 167 531 591 53 PBO 6 240 601 597 61

®Endothermic peak temperature in DSC thermograms.

®10% weight loss tempereature in TGA thermograms.

‘maximum loss tempereature in DTG thermorgams.
dTemperature at the middle point of baseline shifttbe second DSC

_28_
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Fig. 137} Table & 7 PHAS] TGA €343 AHES
TGA oA F A9 F3dAE detid=d, A HA Sl 123
kgl oF EEAd] dAola, F A dAE dAYE

gt Aolgta AZETE® PHA 39 49 A WA EadANAE o 5.8% T
A4S BHAFA =, ol g3 vkgo 93] 6%l=a)et A dATS HA
ch W 400 ~ 600 CAA S F WA BAel A AHUE 22 phenyl TES] &

> [e)

ez}

=

& polyetheylenex} polystylene‘i] 3% 900 Tell

9] char F5E2 0%l 7MAAR HEAd nEx=Z dg 437 poly(ether ether
ketone}} polyimide= Z+7} 46%e} 50%E Ho]* o5 ZFAE9 char T+E5E©

B =2 e EYdes € 7 AUtk 28 & UH A PHAS S TGA €4

< EW PHA 3% AR H23h s BHo FATH SPAE F PHA L, 2
¢} PHA 5, 629 char F5&< v, PHA 5, 6] char 75&°] o &2 %
< 7 =d, ol#lg o]+ naphthaleng] Hil4d uijFoletal Azt 3

chlorines A1 PHA 4°] TGA Al

T2 PHAE Y Blus] HH 4 HgAdo] Hads quﬂz—% 1, ol &=713} PHA
E2 FAFEO] a7 Ao 2 2ZoA T2 aFE°] Hd LB EFH 4

A AA7] w2l
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Weight(%)

Fig.
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B0 \\\E\
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50 RENEN
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13. TGA thermograms of PHAs at a heating ratel®€/min.
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Fig. 14. Thermal decomposition of PHA 3 in air op Atmosphere.
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Fig. 15 PHA 63} PBO 62 TGA €34 &
o] PHA 69] 250~350 CollA FAIEA S 24 18 vkgof 9
69 SV Adet dXghs Flnt. 3 500 T ©
AHAE FAMEC] BalEE Zolgta AZHTE PBO 62 ¥ %
3 PHA”} PBOZ H3d o]Tolmz E
T o]F9] ETGATE HolFa, B
FATH

110

100 4

[iu}
=}
1

80

70 A

Weight(%o)

(B)
60

(&)
50

0 260 400 g00 200 1000
Temperature(C)

Fig. 15. TGA thermograms of PHA 6 (A) and PBO 6 (B)aaheating rate of
10C/min (in Ny).
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4

T8 dATAlee Z2Astes: ARl fs Xray FHEAVIE o8t 2
°/min®. 2 20 2~60 7HA A5Gt Fig. 161 ZF PHAE ] XRD 32342
ERRlET, PHA 22k PHA SollM ofzte] A4S ®ola, YA PHASS ofd
& A4 FE A HolA ¥, HARES Xray FA AHE AT 9

}.4
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»
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e
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Fig. 16. XRD patterns of the PHAs.
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M. 3. A2 Flammability

THAES]  flammabilitys ZAFsH] & Lyond}t waltersl] oA sdE
PCFC(Pyrolysis Combustion Flow Calorimei@r) o]- &3t =43}t pCFC=
2% A" ANBEC ofF HEE flammability A7) AAEN G mg e AR
= Yoz SAVsEH, o7l o)X HRRWIQREES SAHE Ad ARHo
ZEH AxEHAGYG 2EBEA AZ] flammabilitys 3 78k Q
release capacty (HR capacity, J/gK)Z o] HRR(W/Q)E 7IE4 =
Zlo]l™| total heat release (total HR, K¥g)HRR o] A]7FS 2
A AFE A4 Tt2E] AA dAEe oW gt char F5E 60wt% THFEA
ZEE TGA ZolA It

Table P PCFGEH-H €& 72 TAES] Z234=3
2 AREY &3 ZIdEs BHoAFH dvh Aol o FFAES HR
capacity= 8.4~83 J/gk] 72 7FA ™, PHA 42 7%, HR capacity: 8.4 JIgKk& %
3 AFAE F 7P S flammabilitys HolFa gtk A 59 & Sz ASFE

of EgS T O]E A 7F AbstE o] dAaksterd F o] akster
A

29} PHA 65 H]1l3tH, PHA 6°] HR capacity]
1= W& S7tel o Aolgta Az
Z8]al PHA 45 A9 T3 ATAIES HR capacitye 51~83 JigKe.2 7t &

o)
A
]_

)
)
ANy
AE
oo
filo
2
&
%S,
rlr
jn)

o

3

I QES BolFu 9t} Total HRIAME 2.4~55 kgl
AE HoW, PHA #} <2 flammabilitys HojF1 Jut. THAES I
Table 7 288 AdE nEA ASEF HWIHEE, PHA 42 A3 ZE TF
AEo] PERT=E HR capacityl e 1/24 £+ B3, TWIEA &=
Kevlart PEEK +&9] ghEel= Ay o4 %-8— He 2o %é‘@ii & PHA

plots] F& ZAOZA, PHA 4} 713 B2 Al@(495 s FoF 3L B,
T 9ol e PHAER 220 2 Z2= sl&S & o AUTh
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Table 7. Flammability of the polymer precursors

Polymers HR capacity(J/gK) Total HR(KJ/g)
PHA 1 52 3.8
PHA 2 68 4.7
PHA 3 83 5.9
PHA 4 8.4 2.4
PHA 5 51 4.3
PHA 6 65 4.5

PE® 1558 40.0
pPC* 382 19.0

KEVLAR® 292 15.0

PEEK® 163 13.0
PI* 29 9.0

“The values of literature™

100

80 +

60

40

HRR(W/g)

20

Sh 1éD QéD SéD 4éD 550 650 750
Time(s)

Fig. 17. Heat release rate curves for the PHAs.
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ANVZEd £

PBO ATAQ] PHAS] FAl&ol ether ZIF % phenly L&, chlorines =3}
THAES FAAsISH PHA 45 A3 FAHE TFAEY I1/FFEE 05~1.1
2 d3 zgl3d whgo 93] PBOsZ A

dugel & dERl, olE FTEAE
3 Agtdds As g9 F Al
PHA 42 A3t BE Z3A 52 DMAc, DMF, DMSO, NMP 59| &wjo] Z &
24 183}t B3 o7 <lF PBOE 93] HEEW ofu

3= Qlch. 18y PHAZE €4
g Sujol = &3] e¥skth.

PHAI A PBOZ | 1g]s}t W&ol dFH e FEIHIAEL 277~297 T GG
A JEERL, TFAES] AdEdEEE 583~688 T HAE HTh
Z3A 52 HR capacity= 8.4~83 J/igk] #<S 7HAH, &

o

3] PHA 4= 7bg W&

flammabilitys X %1t}
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