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Z: Poly (amic acid) (PAA), poly(o—hydroxyamide) (PHA) % 3431 #7138t AES Eddsie] thoiAls
E]E & AZ3KItE PAA/PHA WieB3AIR =2 REZAE A7 $148 XRD, SEM 1?43’— TEMS 2313
] DMA, TGA, UTM, LOI % PCFCE o]-g3}] ‘/P—E@L N5=2] 71413, 97 44 2 dads ZARISItE £
3} FE= PAA/PHA vjEE A0 2 Fatelo] vl 4l AR RZexs B3tk PAA/PHA BA=e] 3 wt% 7]
3} HES HWIBhowR PAA/PHA S¥I=2] 27| REe27) ok 48% 3% 3.68 GPa7H] S718isict f718t HE

gl 4 wt% oVl 27 1 ek QAT BAE Aasiglisel o PAA/PHA M= tisth 7]5h
Ao B3 ik Lq] ql Ao 7 GHET)E V)3 AL zs]-ako] 3 wt% ©Jsld w] PAA/PHA WE3kgse] o
@A 9 Il SAEE 4718 FEe) o) S et Sl

Abstract: Nanocomposite films were prepared by blending poly (amic acid) (PAA), poly (o—hydroxy—
amide) (PHA) and organically modified montmorillonite (OMMT) that has a layered structure. XRD, SEM
and TEM were used to study the morphology of PAA/PHA nanocomposites, and DMA, TGA, UTM, LOI
and PCFC techniques were used to characterize the mechanical and thermal properties, and flame
retardancy of the nanocomposites. TEM images revealed that OMMT layers were well dispersed in the
PAA/PHA matrix and showed exfoliation and intercalation behavior. The addition of 3 wt% OMMT to the
PAA/PHA blend increased the initial modulus of PAA/ PHA blend to 3.68 GPa that was ca. 48% higher
than that of the control PAA/PHA blend. Above 4 wt%, however, both the initial modulus and the tensile
strength were found to decrease, which might be due to the aggregation of OMMT in PAA/PHA matrix.
When the OMMT content was below 3 wt%, the thermal stability and flame retardancy of the PAA/PHA
nanocomposites increased with increasing OMMT content.

Keywords: poly (amic acid), polyhydroxyamides, thermal cyclization reaction, nanocomposite.
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Alef, B AFol|A] AkgE HEE Nat® X8 montmorillonite
(MMT) 24 “3E7g0] Kunipia F (Kuminine Ind. Co.)o]H ko]
W32 100 g 119 meqe]Slth 12]37 dodecylamine<- Aldrich
AL ARES IOl ARESISIAL HOR S3kst Al gAIglo] AR
3Ftk PAA (poly (amic acid), 1.V.=2.13 dL/g, 10 wt% in NN~
dimethylacetamide (DMAc) solution) £ & SI-rElelA g5 4
Aol ARE31A 21, poly (ethylene glycol) methyl ether (MPEG,
M,=350), p—toluenesulfonyl chloride, diethyl 2,5—dihydroxy—
terephthalate:= AldrichA} Al dAIglo] ARSISITE &, 3,3~
dihydroxybenzidine= TCIAF AlES FAIgle] IoiZE ARE3ISITE
DMAcE 7Z9 MgSO,Z YWar 24417 BoF A & 7kt =7
3jo] AME-5191 2 thionyl chloridet= triphenyl phosphite2} 2A]7F
&9 AR §- Fslo] ARgSIgitE T12]aL triethylamine<> CaHz
Y 1247 B3t AR § SRslo] ARSIt

SEUME2| A, & A7l AME PAAE PMDA, ODAE ©|
4310] Tyan 5" el 2lalx] E4daliar PHAE Yoon 59"
el SJallA SIS SuiEA RS Sk FAKEA oligo (oxy
ethylene) MHEE Tlste] THAE TASFATHScheme 1).
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Scheme 1.
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Az 7718 HE, PAA 9 PHAS] WheR@AlEts oot 22
& olgsto] Alxsigict
PAASEPHAS] 1= 8:29] 202 8i9lal ol whg7lel ¥

o] AshA kAt JEja = e Rk el 9 f13F HE
1, 2, 3, 4 wt%)E DMAcel & FARIZ] $ ojn] =% PAA/
PHA=8/2(°]5} PAA/PHA E315) & Jo] 1ARE 53t AdskA| 4
T 183 AL §E feEjutel EEAIZ] 3 80 T2 Ax|elA
1ARE B3t AZ2AA S9(OMAC) & AASE $ 233} Ald71E ol
slo] oflekE@ 473] MHslar 60 T HF2BofA] 12413 AEA]
ZATE.

B E 52 44 mejsh ve, S04 2 <(char) A%
& ZAKP] $181 TAARS] TGA(TGA 2050) & 0183101 A 9]
el %e455E 10 C/min® % 50~900 C7H) Adsick
gl vheEREe] 7 AgE AR 18] PAN—alyticalAt
9] x—A1 AR 7| (X' Pert Pro) & ©]8€3}0] 35 KV, 20 mA=Z
Ni—filtered CuKa radiations- 0188130 2~10°(2 71X A7
a3tk

gl REZA)E spds sl Seia A &
of] Yol Z2s] 44 o] doupes ®x|et & grdsto] L2
o) g Wi TRA) F Hitachi S—4700 SEME 0]43}0]
WEEIGlTE B3 Wi RS WeeEle] IAEE AR
7] $Jsle] FadA; A (TEM) < o]838131a, ojul] AlEe HE5-S
RMC CRX cryoultramicrotome-s- ©]-8-3to] ddato] Alz=a3ith

e AlRe] 7714 A38ES SAR] $181e UTM (Shimdzu)
< ©]831e] 5 mm/min®E APEG 771 S8t} IR, 271
SPE, 9 AES SFsISIch 3 e EAIES] w4 71A1E
S AR £1810] DMA(TA Q800) & ©183514] 3= 1 Hz,
F2 5= 2 T/minl = 50~450 T7H] 7319tk e s34y
559 FA54LE Lyondt Waltersell €JeliA 71 pyrolysis
combustion flow calorimeter (PCFC) &} &A1A14-2]4=(limited
oxygen index, LOD Al&87]1& o4&}t !0 PCRCE obuLt
el ©@71 ek 3 mge] AEE pyrolyzerel] F2AIZ1 F A F$17]
slold] 1 C/s8] %= 100 ColkFE 900 T7HA] 7Hdste] gt
Er71aL Aas) 2k ST EAsR= 900 T2 4]l B
7] P ALY, oful, 2R AkRS] ool Op F47]e) SJad &
AE3 o]F AN Holl eSS (heat release rate, HRR) 7¢
SHSITE LOI A19719] 79 5746 Al 0.02 mm(T) X52 mm
(W) X140 mm(L) 2 38}%a, ASTM D 2863 314 33] Wk
43t sAREAAS whs A3tk
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2713} ME HIZ= 201 2 LI-ESRIZO| X-ray £, 2 oIToA
= B iARS AZsl] 918 15790 Na -MMTE #7158} &
& AX F718 FER 1L Table 101 £713F HE2] XRD
A= YeRfSIth Na'-MMTe} 7713} HEe] 57+ Al 22t
11.93 A(26=7.4°, 17.31 A(26=5.19< 1 713} HES] =
A7) ¢k 5.38 A 718 218 Ek1go 24 Na' —MMT Z3to]
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H7184o) A1 718 HEZE FAEIeS EkIaigint P o))
& flskkEe] FE ARIEE A9 vER A atele] 23e4d
< T7MF1I APARIE SRS Hefgo] mEAke] ARlE ¢
& AA s,

AzE eBmEAIES] XRD 574 A7E2 Figure 10 HER
ek okl AFE uke} o] Na'—MMTe} 7713t HEE 742}
207} 7.4°(11.93 A)#} 5.1°(17.31 A) o] =S 34 9|3 =
HeJoh Teiv e B 352 A 2071 5.1°(17.31 A) el BS]
d BT 1~4 wt% /A S71elR ofwst 3] 3% vfer
WA ekt olest Aol f71skel HEZF PAA/PHA ERI=q
Zh Ato] o]Fofx a1 Ik o]F2] Ajlel oJsiA] uleld Ao 3

Table 1. XRD Results of Kunipia F and Organoclay

20 d—Spacing (A)
Kunipia F 7.4 11.93
Organoclay 5.1 17.31
2
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Figure 1. XRD patterns of the nanocomposites, (@) Na*—=MMT;
(b) organoclay; (c) PAA/PHA=8/2; (d) 1 wt%; (e) 2 wt%; (f)
3 wt%; (g) 4 wt%.
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Figure 2. FTIR spectrum of the nanocomposite (organoclay 3
wt%) (KBr).
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AT 7efuh XRD BAA e 2 o]est AR Yelr)s B
FE317] vl SEM @ TEM A9} vlw EAsjolof s},
HE Axd WeisE 5 718 JE7F 3 wie e o
s g2] FTIR 18 Figure 20 Bick AEA1x 4=
o] ERIE F PAAS] &7} 12j3} wkgo] XgEo] e Z1o= 1
o] olu= 117]e] C=0 M=(1780, 1725 cm ™), W3 C=C M
T(1600 ecm™Y), o= Age] C=0 W=(1650 cm D), 71844
9} PHASI &A16K= 24 C—H WI=(2800~2900 cm™Y), PHAS}
PAAS] —OH WI=(2600~3700 cm™) 5o &A1 RIS
LiesgimEel RERK|. WitihiRe] BERAs 25 9]
A AN (SEM &2 TEM) & ARSPE HE 59 BA1Y
T 9 AR, By, 52 SERIRE o8l RS FEiA &
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chalo] A2 drhmo] S v FYAIZ] - HitachiAle] SEMS
ol g3lo] st Figure 3() ol 7713F A& 2 wt%7| 5013t
e EREe] SEM ARLS HERSITE o17]6llM T3 SRRE &
2] PHA domain¥ & t] 2= 3719] #7138} A=/t AAg o2
TUHA ik o] Sl As & 4= ATk EDs 2464 C, O, Mg,
Al Si, Pt 9325 28 5= QI9ked), o8 =% C= Na'™—MMT
9] 3713} 378l AFE-3F dodecylamine wiF-of] LERoH Pt 1=
O] A B EARS] do FRHEAR ARE wige] o3) Y}
wZo® A7 783 YR 35958 Na -MMTeol ®o]
= JIEH oleS ERIFC #N W BIAEI AEEYSE &
AN (b) &) AR 713 HEA} 4 wi Bolzt ViR A=
©] SEM AR © 24 PAAQ] wjER| A o) PHASH 5713} FE2] Al
12 ofudt ST oLt ot Az a0 & QlEl] mhA LR Fat
Lo| 719 gl AL 31619101 PAAS PHA, #7131 HES] A A
o] - Erh= A& & T UUTE EDS(energy dispersive
spectrometer) 4o o (@) AR v AR 22 C, O, Mg,
Al Si¢] FIAES ATk
AR U] AgARIE S50 R 9 T2FEHE A8}
7] 918l ZeissAte] FabAE @rl7d (TEM) & o831 olw Al
2= FE2S RMC CRX cryoultramicrotome< o]-8310] Zelslo] A
2319t} Figure 4 @) ~ (@) ol 9718} A 3 wt% 2 4 wt% < e
E3R2] TEM ARLE B3tk Figure 4 (@) ~(d) oM A 71 A%
& T2 AYAPRIE S5 vehlled ARIEelA & 5 g0l
PAA/PHAS] WEEgAUle|] AJA0)E Fo] AN FAU= Fis0]
Holu} vwa 2 Hakee] gl AL ERIE 4= gl o}5 TEM
ARIEERE] PAA/ PHA/SI3F AES] theEBiRsel HeAR|E
o B AjEe] Aol EAlske Y EAEE Ak o
XRDE] ZAtelA] B 2439 vheigiAlse] 74 713 HE 574 7
7} 8] Kolx] oot kst vljFE|e] 7Y FlojEtar HE3isle.
L TEM AR 324727} Q1) wlegdo] 3Esks BR1Sk = QISith
o]t o]-fi<= XRD AH=2] 3¢ A 3|83l FHTES: Hojso=z
M F7141 f7] T25 QA =i e AdE]l EstAlge] el
sk gElsl A= AleshA] 3kt TEMS: S8 A%
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Figure 3. Scanning electron micrographs of nanocomposite, (a) 2 wt% (X 40,000); (b) 4 wt% (X40,000).

(@) 3 Wt% (b) 3 Wt%

(c) 4 wt% (d) 4 wt%
Figure 4. TEM micrographs of nanocomposite.
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Figure 5. TGA thermograms of nanocomposites.

Table 2. TGA Results of Nanocomposites

Compositions Tloa Tdmaxb Residue (%)
) (C) at 900 C

PAA/PHA=8/2 403 600 46.8
1 wt% 414 615 49.2
2 wt% 417 618 50.2
3 wt% 417 616 51.9
4 wt% 416 615 53.2
Organoclay 363 298 78.2

10% weight loss temperature. "Maximum degradation temperature
in DTG thermograms.

olslkE AlFsl| whzolefar Azt olglst Avk= the ATl =
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LIS 2o AEY. s $3%0a 2 = A4
2SR Q18 AARES7IEIN 525 % 10 T/minlE 50
~900 T7HA 8-S 310 1 A5 Figure 58 Table 291 YE}h
iglet o]52] TGA G=Hde BT 7 WAl2] allihe-S Hol=H|
A WA RaebAl= PAA % PHAS 823} 37 ES] oligo
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o 5 WA Gl PAASH PHA S FAKE0] Hajju)= Zlow
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14 C sopplom 7713l AES ddarlel wet Z7keislt) w3t
PAA/PHA Ed=9] el 600 CH o #7138t AErt
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Fe3re Bt f713F AES] HVEE Jslo] 10 wt% T
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Table 3. Flammability of Nanocomposites

Nanocomposite HRR (W/g) Total HR (KJ/g)
PAA/PHA=8/2 42 2.6

1 wt% 40 2.2

2 wWt% 38 2.0

3 wt% 36 2.0

4 wt% 36 1.9

Table 4. LOI Values of Nanocomposites

Nanocomposite LOI
PAA/PHA=8/2 37.4
1 wt% 40.0
2 wt% 40.4
3 wt% 40.9
4 wt% 41.0
PEO* 15
PP¢ 17
PS¢ 18
pC* 27
PPO“ 28

“The values of adopted from literature.”
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(heat release rate, HRR, W/g) & 431511, stAEAAISG A17]
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wRFARY A% W 5 331

Table 5. Mechanical Properties of Nanocomposites

Nanocomposite Tensile strength Initial modulus Elongation
P (MP2) (GPa) %)
PAA/PHA=8/2 79.40 2.49 12.99
1 wt% 89.12 3.45 7.34
2 wt% 92.78 3.52 5.98
3 wt% 97.27 3.68 4.69
4 wt% 80.11 2.61 3.42
1600
1400-|
S 12001
=3
@ 1000
=
=}
B 800
€
S 600
ol
9o
2 400+ PAA/PHA=8/2
4 Wt%
200+ PAA v
0 , : : :
100 200 300 400

Temperature(°C)

Figure 6. Storage modulus of nanocomposites.
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