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X8 4-(4-acetoxy-1,4-phenyleneoxytetramethyleneoxy)benzoic acid®} 713} HEE AFE-SI in-situ Y STH
(in-situ intercalation polymerization)S 53l EWA N7 7 EX}(thermotropic liquid crystalline polymer, TLCP) Y=
E3AE T3t Ethyl-4-aminobenzoate(EAB) 42+ & €93 UEF Yol ERHZo|E(Na-MMT)<}
o] Fol& wh w5 el #1713} WE(EAB-MMT)E A=) 718 HES] EAB-MMT$} Cloisite® 30BS
o3l TLCP H3AIE eI LM, 7 7H4 7138t HES ARgslo] vHE TLCP W= 5o 93 54, =&
22 g AYFE MR Hwsielvh. T A% 713 JEE AREste] TLCP H53Ae] @4 548 AL
™, 2 {715 HE (19 wi%)S ¥ TLCP7F 78 TLCPET O &2 f8] o] 5(T,), J+ #o] &
(T, 2 7] 4 Bl L5(T) 32 Btk €3 A4 #siA= EAB-MMT7} Cloisite® 30BXth B & 3}% o]
Aok IEAF AREo] AYE FEE WS 74 XA 3= (Xray diffraction, XRD)®} T3} &} &w]|7 (transmission
electron microscopy, TEM)S 53l #2sI3ith.

Abstract: A thermotropic liquid crystalline polymer (TLCP) nanocomposite was synthesized via in-situ intercalation
polymerization of 4-(4-acetoxy-1,4-phenyleneoxytetramethyleneoxy)benzoic acid, which was newly synthesized in the
presence of organoclay. Organoclay was prepared by the cation exchange reaction of sodium-montmorillonite (Na'-
MMT) with a solution of the ammonium salt of ethyl-4-aminobenzoate (EAB). Ethyl-4-aminobenzoate-montmorillonite
(EAB-MMT) and Cloisite™ 30B were used in the formation of TLCP hybrids. The thermal properties, morphologies, and
liquid crystalline phases of TLCP hybrids with two different organoclays were compared. The addition of only a small
amount of organoclay was sufficient to improve the thermal properties of the TLCP hybrids. Even polymers with low
organoclay content (1-9 wt%) were found to exhibit much higher glass transition temperature (7},), melt transition tem-
perature (7},), and initial decomposition temperature (7,’) values than those of pure TLCP. The addition of EAB-MMT
was more effective than that of Cloisite®™ 30B in improving the thermal properties. The intercalation of the polymer chains
in the clays was examined by wide-angle X-ray diffraction (XRD) and transmission electron microscopy (TEM).

Keywords: thermotropic liquid crystalline polymer, organoclay, nanocomposite, thermal property, morphology.
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2ol AF9] (solution intercalation)H U H2-7 o] dellA
AlA Ae £8 A (melt intercalation) 52 ©]-43h=
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Wl Zof| o] E (ethyl 4-aminobenzoate: EAB)2] %Fo]2 w3l dk
32 53] §43 EAB-MMTS} Southern ClayAkollA] A]
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KA Lolr vA} st 3k M7 gE 7713 HE
£ AMggo 2 708t HEe] Fxo ujg TLCP MEY
2 Yoo B Are) o w2 B4 HElE B3y
A2 v R f7)8F AES o]-83 TLCP Uie 53]
o] 3-8 7FsAS ANt} ST

Al &

Alef 3 xiZ . B Ao EAL vjE2S] A28 TLCP
5 @sl7] Slal ARE-g AL ethyl 4-hydroxybenzoate
£ Sigma Aldrich Chemical Co.(Seoul, Koreay*}ollA] 15}
of A}-8-3}%. 9™, 1,4-dibromobutane, hydroquinone, acetic
anhydrides= TCI(Tokyo, Japan)AtllAl Y 3IATE SHl= A}
4% potassium carbonate anhydrous(K,CO;)2} &4HHCI)S
Junsei(Tokyo, Japan)A}ol| A, sodium hydrosulfite(Na,S,0,)=
Sigma-Aldrich Chemical Co.(Seoul, Korea)*[l*], potassium
hydroxide(KOH)= Daejung(Siheung, Korea)Atol| A ZHzF -
Yotod ARESFATh &Sl obAl E 3 o ¥-2-2 Dacjung
(Siheung, Korea)AtellA ) 3H3ATh.

AHER A EE 4EH SR Kunipia-FEtal Bl YER
Jol2 Er R0 E (Na'-montmorillonite, Na-MMT)ZA]
Kunimine Ind. Co.27H F+Yate] A&at o, Yol
215 (cation exchang capacity, CEC)}Z 119 meq/100 g°]$1
o2 223 Na-MMTE °|-& w35 53l 712dA7]
7] 9138 AFg-E f7138}A121 ethyl 4-aminobenzoate= TCI
(Tokyo, JapanAFll A FY AT gk A5l AHE<
713} AE=ZH Cloisite® 30B= Southern Clay(Gonzales,
USAVFZRE] Fufsle] A&l 0™, Cloisite® 30B2] %)
£ W32 90 meq/100 go] k20

#7158} HES] F2E Scheme 19 YERIITH. EAB-MMT
o] 7ol TLCP 729} HI=E 718 s =ehe
EA F8Ae S7MITIE AL Al=sksler, Cloisite 30B2]
739-o= slo]==-4 (hydroxyl group)ye E&sI= €S 7|
(ethylol group)@ TLCPL] 712 7](carbonyl group)e}e] 4
243 hydrogen bond)yS =802 43 1o mE
=4 S Bold Al=siiith

718 MEO| M(EAB-MMT). & 2o ALed F
YA $713F M E %, EAB-MMTE Na-MMT$} ethyl 4-
aminobenzoate®] ¥ol< w3k RES-S Bt FAEIATE
g WS oy 2tk 1mLe] HCEE 50mL € o]
Y wHAIZ] & o] 899 ethyl 4-aminobenzoate 0.8 g
< 83lA1A 80°CE fAISIIt TS E Na'-MMT 2.909
g% 130mLe] B o] ¥aL 80°CE A7 &<t AZ3s}
Al ITAIAZ FH vl2] 8] ethyl 4-aminobenzoate -89-S
a1o] 80 °CellA 3A1ZF &<t B WESAIZTE. o]FA aH
713t HE(EAB-MMT)E st AE 5 pHE SHC=E




1) Synthesis of monomer
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3) Synthesis of TLCP hybrid
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Scheme 1. Synthetic routes for the TLCP hybrid.

THE7] 98l B2 AlA St n]ek-S-St ethyl 4-aminobenzoate
& AAs7] 28] dEeE MFHsks P S 2~31 wHEE)
Att. o] & H¥kggl CI- o] o] A=A] ER1sh7] Q) 0.1
mol AgNO; &4 o2 AA3IAT) HRES- CI o]0 A&
Aele AgCle] skl A =o] A7|A Rt o] & #&a}A|
ol o B uhgo] LAY Aztete] IS AT
80 °Cé| x1F BoA 2417k F%F 71Zx3I3T

CHEER| &Y. oAl o] AAIZ] §4 #1782 Scheme 19
HERR AT

Ethyl-4-(4-bromobutyleneoxy)benzoate &fM(l): Ethyl-
p-hydroxybenzoate 15.00 g(9.03x10? mole)2 = o}A &0l
9] & 1 ,4-dibromobutane 111 mL(7.22x10™' mole)s} K,CO,
25.00 g(1.81x107" mole) EF=<l 7l [t} o] &l 24
A7 SRA7]AL A2 o2 23] o] KBr v|RES- K,CO;s
= A8 AAsKIATE 2 39 1,4-dibromobutane Aol E2]E
SHES F2 NayCO; T80 of2] H ML TA] E2
ol ¥ thA] BHE3IA AT I ARSE 1,4-dibromobutane
2 100°Ce] KgollA AABIAAL, Dojxl L dFefe] A=
£ & 2k(hexane) 22 A A7 553t} 'H(dimethyl sulfoxide-
d(DMSO-dg)TMS) & (ppm) 1.3 (t, 1, -CHy), 3.5 (t, 2, -O-
CHs-, -CH,-Br), 4.1 (t, 2, -CHy-), 43 (q, 1, -COO-CH,-),

7.05} 8.0 (d, 2, -CO-ph-O-).
Ethyl-4-(4-hydroxy-1,4-phenyleneoxytetramethyleneoxy)
benzoate g (Il): I SFHE (I) 7.32 g(2.43x107 mole)
S ¥ ofMEol 320 F hydroquinone 21.36 g(1.94x10™"
mole), K,CO; 6.90 g(5.00x107?mole)3} Na,S,0, 2.50 g
(1.44x107 mole)ys Tl =3t o] &2 A7 SFA7
3L SR o] 42 AHES F2 NaHCO:¢ S/
olziH Mo} CHCLE A2 3t 'H (dimethyl sulfoxide-
ds (DMSO-dg)/TMS) & (ppm) 1.3 (t, 1, -CHs), 4.03} 4.1 (t,
2, -O-CH-), 42 (t, 2, -CHy), 43 (q, 1, -COO-CH,-), 6.8-
7.0+ 7.9 (d, 2, -CO-ph-O-, d, 2, -O-ph-O-), 89 (s, 1, -OH).
4-(4-Hydroxy-1,4-phenyleneoxytetramethyleneoxy)
benzoic acid EAM(lll): ¥ L AAHE (1) 18.17¢
(5.50x107 moley= 600 mL of|gk&ol =21 T Na,S,0,2.50 g
(1.44x107 mole)S ¥=th. o] &4 8A7F SFAI7]1AL 4
2o|A] A7l Fol ZHtate] ofghES AAS SHRTE o
# W AojErh AHES HS HCIZ 2Hdslkel & 8-S
Ay A& Foll & ] SHRFE o] Wi AL =34 oS
o] gz A3k 'H (dimethyl sulfoxide-dg
(DMSO-ds)/TMS) & (ppm) 1.8 (m, 2, -CH,-), 3.99} 4.1 (t,
2, -CHy), 6.8-7.0% 7.9 (d, 2, -CO-ph-O-, d, 2, -O-ph-O-),
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Figure 1. FTIR spectrum of ethyl-4-[4-(4-acetoxyphenoxy)butoxy]
benzoic acid (IV).
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=] 918 oy W SRTE AlFES F 80 °CollA] 100 mL
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Figure 2. NMR spectrum of ethyl-4-[4-(4-acetoxyphenoxy)butoxy]
benzoic acid (IV).

Table 1. Polymerization Conditions of TLCP Hybrids

Sample Temperature (°C) / Time (min) / Pressure (torr)

220/60/760—230/45/760—240/40/760—
250/40/760—260/60/1

TLCP hybrids

acetic acid¢} P9k
3}7]

& WA, e ARARE S A7
Q13 oPIEC R 48A7F 53t soxhletatATt. o] £ 60
°Co FFEolA 1247F &9 x5k TLCP Wie 5
AE AU} Table 1= TLCP Ve E3HAS] 53 208 U
el Zlo = HlE TRk wi%e] 718t FES ek TLCP
e EAlgte 9 e BF FUsiith
SHZAL 7 S E 4 24 AREIIV)S] F4E o
5 dotr] Qs 7 AwkAbareol] Wek 2ol 37
(attenuated total reflectance-Fourier transform infrared
spectroscopy, ATR-FTIR)(Bruker, Vertex 80v)e} 2}7] 3+
£ 7](nuclear magnetic resonance spectrometer, NMR)
(Bruker, AVANCE 1II 400)Z ]850, NMR €12
dimethyl sulfoxide-d(DMSO-dcY& AF8-3159t}. TLCP W EE]
2 je] BakElo] Qe 718 AEe] 274 7j2le Il
el S8 §2 7t X-A 31414 7] (wide angle X-ray
diffractometer, XRD) (Rigaku, SWXD/X-MAX/2000PC)+=
Cu-Ka(2=1.5406 A) M-S ARS8l oM, 278 Hel= 20=2-
15°, 34 2°/mine| Ak, A el #7135t HES]
e Z7]|2 AR FEE Gotry] Qs T dat dAnA
(transmission electron microscopy, TEM)(JEOL, JEM 2100)
= ARSIt TEM AIE-S AlEksl] flel AlE: ol &A=
73371 F 70°C B0 2447+ B FFLE ZHojE H
ZA2 24 A7) (cryo-UM)RMC, PTPC&CRX)ZE F4]2
23] (cryo)E slod 2] Zo] A2k vlo] 22 E (microtome)yS

2= -
===

=



Na'-MMT

EAB-MMT

EAB-MMT in TLCP (Wt%)
o conpew 0 (pure TLCP)

et |
e 3

" e

d=13.15 A

Intensity

2 4 6 8 10 12 14
20 (degree)

Figure 3. XRD patterns of Na*-MMT, EAB-MMT, TLCP, and their
hybrids.
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A=} FAF 4 F A (differential scanning calorimeter, DSC)
(NETZSCH, 200F3) % & ZF & 4] 7](thermogravimetric
analyzer, TGA)(TA instrument, Q500y= 224 E-9]7104 20
°C/min?] 52 £ S48t

TLCP W= 5] A 7Aes #Far] Sl 7t
(hot stage) METTLER, FP82HT)°] ¥ W33 m 73
(polarization microscope)(ZEISS, Axioskop 40)2 AME-319L
), 7tERe] 25 2dS T4 A2 7I(METTLER, FP90)E
3l 240~350 °Co] HLIelA 10°C/min®] -2 B W7 S
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O-H A= 33+ 3500-2400 cm™ F-ZollA \A| #2E ATt
a8)3 A= C-H A% 93+ 2934-2885 cm™!, W= C-
H 2% 93+E 3068 cm oA zhzh &Helslich.

TFA(IV)2] 'H NMR =HEH (Figure 214, #E7]¢]
FAAL T Y A= 7.9-6.9 ppme] W LloNA 2z YERt
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Figure 4. XRD patterns of Na*-MMT, Cloisite® 30B, TLCP, and
their hybrids.

2 2t X 51" B4, 73 A E(pristine clay)?] Na'-
MMT®} ethyl 4-aminobenzoate®] Yol W3ES-S- 3| 7l
Agk EAB-MMT, 28] Al5o4] Al#s<1 Cloisite® 30B2]
X4 A= (XRD) A#e} 7Hzte] #7138 JEZL ErE R
Eoi7F TLCP W= Ao tisl 20 #ho] 2~15° W 9]olA]
Ao XRD Z#Z Figure 33} 40| zHzF UeRAIT) 573
FAES Na-MMTe] I ¥ 3E 20=7.32d=12.07 A)°ll A
Helgon, & A EE 77138 ¥-8A171 EAB-MMT+=
20=6.75°(d=13.07 A), Cloisite® 30BE 20=4.78°(d=18.47 A)
oM Ztzte] af EA 92E Btk HEES 7713} A
ko 24 EAB-MMT7} Na™-MMTel| Hl&l] =7+ A&7} <
1 A% S7FI9AIRE Jd 22 Cloisite® 30B2] 57+ A
27} EAB-MMTED ¢ 5A A& O H2 2 & F AN
tHFigure 4). ©] A3Z, Cloisite® 30B2] 74 A%2] Tallow
7} 21 42715 7L 7] W] Ao g {718
o] &> EAB-MMTET} ¢ JES| T+ AZE AT
Helo] ¢ b S AZE Yeld ZeE HRlth o)
A TallowE C-18°] °F 65%, C-16°] <F 30%, C-147} °F
5%= olFojA e E-o|A vk, Hegt EA} PR o 7
Tk o] AF=E =573 FEo 778 RES NEAANFeR
M AE F7F ARIE WEFIL 20 o] X £o7 o)F
st A8 ¢ F e, 2194 Yeldl= Na-MMTel
58S T E f718F RS ST RN R8-S A

LA AR o= Ar St} ddEle ¢
T}

Figure 3914 EAB-MMTE 3= ¥ TLCP U= &
A 2] XRD #& RAFA At =43 TLCPL A+

¥ r
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20=2~15° L)X o B4 w7} HEEA] &3kt 8t
A5F, EAB-MMT 1 wt% o]/l 20=6.71°(¢=13.15 Ayl
okt Al|7]9] BA7} HEEN oM, 2 Fge] 9 wi Al T
7terE 939] Al7|(intensity)7F B F 718kt o] 22
A4 713 HES FFo] F7HEFF A2 53
(agglomeration)& /o] WA ste] A} MEY 2 ol ¢
3] wElER] Eatal A F2E Fs] Wil sle
gz A7I7F A F7kele A o= Bl vy EAB-
MMT?] 7$- 37+ 72)7} Na-MMTol| vlsf oF 1 A A= vt
o] Z7FE)A] eksk7] wEol] wEA} mjER]A YollA 23]
el x|} sk = skt sk, oln] L EAE
TLCPE thA] Ho] &89 E #7131 JES B2 Ao)
ol g} TLCP7} RHEIA 7] A &HA] A &A1= g of &
718t AEE A B in-situ T THHEE Ve EEHA|
£ A7) wZel o= Fx ZAte] HEjEt ol idsisle
™, TLCP 39} AR f7]8) 748 Yo =4 TLCP
ofo] S £ o sk A} Skt

Figure 4°|X %= Cloisite® 30BE &% ¥=2 €2 TLCP Y
= BahA| o] XRD %S B33 k. Cloisite® 30B2] $F
o] | wt%7HAE oFEd Jax AFER ko o] 4
H= Fdll 1 wit% FFolM = 7713 =7 TLCP MEEY
2 jel] €3] v e o] vie 7|2 FAME S AoletaL
n o] zHe 4= gl S| Yh Cloisite® 30B2] 3HaFo] 3
wi% o]AFo] E RS o 20=6.19°(d=14.25 A)ollA] k3 A7)
o] HArt yepd RS B £ 3o, 1 o] TUIEE
J =9 A 717F 3 S8k ol oW EAB-MMTelA
Avdgh uie} o] f713F HES] Fhgo] 7] et HE
7} TLCP WlEZ]Z Yol & FAkE]R] Ralal A= 534
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Figure 6. TEM micrographs of TLCP hybrids with Cloisite® 30B contents at different magnifications: (a) 3; (b) 9 wt% Cloisite® 30B.
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Table 2. General Properties of TLCP Hybrids with Various Organoclay Contents

] EAB-MMT Cloisite® 30B
Organoclay in TLCP — o - m
(Wt %) Tg Tm T: AT}-ma TD’ WtR ¢ LC Tg Tm Tl Aﬂ-m TD/ WtR g LC
0 (O (O (O (C) (%) phase (°C) (C) (C) () (°C) (%) phase

0 (pure TLCP) 105 240 294 54 361 6 N¢ 105 240 294 54 361 6 N

1 104 249 308 59 367 18 N 107 250 309 59 368 6 N

3 113 255 328 73 380 20 N 106 249 321 72 352 7 N

5 108 250 321 71 361 23 N 106 248 317 69 349 11 N

7 98 240 307 67 349 22 N 107 249 317 68 346 15 N

9 100 240 305 65 345 22 N 106 249 316 67 348 22 N

“Temperature range of liquid crystal phase. *At a 5% initial weight-loss temperature. “Weight percent of residue at 600°C. “Nematic.

EAB-MMT in TLCP (wt%)
0 (pure TLCP)

Endotherm.

50 100 150 200 250 300 350
Temperature (°C)

Figure 7. DSC thermograms of TLCP hybrids with various EAB-
MMT contents.
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717F 15 °C}F 23 °C 7hF 288 7Adiitt olf Axe=
Ao FIIEHR o|Foxl JE W AATE =& &
S 7L 7] Wil TLCP Wiell #4t= o] e #
o] & =¥ & H(heat insulation effect)®E A& & A<
JAANA T3 T7F 25 Z7H 202 B ® siAg, ¢
A FE ol 5 wi% ol THrE 7ol I E7F TLCP
ESHA ol 2 ZAte] =] @43 MR A AFEAE Hol
wE|a E 2 G35 THAAA 4 J-o] "olxl= Al

¢

X i

ZEH, A428 A1E, 20183
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Endotherm.
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Figure 8. DSC thermograms of TLCP hybrids with various
Cloisite® 30B contents.
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Figure 9. TGA thermograms of Na+-MMT, EAB-MMT, TLCP, and
their hybrids.
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Figure 10. TGA thermograms of Cloisite” 30B, TLCP, and their
hybrids.
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Figure 11. Polarizing optical micrographs of EAB-MMT in TLCP hybrids containing (a) 0 (pure TLCP); (b) 1; (c) 3; (d) 5; (e) 7; (f) 9 wt%

organoclay (magnification x250).

Figure 12. Polarizing optical micrographs of Cloisite® 30B in TLCP hybrids containing (a) 0 (pure TLCP); (b) 1; (c) 3; (d) 5; () 7; () 9

wt% organoclay (magnification x250).
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