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Abstract — Resol type phenolic resin/layered silicate nanocomposites(RPLSNs) were prepared by melt intercalation method
and the cure kinetics was studied as a function of the amount of layered silicate. The partially exfoliated structure was found
below 3 wt% of layered silicate, while more stacked silicates were found at 5wt% of layered silicates. The result of FTIR
experiment for cure reaction of phenolic resin showed that the RPLSN had almost the same activation energy as pristine phe-
nolic resin but it had 7 times lower frequency factor than pristine phenolic resin as the amount of layered silicate increased.

Therefore, the steric hindrance of layered silicate in the nanocomposite affected the cure kinetics and disturbed thefformation
three dimensional network structure of phenolic resin during cure reaction.

Key words: Resol Type Phenolic Resin, Layered Silicate, Nanocomposite, Cure Kinetics

.M B
A 8§ 4 (polymer melt intercalationy 71=2] L8R} 7
9 = ] SHAA A E A E A0 E Ve 534 (polymer/

Iayered silicate nanocomposieylZ k= W olt). o] WS Falo]
Sl AR ESY] EFeS A R Ho] RELV &8
%i opFez dg riete] R dAE A2 = vk LEATY
A)7lo)E the B g 7] 34 (filen F ol&she ARt 2L
¥l A EE AMIPHME £& 7AF 24 A%, 9%
E82)[1-2], =& heat distortion temperature(HDT)[:i;}%o Aoz A
F[4-5], 2 71A F3=[6], =2 -84/ (solvent resistance)[ 7k
o] AXE[8] 5o 5L HolfEr).

@l

Oz

m

TTo whom correspondence should be addressed.
E-mail: chung@cais.kaist.ac.kr

641

A &8 Al gl AlzE ARAHE AR E Vi Egt
Ale ﬁﬁx}g} HE]Ao|E Ato]o] HATHAR] T AHE- 07 Qlate] AL
AR Rzo] F& APAlolE ke g AYEs Arol o 1 3=
7b AR E T s a1 o] e AU & (intercalationgt 1He] 9
T-Z(exfoliation)= & 4 Ut ol& FERe A ELY Xray
diffraction(XRD) s = #&l, & 7]53]d (basal diffraction)s] 2] %],
Bk, A7) Tl o8 R vk AYE e EAle LEat A
Z7o] AjlEe] dyfFlelE] 7k WsiA XRD =2 sgld
(20=~10)ll ol F2+ Aol afg=e M= f1A] 327} vt
Us Aoz 1% ¢ oL, Y eEdH e dEAelE 24
27} 73] FAAMSHA ko] XRD H A djgl/del wAr) veht
A e FoE IR F AUt

REEae] 57), @ Age A, 283, 7
Qlafl o] RS o] &3 FdHEAE
23] ZlePEo] ghrH9]. zE, g

&o] &



642 HoA -

olE UrL A= 017;1031[9 12, & &

NEA FAE 7|ZE o] F

Asd FAE ol ge At SelA w2 AAelth
= TX]’_‘ 7Fg 2 E FETARE =2 84 54 (ablaive property),
X7 /g, 94 kg, vl P o] S-S A oM &

HARNE, E%‘%J AL, F2, BA 498 H2A, 9, B3A 5
o Wl AR I ATH13]. &), HErAe AR 2= Qs A
Y7ol E 37&"1] *JO‘/‘] 7l 7o) ofE it o] FAE F5317] fIs)
FAE AR AoNA 4- amlnophenol hydrochlorlde
2 %ﬂﬁ}l‘d %E%‘i‘%‘ﬂ EE 7 £l B A=A A
AGAC|E =E3AE AU L, ©][15] E F[16, 17] £ A3
w8 g Ao SAFATA|EE £8 AWl 9 BAAA 24
HEH 2P Y= EAE Azstgnh. AR oA WY ArRE
TE7] oI, EAe] & #HE A9 ARl 2] 53] A
oko = Q] H&EY AEFALFAEANE YeEsHA e At o
FolAA] gF& AAo|rt.

olo] B AFtdMe= #HEE HAErAE Véﬁ]ﬂ]O]E ‘%L%@iﬂ%
Azslr) fete], EAlol Fal 3157991 HEY HETAE o8-8t
»}iﬂf&iﬂé Az, F4A A =] Fol L}i “éhﬂ o 3%
ABol el G 2ARBIAT,

2.

e
ot

2-1. 23
2 Aol AR ST HlEaAle ()R F-3llM Al2E KSP20
o RA, APE GF FA7F E EitE e *] itk o] MEE

o

Eol| FRA0R Zo} 97| W&l FIFe] FHFE FUIste] nHE
S AN &, SAARI S} NFLES o835l FEE AA™ &
wRpAb R ol wAg 71EE At HEY HE 57 KLE ¥
w3t

24 A o] EE Na-montmorillonite(MMT) 71+= 4 £ Kunipia
A}e] A (CEC=119 meq/100 & AF&3t5 oW, 47 |X8d ERdz

L} E (organically modified montmorillonit€ #3171 18 ARg-3t
w-amino acié¢= AldrichAl¢] 6-aminocaproic ac@ AF&3I3.0H, #-7]
]ﬂ% ErgZuo)|Ex CoMelE WAL B2 E e #&3 5
A 9} ZAHA A0 E(MMT, C6M)E ZAAPE-S: o] g-sle] &3ta)
ME}. olu FFA A ES] Tk 1-5 wtogdrt. o] &3S hot press
£ o]g8td 110°CHlA 1rMZFE<t 8-S AIFTE 1§ 130°CollA
1/\]7P %<k convection overlA] 3733} (posteuringg A7 & ¥
FA A YA B Y B A (RPLSNSE Alz8 9 AxH
RPLSNSE KLMMTw, KLC6Mw &t " st olu we vhei-§t
Al FFEEA | EL] wites AT

2-2. £H
P8 ds54A (KLY EAEe B4 4= tetrahydrofuran(Merck
ARE ARREle] GPC(Waters WISP 71234-S Z3) grelsigitt, # &=
Ao A=A 222 X3HE49-L MALDITOF/MS(Matrix Assited
Laser Desorption lonization/Time of Flight/Mass Spectros&@py)&
sttt Hem5Re A54A71E #lshr] 9ske] 400 MHz solid-state
13C-CP/IMAS NMR(Bruker, DSX40& AH&-sl9ith. B=7t AR A
< FHxzlslr] 918 magic angle sample spinning(MAS)10 kH T}
f713ke AAlo) B Fx29} KLFAZE SAE A EL &1t 4t
AFAEAE 311sl7] 918+e] Rigaku X-ray generator(Cuk radiation
with A=0.15406 nm, 40 kV, 80 mA§ AHg-3ke] A-2elA XAd 34 2~
HEZZ B9t olu) I-7E, 6= 1.2-10°%°)3L scan spedd
2°(min?rh. RPLSNg] Fefghs 2Hastr] 913 100 nnel FA12] AJ#

5l5t35t w398 w52 20084 10

| —_— S~— —

k 7.24°(1.22nm)

——— @

0
§- 6.83°(1.29nm)
>
Z /\
c
8 \
£ / \
o (®)
o
o
E
<

1 i " 1 N 1

2 4 6 8 10
20, degree

Fig. 1. X-ray diffraction patterns of (a) MMT and (b) C6M.

& &4 FZ"sle] Philips CM- 20TJMX}64B 74& o)83HATt. ol
7HEAse 160 kWit HEY slErAet RPLSNg] @riE%%
##3)7] 918l Bomem-MB 100 FT-IREZ7]1S A3t} 4 ont”

9] SjAER 5-208 scanningtdth. RPLSNg] f2ldol s 24

7] ¢35k DMTA(Rheometrlc Scientific DMTA Mark V& AHE-3)

A}, o)), F=u= 2 Hz, strai- 0.07,28] 32 52 &5 10°C/min
o° 2 sk
3. 4zt o nE
3-1. 87|x|&HE= EEE'EL}OIE°I A5}
w-amino acidl S3Ag]Fo|Ee] Z7ko] Z+ 41 ‘E]OiLX]% gel3)
7] 918k X-ray dn‘fractlon(XRDE— o143t} Fig. 1 #71x &+
2R zijo]Ee] XRD H Aot} £43 %E’_%‘ib}ol Eo] #=7}

7.289)4 JERIA T 6-aminocaproic acid modified MMT(C6M) =1
A E 6.8F3% F7|AEA Q] AYS FAT 4 Al o] AAEL
2ol Usukiz[18]e] A8 A= dRI5k3Tt. 4] (1)2] Bragg's lavg
o1g-8l] 21k AE AN & 9ot

: A
0= — 1
sin >d 1)
o171 di= basal spacig>, A=0.15406 nm] ==, MMT, C6Me] basal
spacing> 27} 1.22, 1.29 nm|t}.

3-2. HIEY HesXlel SM5t
27430 KLFA 9] BEAF7ERE dolry) $3le] solid-state’*C CP/
MAS NMRZ S 33l tt. Fig. 214 5-741-8 #Hl&44 2] ortho-

ortho'(29.21 ppm), ortho-para(34.93 ppm), para-para(39.67 ppm) methylene

bridge>1™, 812 methylol group, 81 dimethylene ether bridge(Ph-
CH,OCH,-Ph), 10, 18- sllEag]ollA vhg-akA] o5& ortho?t pare]
21& veRATH19]. Hle=E]e] hydroxy groug] orientationd v -0l
methylol groug} methylene bridg‘ég hydroxy groupll ™3l ortho}
para$xlel €7 €t HEd FAerAc e Hal AFe] 25Y
el =g Hrletng 2719 dzol XFYU8|=rF 8¢ wheol 2 &
o] AP &gk} w=r) wFo| uk3-Z 719 methylol group
o] 243-3] ol EA)51A "}, ©] methylol group] ©F& methylol group
e vHE #H =39 orthot para$] A€l PIRk-g 49 §H-8-31ed dime-



&% AeTAR

]»/\1‘:/]71]0] 1= L}-‘—Edlxﬂ 643

oH oH OH
3
£ CH; CH,OCHs
9
3
4

1CH, 6CH, CH, .y
HO! CH,OH
10 8 CH; CH,0H
OH OH

OH

AL AN S S S B B S E T

— T —
ppm 250 200 150

T
100

Fig. 2. Solid-state'®C CP/MAS NMR spectrum of phenolic resin. Asterisk indicates spinning sideband.
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Fig. 3. MALDI-MS spectrum of phenolic resin.
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Fig. 4. X-ray diffraction patterns of (a) KLMMT and (b) KLC6M cured at 110 °C for 1 hr followed by curing at 130°C for 1 hr as a function of silicate

content.
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Fig. 5. TEM micrographs of (a) KLMMT3, (b) KLC6M3, (c) KLMMT5 and (d) KLC6M5 cured at 110 °C for 1 hr followed by post-curing at 130°C for
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Table 2. The activation energy and frequency factor of KL and KLC6M5

Sample E(kcal/mol) ky(min™)
KL 20.19 1.8181%
KLC6M5 18.95 2.7571%
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Table 1. Curing reaction rate constants of KL and KLC6M5 for various curing temperatures
. KL KLC6M5
Curing temperaturéC) @ o - @ o -
90 0.013 0.017 0.9921 0.010 0.022 0.9875
100 0.026 0.014 0.9971 0.023 0.011 0.9986
110 0.061 0.007 0.9978 0.048 0.001 0.9987
130 0.216 -0.025 0.9996 0.149 -0.020 0.9996
150 0.645 0.111 0.9890 0.428 -0.074 0.9899

ACuring reaction rate constant(min PConstant”Relative deviation from the perfect linearity(the value of unity).
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