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thergt Feolel A stellM SFAl FF 71l o84 e-caprolactam (CL)Y& &0l T =M YAE/Z
deol vhe FFAE Ak A7) 2ozt T Wkl vjA= G ge] wsto] deiglon, Syl
el Selolg ure] A WsE XA 3EEA e °l A EAsA Al FRe #71sF SdolE CL i) 2

wt% AFEEE Aol AAE $-0 FAT AR Aol e TEol ddsiAl AAyHA Ao, {715k Sl
o] &&ol 1 wi%dl HA M= ZAA B4 9 A7 Sl AAT s BEH 1 okokeh whde], Ml
Zelele] Aol 5 w7 T3l Theatglon, AAE HRACME AR 9 g0l AstHe How
Uebdod, dwd 25 dAskA FE Ak

In the presence of various clays, nylon/clay nanocomposites were synthesized by anionic polymerization of &-caprolactam
(CL) via monomer casting method. The effect of each clay on polymerization reaction was investigated and the change
in gallery structure of clays during polymerization was analyzed by X-ray diffraction. When the three kinds of
organo-clays were used in the amount of 2 wt% of CL, polymerizations were not successful due to an increase in
viscosity during polymerization. Significant changes were not observed in the mechanical and thermal properties of the
composites containing organo-clays with 1 wt%. On the other hand, composites containing natural clay up to 5 wt%
were successfully prepared, and the composite with 5 wt% showed a decrease in tensile strength and elongation, and
remarkable improvement in thermal properties.

Keywords: nylon, clay, nanocomposite, &-caprolactam, monomer casting

1. M = [1-3]. o1%, Ze|iEloldl[4], Zeldd ez ergo] E[5], Zlvd
etz g0l Ef6), T Z2dN[7,8], oFA] ][9] H 2] &[10,11]
U=7]%(Nanotechnology, NT) 7|24 02 2 EAES AT S o] thekst Al A Re] Hgo] BAFOR AFEJ O,
T oA, thAIAR1 TS AEstel A AFTE AR = Tk JAE 69] i BAAE £ u foldt el 9JalA Alxst
g8l g8l 7AlwerA] dese] Al vhekst FEHE s a 32} 3h= AR EEstA RsgEo] 9a1 Qi
ol NTE} #Hdk tjekst Hol FoME, AgAlolE F4F %9 dntrow UYAE eutal EH = 2dES, 19 e Fxe
AEFE(clay)S WerE(1/102m) 59 AE 4] 7|E d9g FAsleetE FA o R e vekst o AlxE AL Qlk 11 Fol
vl (exfoliation) Al LA} tEZ A o] #d A Al E% ME AAstE 9 #AkEo] 71 w2 UdE 69 Ax e o
Asm= A% SRt HrtstolE W84 1Ak w2 VIAIA = Q1 e-74E 2 2 ¥h(e-caprolactam, CL)E S8 EllA FolF o
48] FAIE AU E EkAE FE7HA] Bl o dvh= Ao Z JFTTFAT = HHOR olF FYAoEE WA 7Y UUE
8 Wk Qi o] Fofol o] A9l A= L9 Toyota (monomer casting nylon, MC Y &)olgtal 2w, JJAlA| L= &
3 ZiE UdE 6§_’\1 A& el e SAEES A9 ‘A1) e st W FHE] A B =4 wiskel] #sA
T, FAE, BAE, A, A5 A, A FE 5 © Al AFE oA ITH12,13]. MC WY& dnbAel 438
oA Eeje L]'?J_%HE]- A 3t ﬁii ERsTh A2 vl walsls o E2 2 A7) v Ho 017&7“:

T 5 A A} (e-mail: dwchung@suwon.ac.kr)

502

__I.I.

Study on the Charateristics of Nylon/Clay Nanocomposite Prepared by Monomer

ek ol $5ste] 7lol, Weld, &, 4§ vk 7L



1-‘;1,

03‘3-

A 8 71l gkl Alx

WA A wAsh @ R kS-S Se)5to]
oF Frh= LA we] S-giofel A ATk et Aol

FAT AT UARE BHTORN 112 S AR B
A7) AE[14,15] W QAx T £ AR Aol A47]

45 SRIEI6,7]& 8] 9 71300 <l oo 98
o) 1 94 Rope] Bto] 27 ZYH L glrk. E AL
f71skw AR Felol S A stel WA 79 7ol slad 1
Ag/Feo] the BT FYSALE QA 7Y A BAske
NESAO] e A, Ev) S3t Zelole] @M o Aol 9l
= f71sHse) gl el AEsRom, Axd B 5
44 54, 714 BY 9 9% 542 B8] 258 MC HAE
o} w3 sk

N

[

2.4 o

2.1. AleF & 717

CLS BASFAFS] AP grade® P,0s 3lollA 23 7Azako] AL8-313
o, YEF 9 E5< to]rod|o] E(toluene diisocyanate, TDI)
T AREE AAl §lol AMEEIITE Edlol+ Southern Clay
ProductsA}2] Cloisite™ seriesS AFg-31%] o1, 2|2 0 2= Zd‘?i =

glo] el Na" 9 §71SHAIZ 5215 15A, 20A 2 93A 52 AHE-
31T} 20A% Na'S bis(hydrogenated tallow) dimethyl ammonium
chloride (2HT)® ©]-u&ket Zo]™, 1543 20A%} FUsk; 2HT
5 HeFo @ AREEte] oF 10 wi% 2] 2HT7F f2ld ez 3o
A= 7713k Zdolol™, 93AE Na'E bis(hydrogenated tallow) meth-
yl ammonium chloride® ©]-2n.8kst f-7]5} Sejolth.

T E=v §87He CLo] MAEEHE H(250 X850 %2200
mm)E HIZECo® It I FE 4T 7FEE S(heating
block)o] Ee|#aL glow, o] Fgo] Alo|FA 2 AAE o] LEE o
A FAE 7 ALE AZsieleh

HakA) o] W= SatoriusAFe] LA 230SE, 3% JXE3= Rockwell
Hardness Tester (NGB, DTR-200)E, X-X13]424](X-ray diffrac-
tion, XRD)-> RigakuAl2] D/MAX 2C (Ni-filtered CuK, radiation, 1.54
A)E AH&ste]l SAsIth

2.2. LIYE/Z0] Sl &Y

& 69 TRl CLS F57d0] w9 stkar et e Af
&9 S TANT| R A3 TS Adto] WGl ShA] A
of Sl SRS AASIIE G S AlAS] Y8t CL
< 600 g A% B F 719] 1000 mL AFztEelAso) 2b2) dol 4§

o

AlZ1aL Z71A1A wRE7)(300 rpm)E o] g-ako] k| 150 CollA]
1.5 h B¢t ALV R/E FHsHAA 58 AASIIh oju Zekaa

wEE A Fell 238 Qe RS AAS] Hste] da

F A H|0] E(CaSO) & 1 Az7S Eafo] Faeh sl
o] IHgollA A %—a}.éioﬂ Zlo)(7) 8 -?-94 r;; o] CL tjH] 1
A+%(intercalation)

o &

1=
L

O

m\u

CLY AxyHo] Frpd F AZ1EeAe 255 120 T2 24
3L, o]F A Z2kAZol TDI (CL thH] 0.25 mol%)E 3 7Fskich
TDIE o7k A7t o] Q= A Eekaae] ¥+ 22 A% B &2
250 B0 YEFS] 43k wkgAd oz Qlste] Fdlo|eke] nkg U

g A E/gdo] v EaAe] S i A 503

Z3tol| QS = Holeh ALRH QY] wlEolt). TDI= B 7)AA)
2 AsHARE AAlE AL AgEdoe]7] witel CL¥ Wkg-ato]
A 7WAIAC] FE|(N-acyllactam)E 2555 HESA]7]= Zlo
TDI 37F25E 40 min F, 24 F$17] stellA] 120 T2 FAH I
4 B ZEkAe] YEF (CL 1] 0.35 mol%) S 7I8te] Fuljql
Na-CL= FAAIZAT o] A olX= Fa7|A7L B o= =2
2 o] Jhsetth wkA, A71Ae] wAdo] Euhd ZHwiag 2t
o] TAR AoR wdatal, Al BE EFato] 160 TR 4150
Ae Eoo Ao EH T whgo] AlEnh A4S 915t
AR Agel Aol MES AFAIGTE SaNEo] R upet
W50 Aert F7ksta Halz gejxs s Fo 3E8 471
Qown, FFALOREE | h Fof BES] 225 WFEoEHN 1

=

S TAG. FH R FFo] dojuhs uﬂ% *M%OI ago
A, S WEgo]l dojubA] o2 Aol A E= Hol A
AJElZ =A% 7,8,13].

23, LIUE EtMel 2210 & 53

71 1 mm o8tz Hab 7has Y88 Al 2 80 CollA 24 h
A1 Z, v ekE-S ARE-S1o] 24 h < Soxhlet &3 &, HolS)
]—5% 80 CollA My 1Ax3lo] FAE SAToEZN F29 &
TFS AN, o] Fholl A e AeHES Tslich A7
12 53] AAste] Hulgkd H kS AlQlsta Bk -8t

1
7 71 &

32 1o rlr o
fd i‘N
A

v“mz

24, LIYE S92 7IAX &

GFA T 71l SJsliA] P HEA] A £l

) 7(']]745_ L, ShEY A F(F) oA ASTM 2 e Bh5=o] W+
712 A2t Zhgstol AlEE AlFERglon, 80 CollA 24 h AEAX
= =4 Xd%ﬂ% Azx710) Baeisitt A= WA 7] (Lloyd
instruments, LR 50K)E ARg-alo] Attt A2 ASTM D-638°]]
ojAste] Wl FEje] AlES AFEEIom, 7} AJEe] L 129
mm, F7= 3.25 mm, A2~ = 453 50 mm/min, Al0]A] dol=
100 mm, 5= 23 Collx Ak Tt T 47 5= ASTM D-
25600 &7Aste] X E ofo]xE Wl o w2 AFslk TAAEYI
3= TMI Co. (Model : 43-02, pendulum : 75 kg - cm)E ©]-8-3}o] 23
Tl F3akaich 2428 A3 H4 73] o) vhagh & H gkt
Hagks AlQet Hatghke E2318HITE MP/3(3stage) (PAARA} A
Z)E AFE-S 9WE 2% (heat deflection temperature, HDT) 2] &7
ASTM D6482] ¥el wh2bA 1.8 MPa?] 315 slollx] Adaiglon,
53] AAleto] Huligkt Hagks AT Boke FAskSith

ruZi i

3. 24t | n#

3.1, LIE Lics8Hel Y

CLE &0l &> Scheme 10 YeRH A3} & 9k 7]t 9]
A AaE= Ao delA o, Gk 53 7l €% CLe
wol& Tl T e B Tl gl ulg- oveAl g
< etk 53], 2 9] 542 dEFAQl CLE TDIE WHSATA
28/ E]:= acyl-caprolactam (Scheme 12] (1))©] 7HA]A(chain initiator)
2, CLY} YEF©] §F-&-3 sodium caprolactamate (Scheme 12] (2))7}F
AR DGk o, F E4E HER Alxsto] EFT 9
=Eo| A" sh= Zo] 7P A o defA] gt uhebA,

J. Korean Ind. Eng. Chem., Vol. 16, No. 4, 2005



504 Ao - 72

0
I
NH-C=0 + R—N=C=0 —> R—NH—C—NL—5=O (1)
CL TDI

l\{l—j=0 + Na —_— %=O (2)

0 0
oI
(1) + (2) —— R—NH—C—w—I\L—j=O (3)

Nylon 6

(3) + w=o

Scheme 1. Mechanism of anionic polymerization of caprolactam.
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Figure 1. X-ray diffraction patterns of (1) clay (20A) only, (2) clay
in caprolactam before (2) and after (3) casting, and (4) after 1 h
polymerization.
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Figure 2. X-ray diffraction patterns of (1) clay (Na+) only, (2) clay
in caprolactam before (2) and after (3) casting, and (4) after 1 h
polymerization.
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Figure 3. Density and conversion of nylon/clay nanocomposites.
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Table 1. Mechanical Properties and HDT of Nylon/Clay Nanocomposites

Clay none 15A 20A 93A Na'
Content of clay (wt%) 0 1 1 1 1 2 5
Tensile strength (MPa) 90.1 78.6 83.2 85.7 87.3 86.2 82.4
Elongation at break (%) 15.5 223 16.6 15.9 11.0 10.0 9.1
Hardness (R-scale) 120.2 118.2 119.3 119.7 120.7 121.1 119.4
Izod impact strength (J/m) 39.7 48.0 40.9 42.1 382 38.5 375
HDT (C) 96.1 80.2 952 96.9 97.1 102.3 108.5
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