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1036cm! 3] 2= @~ trans isomere] §4of &3 950, 960, L)1 1028cm™’ 3] A= q-¥ chain
folds} #A7F 41 -8 A M 39 913, 974 ¥ 1000cm™ H A F | A 974cm™? B2 2] F 7|7} 713
A Jebgch 929em? H3E -2 9 o Byt ol Exudas YHE BATE Ao A
H)7} F71E4E 929cm?! F 29 F4AEe BFAENE 4T3 F& JuHdAE BYdh. §Y
AAHE 2= AXY A2A 929cm’e] FHUEe UxddE ofF $& HYAAE RJenH
o]z 2 AAE JYE 69 SAuAAY UEE 1.1156 g/ce o1}, vl gl AEe] v)
ZY 54 939 980cm'e] FF7E9} Yoo JAAAZ HE AMNE UdE 69 &5 2R
AE = 1.2252 g/ccol A th.

Abstract : After the band deconvolution of IR spectrum of nylon 6 films subjected to drawing and an-
nealing under different conditions, the absorption band of each component was identified and its exact
absorbance could be obtained. The changes in chain conformation during drawing and annealing were
analyzed in terms of the results of IR band deconvolution. The results obtained through this study
are as follows ; Both 929 and 1036 cm™ bands could be assigned to a-form frans isomer. 950, 960,
and 1028 cm! bands were assigned to a-form chain fold. y-Form had absorption bands at 913, 974,
and 1000 cm!, of which 974 cm™ band was the most intense. As draw ratio increased, there was a
good correlation between absorbance of 929 cm™ band and birefringence. There was a good linear
relationship between absorbance of 929 cm! band and density for the same draw ratio. From this cor-
relation, the amorphous density of unoriented specimen was estimated to be 1.1156 g/cc. There was
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also a good linear relationship between absorbance of 980 cm! band assigned to amorphous region

and density of undrawn annealed specimens. From this correlation the density of unoriented pure

crystal was estimated to be 1.2252 g/cc.
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Fig. 1. Absorbance spectra of nylon 6 from 1140 to
900 cm™ : (A) melt-quenched, (B) a-crystal, (C) y-

crystal.
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Fig. 2a. Deconvolution of the total absorbance of
undrawn nylon 6 annealed at 120 for 200min.
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Fig. 2b. Deconvolution of the total absorbance of
undrawn nylon 6 annealed at 200C for 200min.
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Fig. 3. Dependence of characteristic absorbances on annealing temperature for undrawn nylon 6 annealed
for 200 min : (a) a-crystalline absorbances, (b) amorphous absorbance, (c) y-crystalline absorbances.
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Fig. 4b. Deconvolution of the total absorbance of
drawn nylon 6(D.R.=3).

334

B

4o

y2%3 54 F39 Iy &R 94538 2 jlog
Uehd o g "ol & X-XH35d Ao 2 g
28k gk, AT 180T o]4Fe] AAIZ dAg)
AME 2% FAol JAHAY y-HHo] o-2
o g Holsle Ao g gAY,

Fig. 4= WA Al5.(4a) 2 AAE A 2(4b) 9
AE J3 o] AE B Ao}, dAnH|302
AAE A7 929em™ M F9) FREI ARS B
1o 1000~950cm™! ko) FFTrt HAHS
Holx k. dA A gkxn w3 Akl
ARz F7he A9 glol(Table 1 #z) B xjul
gere Z7MAEUE 929cm?! W20 FAEst A
Aol wel dH3) Fvlshe Ros Bol 929
em? B3E o-AYVe KAoletn 2 4 glon
A D43 #A7 e E a-F trans con-
formation& Zt+= isomero] 3t B4 Hazg 3
A& 4 9o}

Fig. 5 €2 g] glo] dAul&gt 2 A g9
8 F39 F34% WstE dAv)o) thle VeRA
Zolty, AAIN7t 718 4E - trans-isomer &
A bandql 929cm™ TAS) ABEE A Z7lE
1036cm’ FFE vANA FolME A9 VERIR]
27t MEA Yehd Ao ga Ao @& chain
conformation H3ste} H3 BAV} e Ao B
Ut 9 o-F AY 54 bandzZ L2 950,
960, 1028cm™ 779} AT A2l gol we}l Telo]
Baske Ao Jelgt), wd udAAgE g
Aol metE o] 3035 FHEE F71817
fEol of JIEL a-AHY B2 FEI) B
the a-% chain fold ¥H¢) 5402 HE o) &
Fatelet gzt gusid diuj o] Fgs
5 o] 39359 FRHETt Thde Ao ANFo
mat B2 B33 a3 chain fold7} extended
chain conformation® 2 W3}7] wEolx, nm|dA
dAe AgdMe e 2x7t Sl me) o]
9o F357l 2715t AL a-F regular chain fold
o] &7t F718k7] W&elth. v AA 54 bandQ)
980cm” A FmE AL wet dAsHA 7

Polymer (Korea) Vol. 15, No. 3, June 1991



41 Nylon 6 ® &9} Chain Conformation ¥ 3o #§ 2 g HeA

05 Semem-

@9%0cm™'
04+ A960cm™"
A1028 cm '
11036 cm,

03+

0.2

Normalized absorbance

Nt

01r

0.0

(a)

Draw ratio

Fig. 5. Dependence of characteristic absorbances on draw ratio for drawn nylon 6 with no further annea-
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ling : (a) a-crystalline absorbances, (b) amorphous absorbance, (c¢) y-crystalline absorbances.

Table 1. Density and Crystallinity of Nylon 6 Film Drawn and Annealed under Various Conditions

w

Annealing  Temp. 120 140 160 180T 200C
P Xer p Xer p X p Xer p X
time(min.) (g/cc) (%) (g/ec) (%) (glec) (%) (glee) (%) (g/ec) (%)
Control  1.1337 214
10 11338 215 11340 21.7 11343 220 11353 228 11335 230
Undrawn 30 11345 221 11343 220 11355 230 11381 253 11411 279
60 11340 217 11355 230 1138 257 11386 258 11567 414
100 11355 230 11345 221 11391 262 11443 307 11444 308
200 11343 220 11350 226 11398 268 11438 302 11446 310
Control 11374 247
10 11379 251 11378 250 11379 251 11393 264 1.1398 268
DR.=2 30 11375 248 11379 251 11412 280 11415 283 11469 330
60 11380 252 1.1403 272 11441 306 11473 333 11479 338
100 11383 255 11410 279 11440 305 11483 342 11504 36.0
200 11379 251 11421 288 11420 287 11476 336 11544 394
Control 11355  23.0
10 11383 255 11388 259 11393 264 1.1398 268 1.1423 290
DR.=2 30 11385 257 11391 262 11418 286 11418 286 11458 320
60 1.1386 258 1.1414 282 11433 299 11453 316 11521 375
100 1.1424 291 11405 274 11449 313 11497 354 11512 367
200 1.1395 265 11426 292 11466 327 11570 416 11532 384
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Fig. 6. Dependence of characteristic absorbances on annealing temperature for drawn nylon 6 annealed for
100 min : (a) a-crystalline absorbances, (b) amorphous absorbance for D.R.=2, (c) a-crystalline absorban-
ces, (d) amorphous absorbance for D.R.=3.
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Fig. 7. Dependence of characteristic absorbances on annealing time for undrawn and drawn nylon 6 annea-
led at 190C : (a) 980 cm’ peak(amorphous) : (b) 929 cm™ peak(trans), (c) 960 cm” peak(chain fold) ; (d)

974 cm” peak(y-crystalline).
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Fig. 8. Plots of birefringence vs. absorbance of 929
cm peak for drawn nylon 6 annealed under different
annealing conditions.
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Fig. 9a. Plots of density vs. absorbance of 929cm™
peak for undrawn and drawn nylon 6 annealed under
various conditions.
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Fig. 9b. Plots of density vs. absorbance of 980cm’

peak for undrawn nylon 6 annealed under various co-

nditions.
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<Al Nylon 6 ¥E¢] Chain Conformation M 3lo] &3 N2 & HM B4

o) F3es} Aol JAAAE FAE £+ Qi)
o] FAB/ANNN FHE 0] AP WE, &
A2 grol nylon 62 Fuljgk 2bd AA S WUk
sigdgich. o] AW gho] 1.2252(g/cc) & 71E9)
nylon 62} a-Z%e] Yxel gk 1.23(g/cc) 9} F4}
g gkg HQlch add B d¥e] F#A7} nylon
62 a-ZAA e Y= HT} 7 A UL A2 B 4
Yol A NeAd Iz zHdo 2 IAgshe H$o
BE A8 a-ZAF0l9d a-AF9 UYxrY
Ze y-AR (116 g/co) o] 4% Ex3t AA7] o
Fog B,

2 &

A4 B dxe) 20E 2eg nylon 69] IR 23
E #.2 band resolutiond}] zt B4 AR u39)
ggozs HEF FFPLE 48 F U &
1000~974cm™ ¥ 9ol A vl nylon 69) 7%
A Havt glo) FAE7] oAU v EA &
391 980cm™? W29 WYY FREAA 2HE &
gleit). 929cm’! ¥ o- AR WYl o)z} Baju)
Pl wigstn, Zee AT 1036cm’ 729
ENT 929cm’! =19} §ASIYTE. = 950cm’l,
960cm™ 9} 1028cm™ 3] 2= -8 chain folde] £4)
& Holy, 3709 y-EA 33(913cm, 974cm?,
282 1000cm™) & 974cm! W37} AR 1R
pikdg =

EZAg7 929cm! 39 FREohe dalgo
52 2 F ARWAE Holn, 929cm™” ¥
AEe FY A& A5 dMe dxg ¥
o] dxg F2 AVAAE B o] FFWA=
FE nylon 62] 738 o3 A5 D=+ 1.1156
(g/ec) 2 AREIch. vjd dXe] g 2

Y ox Jm o o

Eol A15A A3% 19919 6¥

980cm HA<) Aroix Fo AVAAS HYO
o, o] A@A#AR BE AAE nylon 69 Fujdk
gAAAR ) A& 1,2252(g/cc) o)),
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