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2 < :e-Caprolactam o] A} =3-& A3 A AL F Fv) 24 sodium hydride, 37 A
24 hexanediisocyanate & Ab§3le] 159 FES} WSLEE WAAAWA UAE 69
monomer casting o] & HA 2L Falch, TS Lol F3to &% bulk polym-
erization © ©4] ™ A e-caprolactam 2 ¢t ZH-8e} £ A AAL F 130~135 °C 2 7}
o] sodium hydride (0. 35 mole /)) hexanediisocyanate (0. 35 mole %)2 Yo Z435 A7 v}
- 180 °C 2 o999 FHol ¥ 190 °C7tA) 7hdsle] 12~154 b ubgAZ e, ohe &5
4»4 180 °C ol A 20~30 —i-7L 423 F Y& A2t FA3] 23 monomer cast nylon
et ol WA} A4H A= monomer ] FaFo] 2~3 %A LolY] W Fe] 2FE
2501 953 TATE 500,000 BEH A, UE 2954 DSC LA e A6 e
G0, $7& 20 A, ARG ATE BYE A AL AIAE 2k
720 %, 75 %A= Foske A
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Abstract : e-Caprolactam was anionically fast-polymerized in a metal mold and
the parameters associated with the casting reaction such as heating cycle, catalyst-
and initiator-concentration etc. were investigated.

e-Caprolactam dried by vacuum-distilling over phosphorous pentoxide to a pro-
per temperature and was activated by the addition of certain amount of catelyst and
initiator. The casting mix was then introduced into a preheated mold with the least
contact with air, and the mold was placed in a heating oven. After certain time
period the mold was removed from the oven and cooled.

Among the catalyt bases investigated sodium hydride was the most active and
convenient to use. Hexanediisocyanate gave the best results as an initiator. The
product thus polymerized contained 2~3 % of equilibrium monomer concentration
and the molecular weight was in the range of 500, 000

Density measurement and DSC analysis indicated that crystallinity was high
(40 %). Various strength values were higher than those of common molded nylon

6 products. Tensile strength was in the range of 900 kg/cm? and modulus of elas-

ticity was in the range of 40,000 kg/cm?-
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1. M =

Monomer Casting & £33 A3 S FA 4 A
JA € TPz FEH 4YAA4 & ¥
23t B3l wldte AkA AR Ag
o Asael A Aol Sag AEE A4
T T UAE A E AASE 9tk Monomer
Casting o] 5§72 44kl Eep=E AzI3
9] =734 & £ F water quenching, pelle-
tizing, monomer recovery, drying %59 ZZ o]
B EH 2 FglA o] o] FolAnR JAA
vy AR v Go] A Fol=x Ao A
Aoltt, = & S FHAY 44 ¥ 7
AR 44¢ FAAA 29 ez Botae o o]
477 A FHE 2 AHEelY 4EF OE
A8 Wl EAste ¢ ol 2§ shear orien-
tation o] AAH 7AH AHA AFL d& F
ol ZetaE AFozA whEAd A4S v
B F Zlelet. e-Caprolactam(CL) 9] o]
F kg2 Joyce! ¢k Ney?el 2|3t A Zs]of
Griehi®, Wichterle?, Sebenda® %] 2] 3le] o] &
Ao g A7rF AYP= g on 1960l o] Fof A
AT A FH3oF AP P H

%‘—% Lo 2oz A odvte] =E 47EE

£ HPTe 8o FTAAAZA Nacyl
caprolactam o]} o] A& W5 4 A+ acylating
agent & A3 A&t FF AAGANA Do
g 23} w8 J1E F9 S AL
ol A ks whe] AFPA| 71}

o2&t Fulkgo] o] FolAw Fojvt &
=E 43} Fa4A5 Fe Bhol &A%
lactam 9] go]& FE7} AdEe old Az
alkoxide €] 22 lactam imide ¢} dF-3-3}o] ulk
$E52 % AAS A 2R e & FE

o} BB FUAE R FEEL T A
AAAk @, 2ol AAAY FE, FEE

=, %‘—?Mﬂ “‘7—}‘%}% T A4 A 4

o] uhg2 FHA
-4 v@iﬁ} %—3— L5olA e Al w&
sting of <] %%°] A5 He Al & 4
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TFol A= Zolet MAAZA sodium hydride 9}
hexanediisocyanate (HID) & A}-83}e] o]t &
Fub-g9 o sA] dbg 940t FFurSo) =
= 9% & 7 E35t monomer casting of] o 3l
A 2% BA%E o] 244 QoA E F
Ao Ee2A, JAA YRAE zAeY o

2

2. 4 #H
2.2. Monomer Casting
Monomer Casting 342 24 ot& o) A=
4E + A+
AA 52 A A :1000ml 9] Zet3o] CL
500g & ¥ P:0s 3~5g & A7 ¥ spde)
oq FAdohE AHAAZ Ao F=dA 97°C, 0.05
mmHg & 7+t&5F3t 58S ;(-]]7—]'6}-:?‘_7‘;12-
A gt F2o) A BRI A=
Aol 69°Colmz AzTg Haq o 7}05%}
o 5 F AA2A ALg3tglch
A LN 843} 250ml 9] Telaz
o 113g(1 mole)d) CL & ¥ 3 130~135°C & 7}
Aot Hl F E9l2A 50 % 7] S5 L am
NaH E 0.096~0.24 g(0.2~0.5mole %) ¢
A7 F 3 AA 2 HDI £ 0. 252~0.807g
(0 15~0. 48 mole %)g o] < 10 27 & 550
TR old FEE AAAND A+ JAE F
FAA PR a9 ASYLe AAAA A
Al FE9 A& ol F4o
AR FP0E : Y FgLAe ul
dojrtmz 180°C 2 wlg] 7ds %"ﬁé

T INAEFE HEE B A% &
<L
"
=

TN -& o[o

o]
7t
%70 ¥
g 28%0] Yol /g ZggAe 9
3?‘—1 60°C 2 ?MRJ Y9 25 % 190°C 7

ol FHHEE A

o
o) “‘1"

YA : 553 (tempering) : whg-o] $A=w 2
A& F7HA717 93 L% 150~180 °C 3
=2 A A 3087 @ey dqe o B
oA 7R AAE JAAN F FH L 2
3t FHAE 23 o
2.2. Monomer &%

THAE Foz doM 42 5 g9 F
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A 1~3 g A =% Soxhlet &3] & A-g-3}<d oA
GZEE kA 4 BarE 1247 F¢
FE3 2 A9 FAY % 59 FAE ¥
st Biw Ff{akg F3goh.  Monomer-
cast nylon(MC nylon)-& A-&-oA 1~1.8 %]
FES TR glonn Feold 1247 3
Aot 8 FGeko]l B o el S W =

AlE Ao} ulzahe
2.3 Xy
MC nylon & ¥-x}eko] Z7| W Fo] BE

Bk 38tk W A ko]l o] # g3t g
24 formic acid & A}23ts] 0.05g/dl, 0.025
g/dl 8] ¥z o4 Cannon-Fenske d =4 # 100
&AMty ANAEE ol AR et

ZHAEE F5od Mark-Houwink o] A3 4]
o} she] RAeEE F5kg o)

() = Kit,* 6
olwj A4E K = 2.26 X 1074, a = 0.828=%
3 o

2.4. IR, DSCE4

FEA e 2A4 & 22 A ek =

g F Aol & 3ted T4 0.025mm ] 2
& EZ BE VY EL L9 E Ho 3§
HollA F7 0.002mm & HEL upEo] Perkin-

Elmer 267 A &4 E337|o] 93] A#EZS o
of ZAAE v¥lastolvh =3 Perkin-Elmer
DSC-2B & At&-8te] A A4A L vl 2dtqd
o},

2.5. U H¥YM =3

D 1505-68 ASTM o ¢]&}e] =l w2 A 33
obe AZ & Aol F kA S & ALgdte

5 gole) $51E WHAA AA T &
Ao} F7e) AAY A $Ae] Ax} FPA
st Rorz ASd F A Lo Hoz
$e Axg Faseh

d: d1U1+d2Uz (2)
v1+vp
g & oA G3E(d,=0.7917 g/cc at19.5

°C) 7 At 3t &aE ARSI ol Aty
¥ P q FE g4 o3lg ¥EAY &
ZH A14d A 23 19774 49

Feret,
d___W”+W‘__
T Wa W 3
d, d.
% crystallinity = WYCW 4)
(3 A (4)A] ol A
1 _1
% crystallinity = ‘i" 4 (5)
d,” d.
A AN W = 394 A F9Y pre =
Al
W = S04 W9 ARY yr %
A
d, = 54

%
d. = ZRY ¥

2.6. 713 M3 =%
ASTM D 638-72¢] ©j3}e] type IV 9} 7+
AH & wHEo] MTS(Material testing system)
810 71712 A3 eh. AdY AfdEse A4
Zet2E Y ZE APl 5 0mm/min 2 3
£ 3% (load), 3 3<& W3 (strain) 0.2
Ae Ae F ooz ¥H 2F P

, HAE AAE, BAAS B2 Fogle

V

mio

< 28A 2A G A Ed w‘{}ﬂ 1_3354% 3
G EFAY L2 F50°CHE 220k MMA
2] monomer casting o] ®]3le 433 HeA

2z vYdE 62 monomer casting S 2% zA
o vlny g3 F7-& FA X casting o] 7}58}
o 22y ey AR FE5} 0.4 mole %

°]
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TableI. Change in Equilibrium Monomer Concentration and in Molecular Weight with Different Catalyst
Concentrations (Initiator: Hexandiisocyanate 0.3 mole%)

NaH Sample Monomer Monomer Intrinsic Molecular
Conc. Weight Weight Conc. Viscosity* Weight
(mole %) (s (® (%) (di/g) M,
0.20 1. 960 0.122 6.26 6.918 296, 000
0.25 1.113 0. 047 4.01 8.116 359, 000
0.30 1.487 0. 059 4.00 8.577 384, 000
0.35 2.058 0.078 3.82 9. 469 433, 000
0. 40 3.120 0.108 3.49 8.866 400, 000
0.45 3.120 0.198 4.92 8.355 372, 000
0.50 1. 690 0.072 4.26 8.296 369, 000

*Solvent: formic acid

olAg W uHgEEsl ek A FEHo=E
257} AEdtd e J1FE] FAHAAL &
Aol e 239 27 =& 180°CE sz
130~135°C o] 4] &4 3} A 7] e-caprolactam &4
& FYo ¥om FY9 £xs1 160°C 2 o
Ax b ol AL A FFA 93t 190°C
AR A&aA A olwAA AHe FHA
7ZHe 12~15 89 dl & g AAAE AHF E%
A ¥Ye dE iAo 128 AxR FE3}
At

2) &

Sodium hydroxide ¢} potassium hydroxide &
CL 7o) ub-go] A3 =3 ov gh&ead &
ks APA A KA

sodium methoxide ¥ ¥} wl2A gt 3%
HeE A stErs ez s E 7
AE HAE AAAAE sgodd Fihdol
AP Folx FHA o B2 713E d=e 2
o] 9lt}h. sodium metal & uh-g-o] F7 3] Ao
U wtedm ooz QEt o 1] gl
o sodium hydride 3= w7} 7] <] #-4kx of
ed A5ee ug £xdA E 735
23 AAFE Ak JAE g F13] AAL
t}, Table Io] Zu]9 F= #3le] #E& El
o ek EAFE e deh

ro] Pk o9 Fxrt0.4mole %KY
4G gron ek 0.35mole ¥4 = 7H
ZA vt 28z 4919 FE7} 0.4 mole
%ol A= wkgo]l VYR Wby FIAY 31
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of Fe 7% FAol FAHJH ZHER
Zole) sE2A JHF ¢RE ¥HE 0.3~0.35
mole %2k 3FA o},

3) MAA

23 MAAZE N-acetyleaprolactam, TDI
(toluenediisocyanate) @ HDI & AHg355 & dl
HDI 7} 71 & A% e gl N-acetyl-
caprolactam & &< A gP=tA o] 23 imide
71& 1} wrEA gk TDIY HDI& & A& gt
Eeng AAAY FEE Hez EY F s
FA 5 k. z2#Ev TDI& A43 FHAY
A0 94l Avhe dAH| T

Zd]o] 252 (.35mole%Z AAIA Btz
AAAY Frg WAL A Ber TF
3 E-Aekg Table ILo] Wby i,

AAA Q] Ex 0.35 mole %l A monomer 3tF
L AL, ExEe AdAgs vEde A%
gute Ff=2A9E Jepidct Fe A5
ob A 2= AAAY FE7F 0.4mole¥%ol At
A= FgA Y e F& STl FAH
c},

4) ®1% 7 (tempering)

Zrart aA ANz AT BAFle WF &
2 8 FA AT AL 37 8
ok yzhe 25 T AR e Aol AA
AL Folt Wl FL 9% A% £ AR
AE %3 180°C 2 20~30%7 AANA
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Table II. Change in Equilibrium Monomer Concentration and in Molecular Weight with Different Initiator

Concentrations (Catalyst : NaH 0. 35 mole %)

HDI Sample Monomer Monomer Intrinsic Molecular
Conc. Weight Weight nc. Viscosity* Weight
(mole %) (8) () (%) (di/g) M,
0.15 2.207 0. 149 6.70 5. 166 207, 000
0.20 1.632 0. 087 5.33 7.399 321, 000
0.25 1.788 0.088 4.97 7.648 334, 000
0.30 2.058 0.078 3.82 8.577 384, 000
0.35 1.630 0. 027 1. 66 10.776 507, 000
0.40 1. 893 0. 065 3.43 9.428 431, 000
0.48 1. 590 0. 062 3.95 9. 362 427, 000

*Solvent:formic acid

Lol A A7t YA Z = 3
Rl <o
k=
=9 Aol ZAre] W
2 el dFE FA Gn A& g $AY
oal 548 e9dAEE st BE
casting & 9 AA 2= oA GdFv]Fo] A4
= 7FEE) A9 LA S 4A T 4 4
3 AR oA g HFEiet, E AYME
| e e R R e R
qe AYAT FYu 2
=7b 2o dEed 28
F &} Y E-(sealing)o] A
23t o] $3) 0.5mm FAL sZES A
23lg k. F3ulSo] deld W e-caprolactam
F UL E 69 L5 Fold 3t 11.3 %9
o] A Hyztaryt wAlee] A 11.7%~12.8
%2 F-3 74t el
ol A& BAY F7 AdlAE ¥ FolE
Y A FEA T 7idHE YouId ¥
d F AAY AAs despet ubg F AA )
FANA 2= ZTAY F3Z(mold shrinkage)
< ot o
Eo] 1.8~2.2%
Hel 2.2~2.6%
A 0.7~2.7%
A FEAS BHE o)AH oz FUINA
orovt AA sEo] foldtnz & FA ] H

A %e

2
o

EelH A 1A A231977d 4 ¢

3.3 Uze} AXM

MC nylon ] ZA A8 & X-ray a7+ A% a-
H 9] w4 Al (monoclinic system)?? ] o] ul % 5]
senz o] AP 100 % A4 4 L=}
FAY 5L d,=1.23, d,=1.10% 2.2 3o
%2R TR % AFAHLS Az 40.51
% & Vet oA »EF UE 6 xr
15% 4% £x% thE FROBHE e v o
= AA43 ao] BE o A% A 2ok

@43 G)Ael g3 F3 "o} %244
% Table Il o] Vel Qo

Table III. Determination of Crystallinity by Density

Measurement.

Py T Vi Vs d Crystallinity

Bolo ) @ (g (%)
D-1 100 78.6 1. 1457 37.77
D-2 100 79.7 1. 1457 40. 51
D-3 100 .7 1. 1441 36.47
D-4 100 78.8 1. 1497 38. 69
D-5 100 79.7 1. 1492 40. 51

Cammercial* 1.13 25.12
nylon 6

*From the published data

MC nylon s AA4e] 25 HAE 62 %

Ae AA $ART %e Lxdd P

FANE AAA g3 wge] AFHA 2
1

AA37E deitr]l HEeld A FRLE
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2ok ot e exoA F¥3 AARE F 3
£ =9 A g AFHezA AAHo FUt
e 713 E F71 AEeldh

238z AgA FFEAHA 2F4H AF305
930 cm™' ol 4] Z3}Al 1030 cm™loll A F3EA
gt MC nylon 9] AA4 o] & F38 2
9t =3 DSCEA AR art 3otz
3 olP R wAe] o EAE & 2A4Y
<+ el F2 8l

Figure 1¢] MC nylon 3 3.5 JdE 69
DSC zztz & gt o o 2L FA9 £
o 2 A}2-3le] DSC & &4 34t

MC Nylon
------ Commercial Nylon
AH
(cal/g)
, N N L i
0 50 100 150 200 250

Temp T

Figurel. DSC tracing of melting transition(using the
same weight of polymers)

Figure 1014 €39 A= 10°CHA= EA
vehd S G F 3ok oA & AF4He=R
sl o] B Aol Y93} = Fol 2 Al

3.4 7IH M3

MC nylon 9] 71414 44& A& A48
2 urh ¥4 9535l Table Vel F0ie]
¥x 93] Be AdAFEs} 44§, Table V
A g4 AFE Adstq ez, AL
Figure 26 5] 3}¢] 2.5 Table VI, VII, Figure 3

900 Ke/ow
Kg/ew

=
= soof 15000 &
o £
H 3
> =3
“ 700 440,000
E » 3
4 3, a
5 z,

g
& 600 - 2 130,003

0 020 0.25 0.30 035 0.40 045 0.50
NaH Concentration ~ mole %

Figure 2. Effect of catalyst concentration on tensile
strength and modulus of elasticity.

900 Kg/om =
Kg/om é_
= 800 50,000 &
g 4
2 m
N 700 40,000 5
2 g
2 600 30,000

0 015 020 025 0.30 035 040 048
mole %
HDI Concentration
Figure 3. Effect of initiator concentration on tensile
strength and modulus of elasticity

Table IV. Tensile Strength and Elongation of Samples Prepared with Different Catalyst Concentrations.

(Concentration of HDI : 0. 3 mole %)

NaH Min. Cross Load Tensile Length
Conc. Section Area at Yield Strength zt Break Elongation
(mole %) (em?) (kg) (kg/cm?) {(mm})

0.20 0. 2430 181.0 744. 86 34.8 39.2
0.25 0. 2099 180. 0 857.55 31.35 25.4
0.30 0. 2562 213.0 831.38 29.2 16.8
0.35 0. 2598 230.0 885. 30 27.9 11.5

0. 40 0. 2220 191.2 861. 26 30.2 20.8
0.45 0. 2604 219.0 841. 01 30.3 21.2
0.50 0. 2285 188.0 822.76 30. 55 22.2
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Table V. Modulus of Elasticity of Samples Prepared with Different Catalyst Concentrations.
(Concentration of HDI: (. 3mole%)

NaH Min. Cross Load at

Modulus of Time of Mean Rate of
Conc. Seaction Area 2 9% Strain Elasticity 2 9% Strain Stressing
(mole %) (cm?) (kg) (kg/cm?) (sec) (kg/cm?- sec)
0.25 0. 2475 175 35, 353 34 20. 80
0.30 0. 2640 195 36,932 28.5 25. 92
0.35 0. 2352 196 41, 667 34.5 24.15
0. 40 0. 2497 155 31,037 35 18. 26
0. 45 0. 2573 154 29, 926 37 16.18
0.50 0.2331 137 29, 387 36 16. 33

Table VI. Tensile Strength and Elongation of Samples Prepared with Different Initiator Concentrations. (Concentra-

tion of NaH : (. 35 mole %)

HDI Min. Cross Load at Tensile Length
Conc. Section Area Yield Strength at Break Elongation
(mole%) (cm?) (kg) (kg/cm?) (mm)
0.15 0. 2401 183 762.18 41.9 67.6
0.20 0. 2473 210 849.17 33 32.0
0.25 0. 2475 210 848. 48 28.95 15.7
0.30 0. 2593 230 855. 30 27.9 11.5
0.35 0. 2653 240 904. 64 29.45 17. 8
0.40 0.2434 204 838.13 27.8 11.2
0.48 0. 2502 208 831.33 29. 65 18.6
Table VII. Modulus of Elasticity of Samples Prepared with Different Initiator Concentrations.
(Concentration of NaH: 0. 35 mole%)
HDI Min. Cross Load at Modulus of Time of Mean Rate
Conc. Section Area 2 9% Strain Elasticity 9% Strain of Stressing
(mole %) (cm?) (kg) (kg/cm?) (sec) (kg/cm?-sec)

0.15 0. 2630 185 35,171 32 21.98
0.20 0. 2615 189 36, 137 34 21. 26
0.25 0. 2392 175 36, 580 34 21.52
0.30 0. 2352 19 41, 667 34.5 24.15
0.35 0.2412 202 41, 874 33.8 24.78

0. 40 0. 2622 200 38, 880 38 25. 31
0.48 0. 2572 178 34,603 34.8 19.89

dE AR FEdate] o ste] el et QA ks gk,

AREFE 5F BAZ0I 25mme] HHE Ao HAzAN AFR=S dAAATE A7
7 BA e AN 2715 FHape] A 950 kg/em?, 42,000kg/em® & VR s St
At o e AR AE AYAEFE N AR EE

Figure 29} Figure 3¢ Yvebd A& B
Az wiew ekl Ao AA FFzAS %

Zoi A 1A A23 19779 49

750 kg/cm?, B A4
2 MC nylon &

o) 0 o

e

=24, 000 kg/cm? & vhERY
Z72: 20 %, 75 %S F
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7hE vl 2 gl

. °1Z2\& MC nylon o] &
it

4 7 =

1) )& ol 93ste] MC nylon & ¥4 8
Sk olH9 A =L oS5 2
2l (sodium hydride)®] &% 0.3~0.35mole%
7] A A (hexanediisocyanate) 2] &X%. 0. 35 mole%

FEEdY #43 2= 130~135°C
dd= 599 2= 180°C
us ¥ FY9 Ha 2% 190°C
FHAZ 12~15min

2) A zA%A g MCnylond 43

2 molded nylon o ]3] ¥-=}gko] 15—200, Z
AAe] 150% v %71 el &2 R ZAA
AAo] gt o] FrbE et

AFH w2 R4 0 dEelstn & 5

MC nylon Molded nylon
density (g/cc) 1.15 1.13
crystallinity (%) S 40 25
melting point(°C) 220 210
elongation (%) 12~20 60
tensile strength (kg/cm?) 905 750

modulus elasticity (kg/cm?) 42, 000 24, 000

o] & = 3

[ (=] [L —
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