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2 ¢F COx/KOH catalysis o] 2]a] 2-pyrrolidone 3} e-caprolactam 9] o] & L A xatg o
2] polymer 9] F2]A 43¢ zAEglch, 2-Pyrrolidone 39 73-$&, KOHO FE7 8moled
o] o] 2 CO,/KOH mole ratio 7} 0.45 ¢ o} percent conversion©] 7}3 ¥9tou] 50°Crr #HAe
L5 4% odokel, e-Caprolactam 8| S§o] 1ot 80~95°C ol A percent conversion o] ok x,
150~180°C ¢] & xd A= CO,/KOH mole ratiod] 24 A o] &£ percent conversion & &
T ALH. o1 E polymerd m A xE A& 2.0~5.0d4l/g9] & FolA+h

ABSTRACT. Anionic polymerization of 2-pyrrolidone and ¢-caprolactam via CQ,/KOH catalysis

in

o

‘was attempted in order to find reaction condition and physical properties of polymers. In case of
polymerization of 2-pyrrolidone, the yield of conversion was increased when the concentration cf
potassium hydroxide was reached above 8 mole percent. The optimum of CO,/KOH mole ratio wes
0.45. It was also found that the polymerization was taking place at moderate temperature which
was around 50°C.

With regard to polymerization of ¢-caprolactam, the yield of conversion was relatively low at 80
°C to 95°C and higher yield of conversion was obtained at higher temperature between 139°C to
180 °C regardless of CQ,/KOH mole ratio. The inherent viscosity of nylon 4 and nylon 8 which
was made via CO,/KOH catalysis was measured. The observed inherent viscosity was between 2.0
%10 5. 0.
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St @7ke] Foflo] A% ol FY Moz g 9 AE 44 Tl Lol linear polymerE

— 525 —



526 8 - B=H - RET

dg 5 deot £580) FA g g o
Caprolactam &) alkaline catalized anionic poly-
merization & 1939 o] A &2o2 WEH 2P,
2-pyrrolidone ¢ alkaline catalized anionic poly-
merization o] &3 AP Nylon 4 & 19539
o] Ney, Nummy 2] 7. Barnes ¢ ]3] A2
uasigied,  Lactamg £0]& F§L 47
5ot 25y FA3E A e &4
o} 432 &2A7)E AAA (initiator) & 7t
Foza LoldA o] FAR}, W ANAZA
N-acyl type lactam & 1§38 F3AFe Bl
Bnase] glot W1 carbon dioxide & 7| A Al
2 F3E e A9 &84 9A g7 2 ol
&%= carbon dioxide 7t F¥tel glelA vt =
gz 484 Q7 dgelth AIele Carl
Barnes o] 23] 2-pyrrolidone ¢} potassium salt
2 ¥ #3}E 2-pyrrolidoned] carbon dioxide &
Ao e Fgd F3dqe] vt Aol A4
H 9o} 221} carbon dioxide & A A A2 A}
2.3} e-caprolactam &} bulk polymerization of
& A7 okq7kA n=d vt ge. 2=
2 B gFo]AE e-caprolactam & potassium
salt & T ¥3= e~caprolactam o} carbon dioxide

i
|
Fig. 1.
(a) CO; cylinder,
() 3-way cork,
(k) U-manometer,

(b) nitrogen cylinder,
(g) 3-neck flask,
(1) vacuum pump.

Experimenta] assembly of polymerization.
(c) desiccant,
(h) heating system,

E Jlgte 2 3o vlAE 4L potassium
hydroxide, carbon dioxide %, F%#&%, %
AL JHAATA 24305 2-pyrrolidone
9 A% 43y JA2AE 2A%gen o
& FEA g Eeld ZAE 2R,
2.4 E

2.1 HEN=

Commercial material 1 2-pyrrolidone (@ &-
oz 3 FGFAHA, FH 25°0) B e«
caprolactam (A€ BASF3}A}, -84 69°C) &
monomer £, AR-FS 28] o] 59 Matheson Car-
bon Dioxide CIF(Z%E 99.99 %)%} potassium
hydroxide (@ £ 719318523 AL, A F55F,
ek 85 %)% MAA B Felg At

2.2. Szt

2-Pyrrolidone ¥ ¢-caprolactam 0. 55 mole of] ©j
8] 5, 8 1lmole % 2 KOH g 27} 7het & 2
~4 mmHg ¢} ZF3lel A Fo| A3 AAE o
747 30~40 27k 7+ 83l v, Monomer 2] g3
e 7t & 2574 B3A% F CO & gas
inlet tube B %3] bubbling A7 1WA s}EE o
485 CO & 57 71T s 38 7+

(d) gas flask,
(i) thermometer,

(e} 90cm-manometer,
(§) condeuser,
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dstol S ol TALS) A&E ANA
S A2 FHAR F nFAE FolA
ovenell A F¥& AZ

2.8, MBI

8¢ lactam o potassium hydroxide & 7t
3 o] el A JAAEE AGIAAA AA
% & AR carbon dioxide & AHoR
%A 7E AYAAE Fig. 19 243N

9.4, Percent Conversion 3 = =3

Percent conversion & F317] 9%kl polymer
sample & A7 millel A E¢g whES FAE
©ghe}, o] polymer sample & 80~90°C$8] ¥
22 447 A% Ade] =g mo-
nomer 9 oligomer & %3} filter paper £
filtering 3+0] AZ2A 2 3 polymer 9| FA & %
gtet.

e = = 2 F

e gt EV TN

polymer sample o] -7

& percent conversion & 2 Hi ¢},

Ae Z3.& 95 % cone. H;SO, 10miel 0.05
g 9] polymer (0.5g/dD) & <3 ¥ gzl A
25°C 2 A3k A Ostwald F =A1 & 3433
o},

3. i 9 D
3.1. #ISaFIE
=}ek9] monomer o -2 8 KOH & 713 ¢
o) up2A ol monomer 8} K-salt (potassium
lactamate salt) 7} B4 e},

(CHz) a (CHE) L3 (CH2) R
) son e )
H H X K™ N\

O 0 O

o] 23 QlolA 23 2L protic solvent
7} 91% 73§ A 3 (propagation)o] FAH 22 *
& 448 AAY F 2T AAk e Nk
27} CO, & KOHSO <nv} sta@oz s13hd
t]232-9) lactamate anion -2 potassium car-
boxylate & Al A 3}ed] 4w)s|e] waty] W Fol
o] o] F4AA gokvh wheks KOH 2vt
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A& k8 CO,% 715k carbonate 5 carboxyl
ate o} 3aks] potassium salt 7} WE-§Al o £
Al =

oz} 4kg-9) AA (nitiation) =,

{ ———
N ] + e )
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o o
kte-c=0 X
P o [§
R 0-C-Re (Clin Dm0
oo
H o]
o™, A% (propagation) ¥k-5~Z,
S + SN
QX 9 L0 (il
K O-C-Re{Qup)y ~C5%-C,~ (
{ ) + N-C' s
(CHy O J n ©°
. 9 H n s'ro (alz)n
K" B-C-R- QL) -ox-c)
.
{CHydp 3"“:\\0
e T
e 98 R Q 20 s
X* 0-C-N-(CHp)p ~C-N-(CiHp)y —L—N—C) TN

CHzon oo
o\,

§ eAdA RE uhe} o] kg 4GS
A}&2] carbonyl carbon o] ©§H lactamate anjon
] nucleophilic reaction o] 2]3le] o] F<] k.
A 2rE .

Bulk polymerization ©] 7] wl-£o intermediate
2 AYgAer FAA THFAG. 2RV
lactam o] KOH & 7}3hal £o] A4 E&
AAA ol Fgo] o] FAAA T R
2 upeA ol monomer & K-salt 2 H,07}+
A5z & 4 Jdoh. 2z of ukeAle
CO, & KOH 2} moles nv} stekez  rpeta
Zgbo] golupA] ¢gkes] KOHE moles 2
o A& 8 CO: & 7Hl& Aolnt T3l o
U Aoz Bol CO % 73 = lacta-
mate anion 2 potassium carboxylate 2 = 1z CO>
/KOH mole ratio 7} 18 23F A $+ lacta-
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amate anion®] ukeA] Wo A kA gol £
o] o]fo AA gErim E 4 Ao whEkA
KOH Bt} 4 2eke] COy & 71352 carbonate
carboxylate 9} 2329l potassium salt 7} ¥E-&
Aol 2R 5FA H ol initiation ¥ propagation ©]
ol F 4 Art,

3.2. Percent Conversion

CO;/KOH Mole Ratio2] &g, A utg2
AAA Y} lactamate anion 2 Fxo FA S
Jactamate anjon 2| nucleophilic attack ¢ 2] &) 3
%o| AFH ez CO./KOH mole ratio7} 1%
HAAYG £ A 8ol 2 olFAAA G€
2-Pyrrolidone 8] Zgo] gojAde, CO/KOH
mole ratio7} conversione¢] WA FA 7}
V&L ¢ F A CO/KOH mole ratio 7}
0.15, 0.45, 0.754 A% % 0.45¢ A57 st

& percent conversion & < A v} (Fig.2).

CO,/KOH mole ratio 7} H-& A$ K-salt 9
EL7) BolA A ulgsl z7le & conversion
€ 9¢ & ot APe) el w2} mono-
mer 9  diffusibility 7} Vg Eo. AA4s
polymer 9 # o] doid FFo] £/ HE
o] conversion®] WolArtm L T vk
(Fig. 3). =24 #9&&=% $3E 3%
Fig. 4, 65 BAE vksp 7o)l CO,/KOH mole
zatio o} ZA) #AIRle] =& conversion & WEF
dE 4 g AAF

® 0.15 COp/KOH
80 o 045 c

® 075

Conyersion, %%

— T % T,
10 20 30 40 50 €0 7O 80 90 100

Time, i5e
Fig. 2. Conversion of 2-pyrrolidone to nylon 4. Con-
centration of KOH: 11 mele9%, reaction temperature:
50 °C.

Potassium Hydroxide 2] S5, ¥h-5-29 /) A}
AR o)A K-salt 9] 527 Avkg d g g
iRz glezg KOHSY >z 7} percent con-

convession, %

— a+

O 20 42 &0 820 i00 120 {40 160 iBO

Time, hr
Fig. 3. Conversion of ¢—caprolactam to nylon 6 at
95°C (KOH: 11 mnlets).
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Fig. 4. Conversion of e~caprolactam to nylong at

120 °C (KOH: 8mole%).

ook
{

o Ci5 {Q2/HCH
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Fig. 5. Conversion of e-caprolactam to nylon 6 at
150 °C (KCH: 8 mole%).
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versionof] Fo¥ F¥E Itw J4=, 2-
Pyrrolidone 8] F3ell gloj A, CO/KOH mole
ratio 5 4 AEFA gL o (CO/KOH mole
xatio; 0.45) KOH 9 Fe & ARAHLE A

3.01'
\wz‘”"
- 2.0+ 48hr
c X 36hr
L= o
£
£33
> 1,0t Shr
(o]

51 0Z O3 04 05 06 07 0805
C02/KOH mole rdlio

Fig. 6. Effect of concentration of KOH on poly-

mmerization of 2-pyrolidone. CO,/KOH mole ratio :
Q. 45, reaction re~verature: 50 °C.
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Conversion, %
n o H (8] [4]
O_O o O
T 1 ——¥

o @

T F

9

KOH mole %%

Fig. 7. Effect of concentration of KOH on polymeri-

zation of e-caprolactam. CO,/KOH mole ratio: 0. 45,
zeaction temperature: 120 °C,

100
—
S0t -
2 8or \\\
-
2 70 \
@ o lhr
g 6o}
-8

KCH moe%

Fig. 8. Effect of concentration of KOH on polymeri-
zation of e-caprolactam. COx/KOH mole ratio: 045,
reaction temperature: 150 °C.
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percent conversion & Fig. 6%} 7+o] mA =}

¢-Caprolactam 82 4=, WMELE7 9
il KOH® F=7t F7t¢ % percent
conversion ©) ¥olF oyt MLLEI EE AS
= KOH ¢} <kofl FAlgle] F7Mdtote AL &
g A, stgexr) 120°C, 150°CY A%,
CO3/KOH mole ratio 7} 0.45¢ of KOH9 =
=2 ¥ #e] 9§ percent conversion -& Fig. 7,8
st ol AR WgeEst BE FFFUS
=7 FobElo] e Rel A& ke KOH 24 % ¥
2 conversion & 9L 4 vtz A zEl

Z=geE, 2-Pyrrolidone & Huake] CO,
KOH 7} 713 2% 7% monomer & §4 (25°C)
2ok 47 & REAAT FEo] Yol g B
4 Aok BEEEZE 508k 80°C Alo]ei A
F4E Axzg ot 50°Col Aol A& percent
cenversion ©) %3t ow 80°C o] Aol M Ao F
ol goj A ke, AL five-membered
ring o] @4 #H o2 mj - P LIl &
2}7}1  decarboxylation ¢} doji}r] s)go
AR,

¢-Caprolactam -& &¢-2% 7} 5‘-"—}71- Elac e
E7h weba T
e oA

-2 percent conversion & @&
2 seven—membered ring & mternal
strain o] ¢]3ted nucleophile & FA o] &ol3}x
w2t Afge]  Zoldtr]  wFolvh uEtA
180°C A & =7t 35 5% T4 T
5&% Frhie

3.3. C0,/KOH Mole Ratio 7} M=o BiXl=
oS

CO3;/KOH mole ratioc 5 #3 AR L = &£
AZbel A Z/HFEY P Fig. 9, 0] B
Astsitl, gH2&x7]e)+ CO;/KOH mole ratio
3 ZHAE Alolel e dhud] AV AL
& ¢ 99t 22} CO/KOH mole ratio 7}
0.154 3% S#A) AT g} =4
2 goAE b, ojAL K-salt 7} FFL7]4)
£ lactam ring carbonyl carbon o] ZA % Vg
ol A7 @l ol 2¢A A4 amide function o)
A2 2 depolymerization o] Loj v} @A}
oletx AAY + it
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" sob 3.4. Differential Thermal Analysis
— Hydrolytic polymerization o 2|3} nylon 6 2
a0l oer CO,/KOH catalysis 2 34 3 nylon 6 ¢ nylon
Sanr
A8hr
20k 4hr 70k
601

§ .ﬁ.’?“? 20} 2 500

$82 40}

£%° £

10t H -
3 20}
of
0 01 02 03 04 05 0607 0.809 o
CO2/KOH mole ratio
KOH mole %

Fig. 9. Effect of reaction time and CO,/KOH mole Fig, 10. Effect of reaction time and CQ,/KOH mole
ratio on inherent viscosityof nylon 4. Concentration of ratio on inherent viscosity of nylon 6, Concentration of
KOH: 8mole 45, reation temperature: 50 °C. KOH: 8mole 9, recction temperature: 120 °C.

c
L | 1 { 1 L £ 1
Q 1C0 200 300 400

Fig. 11. DTA curve of nylon 6 by hydrolytic polymerization.

AR

°

! i i i 1 i {
e} i0Q 2G0 300 400

Fig. 12. DTA curve of nylon 6* by CO/KOH catlysis.
*Concentration of KOH: Smole %, COy/KOH mole ratio: (.45, reaction temperature: 150°C, reaction time: 5Shr.

|
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L

°C ,

I i 1 i J

Q 100 200

300 430

Fig. 13. DTA curve of nylon 4 by CO,/KOH catalysis. *Concentration of KOH: 8§ mole %, CO./
KOH mole ratio: (.45, reaction teraperature: 50 °C, reaction time: 96 hr.

49 DTAZA=E Fig. 11, 12, 13 EA 3%
t}. Hydrolytic polymerization 2@ CO,/KOH ca-
talysis o) 23] %438 nylon 6 = €40] 215°C
grt. 8y nylon 4+ 2629 290°C =3
AA AR peak & Boja A& H, 262°CE
nylon 49] 7ol 290°C = nylon 47} un-

zipping off ] Ste] A X7} Yot A Aole)
= & 4 UArh
4. # =
2-Pyrrolidone $49) A%+ 50°C-+ A4
E—"]‘ﬂ 80°C o]l & A2 Fito] YojrtA
Bes 44 Ak KOHY svst A¢ A

-foll 4= percent conversion o] 5-.%3)@_ monomer
ol & 8mole % ©| Ao A] percent conversion®]
F 743kl v}, CO./KOH & mole ratio 7} 0.45 %
@ percent conversion o} s} Hgkon] FEA
Zhell M2 24459 Wsts Y48 gg
. CO,/KOH mole ratio 7} ¥ & wj = 4122 7]
o polymer 9] %& ZRHAEE A2 WA 7
ol Aol wlet ZHREY FaE B 499
o}, 2-Pyrrolidone & hydrolytic polymerization
of -945'11*1-"— ring stability o] ol polymer % 9
T T 22 CO;/KOH catalysiso} 93 &
ol.& %‘i}"'ﬂ 25k} A o) A H]“T:v“)‘]?'] xS 2
TRAEE RE polymer & 48 4 gl QA=
15482 N

Vol. 20, No.6, 1976

e~Caprolactam 539 7 $ wt$2 =57} 80, 9%
°Cel A= w& percent conversion S YRR Q)
2 150°CelA 180°C W99 2xdA = KOH
9] Exv} CO/KOH mole ratiod] =4 A ¢l
o] -2 percent conversion ? & Z{ALE
Agi=h

Hydrolytic polymerization ¢]] 2]t nylon 6 ¢
L B L2 25k (275°C, 1571904
FAZE &g AAk dted ¥lE] CO/KOH
catalysis o] 8 3-o]2 FE4| 73 $& 120~180
°Ce HiA AXAA Fe HFAZonE ¥
L 2REEE 2 polymer & 4 & F Y9z
percent conversion & %$t7] W Fo] FAR ¢

Fo e A AEE ¥ A7 b 2o,
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