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2 ¢ PPBC/KOH &u):42<] 2§t 2-pyrrolidone 8 So| &5 3] glo]4 PPBC/KOH £3],
KOHS 5 3 =71 $3e] mA & 432 243,

PPBC/KOH %47} 0.599 F¥EE7 717 wizx AR-LE 13 wken, = KOHS 3
T 2E%YW AR & AFEH =t doAF ek 50°Celqe] FE 30°CoA9 Fguet 2
7SS EE wzy A7kl A & AFED A7t 038 dolAE 73] FAHUT)
HaAsH o2 A4std T FESEAT R 2 30°Cd™ 22.4//mole-hr 3 50°C L

o 191.9!/mole-hr g ¢},

ABSTRACT, Anionic polymerization of 2-pyrrolidone was carried out via PPBC/KOH catalysis.

The effects of PPBC/KOH mole ratio, KOH concentration and temperature on polymerization
have been investigated. It was observed that the highest rate of polymerization and maximum-
conversion were obtained when PPBC/KOH mole ratio was around 0. 5.

The maixmum conversion and the highest viscosity were obtained when the concentration of
KOH was 2 mole percent.

It was also found that while the rate of polymerization at 50°C was higher than at 30°C in
the initial stage of polymerization, the conversion and viscosity were decreased as polymerization
time was extended. The rate constant (%,) of polymerization was determined by least square
method; the values of %, obtained were 22.41/mole- hr at 30°C and 191. 9//mole-hr at 50°C,
respectively.

*Daejeon Machine Development, Daejeon 300, Korea
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1. A £

2-Pyrrolidone 8] $-° %32 195323 Ney,
Nummy, Barnes'of 2j3} A8 Ax3 ¥ o3
viebell A Bg ok o] A gtet

2-Pyrrolidone @] #o] & F¥L Fohz Fol
& Zo] g FEH Fofigtony FHSEI A
£ il FR5EE vt R ESES ST
£& 7717 A= F0ig A AAA
E Argdiok dtd], olw MAA L FuE
42 FL£30

A E7A 28 MAINEE acetyl pyrrolido-
ne?, adipoyl dipyrrolidone®, anhydride % alkyl
ester?, y-butyrolactone!, organic acid chloride®
T g8 geA e, e & 44
oA = CO,/KOH®, N, N -adipyl-bis-¢-caprola-
ctam?, SO,/KOH®8, CS;/KOH®*!, pyrrolidone-
N-sulfonyl chloride!!, 3-N-carbonylipytrolidone)
—propanoic acid & 3-(N-carbonylpyrrolidone) -
propenoic scid 8 ZER'%, pyrrolidone oligo-
mer® S AMAANE it FERSY AT
& & o Qi

£ dFol4 & 2-pyrrolidone ¢} Z2E9 L X%
& 2-pyrrolidone ol 74| #]q] phenylphos-
phonyl-N, N'-bis-z-caprolactam{PPBC) & 7}&
o2H ARE F AR VA= 4TS AAA %
FRARTEF A%, FTHEE, FEALE HA
7l E=Adtn S¥EEFT%,)E TIE

2 A #

21 FEAE

ErabHl. 2-Pyrrolidone(d 2 s}k, A %5
&, #3 25°C)& A alArla] why o
=2 A ste A3kl 2-Pyrrolidone o) = §-
A% KOH &} P.Os & ¥z Z4FHso 5
Al Abgs o

S0 A JHAIM, KOH(YRE tmze, A
dEF, e 85.5%)F Foiel potassium
pyrrolidonate o A 2o A&3tHon, JAA
¢l pheaylphosphonyl-N, N'-bis-s~caprolactam
£ Shalaby ¢4 Reimschuessel’*¢] u#l oz
A, AAst ALgad e (m. p 137~139°C)

AaF2, o] EX(CiHuNOsP), %C 62.06,
wH 7.18, %N 804, %P 8.90; 4A&%x %C
62.12 %H 7.37, %N 7.81, %P 8.3

NMR spectrum, -CH,;CH,CH,- (6 1.75, 12H,
multiplet), -CHa- CO (4 2.50, 4H, unresolved),
-CH.-N (5 4.0, 4H, unresolved) 9 C;H: (5
7.3~8.2, 5H, two multiplets)

IR spectrum(KBr), C=0 (1650, 1670 cm™),
P-N{720cm™!) % no-N-H absorption]

g ol A= FFHE 93 9% A (LE
wlzn) A $4, AFEF)H mecresol (¥ $Fm
T, AGEF, € 9%, FJHdadedy
< 3337 9% poly-pyrrolidone 2t9) A =g
N2 TER(LE dued, AGSF, ¥ 85
%)& A&t et

2.2 HEYHY

= B, 250mi 3-neck flask o] %4, YA
AR D W08 AA stz 2-pyrrolidone &
7Hg vg, oldl A oY AR FE(EK)E
KOH & 7}§-% 2~3mmHg 25t 4 90°CE
247k 74, ¢ A A Asl potassium
pyrrolidonate & A 235 ¢k, kA & A&r) 7
2§ ¥ 25°Co|4¢ #A%4A, AAAG &
oAoles kgt (A& 1.5cm Zo| Sem)oll &3
ct.

A AL7AZ BEFAY FIE ABAA
a¥upAE 2ty P EEe] FYsA EFAA
F 47 30°C ¢ 50°C o) g2zdA A7kg &
2] 3fed FAATE,

HUE Mg 3 Me&RY, A= Aded
T2 8 SEAE A7 mill 2 20 mesh 3
=9 JMF2 i FAE @F 90°C S} E4f
A 4A7 Az shd st wdkgd] <A g b
44 oligomer & &3 g F AFA=
AAM SR AzAA FEAY FAE 27
gl

HAE AREY A4S IBYOB 7L 2o
2 Pogch, HZEHAL 6% T4 10mid
0.0582 FYAE FAF FL2oH 25°CE
F218he Ostwald 3 =A 2 F33H . = £41
g Fat7) 98 F3HAE m-cresol o] Fo v}
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¥idte} wE AL WE Fig. 1, 29, 2+
Axe Wi3E Fig. 3,49 Z7 BA %0,
Fig.13 244 x=, PPBC/KOH ¥~}
0.59% A¥ge] 7F ade AL ¢ F 3
o ol A KOH 2 Fe7t 43 2Ad4e
PPBC/KOH &+ 7} 0.5 4 F¢5=7] 713 o
2r A&l 13 F A TE 9Er T 4
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Figz.1. Conversion vs. PPBC/KOH mole ratio at 30
oC for variant concentrations of KOH; 1((®), 2(A),
4(O), 6(00) and 10micle) (@) : polymerization time,
§days.
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Fig.2. Conversion vs. PPBC/KOH mole ratio at 50

°C for variant concentration of KOH; 1(®), 2(A),

4(0), 6(0O) and 10mole% (@):polymerization time,
5 days.

08¢
2
3;0-6T ﬁ///_o ~—
2 O N
8 3
L2041 4 '/—\‘\‘i
€
14
202k
£

0 6z 04 06 08
PPBC/KOH mole rotio

Fig.3. Inherent viscosity vs. PPBC/KOH mole ratio

at 30°C for variant concentration of KOH: 1(lD, 2

(&), 4(O), 6. 8(®), and 10mole® (@): poly-
merization time, 5 days.
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Fig. 4. Inherent viscosity vs. PPBC/KOH mole ratio
at 50 °C for variant concentration of KOH; 1(W), 2
(&), 4(0), 6, 8(®) and 10molek (@): poly-
merization time, 5 days.
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Fig. 5, ‘Conversion vs. time at different temperatures;
30°C(QO) and 50°C(4A).
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Fig.6. Conversion vs. KOH concentration at dif-
ferent temperatures: PPBC/KOH mole ratio, 0.5;
polymerization time, 5 days.
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KOHS ¥=& F¥AWe) EA3te pyrroki-
donate Fo0]-9 Fxo A3 A Sz FHEE
+ pyrrolidonate &-0] &2] FEo v & Aoz
%, KOH 9| =7t 37kl FHEER 371
¥ ol

Fig.50]4 »%o] PPBC/KOH ¥ & 44
A &3 KOHE F£& 2eNe = Ag
o H3s Asey KOHS ¥=7t A4 %
FTEREE} W EE & Sk

29, PPBC/KOH €| & (.52 3tz &%
A7E 592 &% KOH ¥ xS wald w2
AL W3E v Fig6¢ 24 KOHS
FEZF 28%0121 A S 288 Aol
et

ol FHol Fgdd FAHAN Het F9A
A F=7b F3) el gAY Fado o1y
¥1X =22, pyrrolidonate FojLo] sl7iol Q&
FRA Ao amide ARE TANS AFY
ol dojutA e, o1} 7 AL pyrroli-
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donate 20]-&9 57 ¥ & %, 5 KOH9| ¥
=7 &7 §4E o FASA Lo A F
d Rez Felsc

Fig. 7014 3.%0] PPBC/KOH Ev|7} 0.59|
2 KOH Y 57t 42% 29, A%Eo] Ao
23 %, Azke] B S A ofeb A HEo]
Zadte A% AR 5 ARQed AL =
2 99} 2L olfu e Aoz ARE 5 3
},

=, PPBC/KOH &7l 93%« KOH S ¥
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ZHARAEE g} (Fig. 8).
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Fig.7. Conversion vs. time at different temperatures:

KOH concentration, 4'mole%; ;| PPBC/KOH mole
ratio, 0.5.

Vol. 24, No.2, 1980

b 2 ol 7t =A gz, A7) FAY £F 30
Cm But APgo| Wolle Pgo| HAH
o, 59 FFA7 9] A{EE viehd Fig.
13 2& 3otE 30°C U ch A dgo e,
ol 257 ZoME %, 3.2®dA AWH
ve} e HFEF Fubdol PEY <At
7} BEel Aoz FR,

3.4 E2XFel A4t

349 HAbgke Mark-Houwink 4] g ol &
stef Al absted et

(1)=Kbe

Tuzar 5158 m-cresol § &£of 2 gt 25°C oA}
K} aghgd 3339 242z K=3.98X1074, o=
0.77% 4

Table 1 o PPBC/KOH &<fjoff 9] 3fef 1.2 R
A F8A 9 EAFE S/ A

3.5 H2damey AU DSCHY

PPBC/KOH Zvljo] |3t} 2 F3ale A
g 29 Pz DSCEA Ases duooiLs
Azt ¥ Aol7t glgdeh, Aol 28 e A
F3% F59E 3280em? 8 N-HAZAFH
1635cm™1 ¢ C=0 A&A%y 3% 1535 cmt 2}
obn| = I1tdo]m, poly-pyrrolidone 8] £
945 cm™ 9] ring-deformation band 2.4, °|R &
poly-pyrrolidone ] 2tete] gl 5 me]e] o

1.of

—~o8F %

T

3

)

ago.s

> oat

[ =4

(1]

5

o2t o 30°C
a 50°C.
2236 8 10

KOH Concentration {mole %}

Fig. 8. Inherent viscosity vs. KOH concentration at

different temperatures: PPBC/KOH mole ratio, 0.4;
Polymerization time, 5days.
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Table ). Molecular weight of some polymerspmales.

Polymerization condition® . Be
Temperabs] KOH | p . -

(°C) - | (mole%)

30 2 0.4 | 099 | 2.6x10

50 2 0.4 | 081 | 20x10t

30 2 0.5 0.70 1.6x10¢

*Reaction time; 5days. *PPBC/KOH mole ratio.
<M, was measured in m-cresol at 25°C by spplying
the relation’s, (7)=3.98x1074 ¥, o7,

#HA A7E wo)sk, DSCHFARA ¥rFel
260°C, #3257t 290°C 2 et

3.6 WRITF A LEKTH

U&7 | 2. Potassium pyrrolidonateof PPBC&
b o33 ol AAuk-gel 9J.°1 et

CHzky 0 (CHolg Moy Ky ACHzN o
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r
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2 (tHz}s)
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Ay m
B4R o] 2(A)2 AU A4S} phenyl 7] A+
olof wimA 3 ste] A3 Hef
PPBC 9 ttE& w<tE pyrrolidonate 3-0] &2
AG ekt o3 AFA},

(CH2)ay O Q AcHalg {CHg) K
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o g o ©
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oKe o
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(8}

549l w3l x4 PPEC 1847 243
o} pyrrolidonate o] 23¥A7 2%l & <&
T A

Pyrrolidonate §-o] 0] A FEN A&
of H7s17] &, pyrrolidonate T Ao
= A &Aoo s=w, PPBC/KOH &4 &
0.58. ¢ =AI#d A WS pyrrolidonate &
ol o] BF 4RH F¥o] dojuiA] & A
o2 AZAPch, =2y PPBC/KOH 847} 0.5
o) AdE Fgo] dejuke Ao Bol, ¥
22}49] pyrrolidonate €0} 2¢] PPBC okgxc}
& FA%E 924 ¥EAY pyrrolidonate
o] &o] tt&3 Zol Al E & + A+

Wm%—&hi@—"@h (e

CHgky Koy 9 CHglyy | ((CHaks

%—@&o@ﬁ—ﬁ-ﬂ(cmlgt—(u g (g 3;

© (31

= (O P(=0)¢714 vHAS} Asfe]

25t tAH=e N7 d-Fel pyrrolidonate

ol 28 YA go ) FEY ZAut-gel
o| FolA A =,

T8 AguEe, AMAdkge] doid 29l
)2 el EAstE ==Y carbonyl
Bheo @3 pyrrolidonate $-01£9] A ¥4yt
o =& dojydr,

Q G 0 - '
(E*.‘E’,%)&Wlsﬁﬁtcnzaﬂf@a;_(“"jgl —H
éc"”ﬂ)otmﬁﬁmbﬁmhc *(—l(‘c‘:.“;'%*

‘gwa m;,iﬁfﬁ) ‘ °“=’=) )

o] &} o] 4 (4)9—] yh-g-o0] W= "JXJ-"] o}
Fol A, o] AFekge FiddM deiv
Hog FRAASeor 9 wiE F oz Jd
"o

Fge E, 938 A AN 49 E
74t pyrrolidonate §-0] & % FH A¢F
Sol o] ERA s FART,

ptEEEAL o W SEREZTAE(k) 2 Al
Ab FAAFTE] carbonyl ol HF A
Y4 3ANEg R} o wanu®8 pagel g
2 B8 hmhymb<lbh=k' 2 YT &,
e Ad NN AR, 44 F35
ZE ko) wet A AolnR b=k E &
T At

diM]) _;
— A =y (x3CC) 5)

A7 A [(C)=PPBCS %%, [K)=pyrrok-
donate &0] &2 F==3%& 71§ KOH9 »
%-PPBC ¢] ¥% =[KOH)-[PPBC)e| 22, (C)
g K)E A @)l wiglstn

- 4] _ 4, ((kOH) ~ (PPBCY)
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R=(PPBC]/(KOH)2} ¥}=d

_ifg-ﬂ:;,mom (1—R) [PPBC)
=#£,(KOH)? (1-R)-R 6)

4 (Dol KOH 3= RE 4371A ez
WA 7)Aol A FEhe —dM/dt & A2
o, (KOHP(1~R)-R& 723 A% 7]
718 T% AT oM T Uk

KOH ¢ 3= ¥ PPBC/KOH Euld] =t 3}t
—dM/dt & F34o Table2d] £%3x Fig.9
8} 10¢) <A

7 —dMjdt & Fig.5¢] vebd AgRez
2y HaAgHezs A A3 Ao, BN
FTEE mole/l2 A 38 Azt(hnez
et

HaAeH o2 717 & AAse blgs T
3 o] & Table3o| ot rt,

- ‘3:“ x103{mole/I-hr)

. -

0 5 015
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Fig.9. —d(M)/dt vs. (KOH)2 (1—R) R at 30°C.
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Fig.10. —d(M)/de vs. (KOH)2(1—-R)R at 50°C.

Table3. Values of %, at different temperatures. *

Temperature (°C) &p({/mole- hr)
50 191.9
30 22.4

*Calculated by least square method.

Table 2. Values of (KOHj?2 1~R)R and ~dM/dt

KOH R (KOH)2 1—R)R —dM/dt (molefl-hr)*
{mole/?) (mole?/1%) 50°C 30°C
1X1072 0.2 1.6 X107 3.75%x1073 1.05%1073
1X1072 0.4 2.4X10°5 5.25%x 1073 1.17xX107%
2X1072 0.2 6.4X10°% 16.00<1073 2.64X1073
3x107¢ 0.2 14.4X10°% 28.23x1073 3.88X1073

*Calculsted by least square method.
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#tgct. PPBC/KOH E¥i7} 0.54# F¢H=

E w2 gy ARE= A Ao
KOH9 3=+ 28%2d 3% A%de] 743

3o FRE M g%k 50°CHAAY F

LI

30°CH e FYPRt 27 BEFrE w2

Aol AHE 55 A$ESH AT 28
volx] = A go| FFH YT

FESE A5 R)9 e 50°CYw 191.9¢
{mole-hr 30°Cda 22.4¢/mole-ht & Z7} ¢
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