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ZE: Potassium tert-butoxide(r-BuOK)2} CO, 2 =2 benzoyl chloride(BzC)S 22} nylon 4 2 nylon 4/6 5%

Aol Fg MAIA A Z=E S 2 18-crown-6 ether(crown ether) H= tetramethyl ammonium chloride(TMAC)E 7|2
AF8-8to] 2-pyrrolidone(C4) B s-caprolactam(C6)°] ol /i3-S Fato] EAFgo] vh-+- &2 polypyrrolidone
(13} nylon 4) 2 nylon 4 Z5FAE Attt AIA A28, crown ether 2 TMACYF ¢80 m|x|=
FES EAF 2 8 ol BT Crown ethertt TMACE ARE-31A S5Hr&0] S=3 nylon 49] 7
G AFAE7E 635 dL/gRl FHAIE D 5 AT o] W TMACETR= crown ether’t S 3712] A4 <l
O 349S gl 5= Ak 3 AlxE S0 sl TGA 2 DSC 84S 281 en EA1#o] nylon
Feg slsidr.

=

4 = nylon 4 F5EA e 44 EA & 92 v]HA|
Abstract: Potassium fert-butoxide (--BuOK) with CO, or benzoyl chloride (BzC) as a polymerization initiator system
was used with crown ether or TMAC as catalyst to synthesize very high molecular weight nylon 4 homo- and copolymers
by anionic ring opening polymerization. Effect of different amounts of catalyst, crown ether and TMAC on the poly-
merization was studied in terms of intrinsic viscosity, yield and thermal properties. By adding crown ether or TMAC,
polymers with very higher intrinsic viscosity values were obtained in a high yield. It was possible to synthesize nylon 4
homopolymer with such a high intrinsic viscosity value of 6.36 dL/g. Crown ether was found to be more efficient in terms
of intrinsic viscosity and polymer yields than TMAC. Thermal analysis confirmed that molecular weight effect on the
thermal properties of both nylon 4 and nylon 4 copolymer was marginal.

Keywords: nylon 4, nylon 4/6, 2-pyrrolidone, crown ether, tetramethylammonium chloride, very high molecular weight.
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Nylon 4(polypyrrolidone) A= T2l o] W9 T
21578 AT Hof FAdo] gstar pdo] et Zulj9} acid halide, ©F0]AAlopd|o)E, o]akalekie} 72 7))
cottong AT 5= 2= T4 HAH= ST AT = AAE o] 83k gl 7S SR AT 4 Utk o]
L 283265 °C)F EFHRT Ve R L =260 °C)2 o] FHAA S ARREA] ko T 7ol IR PAH A

AP FE Aol SER dotatr] wiizel A7 st
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ether) 2 tetramethyl ammonium chloride(TMAC)E ZH2} 3
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o] crown ethertt TMACT| B4} &0l v|X= 93¢
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A%} 2 THE. DAE 2-pyrrolidone(C4Y= Sigma Aldrich
ARl 99% A|F-S CaHoll 7HF78Ast AREsISlth 58 =
2 ARE-E potassium fert-butoxide(-BuOK )= Sigma Aldrich
AFe] 297.0%°] AloFE ARE-eRlom, F7AIZ AHSE 18-
crown-6(crown ether) 2 tetramethyl ammonium chloride
(TMAC)= Sigma Aldrich AFS] 22} 99% 2 97%S1 Aok
A glo] ALg3IITE. FRAAIE AME benzoyl chloride(BzC)
£ Sigma Aldrich AFellA] >99%2] AleFS A8-319It). CO,
= I5E(99.9999%)5 AHE-sIIT

T = 2291 gcaprolactam(C6)S U KAl A A&
stlem GA glo] ARS-SFITh.

EM707] ¥ BMYHY . Intrinsic viscosity(LFHE, ]
ubbelohde viscometer(size 2)5 AFE-3lo] 2310 AR
= m-cresolol] &2 & 30°ColA =43t 'H NMR('H
nuclear magnetic resonance) Z~HEHL 0.01g2] A RS
0.8 mL2] 2,2,2-trifluoroethanol(TFE)2} chloroform-dy(CDCly)
&8 vle]l =] Varian Unity Inova 500 MHz NMR
spectrometerS ©]-8-5to] SAIATE FE A5 IF A
A5 Perkin Elmer TGA-72} DSC-7 A= S- ARE-3lo] H-4
sl olw] ARS-H AJE0] Y °F 10mg ollom AR
71elA TGAE 25~600 °C, DSCE 25~280 °C H9l9] &=
oA $2&5E= 10 °C/min= SASIATE AlEL] Ty oG
a7F A - 10% FAI A7t dolwks wje] 25)9) &
87 (melting point, T,y Z73159.0H T2 2t =27} A}
71 AF e 25E At

Nylon 4 20|2Z%}. (i) Nylon 42] tE& 3¢l Sehiie
T3t Ak JFAX7E AR EH) e 37 T2 EokaA
o] mk2u| gu}, C4(0.1304 mole, 10 mL) & ~BuOK(0.0065
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Figure 1. Overall reaction scheme for nylon 4 synthesis.

Table 1. Effect of ~BuOK/CO, Mole Ratio on the Polymerization

C4 -BuOK C02 [ ]a Yleldb
(mL) mole% of monomer N (%)
5 - _
10 1 4.76 33
10
15 4.25 11
10 1¢ 0.66 63

Reaction condition: reaction time = 24 hr, reaction temperature = 50 °C.
“Measured in m-cresol at 30 °C. ’Isolated yield. “BzC was used as
initiator instead of CO..
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Table 2. Effect of TMAC on the Polymerization

C4 -BuOK TMAC CO, Yield
(ml) mole% of monomer al (%)
5 5 Trace Trace
10 0 4.76¢ 63¢
10 10 5 1 481 68
10 10 6.35 63
15 15 6.29 36

Reaction condition: reaction time =24 hr, reaction temperature =50 °C.
“Data from Table 1.

Table 3. Effect of Crown Ether on the Polymerization

Cc4 +-BuOK  Crown ether CO, - Yield
(mL) mole% of monomer N (%)
5 5 1 2.81 64
0 4.76° 63¢
10 0.5 2.78 32
10 1
1 3.13 49
2 4.88 68

Reaction condition: reaction time =24 hr, reaction temperature = 50 °C.

“Data from Table 1.
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Table 4. Effect of Amount of Crown Ether on the Nylon 4
Copolymerization

Crown ether

c4 6 0 . Yied
g (mole) g (mole) mole% of n (%)
comonomer
0 0.49° 41°
8.88 2.95
(0.1043) (0.0261) 2 0.51 52
4 0.77 55

Reaction condition: C4/C6 mole ratio = 80/20, reaction time = 72 hr,
reaction temperature =60 °C, 5 mole% #-BuOK with respect to
comonomer, 1 mole% BzC with respect to comonomer.

“Reaction time = 96 hr.

Table 5. Reaction Condition for Nylon 4/6 Copolymerization

Mole ratio C4 C6 -BuOK BzC
W g (mole) g (mole)  mole% of comonomer

8020 (0?1'323) (3:325)

60 40 (0%?23) ((5):322) > !

0030 (0.56222) ((7):(3)2(;)

Reaction condition: reaction time = 72 hr, reaction temperature = 60 °C,
4 mole% crown ether or TMAC with respect to total monomer.

Table 6. Results for Nylon 4 Copolymerization

C4/C6 Mole ratio 80/20 60/40 50/50
Crown ether Ml 0.77 0.53 0.61
Yield (%) 55 50 48
TMAC ] 0.42 0.50 0.53
Yield (%) 49 51 47
Absence’ Il 0.49 0.50 0.55
Yield (%) 41 52 42

Reaction condition: reaction time =72 hr, reaction temperature = 60 °C,
4 mole% crown ether or TMAC with respect to total monomer.
“Neither crown ether nor TMAC was added, reaction time =96 hr.

ok S-S 271 S-S AAE Table 4, 5 2 69

Nylon 4 S0|2F&t. /MAAZA COE ARS8l S
o] & 77 5,10 2 15 mole% AHE3HAS o S-S
AFE Table 19] YeERN T S917F 10 mole%d W 7H4
=L F8o] AoJHI33%) LAHE A= 7P =4 e
FTh(4.76). Zvile] o] HOorH whgo] dojubx] gigkemn E
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St 7-9-2] REgHFISS AN AT

Zu9] S 10 mole%Z, CO,Y 4= 1 mole%® ILGA|
713 crown ether @ TMACE 371sle] 23S s
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o o @y T rsldsdo] YERE =T o= nylon 4 5
Al dRbd o2 Yehts @02 Hhgo] ZeE o] it
27 dE AR B Utk 23y COE B71% Al
F5ol dojubA COo0l 23 E F fiith 28]al S92
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wpEbs] e, Sl 9 A7 o] RS2 S 90 °CE &
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om o]d H7HI7F F3ikeol wIXi= &35 Table 2 2 3
ol A 74zt vEhf Tt

Table 2 & 39|14 YEF}S0] crown ethertt TMACE A}
S =W E 8 2 IRRE S 4 T &
2|9k, TMACE Z12] o] 5 mole%d w o] =#] &
UAITE crown ether AFEA] FATE Frjo] d& ARSI

T THol dofR AL ol AFEEHH crown ether7}
TMACHT B5 ¢ a349S & 4 ot

Crown etherg ARSI 0l dZ2] 4 Kol ©=A| C4
g} ukgslo] AAE K ©]29] crown ether 22 59]
7F SA golo] AR (naked) So]0] Fo] A3}
TR Fol2] vhgAdo] St HaL, TMACE ARE-
st 4ol 4E] 55 dol2 44 dRE SEAsE
g270 gol23} HhgslHA, X|ghkgo] doju=d]| ojuf &
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crown ether ¥ TMACE AMSPH IHAE 3 80 =
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313S w] B3-S Figure 20 YERHATE.
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Figure 3. TGA traces of nylon 4.
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Figure 4. DSC thermograms of nylon 4.

oS W] &% )= BuOK/BzCE AHE3199S W& 246 °C
2 eI oH, CORF AHE-3H S v = 249 °C, +~BuOK/
TMAC/COIA = 255°CE 10°C 7HF =& WIS Vet
RIb=%

Figure 40lM= Z72+] 8-84(T,)2 2= DSC thermo-
gramsS YERAITE ojuf] ARS-E A|E= TGA A AHS-
H Al59} FA3 BuOK/BzC, CO, +~BuOK/TMAC/CO,
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S AREIIS Wl 72 264, 258 E 272°CE ARk o2
431 nylon 4] T,81 265°C W] #k HIS=gk W 9]
ol A A=t

Nylon 4 SS&4H S0|23 & o+t nylon 4 THAE
S &35} crown ether/CO,L TMAC/CO.S ARRA] 78 2
Aol =7 FoRs Rl 2elete] ek It
2] ZARIZ nylon 4 35 LS Al=sITE. Crown
ether 2 TMACE H718kal 7IAAIZ COE ARESI 35
A S A ESIAA T Sl dojubA] opr] 712
AAAR] BzCE ARE-3t 58S AAISIATH

WA, 49k Cool FEFAC] HIE 82, FUIE 5 mole%®
2 A7 2L crown ether®] &30, 2 2 4 mole%)dl] W&
nylon 4 F5¢A e 78 2 IHAE #roll vAE 9
& L3I Crown ethere] 3] 0 mole%d ™= 4
A7F 2 2 4 mole%d W 397 RESAIA

Table 40 =& 213 2745 YeEPH A 2™, Figure 59|
crown ether®] ¥ 22 WS o Lo FHAY] 76 4
IRHE ge] A 2 EZE =4S

Crown ether®] o] S7Htel we} FeAle] & 9 i
AE o] Sk A & & A2, crown ether®
%ol 2 E 4mole%R] AF-oll= 3 AL THAE &
T-3}aL crown ethers B4 2%S W}t 8] 22t 11%
2 14%, L% ghol 242} 0.02 3 0.28 ST

TMACS} crown ether®] %S 4 mole%® A3 3¢+
o] RIS 80120, 60/40 2 50/502.2 3] FIE 4
Alstict. ofm) AREg TE B AHE 717t Table 5 B
6ol JERNSIS ™ crown ethert TMACS 94| 3L F3st
A =9} B WAL SHAITHS 442 S}AL crown ethertt
TMACE ¥R &8 WHT} crown ether ¥ TMACE ¥
Aol AL FFAE Bl g 2 IFHE gho
=7 ekt

Crown ether& TMAC®] Hl°]E|E H]|3ld &

=

—

e
o
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Figure S. Effect of the amount of crown ether on the intrinsic vis-
cosity and polymerization yield.
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oA crown ether AFE-A] TMACEY T &2 83} B}
S YehlIle™ nylon 4014 B9 738k} 74] crown ether
7FAS o 2 YS & 5
TMAC ¥ crown ethers #7}ste] /9%t nylon 4 355
Aol 2 EAS TGA 2 DSCE ARgslo] A&t TGA
A= Figure 63 701 YERAA W DSCe| A= Figure
82t 9o YERNAT. TGA S8 A Z12Ee] T, o007t crown
etherg A7Isle] S8 73-9-ol= C471 80, 60 2 50% i
Z¥z} 295, 322 ¥ 327 °CE 24HNoH TMACE 76k
Se 9ol C47F 80, 60 E 50%01UE wWj Z}7}F 294,
312 ¥ 320°CE Ao H=e A3} e AU
C6°] Feol FT7VETE Ty w0 T7HHs 2102 e}
LS Wggo] F718IAL Ceo] FHe] 509 wieh 60%
= HIS=E ke Tyl DojRTh ol dseiaixe] Cc4
o A= (~80°C)F Zk 7] Wl 1 o]sfe] &
LoMe el 7FesRINE 1 B} 22 SR E U3
o= F¥o] EvFssitt i, Coe A2o4 TS
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90 W, C4/C6
] Mole ratio
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Figure 6. TGA traces of nylon 4/6 copolymer synthesized when
crown ether was added.
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Figure 7. TGA traces of nylon 4/6 copolymer synthesized when
TMAC was added.
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Figure 8. DSC thermograms of nylon 4/6 copolymer synthesized
when crown ether was added.
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Figure 9. DSC thermograms of nylon 4/6 copolymer synthesized
when TMAC was added.
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Figure 100 YERNRATE. Figure 103} 73] methylene 3=
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Figure 10. 'H NMR spectra of (a) nylon 4; (b) nylon 4/6 copoly-
mer (C4: 54 mole%).
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7 w=o e BRES A9tk 2e] %S 10 mole%
FAXZ)Z TMAC 3= crown ethers ﬂﬂé}o% nylon 4
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