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Fig. 1. Relation between log [n]and log My,. [n]was

determined with polymer concentration below 0.2 g dL1

(5 points) using H,SO,4 at 25°C. M, was measured by LS

using HFIP at 25°C.
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Fig. 2. Effects of water content on the solidification time,
where the solidification time is plotted against the concentration
of the chain initiator (Ac-CL). Polymerization conditions:
temperature, 150C; concentration of catalyst (EtMgBr), 0.5
mol%; water content, 0.013 mol%(@®), 0.038 mol%([1), 0.063
mol%(A), 0.088 mol%(Q), respectively.
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Fig. 3. Effects of water content on M,,, where M, is plotted

against the concentration of the chain initiator (Ac-CL).
Polymerization conditions: temperature, 150C; concentration
of catalyst (EtMgBr), 0.5 mol%; water content, 0.013 mol%( @),
0.038 mol%([1), 0.063 mol%(A), 0.088 mol%(Q), respectively.
The thick solid line(==) is the calculated M.



Table 1 Reaction mechanisms of the anionic polymerization of
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Fig. 4. Effects of concentration of catalyst (EtMgBr) on

the solidification time and M,,. Polymerization was carried

out at : temperature, 150C; concentration of chain initiator

(Ac-CL), 0.07 mol%; water content, 0.013 mol%.
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Fig. 5. Time-conversion curves at various polymerization
temperature. Polymerization conditions: temperature, 130°C(O),
140C(A), 150C(O), 170C(¢), 190C(M), respectively;

concentration of catalyst (EtMgBr), 0.1 mol%; chain initiator (Ac~CL),
0.05 mol%; water content, 0.013 mol%.
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Fig. 6. Effects of the polymerization temperature on M,,, where
M,, is plotted against the polymerization time at various

temperatures. Polymerization conditions; temperature,
130C(0), 140TC(A), 150T(O), 170CT(@), 190C(W),
respectively; concentration of catalyst (EtMgBr), 0.1 mol%; chain
initiator (Ac-CL), 0.05 mol%; water content, 0.013 mol%.
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Fig. 7. Plots of solidification time and My, against the

concentration of the monofunctional chain initiator (Ac-
CL). Polymerization conditions: temperature, 150C;
concentration of catalyst (EtMgBr), 0.1 mol%; water

content, 0.013 mol%.
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Fig. 8. Plots of solidification time and M, against the

concentration of the bifunctional chain initiator (Ad-CL).
Polymerization conditions: temperature, 150C; concentration

of catalyst (EtMgBr), 0.1 mol%; water content, 0.013 mol%.
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Fig. 1. Relation between 7g,/C and the concentration of
polymer solution (] ), and relation between In(n g,/C)

and the concentration of polymer solution( @) (Huggins-
Fuoss plot). The polymer was synthesized with 0.1 mol% of
catalyst (EtMgBr) and0.03mol% of chain initiator (Ac-CL).
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Fig. 2. Relation between ng,/C and the concentration of
polymer solution ( [0), and relation between In(n sp’/ C)

and the concentration of polymer solution( @ ) in a low
concentration region (Huggins-Fuoss plot). The polymer
was synthesized with 0.1 mol% of catalyst (EtMgBr) and
0.03mol% of chain initiator (Ac-CL).
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the concentration of polymer solution( @) in a low
concentration region (Huggins-Fuoss plot). The polymer was
synthesized with 0.1 mol% of catalyst (EtMgBr) and
0.015mol% of chain initiator (Ad-CL).



EHEZRDDLIIENAIEEE- .

3. 2 HHWELICXBM,DHAM

EWREM 2RO 50X #8E (LS) HEZRfT->. ABEITD
WTHBEBRPORII— LD TRLVEBLIDEVWEREBBRONE
BHETH- . (ml=11.2dLg'OHF T2 TiR, RUYT—
BEZ22X10°gdL'UTFTRLTHAEEZTD ERFARZImmT Oy k
PERTHIENTERE (H4) . Th&kvkvoenM,, HBEF
BRLVE2FU 7 NVEHE (A) 2RIRKFLE,

(n]=14.1 dLg ' ®H > TN ROVWTHRZEORMN 2T R,
RYU T —#EZ21.8X107 gdL'UTFTIRLTHE 21T5 & RIF 2
Zimm7 Oy hEERTEZENTERE (M5) . Ik bkdohn
=M, BE¥EBIUE2EUTIVEAEK (A) Z2R1KCxRLE. C
NS OX#HIBEOEHEEIIIODVWTIR, O FTERAN OPMMA
(M,=1.5X10° P=1.11) ITTM,=1.51X10°:H/BEINE L,
QBE2EUTNHBENRNZIRICRLELDIDFERGLSRBZEENZ
<o TWVWBZEY, @2A,ML1IbHMELTVWEZ E"NEMERL
EEZLEND,

3. 3 HBEAEKEEIM, ORR%

EEMEEM, EOBRERAXRDI D, P FEOBEVY T IO
WTHHEKDOHE Zfro /. HRERIKELDRE, ZOBELD.,
Mark-Houwink- 2 H O XNEL D I DMF T2, 6 iZloglnl &
logM, OB BZZEZRLE. HOXDS I EBIFREBEREESH, XX D
EO5RM EMOBBEEBL ZENTER,

MW=2.81X104X[1’]]135 (1)

CORDEEZ, TNETRBREINTVAHEELBE LR LE 2
CaRLEVSSIY, B, £2 TR, 2<0EZEN =K -M *TEK
ZROTVEED, AR THLNAEHEREBIHFELELTELE, &
MATHEONLEERICNETOREMHEICEL., FEANEVEE X



2.0

1.5

1.0

0.5

0.0 ‘ '
-1.0 -0.5 0.0 0.5 1.0

sin2(8 /2) — 979X ¢

Fig. 4. Zimm plot in a low concentration region of
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at 25 C. The polymer was synthesized with 0.1
mol% of catalyst (EtMgBr) and 0.03mol% of chain
initiator (Ac-CL).
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polymer solution. LS was measured using HFIP at 25 “C.
The polymer was synthesized with 0.1 mol% of catalyst
(EtMgBr) and 0.015mol% of chain initiator (Ad-CL).
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Log [n]

Fig. 6. Relation between log [ ] and log Mw.
[n] was determined in HoSO4 at 25°C. M, was

measured by LS using HFIP at 25C.
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Fig. 7. Relation between polydispersity of the polymer
and concentration of the active residue of the chain
initiator. The polymer was synthesized with 0.1mol%
catalyst (EtMgBr) and chain initiator (Ac-CL; O), 0.5mol%
catalyst (EtMgBr) and chain initiator (Ac-CL; 0), and
0.1mol% catalyst (EtMgBr) and chain initiator (Ad-CL; & ).
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ROMICIIEREBENDZZENDMS (BER20% ;
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Fig. 1 Time-conversion plots at several concentrations
of catalyst and 0.03 mol% chain initiator at

150C; (@) catalyst concentration is 0.1 mol% ,
(Od) 0.03 mol%, (A)0.02mol%, (O) 0.01 mol%.
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Fig. 2 Relation between Vap and concentration of
catalyst at the concentration of the chain
initiator; (O) 0.1 mol%, (A) 0.05 mol%,
([1J) 0.03 mol% at 150°C.
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HAHECLREITHRBRABREOEEBIZIODWTHANS LD, HAFR
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REEORBABREINTAV, 2H4TRLE. BBEARER
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Fig. 3 Relation between Vap and concentration of
chain initiator at 0.1 mol% catalyst at 150°C.
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(@) 0.03 mol% at 150C.



log (V ap)
i
w
(W)

-1.6 -15 -14 -1.3
log [1]

-1.2 -1.1

Fig. 5 Log(Vap) versus log(concentration of chain initiator)
in the area where the concentration of catalyst is
greater than 1.5 times that of the chain initiator.
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3. 3 BAEFHFER

E-ATOSIVILDT FCEROBHZFIIMED L CHBHO
BRELICKET I ENDRA- 2, ZhETRBSNREZR (1) & (3)
e (6) 2, K (2) & (4) 5 (6) 2H Wi,

V,,=k [1] [C] [C] £1.5X [I] (5)
V.,=k' [1]°? [C] >1.5% [1] (6)

ZZT, kBLUK'REKTH 5.

X (B) BLY (6) "RUTHLE2MRETSHAED., V,, * [1]
[Cl BXUV, % [1]12 0o 7z, RE6IKRLE. TORK
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logk=—E,/ (2.303RT) + logX (7)
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Fig. 6 Relation of V4, versus [I]X[C] (O ; where
[C]=1.5 X [ID and Vg versus [I] 2
(@ ; where [C] > 1.5 X [ID).
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Fig. 7 Arrhenius plots of reciprocal of time versus
log-rate constant (@ ; k, and [J; k) of
polymerization.
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V,,=24.6x [1] [C]’ (15)

X (15) BH (5) (k=21.9) R —HT 310, EWEITBG
27 ACEGOEERIZ, [Cl=1.5X [1] 0BABLY [C]
>1.6X [I] OFAEVTHRIZBVTHR (16) BRDIEDEEZXS
Nnb.

—d [M] /dt =k [I] [C] (16)
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357 =FCEEFREZ1IOR i CEDKBEFBERAEAB TS &
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REBGBTHIANGELENAEZIER, Z1O0R i NEQORBIBRET
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ERMNLS5ERDIHERHIZOWTR, FEALRMEBOFEENEI SND,
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2. 2 MEBREBEORSE
RYRI—DNEOMERBEOREIIROLD>IZTFoRE. RUT—IF
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BLTHML A",
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2. 4 FOMDOHHN
RUT—HOMgBERAI AT TSATRNEE (ICP;
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Scheme 1. Mechanism of degradation. M stands for
catalyst residue (MgBr in this study).
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Scheme 2. Mechanism for the reaction of polymer with acid.

M stands for catalyst residue (MgBr in this study).
HX stands for acid (such as acetic acid,sulfuric acid,
etc.).
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Fig. 1. pK, of acids versus concentration of catalyst residue in

nylon 6. The removal of the catalyst residue in the polymer
was carried out with CR treatment; (@) acid concentration
in 5.0 mol% and (Q) 50 mol%.
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Fig. 2. Relation between M, of the polymer after heating and

heating temperature about the polymers with CR
treatment ( @) and without CR treatment (). The

polymer (initial M,~=3.6 X 10°) was heated for 24 hours.
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Fig. 3. Arrhenius plots of the reciprocal of time versus
log-rate constant (k) of degradation of the
polymers with CR treatment (@) and without
CR treatment (Q) at the initial stage on heating.
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Fig. 4. Change of M, of the polymer with CR treatment

(@:; catalyst residue 0.001mol%) and without CR treatment
(Q) on heating at 200°C. The polymer was synthesized with
0.1 mol% EtMgBr (initial M,,=3.5X10°).
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Fig. 5. Change of M, of the polymer on heating at 200C with

CR treatment (@ ; catalyst residue 0.001mol% ) and
without CR treatment ( O). The polymer was synthesized

with 0.5 mol% EtMgBr (initial M,=3.6 X 10°).
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Fig. 6. Change of M, of the polymer on heating at 200C

with CR treatment (@ ; catalyst residue 0.001mol%)
and without CR treatment (). The polymer was
synthesized with 0.5 mol% EtMgBr (initial M,,=6.2X104),
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Fig. 7. Change of M, of the polymer on heating at 200°C with CR

treatment (@; catalyst residue 0.001mol%) and without CR
treatment (). The polymer was synthesized with 0.1 mol%
EtMgBr (initial M,,=7.0 X 105).
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Fig. 8. Change of M,, of the polymer on heating at 200C with

CR treatment (@; catalyst residue 0.001mol%),
with CR treatment and with the end capping (/\; catalyst
residue 0.001mol%), and without CR treatment (O).
The polymer was synthesized with 0.1 mol% EtMgBr (initial

M,,~7.0X109).
The dotted straight line (====) is the calculated M, at

equilibrium state at 200 C.
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Fig. 9. Change of M, of the polymer on heating at 200°C with

CR treatment (@ ; catalyst residue 0.1mol%), with CR treatment
and with the end capping (A; catalyst residue 0.1mol%),
and without CR treatment (O). The polymer was synthesized

with 0.1 mol% EtMgBr (initial M,=3.5X10°). The dotted straight

line (===s) is the calculated M, at equilibrium state at 200 C.
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2. boilling water treatment:
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3

Scheme 3. Reactions and Kinetics.
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Fig. 2. Relation between the content of cyclic oligomer
(@, dimer; A ,trimer; 00 ,tetramer; @ , pentamer;
A > hexamer) in the polymer and polymerization time.
The polymerization was carried out with 0.1 mol% of
catalyst (EtMgBr) and 0.1 mol% of chain initiator (Ac-CL).
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Fig. 3. Relation between the content of cyclic oligomer
(@, dimer; A, trimer; g ,tetramer; @ , pentamer;
A , hexamer) in the polymer and polymerization
time. The polymerization was carried out with 0.1
mol% of catalyst (EtMgBr) and 0.03 mol% of chain
initiator (Ac-CL).
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Fig. 4. Relation between the content of cyclic oligomer
( 'Y dimer; A ,trimer; [],.tetramer; @ , pentamer;
A , hexamer) in the polymer and polymerization
time.
The polymerization was carried out with 0.1 mol% of
catalyst (EtMgBr) and without chain initiator.
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Fig. 5. Influence of the concentration of chain initiator on the
content of cyclic oligomer ( @, dimer; A, trimer:
3 ,tetramer; @ , pentamer; a , hexamer) in the
polymer. The polymerization was carried out with
0.1 mol% of catalyst (EtMgBr).
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Table 2 Reaction mechanism of cyclic oligomers in anionic polymerization of € —caploractam.
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Table I Physical properties of nylon 6.

high molecular low molecular
weight sample Wweight sample

Intrinsic viscosity [h] (dLg™1) 11.2 1.4
Mw (x1074) 70 4.5
Crystallinity (%) 29 24
Coefficient of friction (—) 0.28 0.45
Abrasion loss @ (mg-hr™1) 2.3 7.2
Impact strength (Izod method, J-M~1) 30 22

a) The average value in three hours.
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DOFERDODVWTRFLEKREZRRE, F1 O 6P OMBEKRAZ
BRETAHBCETRUR—DMBENRTL2HEEZRIL L. 1O 6
hOMEREIZ. RUY—%2DMSOKKKEML, EZEMTILEZ
F5ZETHREMNIIBREETN, RUY—0REENMET S I EDD
Nof. MEZRELEESFERY— (M,<10°) FHICHCH
LEETHo . MEZRELABLSFERYT— (M, >10°) TR
Sha3)TRETIR. MALKRICLEZBODTHoRk. RIS -5 #
EHER. EBMANVRFIINEOHBHCREEEIhaL>k. TENH
RIBERTE2LS, BAFRRYUYT—ODREEEZSISIIMEEIES
ik, U OAHRETESFIETEE. MAKISBEHAT
ZHENDBENHEM LR,

WMAETIE, 106 DITENEERBVWTREDRELAR ST
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WBRIEEMOBRKRAY I N, EPRXTOT7ACERTLTBNT
EDIDRERINZIPBHENEALOBNLAEAKERIIOVWTEN
e e-ATOSIILADT A CEETOLARBI BRI —
DERICELT, MEBLXUHBAIOREZZLIBETHRAY I —
DEREBEZAELEHRE. UTOAMNHS M ER-E., (1) BRA
VIR - DERBERHABABEOMNBIUCMBEBEOETFT LD
wmlrz, QBRK2EKIT. BRIBAELMLSERG BERICHERT,
ERENNBDEL, $ETOEREIR., MES L BB BEC,
XODRESEER2ZI B EMNbho. (3) BR2EMEN, KH
TINIIVILABTIOVBENITERINBAIZLEZERBELE,

BLETR, e-h70S5 25007 F>ERICLIDEREINE,
BOWATEDF1DO26 (M,=7.0X10°%) IDOWT, iHEHMELH
BREEZEKOSITERIIDO26 (M, ,=4.5X10%) EtH&LE., TO&K
R, BATRITIOC60HY, MEEEBIUHRAEEICENLTL
5ZEBHASNERD, BHTFRIELOHRERNRBINT,

UEDXSC—EDOMREIZX, AHIZ>=27U T TSR
FOITHDFTFIO6CDVWTEYTEALEVDHETH
HEITV, NV EEEAICORZJEEZRLEDDOTH
D, ZZXHEELHMLELTEED T,
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AR, I=2Fh (B PRARFCBWTTbh /b0 THD,
MAODBRZEATLKES>LMBERERLARE L, THESES.
Mg —PRMEFECEHNELET,

T, REBERCHBEZBOELEZI=F N (k) PRIEMR
HEmAETEBRF A RE LI, ODrASEFVAELET,

AMACEL, l4, CHEBIHEZVWEEEZLEIZFH ()
TR IEMESE, 2=2FF () T IT5H 8RR E M| R
BEt, 2=2Fh (K) PRAEFRTIAF v IOWERECLBELE
TIESBE#HRHNWEZLET,

B, ARERRFC, LHAMEEK, 9H# HE. REMLEKOBAH
ZHEELE, TZRRELIBILHBEL ETFXT,
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