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Synthesis and Thermostabilities of N —Substituted Maleimide Copolymers. I.

N —Cyclohexylmaleimide Copolymers

Tsutomu OISHI, Masaaki MOMOI, Minoru FuJiMoToO,

Kiyoharu SUMIDA and Kazunord DOIUCHI

Abstract

The object of this report is to improve the thermostabilities of the common polymers, i. e., polystyrene

[poly(ST)] , poly(methyl methacrylate) [poly(MMA)] and poly(vinyl acetate) [poly(VAC)] , by use of
N —cyclohexylmaleimide(CHMI). CHMI was copolymerized with ST, MMA, or VAC in benzene at 60°C,
using azobisisobutyronitrile as an initiator. The thermostabilities of the copolymers obtained were
investigated by thermal gravimetric analysis(TGA)and differential scanning calorimetric(DSC)measure-
ment. It was found that the initial degradation temperatures and the glass transition temperatures( 1)
of the poly(CHMI—co —MMA)s and poly(CHMI — co —VACQ)s rise with increasing the content of CHMI
in the copolymers. The softening points and the initial degradation temperatures of poly(CHMI— co —
ST)s rise with increasing the CHMI contents in the copolymers, but 7y could not be changed.

1.#% E

WRDDNHRY) > —DWE, BicHLEd 2 %A
THHMNT, N-@B#foL {3 Fihlitke bR/
P LTHAL2RKY) > — 28K T 2RA0KHMT
fibhio2%%, N—B#f~1 4 3 FOARFEIIH
(LB DPVPVCTNLERENTE UKL L %
V. ZoRYE BlfEE (k) TBR SN HEIZINE
LIERDKHFICHA~E L, SMET LA LA IER
THKTH 200 6, LB N —EBf~oL 4 3 F
PR T A EHNTE B,

*LEERR S T RI0E R
*HAHASE KR T35 (B HfbEm)

CORMXTIE, N—B~L 4 I P b N—Bik
WIZL 70~V EE2ETE N Z7a~F =
VA4 I F (CHMD) 2E) %53,

N-B#=U A4 I FHEECHET 2EEER
Chem. Abst. (CAS)TH#H~NBERN 123\ THEETIZE
FI300#RIC & Feds, 29 BIEEINIC 2V DX BLKIG
CBT2LDTHL5, CHMIIZDWTA B &, 4ER
2, 3HTH3. 205 AL EMICET 2 8% 134
fbE=—n (VCL) 2L 4 3 FEBEAKD Y 5 Rk
Bl LMY, X)) CHMI 83RO ¥ 55 5. 3
7:EF#HESLL CHMI & 2F 1> (ST)®, A9 Y. 3
AFN (MMA)®, 23w VCLYEntBEAMIZH
WTRTTIREmE L, 2% D€/ > — Ktk (r,,
rp) X Alfrey —Price’® D Q, efllztkEL T3, L
L, SRLDMETIRKEHEZFA<L LB

W O KFE T RRE



128  (128) KA - BXIENE - EA

Y L7 T, EAMEOESBECHME ) v —REYHE
FHTE53 L) ZfRINEN IR >—2BTnHITHE
Zevs, AN CHMI L &2 D&/ v — L DEBELAE
PUEE BB, RUELNaK) 2 — DMK
r il ERIC oW TS, kB, CHMIDKEXR)
< —13300C 3 THEET, FNLELICL B LRRICE
B L, 350°C FHETE L < %0, 380°C T100%
ET A E VI MEDT TR L ENTWE,
HERRIBEETH 5K CHMLicx LT, CHMI &
ST, MMA & %\ (3t E =—)1 (VAC) »5{ 61
22 %) 2 —0BE s Y ORE AT 5 00 Bk
VL= (I

m
ST(R]=H, R2='@)

MMA(R,=CHy, R,=-COOCH3)
VAc(R,=H, R2=—0C0CH3)
2, X B
2.1 /79—

CHMI i3 H A () Ao LH LD EFINLD
DETY ) —I (80vol) /7K (20vol) THHKS & L THIH
L7>. mp. 88—89°C, #Ffshikih.

IR(cm™) : 2940, 2860(CH, CH,), 2705, 2765(—
CO—N—-CO-), 1600(>C=C<), ‘H—NMR (s
fiti, ppm, EHHETMS). 6.45(s, 2H)HC=CH :
3.85(m, 1H)H incyclohexyl ; 1.73(m, 10H)other
protons in cyclohexyl group. £ #4347 : Found, C =
55.49, H=7.46, N=7.83%, Colcd. for CsH;50:N,
C=56, 12, H=7.65, N=8.18%.

ZF L v (ST), #227 )BTV (MMA), MR
t=— L (VAQ) RFRZFREHRICL VHERL,

BWBHITH D a, ' —TVEZXAL YT Fa=b)L
(AIBN) 2 A %/ —Nic X D BRI L, BETH H
CUEEICLOEMLL, RRATHE A/ L
I3HER— RS2 2D F FHEALR,

22 *ES
CHMI & 2 &/ =—(ST, MMA, & %3 VAC)
P EAFICHIRL, AIBN 2LV iERE

Vol.39 No.1 (1988)

- mEAEE - LEAHE

Mz, COBAERALES A LICBEL, BEER
PHWTAHL, HZBESA (2 x102Torr) 2L,
RICERERELFHL, KAEICD &L BEERY 2
T—byRBEL, EABORVEY, B/ C—2F
W L7 SRbLDRE-HEREE 3EEEL, LRER
R L EAT R S —F —TIE L, 60C IR
NTWw2ERECHL, —ERMEATEIRE O L,
BELRTHR, BHEL, 2RO/ —NIEALTZ
K e—2kE 7. (CHMI-VAC RT3z 8/ —
W) S ZAT4NE—TFBL, aR)e—% 25/ —
AT (CHMI-VAC T3z s/ —) L <CH®EL,
e L, aRf)>——8Bi37F > lFr77
V(THF)/# % 7 — VR THEHLL 2 R L, BB LT
Pt BIEDRRE L7,

2.3 9 W

FEZ AT (k) WA B {ERT > MT — 2 B CHN 2 —
& —TiF\, BoATI3BEEER (k) o TG-DSC B
s T TMA 12 & 0, HB5#E10°C /min TH
= L7, 2 TEi3 GPC (ShimadzuLC— 3 A) 2 &Y
RE LT A7 L6 HGS—-15, 20, 402 A L,
THF (1.5m¢/min) ZiEHEE L THWR,

100

Ml in copolymer / molZ%

0 I 1 1 1

0 20 40 60 80
My In monomer feed / mol%

100

Fig. 1 Copolymer composition curves for (O)
CHMIM,)—STM,), (@) CHMIM,)—
MMA(M,), and ((0) CHMIM,)—
VAC(M,) systems.
CHMI(M,)—ST(M,) reported by Oishi

et al, see ref. 8.
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Table 1 Result of Radical Copolymerization of CHMI (M,) with ST (M,) in Benzene at 60°C®

run (M,)® Polym. Conversion N-—Analysis d (M,)? Mn?® Mw/Ma?®

Na wt% mol% time h % % mol% X 1074
3—1 4.6 2.8 15 29.2 1.68 13.7 4.8 2.2
3~2 6.7 5.2 15 35.0 2.13 17.9 5.4 2.6
3—3 16.6 10.4 15 45.2 2.96 26.2 5.9 3.2
3—4 47 .4 20.6 15 62.9 3.80 35.5 7.9 3.5
3-5 54.3 40.9 15 87.1 4.54 44.6 11.3 3.2
3-6 63.9 50.8 15 97.4 4.80 48.0 14.2 2.8
3—-7 72.7 60.8 15 9.6 5.38 56.2 10.2 9.7
3—38 87.7 80.6 15 94.5 6.56 75.2 8.9 16.7
3—10 90.4 84.6 13.0 97.2 6.51 74.3 3.5 " 47.4
311 93.3 89.0 13.0 99.6 7.09 85.0 2.6 76.6
3-—-12 97.2 95.3 13.0 97.9 6.89 81.2 3.1 73.6
3-—13 98.3 97.0 13.0 97.4 7.26 88.3 1.6 161
3 —14¢ 90.6 84.9 1.8 58.0 6.25 69.9 7.2 14.0
3—-15° 93.7 89.6 1.8 56.5 6.48 73.8 9.2 16.8
3 —16° 97.1 95.1 1.8 48.5 6.92 81.9 17.8 13.7
3—-17° 98.7 98.7 1.8 52.0 7.45 92.2 3.5 46.3
3—18° 32.7 22.1 5.0 54.5 4.16 39.8 9.2 3.0
3-19¢ 32.0 21.5 5.0 51.7 4.02 38.1 9.2 3.0
3—0—-1" 100 100 2.2 34.5 7.37 - 1.4 138
3—0-—-29 100 100 2.2 42.4 7.25 - 9.6 1.2
3—0" 100 100 14.0 100 7.02 - 2.6 2.3

a) (AIBN])=1.0x10"2mol/L, bnzene= 2mL, M, +M; =ca.1.0g, b)Concentration of M; in monomer feed,
c¢) Concentration of M; in copolymer, d) Measured by GPC, e) Benzene= 4 mL, f) M,=0.606g (3.38X%
10~*mol), bnzene= 2mL, g) M, =0.689g (3.85 X 107°’mol), benzene= 4mL, h) M,=0.644g (3.6x10"*mol)
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Table 2 Result of Radical Copolymerization of CHMI (M,) with MMA (M,) in Benzene at 60°C*

run (M,)® Polym. Conversion N-—Analysis d(M,])? Mn® Mw/Mn?

No. wt% mol% time h % % mol% x107*
4—1 4.0 2.3 24 85.5 0.55 4.1 7.4 2.2
4 -2 8.7 5.0 24 85.3 0.74 5.5 5.8 2.1
4—3 16.7 10.1 24 86.4 1.18 9.0 6.0 2.1
4—4 31.1 20.2 24 90.0 2.11 17.1 7.6 2.5
4—-5 54.3 39.9 24 95.6 3.95 36.3 8.8 3.7
4—6 64.2 50.1 24 96.1 4.65 45.1 3.0 11.4
417 72.9 60.0 24 95.6 5.27 53.6 4.1 16.9
4—8 97.7 79.9 24 94.8 6.26 69.2 2.0 25.5
4 —10 90.6 84.3 13.0 97.3 6.66 76.3 1.1 417
4 —11 94.2 90.1 13.0 98.7 6.98 82.3 3.4 204
4 —12 96.7 94.2 13.0 97.4 7.13 85.3 2.8 110
4—13 98.6 97.5 13.0 95.4 7.14 85.5 8.7 6.9

a) (AIBN)=1.0x10"*mol/L, benazene= 2 mL, M, +M.=ca. 1.08, b)Concentration of M; in monomer
feed, c) Concentration of M, in copolymer, d) Measured by GPC,

Table 3 Result of Radical Copolymerization of CHMI (M,) with VAC (M,) in Benzene at 60°C®

run (M)® Polym. Conversion N—Analysis d (M,)® Mn® Mw/Mn?

No. wt% mol% time h % % mol% X 107*
5—1 2.1 1.0 24 27.6 0.35 2.2 7.2 3.3
5—2 9.9 5.0 24 34.5 1.43 9.7 11.2 2.9
5-3 18.9 10.1 24 41.0 2.23 16.1 19.9 3.0
5—4 34.4 20.2 24 55.4 2.96 22.6 21.3 3.7
5—5 58.4 40.3 24 75.2 3.57 28.8 14.6 6.4
5—6 67.4 49.9 24 81.9 3.78 31.0 16.5 6.6
5—7 81.1 67.4 24 91.0 4.14 35.1 3.2 37.2
5—8 89.9 81.0 24 94.6 4.38 38.0 3.2 13.4
5—10 92.1 84.9 13.0 95.4 7.17 84.2 1.3 144
511 94.9 89.9 13.0 96.7 7.26 86.2 1.1 223
5—12 97.5 94.9 13.0 97.8 7.49 91.7 1.0 142
5—13 99.1 98.1 13.0 98.7 7.45 90.7 1.2 120
5 —18% 91.8 84.4 2.8 71.8 7.07 82.0 4.4 49
5—19¢ 94.8 89.8 2.8 71.2 7.29 86.9 3.0 92
5 —20° 96.9 93.8 2.8 68.9 7.34 88.1 4.3 85
5—21 98.6 97.1 2.8 69.4 7.33 87.4 2.6 124

a) (AIBN)=1.0x10"2mol/L, bnzene= 2 mL, M,+M,=ca.l.0g, b)Concentration of M, in monomer feed,
¢) Concentration of M; in copolymer, d) Measured by GPC, e) Benzene= 4 mL.
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Fig, 2 TGA curves for (1) poly (CHMI~co—
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MMA) (run 4-6), and (3) poly
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Endo, —~-—— AT —— = Exo,

1
1 1 1 1

100 200 300 400 500
Temp, / °C

-

Fig. 3 DSC curves for (1) poly (CHMI—co—
ST) (run 3—6), (2) poly (CHMI—co—
MMA) (run 4—6) and (3) poly (CHMI —
c0—VAC) (run5-6) ata heating rate
of 10°C /min ir air.
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