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2 o F& 7leEal=o] free hydroxyl7]& #3831 LeiAo] 4% HEZ QA o H O E
(HCA)& allyl isocyanate (AIC)$9} WHg-A]#A urethane linkage® 3t v|d7|& AH =3
F, o]& 42 H)'d d33A (AN, AM 2 AA)9} &) FF2 /HAA 2 whe 27 3lolA 2=
E F5%E AT €& HCA—AIC adduct®] B]'27] #8+e 0.6~1.0 meq/go)th. 742
Aol g 1PEE é—% AIBN<BPO<<KP59-] Lol om, vid g@d th{ F£&& AN
AA<KAMe] o2 271319t HomoPANE 4% Jsi=E 32§ 7I% blend filmel A%
B3 8e HCA =& HCA %%iﬁ} 22y 22 wE tan 09 Hs2EE] homopPAN
& FHT 71 blend filme] 7,9 #AE ¥ 5 dlew, 71 blend filmol| 348 PAN
dUAFHAE 2 ZE FF A D] Bagol Qs Ao] olde, 7% By AL A m
EA 3= Ao 2 .

ABSTRACT: Partially hydrolyzed cellulose acetate (HCA), which contains enough free
hydroxyl groups and exhibits good solubility in most organic solvents, was reacted with allyl
1socyanate (AIC) in pyridine to introduce polymerizable vinyl groups (0.6~1.0 meg/g)
through urethane linkage. And, graft copolymerization with several vinylic monomers was
also carried out with various initiators. The effect of the types of initiators on the graft yield
was very significant and in the order of AIBN<BPO<KPS. Graft yield was also varied with
the types of monomers (AN<AA<KAM) in this system. The storage modulus of the
crosslinked blend film was less than that of HCA — AIC adduct film. Judging from the change
of tan & curves, T, of the crosslinked blend film was also reduced. Different from the simple
solution blend of HCA and homoPAN, it was thought that PAN homopolymer in the

_ crosslinked blend film was not simply dispersed but combined through strong physical interac-
tion.

Keywords: vinyl containing cellulose acetate, graft copolymerization, in- situ blending.
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enimine® 2 2-diallylamino-4,6-dichloro-s-triazine®
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d ABE =o 60 CAlM ZHs AU, chemi-
cal shift= tetramethylsilane® 7]&£22Z down
fieldz °]%® & #& ppmoz EASMG. IR
spectral= A|EE KBrz pellet® %89 Jasco
IR-700 spectrophotometer& Al&3ld E35
dem’, FARIF 6432 dlon, 2Y=EH TF
4, 7kn HBE ¢ 7l blend filme AAL
Rigaku D/Max-2200 X-ray diffractometer
(35kV, 20mA, Cu-K, ray), Orientec DDV-
OIFP Rheovibron (11 Hz, 25-250 C) ¥ DuPont
N9900 @EA7] ($24%E 10 C/min) & AHg-3}od
ZAbER Tt &%, Jeol JSM 6400 scanning elec-
tron microscope® AlR3le] 2 ZEEH FFIA
2 713 blend filme] ¥ Fe) & AR o)At
MAE AEZ LA olHHOJES acetylV]e] X#x
(DS, degree of substitution): 'H NMR spec-
trum®] acetyl proton¥ glucose proton2] ZEW

g ol g3l thgdez Adsdtt

Acetyl DS

_ 10 x (acetyl protong] &)
™ 3x(glucose proton®] WA ) + (acetyl protong| HA)

JYZE $& T Aol ste] pEssrh
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2yzE 2284 SA-712 284 9
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dE2A OMMHOIES £E 7I-E3l. 20g9
Azd AERex oMHEE 120 mLe] M3}
40 mL9] Bo] E 300mL EgAd] gol 4
7 F, AF 44 5mLE 20 'ColA 3087 A3
F4@th 30 T 2447 WgAIT F, 100 mLe)
B& Hrbsim 1509 dEes E2M AFH3
40 C AFLBINA 24417 FR3} 185g9] #&
7t HCAE 4dth HCAS 4 As o}
ot gtk 'H NMR (DMSO-ds, 333K): 1.8-
2.1 (acetate CHj), 3.2-3.9 (glucose CH,-OH and
CH,-0A,), 3.9-4.7 (glucose C-1, C-4, C-5 pro-
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tons), 4.7-5.5 (glucose C-2, C-3 protons). 13C
NMR (DMSO-d;, 333K): 20.2, 20.5 (acetate CHj),
59.3 (glucose C-6), 62.2 (acetylated C-6), 71.5
(C-2, C-3, C-5), 74.8 (acetylated C-2), 79.7 (glu-
cose C-4), 99.3 (acetylated C-1), 102.3 (glucose
C-1), 168.9, 169.2, 170.2 (acetyl C=0). IR
(KBr): 1755 (ester), 3503 cm™ (-OH).

HCAZ2} Allyl Isocyanate2| gi2. 10 mLe} 3]
d == DMFY| 1ge] #¥ 7iisid HCAE &
;A7 F, 25 CHA 1go] AICE syringe2 7}3}
3, dibutyltin dilaurate (T-12)& Zuj=2 7|3}
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20 mLe} wjgrge] ARAT. AfeiTetn et
24 FxiEl AIFHSIA 40 T AFLENA 2447
Azsld Hldr7t =i AdEgzex A8
(HCA-AIC adduct)& ¥&t}.

Tei=gl 4A#E. 0.50ge] HCA-AIC adduct&
15mLe} DMF9|] 0|3 1.5 mole% (M eteald o
3 ®%) KPS} 3.0mole%2] 18-crown-6&
5mLe] B9l 3 H7Ig & 70 CAlA 583 2]
Z AL A8 BT F AdE S vd GEA
(AN, AM % AA)E H7Ista 244 FRAK
% 500 mLe] wghgd] HAAZITh Ao e,
ekg 2 FatE M s, 40 C AFLBNA 24
At Az £, e AS Y 2RZE F
ZPA 2HE g F FukE vd dEAe] 9dF
A E 100mLe] HHEE §A12 Soxhlet F+FHOo
2 AAS F o5 J2YgZE FFPAE <=
BPO¢} AIBNE /RAA 2 A A$E & 22
& ZAgony, £A2 15mLe] DMFuIe A18-31%]
o}.
In sity 12 =Eol| 2|8t 7t ZE 3 Blend Film
o] H|=. 0.50 ge] HCA-AIC adductE 10mLe
DMF9] =0]i1, 1.5 mole% (@A e F=)
KPSE 1mLe] 8d 5o H71g F, 70 TollA 2
B2 oz BAEE A8 UxE & 050g9 ANE
H7tst Teflone2 AxF A7 10cme| Petri
dishol] 22 t}g feEl@oe g HolA 70 T L EA
12417 ¥g-A17) o, frelds AlASE 40°C A
T2EANA &AIE &H3] AAEH. FHE 2EE
welgl] WeE2 A Hstan el PAN @dFd
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Figure 1. Infrared spectra of (A) HCA, (B) HCA-

AIC adduct, (C) HCA-AIC-g-PAN, and (D) HCA-
AIC-g-PAA.
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Scheme 1. Graft copolymerization of vinylic monomer onto HCA-AIC adduct.
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Figure 2. 'H NMR spectra of (A) HCA and (B)
HCA-AIC adduct (DMSO-d, 333K).

AR 98 acetyl’]] XB= A= oS
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1meq/g B=9] Hd7]E /T BEZOX XEA)
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E3h, Table 19 yehd upe} o] HCA<] FA 4
thal 2ufe] AICE AME-3ldx= HCAd =gd wd
719 ke FUHEIA skt Sold A 1241
ol’del Wt 2318 ndrle] o] FojER
Ad ol HCAY =9i€ e #o] Ajzte] A
o wt Baf=r] ez gug)
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Table 1. Reaction of Allyl Isocyanate with HCA®

HCA® AIC  temp. time weight allyl bound
(g) (g) () (h) gain(g) (meg/g)
(N 0V

1.008  1.008 60 24 0.146 0.460

1.003  1.003 80 12 0.316 1.000

0.995  0.995 80 18 0.239 0.763

0.992  0.992 80 24 0.207 0.662

1.010 1010 80 48 0.263 0.827
(1 (2)

1.005  2.010 80 12 0.295 0.932

0.978 1.956 80 18 0.306 0.993

1.088 2.176 80 24 0.237 0.692

1.011 2.022 80 48 0.240 0.754

¢ Reaction condition: solution in 15 mL of pyridine.
® Partially hydrolyzed cellulose acetate (DS=2.2).

Zo] 1527cm™2] urethane N-H stretching,
1647 em™¢] C=C stretching, 3082 cm™¢] vinylic
C-H stretching band¢] A2 218 4= o,
urethane?] C=0 stretching band= oA g0 E9]
C=0 stretching band¢} A3 B3] Yr|= J&
ot 28y, HCA-AIC adducte 73] {7144
<l DMSO9| 7}&0]ojA Fig. 2(B)¢} Fig. 3(B)<]
'H 2 3C NMR spectra® £o)3Hd 2& 4 g
. 'H NMR spectrum©. 2 glucose®] proton&
23] 74377} ojg ok, 3.6 ppme allylic C
H,, 5.0ppm 2x¢] -CH=CH,, 5.75 ppm¢] -CH
=CH, % 7.0 ppm¢] urethane N-H protone] &
A2 whgo] Z APHILSE & F dPen, '*C
NMR spectraZ+ 42.7 ppm9] allylic &4, 114.8
I} 135.3ppm2} vinyl ¥4, 154.8 ppm® ure-
thane7]9] B9 A2 adducte] FAJo] o]Fo]

=2 2o 93 ¢ 5 Asdoh

HCA-AIC Adducte} H|d cizbx|ele| sz E
F38t. HCA-AIC adduct®} AN, AM % AA9] 21
HZE FZEA $4de AIBN, BPO % KPS %
7} 2ol & /AAE A3t A=t Table
29] ebd ule} o] HCA-AIC adduct?] H]dy)
o thal 30eq®] ANl FFFoME 7HAA 7}
KPSQl 7$oll7t ¥1-g 5& olulolA swollen gel&
AAstd o, vhg & PAN ddZ3e A Y
£ o, 40% ol4d9 IYPZE FLL ¢L 5 YA

th,
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Figure 3. '°C NMR spectra of (A) HCA and (B)
HCA-AIC adduct (DMSO-d, 333K).
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Table 2. Graft Coplymerization of HCA-AIC
Adduct with Acrylonitrile under Various Initia-
tors

HCA-AIC e time homoPAN graft grafting
adduct Initiator polymer °
g (h) (g) yield(%)
(g) (g)
(leq) (30eq) (1.5mol%)
0.503 0.558 AIBN® 24 - 0.544 8.15
0503 0562 BPO° 24 - 0.546 8.55

0499 0551 KPS® 12 0.073 0.719  44.09
0500 0552 KPS* 24 0.077 0.789  57.75
0505 0559 KPS* 24  0.055 0.852  68.71
(leq) (100eq)

0505 1.837 KPS® 24 1.040 0.834 5647

Total monomer : ?1.00 g/15 mL. DMF,
41.00 g/15 mL. DMF+5 mL H,0.
Initiator conc. : * € 1.5 mol% /total monomer,
®1.5mol% KPS+3mol% 18-crown-6/total
monomer.
Reation condition : 70 °C.
Homopolymer of AN was isolated by extraction with DMF.
Allyl group in HCA-AIC adduct : 0.687 (meq/g).

Iz, AIBN# BPOE AAAZ AMS-$ 7399
T 24AIZ WM E gelo] obd LAAE {3}
71 &2 ¥g F PAN QA4S E AAY 5=

#2|0 A20¥ A6Z 19961 114

gt o] W PAN QdFA1E AA%A @ 2
PANe| 33= 8% F=Z vl$ Wit KPSE A
AAZ AR F9, 18-crown-6& HrlslgaEle
e ge THZE $2go0] F7IEHA RI L3
B Eol=s A%E At F, DMF/H,0Al94
KPSe] &8=7} crown ethere] &2 ulx] 97
fEoz wogn. &, ANE HCA-AIC adduct9)
Hjd7]o] thaf 30 eqollM 100 eq2 F71g ASox
JHEE F&L ¥R FUPsA] @gten), PAN ©
LFHA S Fuk 204) 7133 Frhsid )

Fig. 1(C)e] Yeld PANo] azZES MEZQ
2 oMHlo|ES] IR spectrum® AHRW,
2245cm™9] nitrile stretching bande] A}
1647 cm™2] MY C=C stretching band$}
3082cm™9] H]d C-H stretching band7} A3
Zaglor}, oJA3] o] absorption bandz} do} Q)
& & 7 Utk F, olHE aYZE FZHA )
Bld7]7t do} Jlema ANe TgZE ZHe B
FHoz AY=HY LS ¢ & Urh

T, Table 39 Jehd ule} o] dEkyz AM
9] 73$9% total monomere] 1.5mol%2l 7| AlA)
& AS-AE 49, KPS #A$ 713 JdZE 8
o] ¥%tem, AIBN ¥ BPO¢ 7#$d& agx=E
F&o] tl$ Uton PAM gdEiel WAE
AHh. a8y, AIBN# BPO9 ZA$d% 3 mol%
BEE AHRAUE Afde HF JYZE $289)
100% o]/elfdct. o] 39 PAM ©dE§ o] A
4= KPSE A& A9uts ¥A3 A
AMe| T2 E ZFe] F9E ANe 799} npz
72 KPSE AAAE A& A2, 18-crown-6
g Frhstiels A4dde 2e 2 SE 80 2
7Vt @1 238 Fo=e A By AMS
HCA-AIC adduct®] H]d7ld] thall 30 eqoil A
100eq2 3713 A9o= J=E $2e ¥z 2
7VeHA] @¥%kom, PAM ©lEgH ] gt 10u] 7}
#F F718

Fig. 1(D)el Jehd AMo] Tgi=E" HCAS]
IR spectrumg A#E9, 1651 cm’'3 1550 cm™
9] amide I 2 II band, 3210 cm™9] N-H stretch-
ing band®] A} 1647cm'e] H|d C=C
stretching band 9} 3082 cm™¢] v]d C-H stretch-
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Table 3. Graft Coplymerization of HCA-AIC
Adduct with Acrylamide under Various Initia-
tors

HCA-AIC AM | homoPAM  graft  grafting
adduct(®) (@ BTy polymer(g) vield(%)
(leg)  (30eq) (1.5mol%)
0502 0736 ABN® 0115 0500  —
0506 0740 BPO° 0133 0500  —
0503 0735 KPS 0345 0984  95.63
(3.0mol%)
0504 0732 AIBN° 025 1015 10139
0502 0737  BPO° 0242 1027 10458
(leg) (100eq) (15mol%)
0501 2445 KPS! 1762 1481 19565
0501 2445  KPS® 2023 1351 16966

Total monomer : %¢1.00 g/15 mL DMF,
b.d.¢1.00 g/15 mL DMF+5 mL H,0.
Initiator conc. : %% 91,5 mol% /total monomer,
€3.0 mol% /total monomer,
€1.5mol% KPS+3mol%
monomer.
Reation condition : 70 °C, 24h.
Homopolymer of AM was isolated by extraction with water
for 48 h.
Allyl group in HCA-AIC adduct : 0.687 (meq/g).

18-crown-6/total

ing bande] A2 AME] T ZE Z3lo] @A
AP=|AEE & F Atk

0.50 go] HCA-AIC adductd] <J§t AA<] 1)
e FF9] F$(AAE HCA-AIC adduct?] H|
7)ol th3f 30eq), 1.5mol% <] KPS9} 3.0 mol%
9] 18-crown-6& 7WAJAIZ 3l] 70 ‘CAlA 24x|7}
83 25 2 ZE £& 50.10% & LUk ol
homoPAA9] &2 0.01 g o]slt}.

Fig. 1(E)el Jehd AA7} asi=ed HCA9 IR
spectrum-g A% B9, 3000 cmdlA] 3200 cm™9]
broad¥t acid O-H stretching bande] 2£x)9}
1647 cm™'¢] H)'d C=C stretching band £} 3082
cm'9] H)'d C-H stretching band7} 433 7243
o1}, o4 A3] o] absorption band7} do} J&& &
T Utk &, o¥E JgZE FFEA 8dV]|7}
dol Jomg AAe TJH=ZE FIE AN AS
9} o] FEHOoZ AYPEHULE U & Uth

ool Az vFo] B o & JYPZE £
£ 47] 9sM= KPSE MAA=Z AMg-sta, 9%
A& HCA-AIC adducte] v d7id] thal 30eq &

1020

43 %

L

q A-o 3 A
100 —Ca
— - HCA
— — HCA-AIC adduct
——— HCA-AIC-g-PAN
80 -+ HCA-AIC-g-PAM
—-— HCA-AIC-g-PAA
I
= 60 —
=)
o
S
40
20 4
0 [

400 600

Temperature('C)
Figure 4. TGA thermograms of CA, HCA, HCA-AIC

adduct, HCA-AIC-g-PAN, HCA-AIC-g-PAM, and
HCA-AIC-g-PAA.
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Figure 5. X-ray diffractograms of (A) CA, (B)
HCA, (C) HCA-AIC adduct, (D) HCA-AIC-g-PAN,
(E) HCA-AIC-g-PAM, and (F) HCA-AIC-g-PAA.
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Fig. 49 Jepd e FFEA9 TGA
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A e gzhe] A Holx &y o= AF
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=
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Figure 6. SEM micrographs of the fractured surface of films: (A) HCA, (B) HCA-AIC adduct, (C) HCA-AIC-g-

PAN, and (D) HCA-AIC-g-PAN(washed).
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Figure 7. Storage modulus vs. temperature curves for
the films of; (A)HCA, (B) HCA-AIC adduct, (C)
HCA-AIC-g-PAN, and (D) HCA-AIC-g-PAN
(washed).
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Figure 8. Tan & vs. temperature curves for the films
of ; (A) HCA, (B) HCA-AIC adduct, (C) HCA-AIC-
gPAN, and (D) HCA-AIC-g-PAN(washed).
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