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T acrylonitrile, methyl methacrylate, styrene 9 uv]Q@ 924 E poly (propylene
glycol) el A 2, 2'-azobisisobutyro nitrile & 7}} X] A 2 ARg-slo] £8AA, graft FFTFAE
SR $04e) polymer/pool & B, WS, aenonile & 942 A4 Y
£ ol F2 AN E e AYES YE -;"‘— gl o, styrene o]t} methyl methacry-
late & AMEH & dole LAMH S5 EX gol 432 FEolg s A& 2Y acylo-
nitrile & ekl E AlE3lo] 92 polymer/polyol o §lo] A, :?:/}}"J Ao FyAFL 2~5
g AE Hger, gy ko] FFEEE 204 o]stU™, polyacrylonitrile 4] 3-2]
FTEE 9 graft T&5L vl ddteke] gl weh M2 Aol L ol gglrh. Ea o) F
S 95= ot P4 polyurethane eb e ZJAH A A Qlof A, wld Feky] Frpe] up
2 dARE, Jd94E, #A4E, AR5 AF AR e, AR Gaste AIe
B

ABSTRACT: Polymer/polyols were prepared by polymerizing vinyl monomers in the
presence of poly (propylene glycol). Acrylonitrile, methyl methacrylate and styrene were
used as vinyl monomers and 2, 2’-azobisisobutyronitrile was used as an initiator. The poly-

mer/polyols thus obtained showed suspension of vinyl polymers in poly (propylene glycol).
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The suspension stability, particle size of the suspension and the presence of the graft copolymer

were evaluated. Polymer/polyols made from acrylonitrile showed excellent suspension stability,

but those made from the others showed phase separation over a period of from 1 to 2 weeks.

In polymer/polyols made from acrylonitrile, the suspensible particles appeared to be generally

uniform in size, with the ranges of 2-5 microns in diameter and the degree of polymerization

of vinyl polymers and graft efficiency did not appear to vary appreciably with the vinyl

concentration of up to 20%. Polyurethane elastomers based on polymer/polyols made from

acrylonitrile had shown tensile strength, modulus, tear resistance and hardness superior to

those made from poly (propylene glycol) alone, but elongation decreased as vinyl portion

increased.
1. A2
polymer/polyol 2 polyurethane (PUR)S] Al
2 Y9824, isocyanate 942 ulFZAo] =

#%7] (—OH, —NH, )& #%= 354 graft
TEHAE Tl 2E9 polymer blend o]
o} 54 graft T e 9T Cell-
ulose £ poly (vinyl alcohol)9] graft %23+

A2l FAel #3 Todd!, Kulkani? 52 o 72

3
v] E3te] Otsu?, Stirzenhofecker!, Kahrs® Z¢j
2|8t poly (alkylene oxide)?] graft T340
A A7Eo] Bamm vl gler), 19609 &=

of olz7]7kA] mirlgt <o E3}stgich. PUR
ol dz2Ae H54 graft 54 Z, poly-
mer/polyol & Aol A3} o F= stamberger®
o o3te] Agow BuFEYon, 1k =i,

polymer/polyol & ¥lg2 A4 AH$, r&e
polyol & 9482 3= PUR B} wl-$ 93
NAFLAE A AFEe] IS wEch

polymer/polyol & o 2] polyol o] A1) v
7 39t wbEelAH, ol# polyol W
of AT LA 4 F HEZFA Fol
T THA Aol Eol ¢ste] 4= polyol
graft &34 7} 2454 ® b, Kuryla? &
Aol ofdtsd radical A A B wld kA
A= o] polymer/polyol @ PUR ] £4Jf =}
T Fag 9FE Adsded, dubdes
ALg-3lE radical AAA S EFele Ao
graft & &L A A[Al 2] oFe] wolAe] whep F7}
st} peroxide A AAI & AR&3HH A EF]
o] peroxide 7} PUR 344 Fel Z&& sl 3t
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A slvhstgl on, vldahekA e A4S, acryloni-
trile(AN) =& ANz} o2 wjdchekdofe] &
TEE BT A £
polymer/polyol & ,

vld A & *}o‘% gell= v A4, A
veldae io]%— 524 9

*3"5’?"] Aol O‘r%‘l# 2 ?i:r%ﬂ/ﬂr‘:— 2,

E3glon 443 “Pg}_ﬁii Al\, methyl
methacrylate (MMA), styrene 5-9} v]d =gk
A& poly (propylene glycol) (PPG) el A 3
417 polymer/polyol & A stz z7te -—‘Zr
Ae vlzdgon, 53, FAGA 5} 9%

poly acrylonitrile (PAN) 43¢ 3§3}= pOl

ymer/polyol 8] PAN 3tzkd] glef w2 EA w3}
9} o} -2 o] & Y8z st A3 PUR =y
A9 A 7HA ANARAAE FA, v Tk

=
=
wE ZEWstE vla, A Esych

2. A
2-1. A|SF
polyol & H i &=8 20009] PPG (KONIX

PP 2000, =22 &A4)< 80°C el A 0.5mmHg
2 6 A7kol 4 degassing 3t AM-&-313 on, ¥
d@A 2+ AN (Katayama A 9%F 1F), M-
MA (Mitsubishi#] 3-9-8), styrene (Mitsubishi
Al F48) < 25°C, 0.5mmHg 2 k355819
inhibitor & AAZ F AHgstdd A
A 2+ AIBN (Aldrich A]9F) & ey 4o Bt
2 2 ARE3lSich  diisocyanate 2=
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diisocyanate (TDI) (Olin A %€, 2,4isomer
/2, 6isomer 7} 80/202] ¥l &<l EFE)L A=3
¥ zel B, ooz Agstgon, chain
extender 4], 1,4 butanediol (Aldrich 4] 2F)
3} trimethylol propane (Celamese #] %4 £)%
1:1 Z3u 2 £33 F, 50°Co] A 0.5mmHg
2 6470l A degassing 3lo] A3tk PUR
stannous octoate (M&T Chem. A|)
£ a2 AHgstgd el e f7] -84 & Wako
A1F A%S S 2A HAst] AEsIA
ot

R EL EED

2-2. polymer/polyol 2| &AM

Qe $h, L=

2ZHEZ, TR T T

A 5% A8 11-4F flask & EF o] AA 3}
3, PPG 5+ AIBN (A 239 1wt. %) & 3 s}
of flask o - F, A FFE E3d, wd
kb & A 7psted o, ub-g2 80+£1°C o] A4:9F 8
AZkset PstH v, RS EE 250rpm A =
HA ZAAH Hm}—@% A4 EW2 vt
Sk = 100°C o] A 0.5mmHg & 2 A 7Fo] A
ZHkE et A A S o

A EAeI9E 2IgEe A
] =h2kx 2] homopolymer & graft %3
Tl EgHEEA 97, graft 3852 polym-
er/polyol o] Ao & °§ ﬁk% —;f—ﬂlil o}, meth-

P r.tEE
o [e}(e]
o
o
et
T £

ol Sl L& AAAA, -‘?‘3]‘3}93\ ),
3§]°ﬂé—4 ethanol & -7‘3151 lbﬂ/{jwa ]
A8 F, AF ovene]A 100°C, 0.5mmHg 2
484 7HE S A FA 2 A7 o

2-4. Hxo &3

PAN /‘é —,v‘i—% 33k polymer/polyol 3-8

+eE 2384 F-& dimethyl formamide o] 0.5¢
[dl 9] Fx=2 &8 A#, 25+0.02°C &) 4] Cann-
on-Fenske 3 A &4 (KIMAX size50)§_— AL}
o FNAEE S48 en, o] ozdy I
HEE AEs9

E2|H A59 A2% 19814 44

2-5. graft 3SEA2| &0l

28 A £-2] IR spectrum < A o] (Perkin Elmer
type 267 AH&)H i, FQlatg or, o 4
&84 (F& MSci, Co., C.H.N analyzer model
180 AH-&) ol ol ste] =3 4 F-Fo) PPG ks 3

g o 7 A&ty graft ZZA 9 YA SEof
Bt A s

2-6. BAlxtel 7

polyol el FAQA] =] FAMAE B
PUR &} Z1A1A Ao vlAe o] § Ao
2 AAE, Hulg e
Lomb A sl A4£)q Al
B okek

/\1.7\1 0

2-7. polyurethane EMx|o| Bt4

1Z-resin kettle & AF£3}<] polymer/polyol 3
A Aot FY&A AR st TDI S} stannous oct-
oate (A a9 0. 1wt. %) E kettle Wof] -

T FF& Fstel, TDIo] H3ted 0.5%

%
= % TTE
=]

ol 31 ’3}% ol‘—/l polymer/polyol & A 7} 514
o whE 65°ColA oo, mulEri
% 250rpm 37'“ 2 3% g7k
SE S H3ed free NCO%E =438, 44

=] prepolymer & free NCO% 7} o] 7k 10
0+£5% 9 = - FAAZAT ogA A=
prepolymerT_— beaker o] %A prepolymer o] =
Ste] 0.95% 2o &) @5t chain extender 9 &
)| (stannous octoate, AA ek 0. 1wt %) S 7}
T, SAF EF0] o] ARE FaA =
AR, EFES 4 AT dessicator o] &
A 0.5mmHg o] AFoz W37 zE A3 A
Ag F, 99, A2% moldo] $A4 B3, oven
A 110°Ce] £=2 oF 16414 % ASA Ak

2-8. 7|HHME =Y
787t ¢25 PUR g4 95| 4
oA LA g F, KSM3001, KSM3006, AST-

M D1415 o} wlo] 9sle] AJH& A z3o] <l
BAE, A3E H4E, AI9FE D A5 B0
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%7331 v (Instron 174 A1¥7] g Toyo Seiki
Al Durometer A}-&).

3. dit & o
AAFHA Y 2] G && F£ AAERE

25, s, AAAY 7= 9 £&F, 3
AY % 2 FEFS E T AL A 2
o ol A = HL%EJ_ I AAAY F5 2 FE

%O] g Tzl A9 A o
%‘rer 3‘< 5lof] £ polymer/polyol
9 EdE ]ﬂ—z}ﬁ-—"’ oh&d ol & A5 2F

g PUR =ty A8 Z1A1A A4 Ae] wsle] e
o v, AEslych

Z
L
o]-r l“l
F_E,ru
Bop

3-1. polymer/polyols

3-1-1. ELFALEN

Table Tof viepqiupe} zle], AN & =t
2 ARESE A%, 2 kel gAlglo] Eakd
= g Z9dk =8y, MMA Y Styrene =
£ AHEF S wols, uhge] B AFRE m
F4E9 Aol AR} 1~2Fde Hdd
A ZEHAE S 322 dsich &9, PAN
4% Fshe polymer/polyol & F4& =g
o, 2 Feko] FrhEe] weh AXE AfA =
AEE 19549, ol Ashibgel sdde A
o grh, =3 FagAe 271 4%

F
A

e el wYAe] B AT

v, PAN 43¢ 3582 o 10% $Rate

polymer/polyol £}
999
43e Thae

polystyrene A £ 3Hf-3le

N
FAAREE

A e

=3

2~5u AR
, e FTHEE
polyme/polyol &

2] PMMA

polymer/polyol -

& AN A 20~30e AR 9H L ZE B

AUAEE

#5% + g9

g 2=

FAMAEE 2AA oz el ez AA

Figure 1.

%), magnification 400X.

Table . Properties of Polymer/Polyols

Micrograph of polymer/polyol (PAN 8.9

Monomer Used — AN
9% Polymer in Polymer/Polyols — 4.2
Nature of Polymer/Polyols
Color Colorless Light
Yellow
Phase Clear Opaque

Isolated Solid Polymer
Reduced Viscosity in DMF* — 0.44
Elemental Analysis: % N — 20.5
Wt. % of PAN in Polymer,
Based on Nitrogen Analysis
(Theor. % N for PAN=26.4) — 77.6
Wt. % of PPG in Polymer — 22.4

AN
8.9

Light
Yellow

Opaque

0.47
21. 4

81.1
18.9

AN
16.8

Yellow

Opaque

0-48
20.8

78.8
212

MMA
9.8

White

Upper & Lower
Phases

Styrene
9.8

White

Upper &
Lower Phases

*DMF: dimethy! formamide
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=99, A44,

of sle]Al polystyrene & 3= polym-
er/polyol 8| 7 -, FAAMAES} G X &

gko. U:] PAN /‘g}ﬂ— 5;hro]- polymer/polyol

3 ele] Wt 948 2% 24 o,
42 5~20% WAL Tl ol
Qgod, AA =Zrlo} v
et dFdst 2ol nod v

32 e w off 1o mo 10_
Op,‘!, oh
HE o

T%.‘atm}a
Loy

3-1-2. E&

polymer/polyol Zof F4l=lo] gl&= v]jd Y&
o & graft A 24ty BAFSE 4
$h02 43elE o9, Axd 98 2
A4 vzt 5 Aol PAN 43T
3% polymer/polyol 58 E2 A7 2¥A
o ANAEE A%t 3YA=E AL
A}, Table [o}A B Fo] 0.44~0.48 A=

9t} ©]E PAN homopolymer & 7}A 3] F-
Agg AR FAFE o 22,000~25, 000
Ax=Ern, o|l& n|Feo] Eo, PAN A £ &3
St 2 B He 2 Folt gl Aoz 4
A,

3-1-3. graft ZEgHA|e] &2l

PAN A %% 38 polymer/polyol 25l
FeAE HAEE AT J-r/ﬁ‘”c’ﬂ o] 5}
o #A4% A, 2240cm™8) —C=N F<* band
9} 1100cm™€] polyol ¢] —O— band 7} s;lc\ja}
A dEbdE FAE® S gl3ch. &=, polymer/
polyol o] 4] 2 FE-E AAG ¢ 434 L
b et PPG/] 7 0] 41 8- spectrum & ¥] i

sl & 22, ¥ FF band7F A9 2 ®
Fg »}EM Ed, ol A4 Rl w4y
ol EA)zx] gom uwebA] graft T3z
2YHEFt EAYHE AL 2ol A

3} polymer/polyol &) 7 %ol = FZ3A|

A 2 7843 3o gt graft FFTA 7 EA TS
Zegor FAT F Sl =Y, graft
E4% HEF 0z Yohus] Al PAN 4%
£ 3H-3F polymer/polyol & & A& P

A=

o]
g Aoltt, PMMA v} polystyrane A& &

9] 3

{o ot} :(o.giir\

Eo A 57 A235 1981 44

A7
Aslgtl, Table TeA HEo] ZPAFE9f
A& FE 712239 graft 3 PPG 9] &2 A
A5 A} 18.9~22. 4wt % A% ZEH o] 914
o, 49 FHE 4 9 F79 PAN
oAl A PPGoj vlgl graft ¥l PPG & £¢-
< Al 7‘*01 1. 3wt. 9% (PAN &k 4. 2wt. %)
~bB.4wt. % (PAN 3=k 16.8wt. %) 24 PAN
gegol QMHH F7HE graft © PPG Y] ok 4
Al k4l St e E v Fo] £ =], PAN
9] gepo] Zr1ghd] wet graft BE A Y =
u] &3l ) g2 Z7}3le] PAN 9] graft =& £
& 2 G mek 2 Relrh A g
Aoz 1(1)17_}-%14- (Fig. 2, Table. 1.).

TRANSMITTANCE { °/)

Te . w0 1000

WAYENUMBER { oM T )

Figure 2. IR spectrum of solid portion of PAN
containing polymer/polyol.

3-2. polyurethane EtARic! 7{A|A AMAl

34 = polymer/polyol ol 4] H-alold x 7}
T PAN A#& FF3te poly
< 952 PUR &4 ’Ja k5o
sho] & AA4RE, B4
BEEe JAH AR ‘ﬁ' T ARG
PUR b9 g4 A4, wh-gx=A4

mer/polyol
AN T

-

= dAsHA 3
o, vldgdo] wobge] wet wl-gA 7lo)
284 FEI L free NCO%E ZAFozy
& 4 1k, PUR whA)A) < 7]74?11 =

PANEFe] Frte] uwle} =]
v, ZHEE=2 16.8wt. ¥ 9 PAN Eig
polymer/polyol - 152 4Fo] &43 PUR &
A A, £53% PPGE 988 & PURE

AAS vt AFFEE F 5, dAFEE
F4vl], ZEE F24 FoEIY o, A2
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% 119 ek b g < 258 AR
g g 23 53 94 8& Kerner, Di-
ckie™350] Akt mEAEFA Y &AL o

o1A=d, (PAN g
2k 16.8wt. %< polymer/polyol & 5= 3
PUR =&t 9] w4 g2 Dickie & o] 46 9
& %9l o 89 9lc: Dickie o] 93 o] &
Zr A AA, 224 L matrix 9] poisson &-& 2}
7+ 0.35% 0.5, W EFFAAASTE 0.64 (ran-
dom close packing), &X14¢ gA4&¢L 6.1%

_?SE 50

401

30

20

Tensile strength

10

| I 1 1 1
0 5 10 15 20

PAN wt® in p‘olymer/polyol

Figure 3. Effect of PAN concentration on

tensile strength.
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Elongation, %
(%)
o
S
T
o
o

2001

100

i 1 1

1 ]
0 5 10 15 20
PAN wt2 in polymer /polyol

Figure 4. Effect of PAN concentration on
elongation properties.

120

10'kg/cm®2 St omM, A LEE A7)0 %
Zk7ke] wlF& Ao 23te] dpan=1.17, dpur
=1.07& 9}, AddAgArh) ol EAse
graft F-FFA o] 938t PUR 3} PAN 719 &
44 (compatibility)o] Zo}d 3} o}-&7 AT
o X 24 9] ether oxygen 3} AL 249
nitrile 7k9] S41%e] g PUR % PAN ¢
548 Sl 71Qlske Aeow g4=. (Fig
3~Fig. 7).

20r
=
EK 16
g 12k
P
s
1]
= 8+ &
v o
5 4k
[
= I
1 ! I | ]
0 5 10 15 Z0
PAN wt% in polymer,” Polyol
Figure 5. Effect of PAN concentration on
tear resistance.
*
on
-~
E
3
3
E
!
20
PAN  wt % in pojymer/polyol
Figure 6. Effect of PAN concentration on

Young’s modulus.
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PAN wi/ in Polymer/ polyol
Figure 7. Effect of PAN concentration

on hardness,

4. &

A7AAE gkt oh&¥ vk polyol
(PPG) oA ¥]g 2§ AIBN & 744 =
ste] BAFGAAA graft FFEAE Thohs
polymer/polyol & & 4 g er, 53 AN
< g2 AL A, A S B4 A
AL AL § Yt =T PAN Fo] T
Bga 9% o3t W FFE H graft TET
2 ol & molA $%rh PANAELR
3}:= polymer/polyol & A& = 43+ PUR &
QA AAA AAe eolM, €58 PPG =
9mz & = wrh PAN §aFo] Frigte] w
2} QAR E, BAE, AARE, AT 2

ZAHom A3EL Fasglch

rh

rlo

tlo

He
g

5 ¢ &
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