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Abstract: Interpenetrating polymer networks (IPN’s)of butadiene rubber/polystyrene
were synthesized by sequential polymerization. The glass transition behaviour, dynamic
modulus, density, hardness, and thermal stability of IPN’s were investigated. Thede-
gree of intermixing of the component polymers was increased with lowering the aver-
age molecular weight per crosslink, Mec, and with increasing the rate of network for-
mation of 2nd component polymer (PS). The positive contribution of solvent for in-
creasing the degree of intermixing was observed.

1. A =2 FEZ A s} 2 ETFF L3 AbEo] 38
' A Agrgle] e 2 EBF 2 AlLa gFAHO
&=

IPNS A% ol48 AnnAFae] & 2 s A= db 5T U pob-

A

368 Polymer(Korea) Vol. 9, No. 5, October 1985



blend2 Aol 3 Azulwol wz} aje)
IPN (LIPN)?, =b#1%% IPN (SIPN)3, £4%
G IPN(SINM §o2 RRslejalel IPN
AlZo o] 712 A7} 5y AL 45 A
FE2A4 44" IPNO| 24 24 mExz)719)
A2 AR A5 wle} delxlA =5

o] L gApshghEo] £ 4l 2ol x]

Fol e s el HArS mo|:
A3 vkabsbx| 2 IPN A 4] Millar ¢] polystyrene
SIPNS3} 7ol 594t 24 Zo|AY 3hata 7
Z7F frAg A5 Al n s e A
FAHQ AT A Enlo] o] o] AFE e
2elek —1&1VHPN 1ETE] A 2
227} AA 5, E3Fure

£ A
Boted 4EATE AEE Bol 4

2

b
o 2

AL
_ZL lo m[o ox

T w2
Hr ox Hr ox mi ]["

H
2 Hz ot
N
2
()
B
oX
fol
o
U
k1
fr
i,
ol
oty
oL
2
a

3%5101 -2 butadiene rubber
(BR)/polystyrene(PS)ﬂ]% ZAH o2 st= )
AT IPN & A 2ol dojs], 2+ 24 R
shaA el gtk PS 9 FTEHAIA e ey &
Fatfroll 2§ 244 A EFE gatell 718
Aog 7= g44] &l 4 Fo] A4
HIPN 9 oA 4a 9 Beld A4 4A
2 A4 “l ]

of oAl A+

£+ 3 35}93‘;}.

N
>
14

2-1. ANE Y AN
E o374 4185 48 W kS Table 19|

Z2H 4194 453 19854 104

IPN¢l 4 o 2o A3t A7

Table 1. Materials

Designation Description Source Grade

BR poly (butadiene)97.5% KOSYN Co.  Tech.
cis-1,4 1.2% trans
1.3% vinyl

DCP dicumyl peroxide Kayaku Co.  Tech.
Styrene styrene monomer Junsei Chem. E. P.
Co.
DVB divinyl benzene Wako Chem. E.P.
Co.
AIBN 2,2’ azobisisobutyl- Junsei Chem. C.P
ronitrile Co.
Benzene benzene Wako Chem. G.R
Co.
velWgich  styrenewtekx|e} DVBE 5%

NaOH 8zt FF42 33 AHg F, 25C
0.5mmHg oAl 4 A FF5H3led A&atsdoes, 2
uhel A8 % Aok Al g auR 2}

a1
4315k
2-2. g o
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BR 3} 7kiA 9l DCP & Getty4}2] 20”X 10”
Lab. Twin Mill-g& #}-8-3lod 100TC ol 4] 5 &-7F
&3, 3mm 57 % sheetingdt %, Cure Press
(MK #}Al, THF-75)& 483l 45T, 1,300
psi 2] Z Ao A 607t ZZAA 2mm Fol 2
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Mc & =elsl7] $lsted BRES 71502 shof
DCP 9| ghgko] z+2} 0.5, 1.0, 2.0phr 552
ZA4s}gceh

2-2-2. PS network
styrene %tEFa|2l slawA gl DVBE ZE3E
& AIBN (2g AIBN/100g monomer mixture)
< MAAZ ste] ol Az2l" frelxk moldoll
T4, Y& F 80T oA 24hr, 110T A 2
h-S-4| A A Z35- %), AlZ25 PS network
< 3357524 BR o]&F Mcol 3o
styrene 100go| gt DVB 2| #Fgko] =z
0.24g, 0.48g, 0.96g 5| =& 3}%ch
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2—-2-3. BR/PS IPN’s
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Table 2. Samples

IPN
Composition
DCP Styrene DVB  AIBN Benzene BR/PS (W/W)

Sample Sample preparation (W1. ratio)

Code

BR

Homopolymer

Bl 100 0.5
B2 100 1.0
B3 100 2.0
St 100 0.2¢4 2
S2 100 0.48 2
S3 100 0.96 2
PN
BIS1 100 0.5 100 024 2 58/42
B1S3 100 0.5 100 0.9 2 52/48
B3S1 100 2.0 100 024 2 50/50
B3S3 00 2.0 100 09 2 56/44
BS-A1 100 1.0 100 0.48 1 53/47
BS-A2 100 1.0 100 0.48 2 54/46
BS-B1 100 1.0 100 0.48 2 25 54/46
BS-B2 100 1.0 100 0.48 2 50  64/36
2-3-2. ¥ T
4 5= chemical balance (Model; Mettler-

H10)

£ 4}43}e3, buoyancy WP o 23C oA
33 %

P4 skl 1 HEgEo Y E Falsich

2-3-3. 4 T
JIS type AZEAE

E 21835l ASTM D1415
o w2} Shore A ZAEE &

A3k eh

=
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dotA A& thermogravimetric analyzer
(Perkin Elmer Model TGS-2)% A}&3}d
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(H% 120m¢/min. ) oll 4 10T /min. ¢
o
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Table 3. Glass Transition Temperature and Phase Composition of BR/PS IPN

120

Fig. 2. Storage Young' s modulus vs. temper-

Composition in

Composition in

Sample Te("K) BR phase (W/W) PS phase (W/W)

Code Low High BR PS BR PS
Bl 166

B2 169

B3 160

S1 386

S2 384

S3 384

B1S1 182 370 0.845 0. 155 0.033 0. 967
B1S3 180 363 0. 863 0.137 0. 044 0. 956
B3S1 183 349 0.785 0.215 0. 075 0.925
B3S3 184 344 0.776 0.224 0. 083 0.917
BS-Al 185 352 0. 846 0. 154 0.072 0.928
BS-A2 192 348 0.786 0.214 0.081 0.919
BS-B1 194 354 0. 770 0.230 0. 067 0.933
BS-B2 176 355 0.929 0.071 0. 064 0.936
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Fig. 3. Dynamic complex modulus at 23C vs. BR
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assuming the BR phase as the continuous
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the continuous phase; D, and D, the
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Table 4. Hardness and Density

Dynamic complex Density (g/cc) at 23T
Samples modulus at 23 Hsa}:dnes;
(dyne/em?) (Shore A) Actual Calculated Pal Pe
(pA) (p C)
Homopolymer
B1 31 0. 922
B2 1. 85X107 42 0.930
B3 43 0. 936
S1 100 1.052
S2 3.10X10° 100 1.054
S3 100 1058
IPN
B1S1 53 0.977 0.972 1. 005
B1S3 65 0.986 0.983 1. 003
B3S1 67 1. 000 0.991 1. 009
B3S3 72 1. 017 0. 986 1.031
BS-Al 6. 36 X107 64 0.992 0.984 1. 008
BS-A2 3.60X10* 69 1.014 0.983 1.031
BS-B1 3.12Xx10* 76 1. 010 0. 983 1.027
BS-B2 1. 29X 10* 71 0.979 0.971 1. 008
EE A4, Ad@uct WS AA dges, 4 ek £ AEE FEA ded a4
A AL IFol 43T HES 2 A L pdeled, ZE, modubis $3 A &
A A7 A2 YA Y RYde & A9l ul, Fig. 46l Jepigdxe], #742 £
A 5-2] o] &4 Mc~}t 13,0009 IPNEE wlng
o, BS-Al%] 79, ZHdlH AR FAFE
100 2 4ol A2 AEHTENT dolAl L W, L
del Aer HFd o4l AEE w
< 80 modulus 7 g3} vlwd & dA5tT U&= &
5 =, + gk
7
i % * 3-3 Horyy
£ @F 42l Ashe Table 5ol Helsigl o
s % o, oled Mo} 13,000¢] 5| =% o] AET
@ BS-Al BR (B2), PS(S2) % IPN(BS-Al, BS-A2,
BS-A2
# C.)BS-BI BS-Bl, BS-B2)¢ TGA thermogram &
[1BS-B2 Fig. 50 vel Wik Table 5ol vhepsi vps}
; = ! 2ol & Aol A2 IPNS L5 Fefztebol
SR mace faction 50%% ol AmA 2 E4o] FHNE 1114
lol = o 5 3 4 o) o
Fig. 4. Hardness vs. BR conc. for the BR/PS ESdlE el ot ckH 4ol Lrk 2 BRS 2
PN 5. g Agdl Ael F2Ad Fold g
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Selellms/ el ae)d IPNS $4 3 BAol Ha ofF
Table 5. Thermo Gravimetric Analysis Results (C)
Temp. at Wt. loss, C
Samples
5% 10% 20% 30% 40% 50% 60% 70% 80% 90%
B1 410 440 470 484 487 490 495 497 500 508
B2 400 420 460 473 478 484 486 490 495 500
B3 408 434 470 481 484 488 491 495 498 506
S1 400 424 441 450 457 461 466 474 475 481
S2 411 431 443 447 453 457 461 468 469 473
S3 411 438 450 456 460 464 467 473 475 480
B1S1 410 444 470 475 484 488 492 498 502 507
B1S3 381 417 400 475 480 484 487 495 498 503
B3S1 387 424 457 466 475 480 486 492 494 501
B3S3 407 441 470 481 486 491 493 500 503 506
BS-Al 386 418 460 475 481 485 491 494 496 503
BS-A2 387 420 470 479 488 491 494 503 505 509
BS-B1 443 463 482 492 497 504 507 510 513 518
BS-B2 438 464 485 496 500 506 509 513 517 522
Heating rate 10°C/min
N, flow rate 120 ml/min
Holcl 53] o]&Aql Merk 13,0009 B2E& 100
13 7ARTE2 st A28 IPN O A%, cf S I
80 L]
€ A5l vt szt dabH e Sk © 5
of Alubde) v ofefglont, ol &4 Mo b CE R
77 6,500, 26,0009l BRS 13 stutzs = b O BR.
. = A -Al
slof Al 23 IPN 9] 739} 4b-&5Eak-S a9 % | aBs-A2 \\ !‘\
- ‘D 20+ : \\
W A9, oLAle) Tg Wmzdel Qe 4TAE 2" ebehs R
£ et astel Ak oJLAE wnd + 0 0 fo—
dodet. & ege] A=sk 4% 24y Temperature (C)
o Albe A4S AEE Tkt 1 AR Fig. 5. TGA thermograms of BR/PS IPS’s
7t ARE vk %, B2S 14 slaT i and homopolymers.
2 3= IPN9 79, Fig 5¢l4 ¥5 =4
Bz Aty S BE Aslshe A oJxjof sl oYy, EFE Frlol dArE Eoi g
Boon gAEu]E A benzene 2 <}& 35l 715 oA EE dbeddlE AxE Yrslch
A Z38 [PNo| bulk 2 A} %3 IPN®ch =&
alol AL Bty o]t sl @ulol] uleko]yu} 4. 2 E
ZME 7Hs4o] 9E benzene 2] d3FS i Al
& oglele Aol A wof AU A8 o] F BR/PS o|A¥A IPNS Al gTdH R &
Z30f 419 A5 3% 19854 10 4 375
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