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Abstract : In order to develop a material having balanced properties of the toughness of ther-
moplastic and the heat resistance of thermoset, semi~IPN's composed of bisphenol A
dicyanate ( BPACY) and polyarylate { PAR )was synthesized and its properties were studied.

The semi-IPN was synthesized by polymerizing the mixture of BPACY monomer and
polyarylate obtained by solution blending the two components and removing the solvent.
Semi~-IPN synthesized were transparent in all the composition, but scanning electron mi-
croscope (SEM) results of the semi-IPN's showed the phase separated morphology. Sea
and island morphology of continuous polydicyanate and dispersed polyarylate above 85wt
% of BPACY, while interconnected nodular morphology was observed when the composi-
tion was below 80wt% of BPACY. For the semi-IPN of BPACY 80wt%, sea and island
morphology and interconnected nodular morphology co-existed and this implied that the
phase inversion occurred at this composition. In the dynamic mechanical analysis(DMA ),
two Tgs were observed in IPN's having 50wt% or more poly(dicyanate), and single T,
was observed when the composition was below 50wt% of poly(dicyanate). It was ob-
served that tensile strength, elongation at break, flexural strength, and flexural modulus
increased with increasing polydicyanate content, while impact strength decreased with in-

creasing polydicyanate content.
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Fig. 1. Cyclotrimerization of dicyanate resin.
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Fig. 2. Chemical structures of the material used in
this work.
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Fig. 4. SEM micrographs of semi-IPNs cured at 200°C : PDC(wt%)=a) 95, b) 90, ¢) 85, d) 80, e) 60, f) 40,
and g) 20.
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Fig. 5. SEM micrographs of semi-IPNs cured at dif-
ferent temperatures.(PCD=80wt%) : a) 2407, b)
200, and ¢) 1707C.

PAR® Z& & (refractive index)o] 1.600]1
BPACY7} 98% ol4 Z3hhgo] = E 7
29l FAgo] 1.62EA A9 v|s=3P7] wFol
SEM AHle g el 3R AlHE §
galgd e Bz

PDC §hFo] 85wt% o] Z4olAe PDC
7} A444& o|F1 PARo] 0.1~05pme] T3
domaing o] 1 glo PARS gafo] F715H
w2} domaing] Z7|9} 71 S7HEE £ ¢ UAth

80

PDC7} 80wt% olslel 7= PARo]
Ato] L PDC7} nodular 22 Q3% 24
o F11 ith. PDC nodule®] 7)== PDCY &+
o] AokWA Lo ol AL WolT 3o
u PDCe] gHao] 20wt% ¢l ZAlollA= nodular
27} @297 ekgred), ol Hol DMA 2%
AME & 7o) T, & Uehhs Hog pol 7
A< olF YA ¢ AL domain Z7E 7H
Az g Aoy FAHACY. 535 PDC7F 80wt %
< e PDC7t d&4o8 &x5ta PARo]
7% domain® g F4HU= BFEEA9 PARO]
Bapalol 11 PDC7} nodular #3282 (2% E2Z
27} A2 FES8= dual phase EE2A)E Y
ERHEE o] ZAoA] A (phase inversion)
giol AL JYSE HAF Uk Dual
phase BZ&gX]= %7] spinodal decomposition
of &) AEe]d domainfolA 22 AEEE F
sl PAHE= Aoz gAY

Fig. 5o PDC7F 80wt%<l A-$ A3 &
gde 2Bz Wse Yepiuoh. A
240°Cce 79k 200Co AF$-E wlawstH A3
227} 5o}24% PAR domain®) 2717} Zo}
BelFm a1, 33 2% 200°Ce 170CH
£ v)ashd, PAR matrixthe] PDC nodule
37)7} A8 257t RoPATE FHolA S Ho
U

ddrE o semi-IPNo] el FEe A&
SEo) g o) AUH S99 whg vjA )
AE 371l 9% 143 P44 (pinning) 22 A
9@ & Itk = PDO7H dsgow A5 74
S 257 g E whe &I Bk A 23
Eo] 4Rd FH7] el e &A HEZ AR
217} oA Ho] #e PAR domaing 34gsiA &
. E7t24 X9 PARe] d&4E ol&A 3
A, dutr oz griayg FA s 227 SuET
s f540l Folzz PDCY g $E: Bet
2 xwr PDC7F PAR &4 o] B4tso] gle
o2 ARV Bo] JHH 6

d
Ko
=

as
=
X
&

Eol
f=l

29

L
o

T

=

T

nodule&

Polymer(Korea) Vol 19, No. 1, January 1995



Dicyanate/Polyarylate Semi-IPN2] BEZ 229} E4jo] Bg o7

T <T2< T3
Xi<X2< X3

wl

X3
conversion
5 X2

X

¢, ¢ (thermoplastic)

Fig. 6. Schematic representation for the change of
phase volume at different cure temperatures.

FHT Ao g FHE.

=g PDC7F 80wt%Ql 734 A3 ko uw}
A&gel Wty S-S Bk & 240TColAE
PDC7} d&4E& o] F1 PARC] #4H4 & o] 24
170CellAe 2 §ithe] @448 Roxn ot ¢
WHHog A&, B4 3R 898 4Ry
Z+ o) Ry 243 FEo #AEE=H 2 79
semi-IPN A|ZA] 7]4|F 2] mylo] glomg Ax
o] &3k gh= FA)ETksict. BPACYS} PARE
A7t UCSTREE Y] 4= 8 7RIty Bozog
38 2E7} ol E ABgo] dUHoR &
Fol A A7 ojdtt. wetx 3 &% 240
C2) 74¥= BPACY richde] Fa)&go} 5713t
o] PDC7} A&54E o] 8222 BRit}, ¥k 170
CellA= ARelre) BPACY rich4te] o2&
o] Zo}z1 PAR rich4e] Hajggo] AR
PARo] d&4to] & Ao 2 Bt} Fig. 69 73}
& e FEEAY 7 Ao FaEge] w3l
Z "oz Yehho.

%3 A3 (Dynamic Mechanical Analy-
sis). Figs.7-8¢ ZAo] w2 tand W3 UEh
Wtk PDC7} 50wt% 7 e ZAMs @
SEEA A oA E £ T, 7 2= =
ol PDC rich phase &] T, = PDC & & o] Z+ 4 ¢

fo

E2l AM19A A1z 19953 1€

10° ¢ y y

150 180 210 240 270 300 330
o
Temperature { C)

Fig. 7. Temperature dependency of tand of semi-
IPNs cured at 200°C. PDC(wt%) : (@)=100, (O)
=95, (V)=90, ([J)=85, (A)=80, and (&)=0.

0

10 T T T T T
E ‘1“
L) e
A dfb
£ T, :
Iy g o
tand B l“/‘/u b %% ,co:«\ .
107 | flo o5 S N
atd o ANPAR
] %}
a’A/‘/'J o W® <]
i /{/ -
& A a
4 ‘/cl 4 4 o" kS
Yary; ** ®,
e /v . \
AA A0 j.‘ v
2 /o .
1072 Lo P .4; L 1 \ 1
180 210 240 270 300 330

Temperature (°C)

Fig. 8. Temperature dependency of tand of semi-
IPNs cured at 200°C. PDC(wt%) : (@)=100, (O)
=80, (V)=60, ([(1)=40, (A)=20, and (A )=0.

of whe} 43t PAR rich phased] T,= PDC
7F 10wt % M A= F718te] 2= A= kFoz o]
TS BoFEn. ol PDCo PAR9 &3
4J (compatibility) 9] 7o} AHEe] ©F vHgulF]|
ol 93 us FHT BZY. E3 PDC7}t
80wt %l ZAol e A9 EEZA] FEkiA
AR dgo] LAY 2422 Fig. 7oA B

81



195 -

= d}$} Zo] PAR rich phase?] tand ¢ =77}
243 7X 1 J=d o] PARo| 24blolA &
L4408 ¥Ela S S BAFE A AR
g+ Aok

PDC7} 40wt% o]l Z4dellMe 17He] T, &
Uetligl=tl ol PDCS PARS] E314o] 7}
gl 7Y EF2AE o] F1 IYAY PDC7} v ¢
ZF& nodular T+ZZ 0] F0]32 A3o|th. Fox equa-
tiono2 A4gE Adel dvmsird A4 7}
PDC/PAR=4/6, 2/89] 73% z}zt 2457¢C, 224
Tolm AFA7 209°C, 202CEA AP/ =
5 &2 A#%E Jepa £3 PDC/PAR=2/8
9] A%< &9 PARY T, Bt} RolRg BoF
il 3t} o]= PARel 93t 3A gtz AH3uks
o] &3] APatA| X3t AY, PAR 2 -OH
719} ¥hgsle] Rt Popd e Aoy FA4H
t}. Ad#2 BPACY/PAR=2/8 mixture &
DSCz ®hE &S ZAstd BPACYY 3+ F
w2k (740J/g) BTt 15~20% ZA Jem A3
& 80% «uw PDCo T, & 180 C 24 PARZ]
T, 20} WA o,

Fig. 9= 4o wt& PDC rich phase®] T, ¢}
PAR rich phase] T,& A3 Zzjolct. PDC
rich phase®] T 9 PAR rich phase?] T, =25
PDC7} 85wt% oA 80wt% & WH31gto]| upz} ¥
gle] BASAHE Holn Utk & PAR rich
phase2] T, = Z7}8}2 PDC rich phase?] T,=
Basled AAoz A7 dFo g o5l ANE
Helt}, ol A&e] dl7iEe] PDCY} 85wt%
o] Al A= nucleation and growth7}, &)1
PDC7} 80wt%o°]3tol|lX= spinodal decomposi-
tion2 2 o} FZ & YehllE= THEAY A7
t}. & nucleation and growthe] 7§ Argd]e]
A BA Y] =Usel HE WgBo
A7t F718led 1% 3 (pinning)7t Yojux
PAR rich phase®] T, ¢} PDC rich phase?] Tg
= W37t Ao}, vk spinodal decomposition?)

719~ composition fluctuationol] &3} AHEa7F &

3492
330 T T T T
@® Tg of PDC rich phase [ ] *
} O Tg of PAR rich phase /.
300 o —o® B
A single Ty ! / A
[ ]
270 | .
o
Tg( C) PY dual sea-
nodular  phase island
240 - E
O
o7
o~ Cx
210 |- A @00 1
F A
L L 1 1
¢} 20 40 60 80 100

PDC Concentralion (wt%)

Fig. 9. Tg behavior of semi-IPNs cured at 200°C.

180 210

240 270 300 330

Temperature (OC)

Fig. 10. Temperature dependency of tand of semi-
IPNs cured at different temperatures(PDC=80wt
% - (@)=PDC, (O)=1707C, (Vv)=2007C, ()=
240°C, and ( A)=PAR.

AERE & A7AS Zo) 1F F4e] U= A
T 7ZF delA AME JE JRe] da-Fe] AX
A gtk Webd PDC7} 80wi%Q o T 7} obe
o2 o)g3A HeHeltk. Fig 10¢l= PDC7}t
80wt% ! 7% F3 2o wE tand?| WHEE
ehl2ith. PAR rich phaseg] 37)= A% &%
7} Gole wgt AAs FTE B F1 s,

Polymer(Korea) Vol. 19, No. 1, January 1995



Dicyanate/Polyarylate Semi-IPN9] &

2
/cm )
)

S

T

1

/
v

Impact Strength (kg—cm
o
S
/}_‘.A
.

o 1 t i .
0 20 40 60 80 100

PDC Concenlration (wt%)

Fig. 11. Izod impact strength of semi-IPNs cured at
200°C as a function of the composition.
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tion of Composition and Reaction Temperature

0.5mm Penetra- .
1mm Peneration

260

240

220

200

£+
Vicat Softening Temperature ( C)

180

1 1 1

!

(¢} 20 40 60

80

100

PDC Concentration (wl%)

PDC/PAR tion Ter?per- Temperature(‘C)
ature('C)

100/0 288 311
90/10(240°C) 286 312
90/10(200°C) 288 310
90/10(170°C) 283 309
80/20(240°C) 272 300
80/20(200¢C) 264 299
80/20(170C) 247 252

60/40 242 265

40/60 220 238

20/80 197 207

0/100 199 205

Fig. 14. Vicat softening temperature of semi-IPNs
as a function of the composition. reaction tempera-
ture.(¥)=240C, (@)=200°C, and (l)=170C.

ol 4ol AME FTHsIH PDCIFo| F7ig ut
o AL, IZRHESL F78k AEE U
gl o FAYE = 743t AEE JEh
ok E3 FREE WIAIAH EEEXE M
o FAZTAA e ZTE JERE 5 Ui
Vicat 93t &%. Fig. 148} Table 29} PDC/
PAR semi-IPN9] 243} AT o] ub2 Vicat
Q3 Lx9 ¥gE etk PDC el 20
wt%<Q ZA$E ALsH PDCetol wlep A9
AFHez FNEE BYFz Jo. PDCr}
20wt%<l 739 DMAZIAE PARY T, 6t}
A UEhgE RS Aeetd UM A A
€ A3} PAR oore] OH7|¢ke] ubgol <93k
Zlngde 74 mEetn 2", Fslexdd o
£ ¥W3l= PDC 90wt % ¢ ZA$= Ao wart gl
Aou PDC7} 80wt% Q) A 170°Col A 35
Al#o] uf-g WA e o= g EEEX
B A B %o] PARo] d&Ao] HUA AL
T3 d&4de] wale] o3 avz B]lch
Table 2¢l= 0.5mm FFLE9 Imm IJEL
=& Yt £43% PARY 3 %= 0.5mm

84

(parenthesis : reaction temperature)

FFolF FA3] lmmo] =S Holu} PDCY
ggol 7t % 05mm FFLE9 1lmm I
F259 zoj7t AYE welrh gutdoz gr)
24 FA9 Be T, oldeE 258 AsAIRA
met nFEE oA g go] 1z fAFHE=
Zo] ohet g3 Zrashet) wial, @A &
29 A= 7tuTRE dvgel nEHE JH o)
g4gdgo] T2 fXEh wetd PDC gafol
72 E semi-IPN9] 12 gHAgo] B EH]
05mm AFLES} Imm YELES 2o 7} A
A He Reltt.

ol 2@ &3, Fig. 15¢) PDC/PAR=90/
1081 7% nonylphenol 1phr® ZnSt& 0.1phr
A7k A9 AAE9E ARRKE YERL &
7t AZMERE A vEe EE2X|E sea-
island F%|A] interconnected nodular?ZZ
A4S & ok ol Ero 3y nke&e
7 zEe) & Arel wrhiZel
and growthoj|A4] spinodal decomposition® 2 ¥
e 3 FE AR AIE MR Rt
Aee] 270 13 (pinning)7t Aojd AL g &
T ot

nucleation
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Dicyanate/Polyarylate Semi-IPN2] 2 Z2 ]9} EAJo]| B3t o

Fig. 16o= e ZSeEdA Zmg ¥7e
A9 294 we %

HERLEH S0} 2 90 e e B
A3=E Jehde velFa ok Sz} Wi
WA Brhetel AEels) oA Aol
AZH DR, ot ge ATAEe] B vie} o}
W B3I 4 BA9) 49 £UE Qe
A A7 FLH 2292 YEIFL 3L
o}

F.E

(10
e

BA3Y A9 HEAH B st 7144
F29 FNAdE ZFF AFZA  dicyanate
(PDC) <A} polyarylate(PAR)2}9] semi-
IPN& Azsla Au §4& A7sith

A ZE semi-IPN& A RAoA] EH3G o
A0 B2 A A4 Beld 2EEXE 8l
3tgty. PDC7E 85wt%  o)4eilA= PDCe}
PARo] 24zt &4k, B4AMEE o] F+= sea and

Fig. 15. SEM micrographs of semi-IPNs cured at

170°C(PDC=90wt%) : a) Uncatalyzed and b) island BZ=2x]& Uehllz PDC7} 80wt% 1)
(Nony- lphenol=1phr, ZnSt=0.1phr). Tl A= PARO| ¢144MS 0|27 PDC/F A=
nodular #2& 7= EEE2X|E YERAL &
o0 T ' ' 5 PDC7} 80wt% <1 ZAIAE sea and is-
R ¢ land 729 948% nodular FZ7} M2 F&8}
g % 1 £ HAE nol o] 2AAA AW Ao Yol
: 2 ¢ % AUk A8 LEol B semi-IPNo
20f \ ] 2E2x7 ¥5e vyl 9% PDCA A44el
3 A% A8 =7t Z7hgel wpeb PDC 13
£ w0y \ . otz <lste] 4pelst 4ol PAR domain
3 ' >~ 3717k #opdth. vhd PARo] d&4& olf&

g% ‘I j/ N A% A5 L7t Fohgel whe dsge &
| Aol Z7iste] ArEE|rt welziA PDCY nodule

S ol AX e Aeke e

PDC Concentration (wt%) DMA 4 234 50wt% o|elxe 2749 TE

7b HEER{D T2 ojRke] A= 1709 T, 7t

al 5 A A3l & = i
function of the composton : (@) =0Uncatalyzed and BEEAS. w3 2% sk 220 BE semi
(M) = (Nonylphenol =1phr, ZnSt=0.1phr). IPN9] 428 A%S DMA Ziz He H9g

Fig. 16. [zod impact strength of semi-IPNs as a
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W} 2IPE, FIVYEL TP 4B o
Buglon 2AZEE Z4ds RS LR
oh. =3 33 L& HIAA semi-IPNY EF
228 zds FAYES WY F U8
gelsigch.

Vicat ¢13} 25 & =33t A =FH semi-IPN
o WAEAS ZAFATH PDC gago] 371l
mel Vicat Q3 %71 Z71S Hol PARY
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Zolg Ag3E A 3748 WedEe 3Fo
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