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Abstract

The interpenetration of polymer networks (IPN’s) is a new way of combining different polymer systems.
The synthesis and properties of IPN’s have been actively studied in recent years. A review on the synthesis,
morphology, physical and mechanical properties of IPN’s is presented in this paper.

S okstent o] o]l A, ke #ME{bt: MEE
L. & fifrshel AlREthe o] BRI WET WLE T
et

G ko] e B4 LILe] WATHES £ IPNs o Mo AHIEA A 1960% LI A o)
By, WY Fer #HEde AL o#ARH Ba1E3E catenane o] o] A HEESF9l ). Catenane -
Copolymers (random, block o]y} graft JLE S 4) ) =744 cyclic compound 9] topological B¥:iEe A
Polyblends (solution, emulsion o)1} melt off o3+ B4 e Tk sidlelAle) BESE Amdad. '
e Biks EERY BRAA #iEs sl olE ¥ cyelic compound 7} {LEBAY 55 gle]l chainfRe=
CUHES BTRES fEERA FEREE FE: A8 gli= 21 =hateh,  (Fig. 1) IPN £ polymeric
glig & MEREE, EHE R MM, BRMESCY catenane © A -2 7} G AT BSTHEE (cross-
BTl mMIAS M= Jigen 98 A linked network) % B o] Eo] macrocycle 2. k5= o]
so] gk} MAEE = BT (Interpenetrating ol 2 & kAgskd A o BES 4 4 o w=)

Polymur Networks Z-2- IPN’s) & o] 2 3} &4 F459 A IPN 8] @g= 579 L9l crosslinked network
Az whifthkesA 19674:L1% [EES) s o] sk o BATHEZA] T network o] 4%k chain ] {LER
o o}7 1 FFHEHIE (interpenetrating effect) o] {3l ghrrao] o} & network 2] chain 3} ARy oZ 4 9
Aol HREH] dAE Sz FWENon EAFA = Ao o ¥ network o FHi 7 network & 2
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Catenane Polymeric catenane(IPN)

Fig. 1. Schematic diagrams of catenane and IPN.

2. Catenane 2| &K

4 H# cyclic compound E-0] chain Zto] HHERAYL Z #5
frEel e REE ARETE ideat LHAANTH &4
Bso] gov] 1900420 A 191244 o] off Willstétter 7}
GRE Aoz sl eV, o]2] & catenane (cat-
cna &= 3] Zo] 2 chain 8] £)9 ARE 19504K7HA
o] Zo]A A 9%k o} Polysiloxane?o] v} polymeric pho-
sphonitrile®e] &mRelA = Feert #HESS S
Catenane o] B&#7°] &K< Wasserman®o]] 43 19604
PisE g o catenane o 29 FEEAKo] Schill®
o ksl 19644F o] Folx . Vetter &} Schill®o] 3]
mass spectrum © 2 . BECh @RSt &9 &
hydrocarbon ¢} Fisher-Herschfelder model of $&3}=
Fig. 1.9) 378 83 catenane o] o] Holx
20f8LL L9 KFEE 7FA cycloalkane o] o} oF 3} A
oz gHZED,

Catenane 8} &HS (1) #EHAYY Fik  (statistical
method), (2) directed synthesis ¢} (3) Mébius strip of
#E ko2 S4BT + U+t

Statistical method#3= catenane 0] FEZF O 2 ElEYD

Fig. 2. An illustration of the statistical method.

a3 H 142 ®1ZE 1976 23

24 EREE Ao ® Luttringhaus™®e] {3 KD
pirhol A Zbeddt A& wd ofHf o 2,

Xoh Y KBRS HH #REA%H (1)) macrocycle
(2)9] FEfEFoll 4] cyclize d =} (3) 7} 72 conformation
S 7}A 9 catenane (4)7} £ F. =ebd 2 yield
= (3)3} 72& conformation 2 7}A FER L4535
- e s s e} (Wasserman®e]  FRR A
0. 0001%).

Directed synthesis &= Schill®»®10&q] {43l k=]
o].& ko 2 temporary linkage 9} steric arrangement.
% FiHstY, cyclization @ W] cateanane8] JZE uto]
iREst e & et Kot

= 3hue] HEke Mobius striptllo] {&3 Aoz
ol ol BIRTE vle} o] Fwl mel strip (5)ol4 (6)
o] W= = temporary linkage 7}
(7)ol Hpislet.

#ol A= catenane

- €3 -

5 6 o7

Fig. 3. An illustration of catenane synthesis by

Mébius strip.
3. IPNo| ®l&

IPN o ##5%=  catenane & G FFEEH  statistical
methodol] #3}i= A o g lineardt B4 T chain o] £
RHE (—#9| cyclizationRfEiez & 5 leh) & old]
BiEERES) Holdve WATF ZAIHE FETAA
f78ke Aojr}. Catenane ] AW A ER7 ve
AL catenane &) HKF $Bk3k conformation (Fig. 2.
9] (3)=} & intra—annular conformation)&-7}#] of 3
a2 ©]# 8 conformationg 7}d RERLE FF <
mobility, steric hindrance®%ol] & vi-% ¥}, o}d] K
3o} B4 T linear chain®] A$-= 2 HTFEol W%
%7 W Eo chaing mobilitys} Rol dF ‘LT
linear chain®} crosslinked network o] Az & &gl
o™ = yield: #$ Eeh. =ebd IPNSGES] A5
2 #IR &% F component?] HIEHE (compatibility) ol
2 EEe] At



IPN 9] #i#>= (1) Sequential polymerization (Ep
iy EA), (2) Latex blending, (3) Simultaneous poly-
merization (FJRFEA) 2 Y& 4 At

Sequential polymerization ¢ 2 #l#= IPN & Seque-
ntial IPN =3 SIPNo 7 g $v 19604 Millarl2e]
3l AL |GGz 19694 LIzk Sperling?® o] (k3]
Aoz W SIPN & —Egz Gtk
B4 FHEE (crosslinked network) & JHEKA| 7] 2 o] &
o BBl Al monomer®} ZEfEEIS] EHHpl BEA
71 ¥ o] %Y BAWwe A B B, &
LA A LolAlv}h. Sequential EaH:e] B IPN 9
MEREa T B el deon (3 MRy 24
57T ohE #Eppe monomerd] FZEE ol of 3t
#) = EE=Es BES 7] A fRpe
LRz BED F glon, BEMHA EGd & K
iy EH7L BEd THE Aok, BREM HAY R
B & MRS \ES, REREC Sl BEdA
doluir] s Foll = REEBEEE] obF&  #Hiiyel =
Aol #HEo] Hke 22 KHE mechanism & 7}3]
B9 THHES IPN{t (Polystyrene-Polybutadiene!®’ 7o}
AR pe] TR “EESS FIRT BREKEYL 4
Syl ME—3F Fkolch, A F7HA HEdEl SIPN system
2 g A

Polystyrene-Polystyrene!2 14

Polystyrene-Poly (ethy! acrylate)®

Polystyrene-Polybutadiene!®

Polystyrene-Poly (dimethyl siloxane)!®

Polystyrene-Poly (acrylic acid-co-ethyl acrylate)!?

Poly (methyl methacrylate) -Poly (dimethy! siloxane) 16

Poly (ethyl acrylate)-Poly (styrene-co-methyl meth-
acrylate)®

Poly (alkyl* acrylate)-Poly (alkyl®* methacrylate)!¢
~22)

* ethyl, n-butyl, nz-amyl, n-hexyl

methyl, ethyl, n-propyl, »-butyl, n-amyl

Latex blendingo z #ii%sl IPN& Latex IPN &2
LIPNo 2 3290 19694 Frisch® o]l {fa)] 3 &
59 ez ERAPT 448 BOT latex & B
# filmfR o 2 cast 3}5 % HERL latex9] E#E{b FHES
FRgel Ao @Azlck  Latex B9 EHe
EEL FRERge]l fREEVE olv] BT SAEFA K

19

uto]l 229 =22 HGEES Hol dE latex o] BE
#ol 7] w Foll —#gfy o= Hlkk=) IPN o] heterogeneous
T MRl wetA 2 AREEER (degree of interp.
enetiation) 7} el o] Jirke] = d1be) £HELe £ @
BEG T FBRES R 78lmz 2 KIE me-
chanisme] Aele] glo] 7+ MRS TN Ly
K TTEEMES] flelok drhiE Aotk 4% 59 @
MR 19 KRS polyaddition v}& HIEKES
T BB polycondensationS 3 4 glrh.
Latex ko] RELS IPN 9| RS ©Xd 44 &
A 4 dE doldh, AF7A #3tsl LIPN system
& g3 g

Poly (urethane-urea)-Polyacrylate?3.25

Poly (urethane-urea)-Polychloroprene24 26>

Poly (urethane-urea)-Poly (styrene-co-butadiene) 2324
Poly (urethane~urea)-Poly (dimethyl siloxane)24 26)

Poly (dimethy! siloxane)-Poly (styrene—co-butadiene)
24,26)

Poly (dimethyl siloxane)-Polyacrylate?426)

Polyacrylate-Poly (styrene-co-butadiene) 24:26)

Simultaneous polymerization o 2 il IPNS Sim.
ultaneous Interpenetrating Network &2 SINo 2 &z
o] 19704L13K Frisch?P %ol {k8] #3es ek, SIN
L+ 2 MEESFS monomery} (K53 F 5] prepolymer
T &A%Y BEK S g4 EE3ls ol & monomer 1}
prepolymer | E&, RERKES Rt 173t 8%
et FRFEAES Latex BAKS o] %5 MEKES
T RESHES] ARge] dol vt & Foll 2 KHE me-
chanisme] 4 2ebok hi= #Hlivol Yot EEfke)
HHotn & ARHY ¥3E 9z AEHY £ de
Aol KBolth, A FAA #Ed SIN system o}-&-3h
Zrt,

Polyurethane-Epoxy?”
Polyurethane-Polyacrylate2e~3D
Polyurethane-Polyester3?’
Polyurethane-Polystyrenes® 3¢

Polyurethane-Poly (methyl methacrylate)35~39

IPNS| Bikel A Zb4 2 Mgt se A2 4md
IPN o} MEZBEEA ol Rl =ke} zo] MK
BTS2 BEk MGREd. —8
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fiog & gHA e vke o] BHTY BHES B
JiEBfye s B9 kS REBEC] 3 7 B KT
entropy®] gaino] ol KEi7r ig¥Eo]. vhmn] whela
5225 IPNo] #i&s Millar'2’2] Polystyrene SIPN 7+
o] [A—3t 4T systemo] A vk = {LEY) REZ M
i3t systemoff FREF ] lz HAfth IPNE oyl
HEEE}T o) Fol A welr}. IPN 9 Bk v
£ HEERES 2RE BaFY FTEd At 2
Hgtkol ZetAz (FFEel ¥% 3¢ 2 BEHRY
entropy gainol Z-Ho] -£& Z-Fxrl 2y Ee] M
witko] M L=l HE#EE (interpenetration F-& in-
terlocking) 7} ol vtsd HGES HHE7] = Eol #
el gl FehA Xk ol EESL. oy
g Bhol A 29 Fkdk AR Bk ARFESEC
N Bo WEREES 9¢ & ot B AsELE
9] monomert}t {£45F 52 prepolymerd] £o 1
HiEst Ba-FHe Baac kel W4 ARt
o] homogeneousdt RHBE A7t A HsH, EaRE
o] dlojubd A FHFEke] "Hold MHEEZF dolvkAl ¥
Tl ol gt @Rdo] MAERESL el delvtmz
o SRS MEHE 4 QA =k

4. IPNe| ¥t

(1) Morphology®} glassiis:s i
KiBare] IPN2 Jilsh upeh zbo] —if HSHES)
v o

. Fig. 4. Electron micrograph of PU-PMMA 75/25%
- SIN.

ser3s 14 A H 15 19761 28

9 o1} heterogeneonsd}>] wi Foll -z morphology7} %
el v X & B#e] =zt IPN morphology & HTH
HEoz PEEq o Katol®e] OsO0) 3 staining
Jitko] FFAE Ak, IPN morphologys MKE S T2
HEE, BENE gL wed A SR f1Ed
IPN-& =z 43748 (dispersed phase)®] =77} #wlol 2
£2 (LIPN)9] 7 %A 524 3] homogenousdt $kHEEZ}
A (PS-PS SIPNI2) #i5s]o] gl ofe] uwlz} HEE
FH L HH dEd 8 SicEs] 277 FE2EE
BlEel A%+ F#dEe] boundaryol A FH5EET =
fkfgel =, = =77 50~100 FAEE] = 7
#oH domaing] =77t RS crosslinkalo] o] 7
2] 9} ¥]5z38tod super-molecular mixingtPo] Qleiit ¥R
fiB9] 7 homogeneons3} IPN29] A% 5223 HAEE
#7F 4ol molecular level®] mixingo] o] #o0]=] ¢},

SIPNe] 7-¢ A Bkl A JBAE networke] BEHS
ol 7] A0l =z Z#AM domain®] ZrIt A MK
% network®] crosslink densitye] w}e} ##3}c}, B SBR
~PSe] SIPNoj| 4] SBRE] crosslink density’} & 4+35
Z#xHel PSSl domainziz]s} Fopxl o

SINg| 7= HKES T2 networko] [RjEo] o] &
ol Am=z 2 HWiFEHN S [EHol SIPNe 7 $-
Rt RHFEstY] SIS 5543 SEslel A gx
fhiy o2 s o] s> (Fig. 4). RNEAE

NA HAFEZ MRS AfEd s AL Kimd®
ol 4kl

S 9l ek

2E5¢  Polyurethane-Poly

v

Fig. 5. Electron micrograph of crosslinked PU-linear
PMMA 75/259% pseudo-IPN.



Fig. 6. Electron micrograph of linear PU-crosslinked
PMMA 75/25% pseudo-IPN.

(methyl methacrylate) IPN2 I E ko 2 8liEs
oo #FESL= pseudo-IPN (F HIKEF frh it
RG] = i)} linear-blend (% #UKES T7}
25 lineardt {R#H8) & SIN SEreel W3 Ko
2 st o fEEES e &afiaed SIN
(Fig. 4)9 7% pseudo-IPN (Fig. 5%} Fig. 6) o]1}
linear-blend (Fig. 7). v} ¥4 {13 domaing 7}X
= el #EdAdt.

IPNe] glass# B8 % (T,) = DSC, Rheo-vibron, Tor-
sion Pendulum%-ol {3 H5E=s 2 c}t. IPN morphology
o wie} glassElififEe] ks S8 X & LIPNzto]
el Brtel 289 A & MIKES T Terh 2
HE BE=Ren®, 2 HEEST Aot Ee o
gt FAe T7h BEs v ko2 shift 5] A 1920,
3t} broaddt T, #te] sharp 3 7,307} @ =
%d. Polyurethane—poly (methyl methacrylate) SINej
A PU, PMMAS] Tl &4 BE=Jor gtoz
shift ¢l 5 o]o] #¥}fE3}= pseudo-IPNo|i} linear-
blendo| 45 o] e} % shiftol WA ot HITEES
SESE @ HkoE RES AP,

(2) HEM HH

IPNe #Hfy HEEA #7922 apparent cross-
link density 9} = tkEo] k. IPN2| apparent crosslink

21

Fig. 7. Electron micrograph of linear PU-linear PMMA
75/25% blend.
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Fig. 8. Apparent crosslink density (Cs) Vs. polyacrylate

content for the poly (urethane-urea)-pclyacry-
late LIPN: (—)

computed.

experimental; (— » —)
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density-= Cluff*® 2] equilibrium swelling= #RfEe] A 9
EEfE modulus & AIESE HR o2 dolF or] Millar
+ 2.2] PS-PS SIPNd| 4] & #HEK#2] crosslink density
o ##3l MAMET IA T2 apparent crosslink
densityZ- A4}, o] IPNdl M9 HERE (LB
Fol EBEEES H-3 #EHE e Ao JEHE
Adrt. clelgt BRE Frisch®™>® 3o KAz B
=3t (Fig. 8).

Polyurethane-PSt} Polyurethane-PMMA<2] heteroge-
neousdl SINo| 4 KimE37& = fhiEo] & @Ky W
Holl WY EREE & JlE BEdgder oF
SINo| ¥}l = pseudo-IPNo] 1} linear-blendo]] A} = o]
23 Bgol BRIAA &% o= A-&olA rubbery
3t Polyurethanes} Aol A glassydl PSy} PMMA E:
#&7t WHEFE%ESY W rubberydt chain glassy3lt FHEel
HolAl = 3 glassydF chain& rubbery 3 FEo] #}o]
A = o] 7 specific volumeE-©] = chain 5] & domain
< BRET A mrh golA = Rl EEICE olud H
H2 I KweitPo] {£3] IPN systemo] obd Mz #
7itko]l £& lineardt PS-Poly(vinyl methyl ether) ]
BAEWIA BES] #E=Jon ARV 7EE
A+t

(3) #imey HH

IPN g A 7R WE glassiRe] HES
EaeE AL ITEHor ¢ BESTE JEL K
B4 heterogeneousd} i Z morphology\t &iel #
{tol] w}e} high impact plasticsel] 4] leathery state,
filler-reinforced elastomerz #&{L=7] = Fo o] &l
HWa e el X2 BiEld ok HEEEY
3= homogeneousd} IPN systemo] A} = physical
entanglement crosslinks®] #inz K3 SEEEAES] A
Fo] el gl o1}30:33.45)  heterogeneous &} system of
Ae 2 FHRA ol FA —kiye] oz, # dHA
Q= fillere] 3 MILANEY TR KT &S R
FER{ICHES S wWEste Ae=E <z B
H@Eel kel = MM, SEcEEe EEHE it
A7) 2 G#HE domain®] 27 & E4 R R
Z VPR 363539

IPN9 modulus#{t S =z HEXESFS modulusz
el y] B8 o129 Byl composite model
ol HarE A

Kerner'®2] model& Z#ctA= M Eool Bisk

2535 R 14 M 15 19761 29

B QAE SEHHRY o)
FERL ohge 2o
G A—=V)Gn+ (a+ V)G,

G, T (1+aV)Gata(1—V)G,
a=2(4—5v,) /(7—5v)

A7 G, Gp G 4% composite, E#EH, Tk
#19] shear moduluse] =] Vi 48 #2 volume fraction,
vadt vi'e &% AT 58S PoissonfrolTh,
Sperling!¥ 52 PS-Poly (ethyl acrylate) SIPN2] modulus
Bkt Kernero] modele] ff&5H%E AL #4EFAn
Frisch?»29%.2. Kerner®] models} = FHikoly &R}
$i{(3F Takayanagi model#®o] Poly (urethane-urea)-
Polyacrylate LIPN®] modulus #1ke] f&5= AL 8
£28F 5t

FEFEAKe Z B SING =2 =} EigHe)
Erel AHFESt e Q1A & domains}t REfgvo 2 EE
Eo] glo] 2 domainfile) Figie] & ¥ oz} MEMH
o] grek@{ke] w2}l phase inversiono] Yojiv}r] = E
o Kerner®] model-& A= 4 ¢lv}. Budiansky mod-
eltNg. ol 2] gl domainfl9] PES e Aod 2 £

R o5 2o

g A ERE 2

V; + Vs, =1
1+0(Gy/G—1) 14+9(Ge/G—1)
15(1—v)
A4 G, G, Go= %% composite, FHEH 1,29

shear moduluse] z. Vi, Vox= #EKH 1, 298] volume fr-
action, Y& composite®] Poissonfho]t}, Kim35.39E.o
Polyurethane-PS1} Polyurethane-PMMA SIN9] modu-
lus 7} Budiansky model o] w2 = R & #ikstg .

IPNe] #H HEE S JeklE 2 o (LB #E
7} L3 acrylii IPN18:204D ({2 4] Poly (ethyl acry-
late) -Poly (methyl methacrylate) SIPN)2] dissipation
factor, tan 09| ##{ko|t}, o]E IPNEL 2 48
domain®] z7]7} w5 #kAEEtE] glass EABBEEIT &
MY Teol bRl A v - broadstA] viehvis] =&
of = tan 6% 0- 100°C FiE el A A 9] —&Estz %o}
(tan & A7} 0.5%EE) B ¥, BHIRA BELEZA S SRR
REfke] =ch,

5. IPNe| Ty ER

IPNe] & EEGE REs, TRLS B LRSS &
&8 F e H-T koIt Bieldh. o9 THM
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