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Table	1.	The	quantities	of	the	reactant	used	in	the	preparation	of	IPNs.	
First	component	(Polysulphide)	 Second	component	(Epoxy	resin)	
Polysulphide	%	 Polysulphide	content	(g)	 MnO2 content	(g) Epoxy	resin	content	(g) TETA	content	(g)
0	(epoxy	alone	)	 0.00	 0.000	 3.00	 1.00	
10	 0.30	 0.006	 2.70	 0.90	
20	 0.60	 0.012 2.40 0.80	
30	 0.90	 0.018 2.10 0.70	
40	 1.20	 0.024 1.80 0.60	
50	 1.50	 0.030 1.50 0.50	
	
	

 
 

Figure	1.	Chemical	structure	of	bisphenol	A	diglycidyl	ether	(Epoxy	resin).
	
	
But	when	being	cured,	epoxy	resin	typically	possess	a	high	

crosslink	 density	 which	 leads	 to	 a	 low	 ductility	 and	 poor	
fracture	toughness	and	low	impact	resistance,	so	many	efforts	
have	made	to	improve	the	toughness	of	cured	epoxy	resin	[9‐
11].	Also,	the	toughness	of	epoxy	will	be	improve	by	introduce	
some	polymers	in	their	network	of	the	epoxy	resin	which	leads	
to	increase	flexibility	of	the	final	network	structure	[12‐14].	

On	the	other	hand,	polysulphide	are	widely	used	as	flexible	
sealants	 for	 joints,	building,	 sewage	pipes	 and	 road	surfacing	
[15,16],	 also	 polysulphide	 show	 a	 number	 of	 remarkable	
properties	 like	 rapid	 curing	 at	 ambient	 temperature,	 good	
adhesion	 on	 many	 materials	 high	 impact	 resistance	 and	
chemically	resistance	to	a	number	of	dilute	acids,	alkalies	and	
organic	solvents.		

The	main	objective	of	 the	present	work	 is	 to	synthesis	of	
simultaneous	 IPNs	 formed	 from	 epoxy	 resin	 and	 liquid	
polysulphide	 in	order	 to	 improve	 the	 toughness	of	 the	epoxy	
resin	 and	 study	 the	 effect	 of	 polysulphide	 on	 the	 glass	
transition	temperature	of	epoxy	resin.	
	
2.	Experimental	
	
2.1.	Materials	
	

The	 epoxy	 oligomer	 was	 bisphenol	 A	 diglycidyl	 ether	
(DGEPA)	(Figure	1)	 (n	=	1.5,	number	of	 repeating	units;	 type	
Araldite	GY‐9708‐1)	supplied	by	Ciba	Geigy	Company	and	was	
reported	 to	have	an	average	equivalent	weight	of	190	g/mol.	
This	 epoxy	 resin	 was	 cured	 with	 stoichiometric	 amount	 of	
amine	curing	agent	(Triethylenetetraamine,	TETA).	

While	 the	 liquid	 polysulphide	 used	 in	 this	 study,	 the	
mercaptan	 terminated	 (SH),	 having	 the	 formula	 (HS‐CH2CH2‐
O‐CH2O‐CH2CH2‐(S‐S‐CH2CH2‐)n‐SH)	 was	 supplied	 from	
AkzoNobel,	 Giza,	 Egypt.	 With	 the	 following	 specification,	
viscosity	 was	 35,000	 cps	 at	 25	 °C,	 density	 1.404	 g/cm3,	
molecular	weight	was	1000	g/mol,	SH‐content	1.75%,	average	
viscosity	25	°C	was	1.15	Pa.s,	and	trichloropropane	cross‐link	
agent	 2%,	 this	 polysulphide	was	 cured	 by	 commercial	 grade	
MnO2.	
	
2.2.	Instrumentations	
	

Dynamic	mechanical	measurement	were	made	on	dynamic	
mechanical	 analyzer	 6100	 (DMA)	 by	 Seiko	 Instrument	 were	
used	 to	 estimate	 the	glass	 transition	 temperature	 (Tg)	of	 the	
prepared	 IPNs	 and	 also	 to	 estimate	 the	 storage	modulus	 (E’)	
and	loss	modulus	(E’’).	The	tensile	strength	was	determined	by	
using	dumb‐bell	 shaped	specimen	conforming	 to	ASTM‐D412	
with	 the	 instrument	 universal	 testing	 machine	 Instron‐5582	
(100KN),	 Model	 122	 (Canada).	 Izod	 impact	 strength	 was	

determined	 by	 using	 a	 ZWICK	 model	 impact	 tester	 type	
machine	 (5120),	 equipped	 with	 hammer	 (Zwick	 Co.,	
Germany).	Differential	scanning	calorimetry	(DSC)	model	Q	20	
TA	was	used	to	study	the	thermal	behavior	of	these	polymers	
by	using	inert	atmosphere	this	instruments	presence	in	Misan	
University,	 Scientific	 College,	 Chemistry	 Department,	 Misan,	
Iraq.	Flexural	strength	was	performed	by	using	Tinus	Olenutm	
fitted	 with	 three	 point	 binding	 fixture	 at	 cross‐head	 of	 5	
mm/min	 and	 the	 test	 was	 done	 according	 to	 ASTM	 D	 790.	
Izode	 impact	strength	was	determined	by	using	Zwick	model	
impact	 tester	 type	machine	(5102),	equipped	with	a	hummer	
(Zwick	 Co.	 Germany)	 and	 the	 specimens	 were	 conforming	
according	to	ASTM	(D256).	These	two	instruments	presence	in	
the	Basra	University,	Scientific	College,	Chemistry	Department,	
Basrah,	Iraq.	
	
2.3.	Synthesis	
	
2.3.1.	Synthesis	of	IPNs	

	
The	IPNs	consider	 in	this	study	based	on	epoxy	resin	and	

polysulphide	 were	 prepared	 by	 efficient	 mixing	 of	 different	
quantities	 show	 in	 Table	 1,	 for	 a	 period	 of	 2	 min	 at	 room	
temperature,	 then	 crosslinking	 agents	 (MnO2)	 and	 tetra‐
ethylenetriamine	 (TETA),	 were	 added	 and	 mixed	 gently	 in	
order	 to	 homogenize.	 The	 samples	 were	 left	 overnight	 for	
curing	at	room	temperature,	then	at	100	°C	for	6	hr,	and	finally	
4‐5	hr	post	cure	at	130	°C.	
	
3.	Result	and	discussion	
	
3.1.	Synthesis		
	

The	epoxy	resin	used	in	this	study	was	cured	by	aliphatic	
amine,	 the	 polymerization	 sequence	 illustrated	 in	 Scheme	 1.	
Epoxy	resins	are	converted	into	3‐dimensional	networks	held	
together	by	covalent	bonds	as	a	result	of	crosslinking	reaction.	
This	 conversion	 of	 liquid	 or	 friable	 brittle	 solids	 into	 tough	
cross‐linked	 polymer	 is	 called	 curing	 and	 achieved	 by	 the	
addition	 of	 curing	 agent	 which	 serves	 as	 initiators	 for	 resin	
homo‐polymerization.	While	 polysulphide	 oligomers	 have	 no	
workable	applications	 in	their	 liquid	state	so	they	are	further	
polymerized	or	cured	 to	higher	molecular	weight	elastomers,	
so	 the	 curing	 process	 involves	 the	 addition	 of	 an	 oxidizing	
agent	(MnO2),	which	allows	the	terminal	thiol	groups	to	form	
disulphide	 bridges.	 The	 general	 oxidation	 process	 can	 be	
shown	in	Scheme	2.	On	the	other	hand,	polysulphide	also	react	
with	epoxy	resin	 through	the	‐SH	group	 leading	to	opining	of	
the	oxirane	ring	[17,18],	as	shown	in	Scheme	3.	
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Table	2.	Effect	of	polysulphide	content	on	the	tensile	properties	of	epoxy	resin.	
Polysulphide	(%)	 E	(GPa)	 Tensile	strength	(MPa)	 Elongation	at	break	(%)	
0	(Epoxy	alone)	 2.32	 29.72 3.46	
10	 2.13	 27.31 5.10	
20	 2.01	 26.63	 6.31	
30	 1.83	 25.01	 8.76	
40	 1.68	 23.12	 14.96	
50	 1.13	 22.01	 18.45	

	

 
	

Scheme	1

	

 
	

Scheme	2

	

 
	

Scheme	3	
	

	
The	 characteristic	 bands	 display	 a	 strong	 broad	 band	 in	

the	 3600‐3200	 cm‐1	 region	 assigned	 to	 O‐H	 stretching	
vibrations	 in	 the	 FT‐IR	 spectrum	of	 uncured	 epoxy.	 A	 strong	
bands	at	1605,	1580,	1510	and	1455	cm‐1	are	assigned	for	Ar‐
C=C‐H	 stretching	 vibrations.	Bands	 at	729	 and	693	 cm‐1	may	
be	 attributed	 to	 out	 of	 plan	 bending	 of	 aromatic	 rings.	 Also	
bands	 at	 912	 and	 1042	 cm‐1	 due	 to	 epoxy	 ring,	 which	 is	
disappear	 after	 curing	 with	 amine.	 The	 absorption	 bands	 at	
672	 cm‐1	 and	 558.5	 cm‐1	 in	 the	 FT‐IR	 spectrum	 of	 epoxy/	
polysulphide	IPNs	can	be	ascribed	to	C‐S	group	and	S‐S	group	
of	polysulphide.Also	 the	absorption	band	at	1428	cm‐1	 is	due	
to	 formation	 of	 ‐S‐CH2	 linkage	 between	 ‐SH	 group	 of	 poly‐
sulphide	and	epoxide	group	of	DGEPA.	On	the	other	hand	,	the	
broad	 absorption	 band	 at	 3450	 cm‐1	might	 indicated	 the	 OH	
group	 formed	 due	 to	 reaction	 between	 the	 ‐SH	 group	 of	
polysulphide	and	epoxide	group.	
	
3.2.	Mechanical	properties	
	
3.2.1.	Tensile	behavior	
	

The	 load‐elongation	 properties	 were	 obtained	 using	 an	
axial	 extensometer	 coupled	 to	 a	 mechanical	 tester.	 All	 tests	
were	 performed	 at	 room	 temperature	 according	 to	 ASTM	
D638	method.	The	results	showed	in	Table	2,	and	the	value	of	
tensile	strength	a	while	the	elongation	increases.	On	the	other	
hand,	 as	 expected,	 the	 tensile	 modulus	 gradually	 decreases	
due	to	increase	the	flexibility	of	the	formulation	samples.	

3.2.2.	Izod	impact	strength	
	

Izod	 impact	 strength	 was	 evaluated	 using	 notched	
specimen.	 The	 rectangular	 specimens	 of	 80×10×4	 mm	 were	
taken	according	to	ASTM	D‐256‐88.	The	tests	were	carried	out	
at	 room	 temperature	 and	 the	 values	 were	 taken	 from	 an	
average	of	at	least	five	specimens.	The	Izod	impact	values	are	
calculated	with	the	Equation	1.		
	
Is ൌ ௨ଵି௨ଶ

ሺ௪ି௔ሻ௧
		 		 	 	 	 (1)	

	
where,	u1:	the	impact	energy	(KJ);	u2:	the	residual	energy	(KJ);	
w:	the	specimen	width	(m);	and	a:	the	notch	length	(m).	

The	 impact	 strength	 results	 for	 the	 prepared	 IPNs	 have	
been	 summarized	 in	 Table	 3.	 The	 results	 shown	 that	 the	
impact	 value	 was	 increase	 with	 increasing	 percentage	 of	
polysulphide	 due	 to	 the	 increasing	 toughness	 and	 elastic	
behavior	of	prepared	IPNs.	So,	there	are	several	methods	used	
to	improve	the	toughness	of	epoxy	resin	[19,20].		
	
3.3.3.	Dynamic	mechanical	analysis	(DMA)	(Viscoelasticity	
data)	
	

DMA	 was	 performed	 and	 evaluated	 using	 as	 sample	 of	
approximately	 50	mm	 (L)	 ×	 10	mm	 (w)	 ×	 1.5	mm	 (t)	 under	
bending	 mode	 and	 the	 data	 were	 obtained	 at	 1	 Hz	 on	 at	
temperature	from	25	to	130	°C,	at	heating	rate	5	°C/min.		
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Table	6.	Tg	of	prepared	IPNs	at	different	percentage	of	polysulphide.	
Polysulphide	(%)	 Glass	transition	temperature	(°C)	
0	(Epoxy	alone)	 86	
10	 71	
20	 67	
30	 55	
40	 49	
50	 36	
	
4.	Conclusions	
	

IPNs	were	prepared	in	 this	study	by	variation	percentage	
of	polysulphide	in	the	presence	of	epoxy	resin,	after	complete	
curing	 the	 final	 product	 was	 evaluated	 by	 some	 mechanical	
properties.	The	result	shown	that	the	properties	of	epoxy	resin	
was	 improved	by	 introducing	polysulphide	 in	 there	structure	
network	 due	 to	 increase	 flexibility,	 also	 glass	 transition	
temperature	 was	 decrease	 through	 the	 addition	 of	 poly‐
sulphide.	
	
Acknowledgements	
	

The	 authors	 would	 like	 to	 thank	 Anis	 Abdol	 Wahab	 Al‐
Najar	 for	more	 support,	 and	 also	 gratefully	 acknowledged	 to	
Moayd	Naim	Galaf	and	Ali	Kareem	Al‐Lami	for	the	mechanical	
and	thermal	analysis,	respectively.	
	
References	
	
[1]. Lee,	H.;	Neville,	K.	Handbook	of	epoxy	resine,	New	York,	McGraw‐Hill,	

1967.		
[2]. Troev,	 K.;	 Grancharov,	 G.;	 Tsevi,	 R.;	 Tsekova,	 A.	 Polymer	 2000,	

41(19),	7017‐7022.		
[3]. Li,	J.	Polymer	Bull.	2006,	56(4),	377‐384.		
[4]. Spering,	L.	H.;	Mishra,	V.	Polym.	Adv.	Technol.	1995,	7(4),	197‐208.		
[5]. Dean,	 K.;	 Cook,	 W.;	 Zipper,	 M.;	 Burchill,	 P.	 Polymer,	 2001,	 42(4),	

1345‐1359.		
[6]. Lin,	M.	S.;	Chang,	R.	J.	J.	Appl.	Polymer	Sci.	1992,	46(5),	815‐827.		
[7]. Sarathi,	R.;	Sahu,	R.	K.;	Rajeshkumar,	P.	Mater.	Sci.	Eng.	A	2007,	445‐

446,	567‐578.		
[8]. Clayton,	 A.	M.	 Epoxy	 Resin;	 Chemistry	 and	Technology,	 2nd	 edition,	

Marcel	Decker,	New	York,	1988.		
[9]. Hanoosh,	W.	S.;	Mohammed,	E.	Malaysia	Poly.	J.	2009,	4(2),	52‐61.		
[10]. Mahesh,	K.	P.	Polymer	2004,	16(3),	391‐404.		
[11]. Levita,	 G.;	 Petrise,	 D.;	 Marchetti,	 A.;	 Lazzeri,	 A.	 J.	Mater.	 Sci.	 1991,	

26(9),	2348‐2352.		
[12]. Kathrene,	D.;	Cook,	W.	D.	Macromolecules	2002,	35(21),	7942‐7954.		
[13]. Shaw,	 S.	 J.	 In	 Rubber	 Toughened	 Engineering	 Plastics,	 Chapman	 &	

Hall,	London,	1994,	pp.	165‐209.		
[14]. Haopeng,	C.;	Jun,	W.;	Xiang,	W.;	Renxin,	X.	J.	Wuhan	Univ.	Tech.	Mater.	

Sci.	Ed.	2007,	22(2),	256‐260.		
[15]. Chen,	C.	H.;	Chen,	M.	H.	J.	Appl.	Polymer	Sci.	2006,	100,	323‐328.		
[16]. Zaitseva,	E.	I.;	Donskoi,	A.	A.	Polym.	Sci.	Ser.	D	2008,	1,	289‐297.		
[17]. Makashir,	S.	P.;	Agawane,	T.	N.;	Mahajan,	R.	R.;	Agrawal,	P.	J.	Indian	J.	

Eng.	Mater.	Sci.	2001,	8,	381‐385.		
[18]. Abdouss,	M.;	Farajpour,	T.;	Deraskhshani,	M.	Iran.	J.	Chem.	Eng.	2011,	

30(4),	37‐44.		
[19]. Kumar,	D.	K.;	Kothandaraman,	B.	Exp.	Polymer	Lett.	2008,	2(4),	302‐

311.		
[20]. Tong,	 J.;	Bai,	R.;	Pan,	C.;	Goethals,	E.	 J.	 J.	Appl.	Polymer	Sci.	1995,	57,	

895‐901.		
[21]. Souza,	J.	P.	B.;	Reis,	J.	M.	L.	Appl.	Adhesion	Sci.	2013,	1(6),	2‐10,	DOI:	

10.	1186/2196‐4351‐1‐6.		
	
	
	 	


