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ABSTRACT	

The	present	paper	 studies	 the	 interactive	 influence	 of	 ethylene	diamine	 (EDA)	 throughout	 the	preparation	 of	poly	 (ester‐
urethane)	(PEU)	elastomers.	Both	polyester	(PE)	and	polyurethane	(PU)	were	prepared	from	the	reaction	of	maleic	anhydride	
(MA)	 with	 polyethylene	 glycol	 200	 (PEG200)	 and	 toluene	 diisocyanate	 (TDI)	 with	 polyethylene	 glycol	 1000	 (PEG1000),	
respectively.	 The	 prepared	 PEU	 solution	was	modified	 by	 chitosan	 (CHI).	 The	 interacting	 products	were	 investigated	 by	
Fourier	transform	infrared	spectroscopy	(FTIR),	X‐ray	Diffraction	(XRD)	and	scanning	electron	microscope	(SEM).	The	results	
show	clearly	that	ethylene	diamine	(EDA)	can	directly	be	interacts	with	toluene	diisocyanate	(TDI)	during	the	preparation	of	
poly	(ester‐urethane)	(PEU)	at	room	temperature	leading	to	the	degradation	of	the	prepared	polymer.	Therefore,	one	has	to	
be	very	careful	in	applying	EDA	with	TDI	under	ambient	conditions	as	the	EDA	might	produce	by‐products	depending	on	the	
reacting	materials.	
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1. INTRODUCTION	

Polyurethanes	 (PUs)	 are	 some	 of	 the	 most	 versatile	
synthetic	 polymers.	 They	 have	 superior	 characteristics	
like	flexibility,	abrasion	resistance,	good	mechanical	and	
physical	properties	that	find	widespread	application	in	a	
variety	 of	 consumer	 and	 commercial	 products	 [1].	
Polyurethanes	 are	 used	 in	 the	 manufacture	 of	 vehicle	
coatings,	 insulation	 foams,	 adhesives,	 elastomers	 and	
medical	 applications	 [1,2].	 Polyurethanes	 are	 mainly	
prepared	 from	 hard	 portion	 like	 toluene	 diisocyanate	
and	soft	portion	like	polyethylene	glycols.	Several	works	
discussed	 in	 details	 the	 effect	 of	 chemical	 structures	 of	
isocyanate	 compounds	 based	 polyurethane	 on	
crystallinity	 degree,	 surface	 morphology	 and	 thermal	
stability	 of	 PU	 composites	 [3‐10].	 Addition	 of	
thermoplastic	 unsaturated	 polyesters	 based	 on	 maleic	
anhydride	 to	 polyurethane	 resins	 for	 modified	
applications	 was	 also	 studied.	 The	 addition	 of	 these	
polymers	 to	 the	 polyurethanes	 leads	 to	 a	 decreasing	 of	
the	 polymerization	 shrinkage	 throughout	 the	
crosslinking	 process	 [11‐15].	 Soft	 polyurethanes	 accept	
plasticizers	with	almost	predictable	changes	 in	physical	
characterizations.	 Hard	 polyurethanes	 which	 large	
increase	 in	 elasticity	 and	 decreasing	 of	 Tg	 would	 be	
undesirable.	 Small	 additions	 of	 plasticizers	 or	 other	
liquids	 can	 produce	 foam	 of	 equal	 density	 with	 higher	
compressive	 strength,	 finer	 cell	 structure,	 and	 tougher	
cell	wall.	The	resulting	foam	is	stronger,	insulates	better,	
and	 is	 resistant	 to	 environmental	 degradation	 [1].			
Polyester	based	polyurethane	elastomers	were	prepared	
from	 aliphatic	 polyester	 based	 on	 novel	 glycol	
components.	 Polyurethane	 prepared	 from	 polyols	 and	
diisocyanates	 by	 a	 prepolymer	 method	 gives	 good	
mechanical	 properties.	 The	 modification	 of	 rigid	
urethane	 foams	 with	 aromatic	 polyester	 polyols	 which	
decreases	 the	dimensional	 stability	 and	 the	 crosslinked	

density	was	also	studied	 [16].	Compared	with	synthetic	
polymers,	 chitosan	 (CHI)	 has	 several	 important	
advantages,	 including	biocompatibility,	 biodegradability	
and	 no	 toxicity	 for	 producing	 modified	 polyurethane	
[17].	 It	 is	well	 known	 that	 there	 are	many	 researchers	
studied	the	possibility	for	initial	dissociation	of	urethane	
linkage	may	leading	to	the	formation	of	secondary	amine	
and	 carbon	 dioxide	 or	 alcohol	 and	 free	 isocyanate	 or	
primary	amine,	alkene	and	carbon	dioxide,	respectively,	
according	to	the	following	pathways	[18,19].		

	

	

	

In	 this	 paper,	 polyethylene	 glycol	 200	 maleate	
(PEG200M)	was	synthesized	from	maleic	anhydride	and	
PEG200.	 Meanwhile,	 Polyurethane	 (PU)	 was	 prepared	
from	 TDI	 and	 PEG1000.	 For	 modification,	 addition	 of	
chitosan	 (CHI)	 to	 the	 prepared	 poly(ester‐urethane)	
(PEU)	was	 employed	 .	 The	 interaction	of	EDA	with	CHI	
containing	 PEU	was	 studied.	 The	 synthesized	 polymers	
PE,	 PU	 and	 CHI‐PEU	 were	 characterized	 by	 Fourier	
transform	infrared	spectroscopy	(FTIR),	x‐ray	diffraction	
(XRD)	and	Scanning	electron	microscope	(SEM).		

2. MATERIALS	AND	METHODS	

2.1.	PREPARATION	OF	PE,	PU,	PEU	AND	CHI‐PEU	

For	 preparation	 of	 polyester	 (PE),	 maleic	 anhydride	
(MA)	 (12.25	 g)	 and	 Polyethylene	 glycol	 200	 (PEG200)	
(30	 g)	 in	 a	molar	 ratio	 (1:1.2)	were	 added	 into	 a	 three	
necked	 round	 bottom	 flask	 fitted	 with	 N2	 inlet	 tube,	
thermometer	and	reflux	system.	The	flask	was	heated	at	
80	 °C	 with	 a	 continuous	 stirring	 for	 30	 min	 and	 the	
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temperature	 was	 raised	 to	 200°C	 for	 6h.	 The	 product	
was	 recrystallized	 giving	 polyethylene	 glycol	 200	
maleate	(PEG200M).		

Polyurethane	 (PU)	 (with	 molar	 ratio	 NCO/OH=4)	 was	
prepared	 by	 addition	 of	 toluene	 diisocyanate	 (TDI)	 (14	
g)	 to	 a	 solution	of	polyethylene	glycol	1000	 (PEG1000)	
(20	g	in	100	ml	carbon	tetrachloride).	The	addition	was	
drop	 wise	 in	 a	 period	 of	 30	 min	 with	 a	 continuous	
stirring	for	2h	at	60	°C.	The	obtained	solution	was	then	
poured	 into	 a	 petridish	 and	 placed	 in	 an	 oven	 to	
evaporate	the	solvent	giving	rigid	PU	film.		

Poly(ester‐urethane)	 (PEU)	 was	 prepared	 by	 adding	 of	
10wt.%	 PEG200M	 (based	 on	 polyurethane	 reactants	
weight)	 throughout	 preparation	 of	 PU.	 The	 obtained	
homogenous	 solution	 of	 PEU.	 The	 resulted	 liquid	 was	
also	poured	into	a	petridish	and	placed	to	evaporate	the	
solvent	giving	 semi‐soft	PEU	 layer.	Chitosan‐Poly(ester‐
urethane)	(CHI‐PEU)	was	prepared	with	 the	addition	of	
chitosan	solution	(5mg/mL	chitosan	in	1%	glacial	acetic	
acid)	giving	amorphous	 layer.	All	 the	obtained	products	
of	 PE,	 PU,	 PEU	 and	 CHI‐PEU,	 respectively,	 were	
characterized	for	the	purpose	of	comparison.	

2.2.	 INTERACTION	OF	EDA	WITH	PU,	PEU	AND	CHI‐
PEU		

Ethylene	 diamine	 (EDA)	 solution	 (in	 a	 suitable	 percent	
based	on	PU	reactant	weights)	was	added	drop	wise	 to	
separated	 homogenous	 solutions	 of	 PU,	 PEU	 and	 CHI‐
PEU,	respectively,	with	stirring	and	gently	heating.	From	
the	 early	 addition	 of	 EDA	 solution	 into	 the	 PU‐based	
solutions,	 the	 turbidity	 appeared	 gradually	 in	 all	
solutions.	As	more	EDA	solution	was	added,	the	turbidity	
of	 PU	 solutions	 increased	 rapidly	 until	 clear	 yellowish‐
white	precipitate	appeared,	then	the	addition	of	EDA	and	
stirring	 was	 stopped.	 The	 precipitate	 of	 EDA‐PU	
composites	 was	 accumulated,	 separated,	 washed,	 dried	
under	 vacuum	 and	 stored	 for	 further	 analysis.	 EDA	
solution	was	added	to	a	different	TDI‐based	PU	solutions	
according	 to	 the	 above	 mentioned	 process	 under	 the	
same	conditions	for	a	comparison	study.	

2.3.	CHARACTERIZATION	 	

Fourier	transform	infrared	spectroscopic	(FTIR)	analysis	
of	 PE,	 PEU,	 CHI‐PEU	 and	 EDA‐CHI‐PEU,	 respectively,	
were	 recorded	 on	 FTIR	 Spectrophotometer	 (Model	
960M000g;	 ATI	 Mattson	 Infinity	 Series;	 USA).	 The	
spectra	 measurements	 of	 the	 prepared	 samples	 were	
employed	 in	 a	 range	 of	 4000‐400	 cm‐1	 with	 a	 scan	
resolution	of	4	cm	and	scan	rate	of	32	cm.	min‐1.	X‐ray	
diffraction	(XRD)	analysis	of	the	prepared	polymers	was	
carried	 out	 on	 X‐ray	 diffractometer	 using	 target	 Cu	 Kα	
1.54	Å	 (Model	D/Max2500VB2+/Pc,	 Rigaku	 Co.,	 Japan).	
X‐ray	measurements	were	employed	by	diffraction	angle	
of	2θ	in	a	position	range	of	4‐80	with	scan	size	of	0.02	2θ	
and	 scan	 step	 of	 0.8	 s.	 Scanning	 electron	 microscope	
(SEM)	was	observed	through	(SEM,	model	Jeol	5410)	to	
investigate	 the	surface	morphology	of	 the	modified	and	
unmodified	samples.	

3. RESULTS	AND	DISCUSSION	

Polyurethane	 (PU)	 elastomers	 have	 a	 unique	
combination	 of	 performance	 and	 application	
characteristics,	 they	 provide	 excellent	 mechanical,	
adhesion	 properties	 and	 solvent	 resistance.	 Thus,	
chemical	modification	 process	 has	 led	 to	 opportunities	
for	 new	 crosslinking	 compositions	 with	 significant	
properties	for	many	end‐use	applications	[20‐22].		

In	 the	present	 research,	unsaturated	aliphatic	polyester	
of	PEG200M	can	be	prepared	to	bear	‐OH	groups	at	chain	
ends.	This	diol	based	polyester	is	effective	macromers	in	
preparation	of	poly(ester‐urethane)	(PEU)	composition;	
a	 preparation	 pathway	 is	 schematically	 illustrated	 in	
Scheme	1	[1‐3].	

	

	

	

	

	

	

	

	

	

Scheme	1:	Preparation	pathway	of	PEU	composition.	

Initially	the	polyol	and	diisocyanate	are	reacted	together	
to	 form	 an	 intermediate	 polymer	 which	 is	 called	 a	
prepolymer.	This	prepolymer,	is	then	converted	into	the	
final	high	molecular	weight	polymer	by	further	reaction	
with	 a	 diol	 chain	 extender.	 Polyurethane	 (PU)	 with	
NCO/OH=4	was	also	prepared	via	the	reaction	of	toluene	
diisocyanate	 (TDI)	 with	 polyethylene	 glycol	 1000	
(PEG1000)	 as	 a	 polyol.	 In	 an	 early	 test,	 TDI	was	mixed	
with	 PEG1000	 and	 a	 suitable	 weighed	 sample	 of	 the	
prepared	PE	(10	%w/w)	 to	afford	poly(ester‐urethane)	
(PEU)	 compositions	 according	 to	 the	 synthetic	 route	
depicted	in	Scheme	1.	The	structure	of	PEU	composition	
was	 confirmed	 by	 FT‐IR	 spectra	 as	 given	 in	 Fig.	 1	 and	
compared	with	the	prepared	PU	sample	(without	PE)	as	
shown	 in	 Fig.	 1.	 FT‐IR	 measurement	 show	 new	
vibrational	absorption	band	at	3291	cm−1	characteristic	
for	‐NH	group.	It	was	found	that	the	introduction	of	PU	in	
the	 PE	 composition	 shifts	 the	 frequency	 of	 the	 −COO−	
group	band	 from	1724	cm−1	 to	1645	cm−1	as	 compared	
with	PU	sample	without	PE.	Also	the	bands	at	1200‐1300	
cm−1	characteristic	for	−CO	ester	group	as	well	as	sharp	
bands	near	1454	cm−1	for	−CH2	group.	The	intensity	of	–
CH2	 group	 bands	 increases	 sharply	with	 increasing	 the	
hydrocarbon	chain	length	in	the	glycol	portion	as	shown	
for	PEU	as	compared	with	PU.	For	EDA‐PU	composition,	
FT‐IR	spectra	 show	new	vibrational	absorption	band	at	
3315	cm−1	 characteristic	 for	 increasing	 ‐NH	groups	and	
absence	 of	 −COO−	 group	 band	 as	 compared	 with	 PE	
sample	 which	 appears	 clearly	 at	 1724	 cm−1.	 In	 case	 of	
EDA‐CHI‐PEU,	 there	 no	 difference	 in	 all	 bands	 as	
compared	with	EDA‐PU	which	 indicating	 the	aggressive	
interaction	of	EDA	with	TDI‐based	PU	compositions	with	
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or	without	the	modification	of	PE	or	CHI.	The	urea	band	
located	 at	 1639	 cm‐1	 also	 diminished,	 suggesting	 that	
the	urea	linkages	are	susceptible	to	oxidation	[20,23].	

	

Figure1:	FT‐IR	of	PE,	PU,	EDA‐PU	and	EDA‐CHI‐PEU.	

	

Figure	2:	XRD	of	PE,	PU	and	EDA‐CHI‐PEU.	

It	can	be	observed	that	by	XRD	analysis	in	Fig.	2	both	PE	
and	 PU	 were	 predominantly	 amorphous,	 in	 agreement	
with	 previous	 reports.	 Interactive	 attack	 of	 EDA	 with	
CHI‐PEU	composition	showed	strong	peaks	at	2h	=	19.2°	
and	 2h	 =	 22.6°,	 respectively,	 while	 this	 manner	
decreased	 at	 2h	 =	 14.7°,	 2h	 =	 23.5°	 and	 2h	 =	 25.7°,	
respectively,	 as	 a	 result	 of	 the	 PU	 segments.	 The	 peaks	
associated	 with	 their	 crystalline	 structure	 were	 also	
observed	 (Fig.	 6).	 A	 similar	 behavior	was	 observed	 for	
CHI‐PU	 but	 degradation	 yielded	 a	 residue	 that	 was	
difficult	 to	 handle.	 Although	 it	 was	 expected	 that	
degradation	 of	 TDI‐based	 PU	 would	 lead	 to	 a	 similar	
behavior	 of	 PEU.	 The	 rigid	 segment	 exposure	 was	 also	
verified	 by	 XRD	 analysis,	 which	 showed	 that	 the	
decomposition	 product	 matched	 the	 same	 PU	
composition	as	shown	in	Fig.	3	[18,19].	

	

Figure	3:	XRD	spectra	of	PU	species.	

	

Figure	4:	SEM	image	of	(a,	a’)	PE,	(b,b’)	EDA‐PU	and	
(c,c’)	EDA‐CHI‐PEU.	

SEM	images	in	Fig.	4	show	the	surface	morphology	of	PE,	
EDA‐CHI‐PU	 and	 EDA‐CHI‐PEU,	 respectively.	 From	 the	
micrograms	 (Figs.	 4a,a’)	 it	 can	 be	 clearly	 seen	 that	 the	
morphological	 surface	 of	 the	 prepared	 polyester	 (PE)	
was	appeared	homogenous	and	smooth.	In	case	of	EDA‐
PU	 (Figs.	 4b,b’),	 distinctive	 features	 and	 significant	
cracks	 were	 obtained	 indicating	 the	 amorphous	
structure	of	CHI	and	PU.	By	the	direct	interaction	of	EDA	
and	 TDI‐based	 PU	 solutions,	 the	 degraded	 surface	 was	
heterogeneous,	 suggesting	 that	 the	 scission	 of	 the	
urethane	 linkage	(or	depolymerization).	 In	contrast,	 the	
SEM	 morphology	 also	 shows	 porous	 and	 granular	
structures	in	the	PU	structure.	The	morphology	of	EDA‐
CHI‐PEU	 (Figs.	 4c,c’)	 shows	 the	 same	 heterogeneous	
structures	 as	 compared	 with	 EDA‐PU,	 means	 that	 the	
reaction	 between	 EDA	 and	 TDI‐based	 PU	 solutions	 not	
influenced	by	the	modification	process.	
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4. CONCLUSION	

This	research	studied	the	aggressive	 interaction	of	EDA	
with	 TDI‐based	 PU	 solutions.	 The	 interacting	 products	
were	 investigated	 by	 FT‐IR,	 XRD	 and	 SEM.	 The	 results	
show	clearly	that	EDA	can	directly	be	interacts	with	TDI	
during	 the	 preparation	 of	 EDA‐CHI‐PEU	 at	 room	
temperature	 leading	 to	 initial	 decomposition	 of	 the	
prepared	polymer.	This	behavior	was	appeared	with	the	
addition	of	CHI	and	PE.	Therefore,	be	careful	in	applying	
EDA	with	TDI	based	polymer	under	ambient	conditions	
as	the	EDA	might	produce	by‐products	depending	on	the	
degradation	types.	
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