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ABSTRACT	
	

A	 study	 was	 conducted	 to	 investigate	 the	 biodegradable	 polymers	 by	 adding	 natural	
polymers	 into	non‐degradable	plastics	material.	Therefore	 in	this	research,	an	attempt	was	
made	by	incorporating	natural	polymer,	which	is	cellulose	nanocrystal	(CNC)	into	polyvinyl	
alcohol	 (PVA)	 matrix.	 This	 study	 was	 also	 investigated	 the	 effect	 of	 adipic	 acid	 as	 a	
crosslinking	 agent	 to	 PVA/CNC	 film	with	 different	 CNC	 content.	 CNC	was	 extracted	 from	
agricultural	waste,	which	 is	rice	straw	by	sulphuric	acid	hydrolysis	at	45ºC	 for	60	minutes.	
The	 CNC	was	 characterized	 by	 Fourier	 Transform	 Infrared	 (FTIR).	 The	 result	 shows	 that	
hemicellulose	and	 lignin	break	down	after	undergoes	several	pre‐treatments.	The	PVA/CNC	
biocomposites	films	were	prepared	by	casting	with	different	concentrations	of	CNC	(0%,	2%,	
6%,	 10%	 wt)	 and	 the	 addition	 of	 5	 wt	%	 (0.1	 g)	 of	 adipic	 acid	 (AA)	 to	 the	 respective	
concentrations.	The	tensile	test	and	FTIR	analysis	were	used	to	investigate	the	properties	of	
these	biocomposites	 films.	The	result	of	PVA/CNC/AA	 film	showed	a	higher	tensile	strength	
and	elongation	at	break	(Eb)	compared	to	PVA/CNC	film.	Thus,	the	presence	of	AA	enhanced	
the	properties	of	PVA/CNC	biocomposites	film.		
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1. 	INTRODUCTION		
	

Biocomposite	 composed	 of	 natural	 fiber,	 a	 biopolymer	 that	 offers	 reductions	 in	 cost,	weight	 and	
less	dependence	on	fossil	resources	as	the	future	of	green	composites	(1).	Generally,	there	are	two	
types	 of	 biocomposite	materials	mainly	 formulated	 by	 biomass‐based	 filler	 or	 biopolymers	with	
organic	fillers	and	petroleum‐based	polymers	with	biomass‐based	filler.	Biocomposites	are	widely	
used	in	many	industries	which	are	construction,	automobile,	furniture	and	packaging	industries	(1).	
There	 are	 varieties	 of	 biomass‐based	 reinforcement	 materials	 have	 been	 used	 for	 biocomposite	
formulation	such	as	agro‐industrial	wastes,	bamboo	fiber,	chitin,	cellulose	and	wheat	gluten	(2).		
	
Due	 to	 the	 environment	 and	 sustainability	 issues,	 this	 century	 has	 witnessed	 remarkable	
achievements	in	green	technology	through	the	development	of	biocomposites.	Agricultural	wastes	
are	 materials	 from	 the	 harvested	 crops	 that	 have	 different	 usages.	 Nanocelluloses	 that	 can	 be	
extracted	 from	agricultural	waste	 ie,	 rice	straw	have	unique	properties,	 such	as	renewability	and	
biodegradability;	 they	 are	 harmless	 to	 human	health	 and	 can	 even	be	 considered	 as	 appropriate	
alternatives	to	many	petroleum	products	and	other	industrial	products	(3‐4).	Rice	straw	is	one	of	
the	agricultural	wastes	that	deserve	further	research	in	order	to	overcome	poor	agricultural	waste	
handling	and	management	and	it	is	abundantly	available.	Nanocellulose	can	be	extracted	in	a	high	
yield	 from	 rice	 straw	 as	 rice	 straw	 contains	 a	 high	 amount	 of	 cellulose.	 Isolation	 of	 cellulosic	
nanomaterials	from	rice	straw	and	their	use	in	novel	bionanocomposites	having	the	potential	to	be	
used	in	different	applications	have	been	recently	studied	(5).		
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Polyvinyl	 alcohol	 (PVA)	 is	 a	 hydrophilic	 semicrystalline	 polymer	 produced	 by	 polymerization	 of	
vinyl	 acetate	 to	 polyvinyl	 acetate	 (PVAc),	 and	 the	 subsequent	 hydrolysis	 of	 PVAc	 to	 PVA.	 This	
polymer	 is	 widely	 used	 industrially	 and	 also	 has	 the	 advantages	 of	 being	 biocompatible,	
biodegradable	 and	 non‐toxic	 (6).	 Toward	 this	 end,	 several	 biopolymers	 have	 been	 modified	 in	
order	 to	 be	 competitive	 with	 petroleum‐based	 polymers	 in	 term	 of	 performance	 and	 cost.	
Incorporating	nanosized	reinforcement	into	the	polymer	is	one	way	to	improve	and	enhance	their	
properties	 of	 biopolymers	 and	 their	 commercial	 potential	 (7).	 The	 application	 of	 cellulose	
nanocrystals	 (CNC)	as	a	nanosized	reinforcement	 in	polymer	matrixes	has	attracted	considerable	
attention	 in	 this	 field,	 since	 it	 offers	 a	 unique	 combination	 of	 desirable	 physical	 properties	 and	
environmental	 benefits	 (8).	 The	 adipic	 acid	 is	 used	 as	 a	 crosslinking	 agent	 to	 improve	 the	
properties	of	hydrophilic	composites	due	 to	 its	capability	 to	 interact	with	alcohol	 (OH)	groups	of	
the	polymer	and	its	filler	material.		
	
This	 research	 is	 to	 study	 the	 best	 formulation	 for	 biocomposites	 by	 extracting	 the	 nanocellulose	
from	rice	straw.	Polyvinyl	alcohol	(PVA)	will	be	incorporated	into	a	natural	fiber	which	is	cellulose	
nanocrystals	 and	 the	 addition	 of	 adipic	 acid	 is	 to	 enhance	 the	 properties	 of	 the	 composites	
compared	to	neat	polymer.	
	
	
2. MATERIAL	AND	METHODS		
	
2.1 Material	Preparation	
	
The	 rice	 straw	 from	 paddy	 residues	 was	 chosen	 as	 a	 raw	 material	 in	 this	 research	 as	 it	 is	
abundantly	 available	 and	 contains	 a	high	 amount	of	 cellulose.	The	 rice	 straw	was	 collected	 from	
Kampung	Batu	Pahat,	Perlis.	Firstly,	rice	straw	was	cut	into	pieces	and	ground	into	a	fine	powder.	
Then,	rice	straw	fiber	was	sieved	to	63	µm	in	size	before	purification	process.	
	
2.2 Purification	of	Rice	Straw	
	
The	rice	straw	fiber	was	purified	according	to	the	method	described	by	Silverio	et	al.,	(2013).	The	
untreated	 rice	 straw	 fiber	 was	 first	 treated	 with	 an	 alkaline	 treatment	 by	 using	 32	 g	 sodium	
hydroxide	(NaOH)	(4%	w/w	NaOH,	pellet,	Sigma‐Aldrich)	for	4	hours	at	80	°C	distilled	water.	Then,	
the	fiber	was	filtered	and	washed	until	neutrality	with	distilled	water.	After	that,	the	treated	fiber	
was	dried	in	an	oven	at	50	°C	for	24	hours.	
	
2.2.1	 Extraction	of	Cellulose	Nanocrystals	(CNC)	
	
The	 resulting	 material	 from	 purification	 process	 was	 used	 for	 the	 isolation	 of	 CNC.	 The	 acid	
hydrolysis	 treatment	 was	 performed	 by	 added	 23.4	 ml	 sulphuric	 acid	 (H2SO4)	 (64%	 v/v	 H2SO4,	
Sigma‐Aldrich)	into	a	distilled	water	under	vigorous	stirring	at	45°C	for	60	minutes.	After	that,	200	
ml	of	distilled	water	(cold)	was	added	to	the	solution	to	stop	the	reaction.	The	solution	was	kept	at	
room	 temperature	 for	 24	 hours	 to	 get	 the	 suspension.	 Next,	 the	 suspension	 was	 centrifuged	 at	
10000	rpm	for	5	minutes.	The	precipitate	was	then	dialyzed	against	water	and	CNC	suspension	was	
obtained.	Finally,	CNC	was	characterized	through	Fourier	Transform	Infrared	(FTIR)	analysis.	
	
2.2.2	 Preparation	of	CNC/PVA	Biocomposites	Film		
	
A	matrix	suspension	of	PVA	was	obtained	by	stirring	2	g	of	PVA	granules	(5%	w/w,	Sigma‐Aldrich)	
at	90°C	distilled	water	for	2	hours	under	mechanical	stirring	at	150	rpm.	After	that,	0.8	ml	of	CNC	(2	
%	v/v	CNC)	 suspension	was	added	 into	 the	prepared	PVA	solution	and	 the	 final	 suspension	was	
cast	in	an	acrylic	mold	(30	cm	x	30	cm)	and	adjusted	to	1	mm	spacing.	Then,	the	step	of	preparation	
biocomposites	film	was	repeated	with	different	proportions	of	CNC	by	adjusting	its	concentration	
to	4,	6,	8,	10	%	wt.	The	film	was	dried	in	an	oven	for	24	hours	at	50	°C	before	further	testing.	
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2.2.3 Preparation	of	CNC/PVA/AA	Biocomposites	Film	
	
The	 CNC/PVA/AA	 solution	 was	 prepared	 by	 dissolving	 2	 g	 of	 PVA	 granules	 (5	 %	 w/w,	 Sigma‐
Aldrich)	in	distilled	water	and	stirred	at	90	°C	for	2	hours	under	mechanical	stirring.	At	the	same	
time,	 0.1	 g	 of	 adipic	 acid	 (99	 %	 adipic	 acid,	 Sigma‐Aldrich)	 was	 added	 to	 the	 solution.	 The	
proportion	of	CNC	was	added	equivalent	to	the	prepared	PVA/adipic	acid	solution	by	adjusting	the	
CNC	concentrations	to	0,	2	(0.8	ml),	4	(1.6	ml),	6	(2.4	ml),	8	(3.2	ml),	10%	wt	(4	ml),	respectively.	
The	 final	 suspension	 was	 cast	 in	 an	 acrylic	 mold	 (30	 cm	 x	 30	 cm)	 and	 was	 adjusted	 to	 1	 mm	
spacing.	The	film	was	dried	in	an	oven	at	50°C	for	24	hours	before	further	testing.	
	
2.3 Characterization	
	
2.3.1 Fourier	Transform	Infrared	Spectroscopy	(FTIR)	
	
FTIR	was	used	 to	 characterize	 the	presence	of	 the	 functional	 group.	The	 sample	 in	powder	 form	
was	prepared	in	KBr	method.	FTIR	spectrometer	was	operated	at	4	cm‐1	resolution	level,	over	wave	
number	interval	of	4000‐650	cm‐1	to	investigate	the	changes	of	structural.	The	samples	were	tested	
by	using	attenuated	and	total	reflectance	(ATR)	technique.	

	
2.3.2 Tensile	Testing	of	Biocomposites	Film	
	
According	to	 the	Silvério	et	al.	 (2013),	 the	ultimate	strength	of	 the	nanocomposites	 film	and	neat	
PVA	 film	was	measured	with	 the	 aid	 of	 a	 Universal	 Tensile	Machine	 (UTM)	 (Instron	 5569).	 The	
sample	 was	 cut	 into	 1	 cm	 width	 and	 10	 cm	 length	 and	 tested	 using	 a	 crosshead	 speed	 of	 50	
mm/min	using	ASTM	D882	with	a	 load	cell	of	1	kN	at	25	ºC.	Five	measurements	were	 tested	 for	
each	sample	to	ensure	reproducibility	of	the	results	
	
	
3. RESULTS	AND	DISCUSSION	
	
3.1 Comparison	of	CNC/PVA	Biocomposite	Film	with	the	Incorporation	of	Adipic	Acid	
	
Figure	1	presents	the	effect	of	adipic	acid	(AA)	as	a	cross	linker	on	the	tensile	strength	of	PVA/CNC	
biocomposite	 films	 at	 different	 CNC	 contents.	 From	 the	 graph	 shown	 as	 the	 content	 of	 CNC	
increases	 with	 2	 %,	 6	 %,	 and	 10	 %,	 the	 tensile	 strength	 of	 both	 PVA/CNC	 film	 with	 the	
incorporation	 of	 AA	 the	 tensile	 strength	 was	 decreased.	 The	 tensile	 strength	 of	 PVA/CNC	 film	
decreased	 from	30.2	MPa	 to	18.8	MPa	while	PVA/CNC/AA	was	decreased	 from	41.3	MPa	 to	29.3	
MPa.	 Thus,	 PVA/CNC/AA	 film	 shows	a	higher	 tensile	 strength	 than	PVA/CNC	 film.	 This	 indicates	
that	 the	 strengthening	 of	 the	 tensile	 strength	 of	 PVA/CNC/AA	 films	 is	 due	 to	 the	 formation	 of	
intermolecular	hydrogen	bonds	between	PVA	matrix	and	CNC	filler.	
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Figure	1.	Tensile	strength	of	PVA/CNC	and	PVA/CNC/AA	film.	
	

Figure	 2	 illustrates	 the	 effect	 of	 AA	 content	 on	 the	modulus	 of	 elasticity	 of	 PVA/CNC	 and	 cross‐
linked	adipic	acid	of	PVA/CNC	biocomposite	films	at	different	contents	of	CNC	loading.	The	results	
indicated	the	modulus	of	elasticity	of	PVA/CNC	film	was	increased	from	20.6	MPa	to	37.6	MPa	and	
PVA/CNC/AA	film	increased	from	30.4	MPa	to	49.4	MPa.	The	modulus	of	elasticity	is	an	indication	
of	the	relative	stiffness	of	biocomposite	films.	The	increase	in	modulus	of	elasticity	was	expected	as	
the	 CNC	 contents	 increases,	 due	 to	 more	 crosslinking	 reaction	 occurs	 between	 PVA	matrix	 and	
leads	 to	 stiffness	 of	 the	 biofilms.	 In	 addition,	 the	 values	 of	modulus	 of	 elasticity	 also	 depend	 on	
many	factors	such	as	the	ratio	of	filler	to	the	matrix,	adhesion	between	filler	and	matrix.	

	
	

Figure	2.	Young	modulus	of	PVA/CNC	and	PVA/CNC/AA	biocomposites	film.	
	

	
3.2 FTIR	Spectra	of	CNC/PVA	Biocomposite	Film	with	the	Incorporation	of	Adipic	Acid	
	
The	 effect	 of	 addition	 AA	 in	 term	 of	 spectra	was	 shown	 in	 Figure	 3	 compared	 to	 neat	 PVA	 and	
PVA/CNC	film	at	10	wt	%	of	CNC	content.	The	sample	of	neat	PVA	showed	that	it	was	quite	similar	
to	the	sample	of	PVA/CNC.	The	infrared	spectra	of	neat	PVA	exhibit	C‐H	stretching	bands	at	2918	
and	2849	cm‐1.	The	spectral	bands	and	wave	number	of	neat	PVA	were	in	general	agreement	with	
the	results	of	Raj	et	al.	(2004)	(9).	From	Figure	3,	it	is	clearly	shown	that	the	broad	and	strong	peak	
ranges	from	3000	to	3700	cm‐1	which	represent	the	overlapping	hydroxyl	(OH),	silanol	and	amine	
stretching	vibration.	The	peak	at	1574	cm‐1	represents	 for	alcohol	primary	–CH2OH.	Based	on	the	
observation,	 in	the	same	spectra,	 the	presence	of	broad	hydroxyl	group	(OH)	group	peak	at	3500	
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cm‐1	indicates	the	presence	of	CNC	in	the	film.	The	presence	of	a	peak	at	1645	cm‐1	can	be	related	to	
carboxyl	(COOH)	group	as	the	addition	of	AA	to	PVA/CNC	film.	
	

	
	

Figure	3.	FTIR	spectra	of	neat	PVA,	10%	PVA/CNC	and	10%	PVA/CNC/AA.	
	

The	effect	of	adipic	acid	has	been	proven	in	term	of	hydrophilic	properties	as	it	can	see	in	Figure	4.	
The	 properties	 of	 PVA/CNC	 biocomposites	 film	 have	 the	 disadvantage	 of	 poor	 water	 barrier	
properties	due	to	the	hydroxyl	groups	present	in	PVA.	However,	by	incorporation	of	adipic	acid	has	
shown	that	it	can	improve	the	properties	of	hydrophilic	composites	due	to	its	capability	to	interact	
with	alcohol	(OH)	group	of	the	polymers	and	its	filler	materials.	

	

	
	

Figure	4.	Comparison	between	PVA/CNC	and	PVA/CNC/AA	film	in	term	of	hydrophilic	properties.	
	

	
4. CONCLUSION	
	
The	result	shows	that	the	tensile	strength,	break	elongation	and	modulus	of	elasticity	of	PVA/CNC	
biocomposite	films	with	the	incorporation	of	adipic	acid	increased	with	the	increasing	CNC	content	
from	0%	to	10	%.	The	AA	was	used	as	a	crosslinking	agent	in	the	PVA/CNC	biocomposite	films.	AA	
has	improved	the	tensile	strength	of	the	film	due	to	its	capability	to	interact	with	a	hydroxyl	group	
(OH)	that	present	in	PVA.	The	presence	of	AA	enhanced	the	adhesion	between	the	PVA	matrix	and	
the	 CNC	 filler	was	 proven	 by	 SEM	 study.	 Overall,	 the	 CNC/PVA/AA	 shows	 a	 better	 performance	
compared	to	CNC/PVA	biocomposites	film.	



M.	A.	Nuradibah,	et	al.	/	Effect	of	Adipic	Acid	as	Crosslinking	Agent	in	Polyvinyl…	

84 
 

ACKNOWLEDGEMENTS	
	
We	are	grateful	 to	Short‐Term	Research	Grant	 (STG)	9001‐00551	 from	Universiti	Malaysia	Perlis	
for	funding	this	research.	
	
	
REFERENCES	
	
[1]	 Mukherjee	T.	&	Koa	N.	(2011).	PLA	based	biopolymer	reinforced	with	natural	fibre:	A	review.	

Journal	of	Polymers	and	the	Environment,	19(3),	714‐725.	
[2]	 Tran	D.‐T.,	 Lee	H.	 R.,	 Jung	 S.,	 Park	M.	 S.	&	 Yang	 J.‐W.	 (2016).	 Lipid‐extracted	 algal	 biomass	

based	biocomposites	fabrication	with	poly	(vinyl	alcohol).	Algal	Research,	39,	633‐644.		
[3]	 Hubbe	M.	 A.,	 Rojas	 O.	 J.,	 Lucia	 L.	 &	 Sain	M.	 (2008).	 “Cellulosic	 nanocomposites:	 A	 review,”	

Bioresources,	3(3),	929‐980.	
[4]	 	Ioelovich	M.	 (2008).	 “Cellulose	as	a	nanostructure	polymer:	A	short	review,”	Bioresources	 ,	

3(4),	1403‐1418.	
[5]	 Hassan	 M.	 L.	 (2015)	 Bagasse	 and	 Rice	 Straw	 Nanocellulosic	 Materials	 and	 Their	

Applications.	 In:	 Pandey	 J.,	 Takagi	 H.,	 Nakagaito	 A.,	 Kim	HJ.	 (eds)	 Handbook	 of	 Polymer	
Nanocomposites.	Processing,	Performance	and	Application.	Springer,	Berlin,	Heidelberg.	

[6]	 López‐Córdoba,	A.,	Castro	G.	R.	&	Goyanes	S.	(2016).	A	simple	green	route	to	obtain	poly	(vinyl	
alcohol)	electrospun	mats	with	improved	water	stability	for	use	as	potential	carriers	of	drugs.	
Materials	Science	and	Engineering,	69,	726–732.	

[7]	 Flauzeno	 Neto	 W.A,	 Silverio	 H.A,	 Dantas	 N.O.,	 Pasquini	 D.	 (2013).	 Extraction	 and	
characterization	of	cellulose	nanocrystals	from	agro‐industrial	residue	–	Soy	hulls.	Industrial	
Crops	and	Products,	42(1),	480–488.	

[8]	 Silvério	 H.	 A.,	 Flauzino	 Neto	 W.	 P.	 &	 Pasquini	 D.	 (2013).	 Effect	 of	 incorporating	 cellulose	
nanocrystals	 from	 corncob	 on	 the	 tensile,	 thermal	 and	 barrier	 properties	 of	 poly	 (vinyl	
alcohol)	nanocomposites.	Journal	of	Nanomaterials,	44,	427‐436.		

[9]	 Raj	 B.,	 Sankar	 K.U.,	 Siddaramaiah.	 (2004).	 Low	 density	 polyethylene/starch	 blend	 films	 for	
food	packaging	applications.	Advance	Polymer	Technology,	23,	32‐45.	

	
	
	
	
	
	
	
	
	



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


