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ABSTRACT 
Sustainability has grown to be a major part of our daily life and with an ever-increasing demand in paper products; 
sugar cane paper is a valuable option for both the environment and paper manufacturing Companies. Organosolv 
pulping of Bagasse was conducted following a central composite design using a two-level factorial plan involving three 
pulping variables (Volume of 10%NaOH Solution 44-86%, Time: 137-303min., Temperature (70°C-100°C). Responses of 
pulp properties (yield and KN) and the process variables were analyzed using statistical software (MINITAB). Main 
factor analysis revealed that optimum pulp has the following characteristics: 91.3% (yield) and Kappa number (91.2%). 
These results showed that acceptable properties of pulps could be gained at 85°Cfor 220 min and 65ml volumesof 
10%NaOH solution.An empirical model was developed and validated applying ANOVA analysis incorporating interaction 
effects of all parameters and optimized using response surface methodology (RSM). In addition, Bagasse could be pulped 
with ease to approximately 53% yields and kappa number is 24.Pulp, when used under the optimum condition, may be a 
feasible and efficient for the preparation of Bagasse to a pulp. 
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INTRODUCTION 
The	 fibrous	 residue	 of	 sugar	 cane,	 after	 crushing	 and	 Extraction	 of	 its	 juice,	 known	 as	 Bagasse.	
Environmental	 issues	 have	 been	 widely	 discussed	 over	 the	 past	 few	 decades,	 but	 have	 grown	 in	
importance	 recently	 with	 the	 development	 of	 ecological	 sustainability	 policies	 (5)	 Sustainability	 has	
become	a	major	part	of	our	daily	life	and	with	an	ever-increasing	demand	in	paper	products;	sugar	cane	
paper	 is	 a	 valuable	 option	 for	 both	 the	 environment	 and	 paper	 manufacturing	 companies.	 Industrial	
processing	of	1	ton	of	sugar	cane	generates	an	average	of	280	kg	of	Bagasse	(9).	
World	demand	for	paper	and	paperboard	is	predictable	to	grow	from	300	million	tons	to	over	490	million	
tons	 by	 the	 year	 2020,	 which	 is	 estimated	 in	 the	 direction	 of	 increase	 the	 cost	 of	 pulp	 wood	 (1).	 The	
increasing	 demand	 attached	 with	 environmental	 concerns,	 have	 increased	 interest	 in	 alternative	
feedstocks	 and	 processes	 for	 more	 efficient,	 integrated	 use	 of	 the	 raw	 material	 according	 to	 the	 “zero	
waste”	context	(4,	14).	In	this	situation,	the	completion	of	the	bio-refinery	thought	within	the	obtainable	
chemical	pulp	mills	 is	 regarded	as	a	 strategy	 for	 the	sustainable	co-production	of	 paper,	 fuel,	power	as	
well	as	high	value	chemical	from	different	and	heterogeneous	lignocellulosic	material	(3).	
As	 ‘bagasse’,	 is	one	of	the	 largest	agriculture	Residues	 in	the	world	(11)	(12)	(7)	(8).	Using	agricultural	
crops	rather	 than	wood	has	the	added	advantages	of	reducing	deforestation.	Due	to	the	bagasse	can	be	
chemically	pulped,	it	requires	a	smaller	amount	bleach	chemical	than	wood	pulp	to	get	a	light,	white	page	
of	paper.	 for	 the	reason,	 there	 is	 less	 impact	of	 the	materials	 that	used	 in	 the	bleaching	section	such	as	
Chlorine	in	the	environment	(10)	in	current	existence,	there	have	been	an	increasing	worldwide	demand	
for	 a	 market	 pulp	 increase	 by	 the	 year.	 Most	 of	 the	 world	 pulp	 production	 is	 based	 on	 wood.	 Thereby	
nonwood	 pulp	 contributes	 only8%	 to	 the	 world	 pulp	 market	 while	 there	 was	 a	 large	 amount	 of	 non-	
wood	fiber	sources	also	available,	including	agriculture	residue	such	as	bags,	straw,	corn,	sorghum	stalks,	
bamboo,	reeds	and	grasses.	 It	 is	expected	that	the	percentage	of	utilization	of	residues	for	global	paper	
and	board	manufacture	will	gradually	increase	to	at	least	10	%	for	the	near	future	(6).During	the	last	30	
years	 the	pulp	and	paper	 industry	has	 intensified	 its	efforts	 to	minimize	pollution	arising	 from	pulp.	 In	
addition,	new	pulp	methods	were	developed	in	order	to	produce	pulps	Sugar	cane	bagasse	is	one	of	the	
most	important	nonwood	raw	materials	in	developing	countries.	
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the	sugarcane	residue	is	 found	to	be	one	of	the	best	alternatives	because	of	 its	 low	price,	 longer	thread	
than	 straw,	 low	 refining	 energy	 consumption	 and	 good	 sheet	 formation	 and	 paper	 smoothness,	 which	
enable	 the	 sugarcane	 bagasse	 to	 assemble	 the	 quality	 requirement	 for	 newsprint	 and	 fine	 paper	
manufacture.	 this	study	aims	 to	prepare	 bagasse	pulp	at	 low	temperature	and	different	concentrations.	
for	this	reason,	in	this	work	we	used	a	central	composite	design	(ccd)	to	investigate	the	influence	of	the	
independent	cooking	variables	[temperature,	time,	volume	of	10%sodium	hydroxide/	(sodium	hydroxide	
+	water)	value],	in	the	organosolv	pulping	of	bagasse	with	sodium	hydroxide	and	water	mixtures,	on	the	
characteristics	 pulp	 and	 handsheet	 paper	 obtained,	 in	 order	 to	 establish	 the	 optimum	 operating	
conditions	for	the	process	that	the	results	presented	herein.	 	 it	is	also	noted	that	in	this	research	a	high	
(3:1)	ratio	liquor	ratio	(l/kg).	it	can	be	used	on	a	laboratory	scale	to	produce	pulp	from	bags	with	a	high	
yield	and	kappa	number.	
 
METHODS 
Raw materials 
Processed	 bagasse	 used	 in	 this	 study	 was	 obtained	 from	 local	 pulp	 and	 paper	 factory	 (parry	 sugar	
industry),	 Andhra	 Pradesh	 before	 pulping,	 the	 raw	 material	 was	 cleaned,	 sorted	 and	 air	 dried.	 The	
chemical	composition	of	bagasse	was	determined	as	follows:	39%	cellulose	and	21%lignin.	Peracetic	acid	
(PAA)	was	prepared	by	reaction	of	acetic	acid	and	30%	(w/w)	hydrogen	peroxide,	with	volume	ratio	of	
1.5:1	at	room	temperature	for	72	h.	1.5%	(w/w)	of	sulfuric	acid	was	added	as	a	catalyst.	
Methods of analysis of raw materials and pulps 
The	 starting	 materials	 and	 the	 products	 obtained	 from	 them	 were	 characterized	 according	 to	 the	
following	 standard	 methods.	 Pulp	 yield	 was	 determined	 gravimetrically	 following	 drying	 at	 90°C	 for	
1.5hours.	And	the	kappa	number	was	determined	by	using	the	new	procedure.	
Pulping procedure  
In	a	typical	experiment,	600g	of	dried	Bagasse	(moisture	content400g)	was	weighed	and	charged	into	the	
mini	 digester,	 Bagasse	 was	 first	 treated	 with	 10%NaOH	 (based	 on	 raw	 material)	 at	 900C	 for	 1.5	 hours	
with	3:1	liquor	ratio	(L/KG).	The	pretreated	solid	was	washed	with	water	till	neutrality	and	then	filtered	
by	 liquid	 content	 of	 solid	 phase	 was	 about	 75%.	 The	 solid	 was	 further	 treated	 by	 an	 oxidative	
delignification	 stage	 with	 PAA	 loading	 of	 15%	 (based	 on	 raw	 material)	 at	 750C	 for	 3	 h.	 The	 pulp	 was	
washed	 with	 water	 till	 neutrality	 and	 stored	 in	 valve	 bags	 at	 40C	 for	 further	 analysis.The	 pulping	
temperature,	 time,	 and	 sodium	 hydroxide	 used	 in	 the	 different	 experiments	 in	 the	 central	 composite	
factor	design	(13). 
Experiments are designed for the pulping conditions 
Experiments	 were	 conducted	 using	 three	 independent	 variable	 volumes	 of	 10%NaOH	 Solution,	 Time,	
Temperature	 and	 the	 production	 of	 pulp	 as	 the	 dependent	 response	 variables	 are	 given	 table4.	
Independent	variables,	experimental	range	and	levels	for	Yield	are	given	Table5.	In	the	present	study,	the	
full-factorial	CCD	consists	of	(i)	a	complete	23	-factorial	design,	(ii)	n0,	center	point	(n0>1)	and	(iii)	 two	
axis	points	on	the	axis	of	each	design	variable	at	a	distance	of	α	=	1.682	from	the	design	center.	Thus,	a	
total	number	of	design	points	(20)	as	per	the	equation	were	used.	
													N = 2k+2k + n0 	
The	center	point	was	replicated	six	times	to	give	five	degrees	of	freedom	for	calculation	of	errors	in	the	
experiments	 (Han	 et	 al.,	 2012).	 The	 optimal	 values	 of	 the	 experimental	 conditions	 were	 calculated	 by	
solving	the	regression	equation	and	by	analyzing	the	response	surface	contour	plots.	The	variables	were	
coded	according	to	the	Eq.	1:	

										�� =
(�����)

∆�
… . (1)	

Where,	 Xi	 is	 the	 coded	 value	 of	 variable	 i,	 xi	 the	 uncoded	 real	 value	 of	 an	 independent	 variable,	 x0	 the	
value	 of	 Xi	 at	 the	 center	 point	 and	 ∆x	 is	 the	 step	 change	 between	 levels	 0	 and	 1.	 The	 behavior	 of	 the	
system	was	explained	by	the	following	second	order	polynomial	equation:	

CtCTtTCtTCtT XjXXiXXhXgXfXeXdXcXbXaZ  222

				(2)								
Where	 Z	 denotes	 the	 response	 variables	 (yield	 and	 kappa	 number)	 of	 pulps,	 	 	 and	 	 	 XT,	 Xt	 and	 X	 c	 the	
normalized	 values	 of	 T,	 t	 and	 C,	 and	 letters	 a	 to	 j	 denote	 Constants.	 The	 values	 of	 the	 independent	
variables	 were	 normalized	 from	 -1	 to	 +1	 (+1	 states	 refer	 to	 137	 min,	 700C	 and	 44ml	 volume	 of	 	 NaOH	
solution;	while	-1	refers	to	303,	1000C	,	86ml	respectively)		in	order	to	facilitate	direct	comparison	of	the	
coefficients	 and	 visualization	 of	 the	 effects	 of	 the	 individual	 independent	 variables	 on	 the	 response	
variable.	
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Table	1.	Experimental	variables	and	levels	investigated	by	central	composite	design.	

Variables	

Coded	levels	

-1.682	 -1	 0	 1	 1.682	

Volume	 of	
10%NaOH	(ml)	 0.5	 1.41	 2.75	 4.09	 5	
Time(X2,	min.)	 3	 4.82	 7.5	 10.18	 12	
Temperature(°C)	 3	 10.5	 21.5	 32.5	 40	

	
A	statistical	program	package	MINITAB	RELEASE	16	was	used	for	regression	analysis	of	the	data	obtained	
and	 to	 estimate	 the	 coefficient	 of	 the	 regression	 equation.	 The	 equations	 were	 validated	 by	 analysis	 of	
variance	 (ANOVA).	 The	 significance	 of	 each	 term	 in	 the	 equation	 estimates	 the	 goodness	 of	 fit	 in	 each	
case.	 Response	 surfaces	 were	 drawn	 to	 determine	 the	 individual	 and	 interactive	 effects	 of	 the	 test	
variable	on	Yield	and	Kappa	number.	The	optimum	values	of	the	test	variables	were	obtained	using	the	
numerical	 point	 prediction	 tool	 in	 MINITAB	 (Version	 16,	 PA,	 and	 USA).	 The	 optimum	 values	 of	 the	
process	variables	were	first	obtained	in	coded	units	and	then	converted	to	Unicode,	 i.e.	 real	units	using	
Equation	(2).	

Table	2:	Experimental	design	matrix	and	results	for	Yield	and	Kappa	number.	

Coded	level	of	factors	 Yield	 															Kappa	number	

X1	 X2	 X3	 Experimental	 Predicted	 Experimental	 Predicted	

-1	 -1	 -1	 51.32	 51.06	 23.38	 23.87	

1	 -1	 -1	 53.32	 52.66	 24.31	 24.3	

-1	 1	 -1	 48.07	 48.56	 23.57	 23.96	

1	 1	 -1	 47.8	 47.58	 24.12	 24.22	

-1	 -1	 1	 47.17	 46.36	 24.12	 24.22	

1	 -1	 1	 48.15	 48.52	 24.31	 24.37	

-1	 1	 1	 50.33	 50.26	 23.94	 24.13	

1	 1	 1	 53.05	 53.17	 24.12	 24.19	

-1.681	 0	 0	 49.04	 49.97	 24.12	 24.2	

1.681	 0	 0	 52.03	 52.54	 24.12	 24.2	

0	 -1.681	 0	 47.77	 48.33	 24.31	 24.3	

0	 1.681	 0	 50.53	 50.35	 24.94	 24.7	

0	 0	 -1.681	 44.49	 46.81	 24.12	 24.29	

0	 0	 1.681	 49.18	 49.42	 24.31	 24.29	

0	 0	 0	 50.19	 50.15	 23.94	 24.05	

0	 0	 0	 51.18	 50.96	 23.94	 24.05	

0	 0	 0	 52.24	 52.42	 23.57	 24.05	

0	 0	 0	 53.14	 52.42	 23.57	 23.92	

0	 0	 0	 53.89	 52.42	 23.57	 24.05	

0	 0	 0	 54.12	 52.42	 23.94	 24.05	

	
RESULTS AND DISCUSSION 
Pulp Yield	
The	 calculated	 yield	 values	 of	 pulp	 obtained	 from	 Eq.	 (3)	 Reproduced	 their	 experimental	 counterparts	
with	errors	less	than	2	(S	=	1.75).	The	steepest	ascent	method	(Press	et	al.	1992)	was	applied	to	Eq.	(3)	In	
order	to	determine	the	highest	yield	over	the	ranges	of	process	variables	studied	(normalized	values	from	
−1	 to	 +1	 in	 all);	 the	 calculated	 maximum	 yield	 obtained	 was	 53%	 at	 low	 temperature	 and	 the	 NaOH	
concentration	 (a	 normalized	 value	 of	 −1	 for	 both	 variables)	 and	 art	 in	 the	 high	 extruder	 speed	
(normalized	 value	 +1),	 which	 is	 the	 same	 as	 a	 typical	 yield	 of	 NSSC	 pulp.	 Also	 Eq.	 (3)	 allows	 the	
estimation	 of	 the	 variance	 of	 the	 yield	 with	 changes	 in	 each	 independent	 variable,	 over	 the	 range	
considered,	 while	 holding	 the	 other	 two	 variables	 constant	 under	 optimum	 condition.	 The	 greatest	
changes	 in	 yield	 resulted	 from	 the	 variation	 of	 the	 Temperature	 (5%)	 and	 the	 smaller	 ones	 from	 the	
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volume	of	10%NaOH	and	Time	(3%	and	2.76%)	under	maximum	yield.	As	a	result,	 the	yield	was	much	
more	 sensitive	 to	 changes	 in	 the	 Temperature	 than	 in	 the	 extrusion	 Volume	 of	 10%NaOH	 and	 Time	
(Table4).		

)1037.2()2462.0(

)0663.0()7181.1()9011.0()4103.0(

)4460.0()2879.0()7665.0()4204.52(

3231

21332211

321

XXXX

XXXXXXXX

XXXYIELD





 ………………………………… (3)	

Where	 Y	 is	 the	 %	 Yield,	 X1	 is	 the	 solution	 Volume	 of	 10%NaOH	 solution,	 X2	 is	 the	 Time	 and	 X3	 is	 the	
Temperature.		
	

Table3:	Estimated	regression	coefficients	and	corresponding	t	and	p	values	of	the	models	

Factor	

Yield	

Coefficient	 't'	–	value	
'P'–	
value	

Constant	 52.4204	 73.066	 0	

X1	 0.7665	 1.61	 0.138	

X2	 0.2879	 0.605	 0.559	

X3	 0.446	 0.937	 0.371	

X1
2	 -0.4103	 -0.886	 0.397	

X2
2	 -0.9011	 -1.945	 0.08	

X3
2	 -1.7181	 -3.708	 0.004	

X1X2	 0.2462	 -0.107	 0.917	

X2X3	 2.1037	 0.396	 0.7	

X1X3	 1.4151	 3.383	 0.007	

	
Table4:	Analysis	of	variance	(ANOVA)	for	response	surface	quadratic	model	for	Yield	

Source	

Sum	of	 Degree	of	 Mean	

F	value	 P	value	

	

	

Squares	 Freedom	 Square	
	Regression	 98.55	 9	 10.95	 3.54	 0.031	
	

Linear	 11.8733	 3	 3.9578	 1.28	 0.334	
	

X1	 8.025	 1	 8.0247	 2.59	 0.138	
	

X2	 1.132	 1	 1.1319	 0.37	 0.559	
	X3	 2.717	 1	 2.7167	 0.88	 0.371	
	

Square	 50.751	 3	 16.916	 5.47	 0.017	
	X12	 0.443	 1	 2.426	 0.78	

	X22	 7.766	 1	 11.7008	 3.78	 0.08	
X32	 42.541	 1	 42.541	 0.01	 0.004	
Interaction	 35.926	 3	 11.975	 0.16	 0.045	
X1X2	 0.035	 1	 0.0351	 11.44	 0.917	
X1X3	 0.485	 1	 0.4851	 0.44	 0.7	
X3X2	 35.406	 1	 35.4061	 3.74	 0.007	
Residual	Error	 30.944	 10	 3.0943	 _	 _	
Lack	of	fit	 18.847	 5	 3.7695	 1.56	 0.319	

Pure	Error	 12.097	 5	 2.4193	 _	 _	

Total	 129.494	 19	
	 	 		

The	 large	 value	 of	 F	 indicates	 that	 most	 of	 the	 variation	 in	 the	 response	 can	 be	 explained	 by	 the	
regression	 model	 equation.	 The	 associated	 P-value	 is	 used	 to	 estimate	 whether	 F	 Statistics	 are	 large	
enough	 to	 indicate	 statistical	 significance.	 A	 P-value	 lower	 than	 0.05	 (i.e.	 <	 0.05,	 or	 95%	 confidence)	
indicates	that	the	model	is	considered	to	be	statistically	significant	(Kim	et	al.,	2003).	Thus,	the	Yield	was	
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adequately	 explained	 by	 the	 model	 equation3.	 Alternatively,	 the	 fitting	 of	 the	 experimental	 data	 to	 the	
regression	model	was	checked	and	suitably	explained	by	the	
value	 of	 determination	 coefficient	 (R2	 =	 0.913)	 and	 kappa	 number	 is	 (R2	 =	 0.912)	 (Fig-1	 and	 2).	 It	
indicated	that	~	8	%	of	the	total	variance	in	the	%	production,	pulp	were	not	satisfactorily	explained	by	
the	 model	 (Eq.	 2).	 This	 unexplained	 value	 of	 the	 response	 (~	 8%)	 was	 presented	 in	 terms	 of	 residual	
error	 (Table	 10).	 In	 their	 work,	 (Chauhan	 and	 Gupta	 2004)	 have	 emphasized	 on	 the	 acceptance	 of	 any	
model	 with	 R2	 >	 0.75.	 Besides,	 the	 relationship	 between	 the	 experimental	 values	 and	 their	 predicted	
values	(fig1)	showed	that	the	plotted	points	cluster	around	the	diagonal	line,	indicating	good	fitness	of	the	
model.	
Each	item	in	the	regression	model	(Eq.	2)	has	a	specific	effect	on	the	%	production	pulp.	Students’’-test	
can	 be	 used	 to	 quantify	 the	 intensity	 of	 parameters	 (volume	 of	 10%NaOH	 Solution,	 Time	 and	
Temperature)	on	the	yield,	while	‘P’	values	signify	the	pattern	of	interaction	among	the	parameters.	The	
larger	the	value	of	t’	and	the	smaller	the	value	of	‘P’,	the	more	significant	is	the	corresponding	coefficient	
term.	The	regression	coefficients	and	t’	and	‘P’	values	for	all	the	linear,	square	and	interaction	effects	of	
the	parameters	are	given	in	Table	8.	A	positive	sign	in	the	t’	value	indicated	a	synergistic	effect,	while	a	
negative	sign	represented	an	antagonistic	effect	of	the	parameters	on	the	production	yield.		

	
	

	
	
	

	

	

	

	

	
	
	

Fig1:	The	distribution	of	experimental	and	predicted	values	for	Yield	
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Figure	2:	Response	surface	and	contour	plots	showing	(a)	the	effect	of	volume	of	10%NaOH	(X
(X2	)	and	their	mutual	interaction	on	Yield,
X3	and	their	mutual	interaction	on	Yield,	with	a	constant	level	of	X
interaction	on	Yield,	with	a	constant	level	of	X
Kappa number 
The	kappa	number	is	the	volume	(in	milliliters)	of	0.1N	potassium	permanganate	solution	consumed	by	
one	gram	of	moisture-free	pulp	under	the	conditions	specified	in	this	method.	Experimental	procedure,	
Take	3gms	of	the	moisture	free	sample.	Disintegrate	the	sample	in	80
clock.	Add	200ml	of	0.1N			solution+100ml	of	4N	H
add	80ml	of	10%KI	solution.Titrate	the	 liberated	iodine	against	0.1N	Na
Perform	 a	 blank	 titration	 without	 pulp	 sample.	 Experimental	 design	 matrix	 coded	 results	 for	 a	 Kappa	
number	shown	in	table2.	
Calculations:	
Volume	of	hypo	consumed	=1105/20	(V
Volume	of	0.1m	KMNO4=	1105/20	(V
Kappa	number=volume	of	0.1N	KMNO

Fig3:	The	distribution	of	experimental	and	predicted	values	for	Kappa	number
The	 principal	 effects	 of	 temperature,	 Volume	 of	 10%NaOH	 and	 time	 on	 Kappa	 number	 are	 shown	 in	
Tables5	and	Eq.	(4).	It	should	be	noted	that	the	variation	of
lignin	 in	 the	 pulp,	 followed	 by	 the	 Volume	 of	 10%NaOH	 while	 the	 Temperature	 ratio	 was	 the	 last.	
Statistical	analyses	of	the	interaction	effects	of	the	pulping	variables	show	that	the	Volume	of	10%NaOH	
ratio	 and	 Temperature	 had	 no	 significant	 effect	 on	 the	 kappa	 number	 of	 all	 levels	 of	 temperature.	
Statistically,	 the	 volume	 of	 10%NaOH	 and	 Temperature	 had	 an	 insignificant	 effect	 upon	 the	 lignin	
extraction.	 However,	 a	 low	 kappa	 number	 (24)	 can	 be	 obtained	 by	 using	 V
temperatures	for	a	time	no	longer	than	3	h.	
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Figure	2:	Response	surface	and	contour	plots	showing	(a)	the	effect	of	volume	of	10%NaOH	(X
)	and	their	mutual	interaction	on	Yield,	with	a	constant	level	of	Temperature	(X3

and	their	mutual	interaction	on	Yield,	with	a	constant	level	of	X2;(c)	the	effect	of	X
interaction	on	Yield,	with	a	constant	level	of	X1.	

er	is	the	volume	(in	milliliters)	of	0.1N	potassium	permanganate	solution	consumed	by	
free	pulp	under	the	conditions	specified	in	this	method.	Experimental	procedure,	

Take	3gms	of	the	moisture	free	sample.	Disintegrate	the	sample	in	800	ml	distilled	water	till	free	of	titrate	
clock.	Add	200ml	of	0.1N			solution+100ml	of	4N	H2SO4	and	start	the	clock	(1hr).	At	the	end	of	10minutes	
add	80ml	of	10%KI	solution.Titrate	the	 liberated	iodine	against	0.1N	Na2S2O3	 	using	starch	as	 indicator	

rm	 a	 blank	 titration	 without	 pulp	 sample.	 Experimental	 design	 matrix	 coded	 results	 for	 a	 Kappa	

Volume	of	hypo	consumed	=1105/20	(V1-V2)	
=	1105/20	(V1-V2)	*Hypo/N	KMNO4	

KMNO4/Weight	of	pulp		

	

Fig3:	The	distribution	of	experimental	and	predicted	values	for	Kappa	number
The	 principal	 effects	 of	 temperature,	 Volume	 of	 10%NaOH	 and	 time	 on	 Kappa	 number	 are	 shown	 in	
Tables5	and	Eq.	(4).	It	should	be	noted	that	the	variation	of	Time	had	the	most	influence	on	reducing	the	
lignin	 in	 the	 pulp,	 followed	 by	 the	 Volume	 of	 10%NaOH	 while	 the	 Temperature	 ratio	 was	 the	 last.	
Statistical	analyses	of	the	interaction	effects	of	the	pulping	variables	show	that	the	Volume	of	10%NaOH	

Temperature	 had	 no	 significant	 effect	 on	 the	 kappa	 number	 of	 all	 levels	 of	 temperature.	
Statistically,	 the	 volume	 of	 10%NaOH	 and	 Temperature	 had	 an	 insignificant	 effect	 upon	 the	 lignin	
extraction.	 However,	 a	 low	 kappa	 number	 (24)	 can	 be	 obtained	 by	 using	 Volume	 of	 10%NaOH	 and	
temperatures	for	a	time	no	longer	than	3	h.		
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Figure	2:	Response	surface	and	contour	plots	showing	(a)	the	effect	of	volume	of	10%NaOH	(X1	),	Time	

3);	(b)	the	effect	of	X1,	
;(c)	the	effect	of	X2,	X3	and	their	mutual	

er	is	the	volume	(in	milliliters)	of	0.1N	potassium	permanganate	solution	consumed	by	
free	pulp	under	the	conditions	specified	in	this	method.	Experimental	procedure,	

0	ml	distilled	water	till	free	of	titrate	
and	start	the	clock	(1hr).	At	the	end	of	10minutes	

using	starch	as	 indicator	
rm	 a	 blank	 titration	 without	 pulp	 sample.	 Experimental	 design	 matrix	 coded	 results	 for	 a	 Kappa	

Fig3:	The	distribution	of	experimental	and	predicted	values	for	Kappa	number	

The	 principal	 effects	 of	 temperature,	 Volume	 of	 10%NaOH	 and	 time	 on	 Kappa	 number	 are	 shown	 in	
Time	had	the	most	influence	on	reducing	the	

lignin	 in	 the	 pulp,	 followed	 by	 the	 Volume	 of	 10%NaOH	 while	 the	 Temperature	 ratio	 was	 the	 last.	
Statistical	analyses	of	the	interaction	effects	of	the	pulping	variables	show	that	the	Volume	of	10%NaOH	

Temperature	 had	 no	 significant	 effect	 on	 the	 kappa	 number	 of	 all	 levels	 of	 temperature.	
Statistically,	 the	 volume	 of	 10%NaOH	 and	 Temperature	 had	 an	 insignificant	 effect	 upon	 the	 lignin	

olume	 of	 10%NaOH	 and	
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Table5:	Estimated	regression	coefficients	and	corresponding	t	and	p	values	of	the	models	

Factor	

																				Kappa	number	

Coefficient	 't'	–	value	 'P'	–	value	

Constant	 23.7692	 180.913	 0	

X1	 0.1348	 1.546	 0.153	

X2	 0.0507	 0.581	 0.574	

X3	 0.1037	 1.19	 0.262	

X1
2	 0.052	 0.613	 0.553	

X2
2	 0.229	 2.699	 0.022	

X3
2	 0.0847	 0.998	 0.342	

X1X2	 -0.0463	 -0.407	 0.693	

X2X3	 -0.138	 -1.212	 0.254	

X1X3	 -0.0458	 -0.402	 0.696	

	
CONCLUSION 
For	 all	 the	 variables	 in	 context,	 pulps	 with	 acceptable	 chemical	 properties	 can	 be	 obtained	 at	 high	
10%NaOH	 solution	 (65%),	 Time	 (220min),	 Temperature	 (85°C).The	 present	 work	 focused	 on	 the	
optimization	of	key	process	parameters	for	simultaneous	improvement	of	Yield	and	Kappa	number	using	
statistical	methodology.	Experimental	results	showed	that	among	the	Interaction	and	square	effects,	Time	
and	 Temperature	 had	 the	 greatest	 influence	 (t =	 1.933,	 P =	 0.082)	 on	 Yield	 production,	 (t =	 3.383,	 P =	
0.007)	 had	 the	 greatest	 influence	 and	 kappa	 number	 influence	 on	 the	 Time	 (t =	 2.699,	 P =	 0.022).	 The	
ANOVA	of	the	regression	models	for	yield	(F =	13.75,	P =	0.004)	and	Kappa	number	(F =	7.28,	P =	0.022)	
demonstrated	 that	 the	 model	 terms	 are	 highly	 significant	 at	 91.3	 %	 and	 91.2%	 confidence	 interval,	
respectively.	Accurate	prediction	of	the	maximum	value	of	the	experimental	responses	indicated	that	the	
quadratic	models	had	been	adequately	selected	to	describe	the	response	surface	within	the	experimental	
region.	
 
SCOPE AND LIMITATION OF THE STUDY 
1)	This	study	was	limited	only	to	a	small	scale	pulp	and	paper	industry	using	sugar	cane	bagasse				as	raw	
material.	
2)	 The	 study	 of	 implementing	 cleaner	 production	 was	 concentrated	 on	 process	 effluent	 reduction	 and	
recovery	as	well	as	recycling	rather	than	the	modification	process.	
3)	This	study	intended	to	evaluate	the	economic	significance	of	using	bagasse	as	an	alternative	source	of	
raw	material	for	pulp	manufacturing	and	compared	it	with	cogeneration.	
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