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ABSTRACT

Solid residues from ethanol fermentation of banana peels were applied as raw
materials for the simply paper production to reduce waste from the ethanol process. The
comparison of 3 different pulp raws were studied. The first pulp was obtained from conventional
soda process of fresh banana peels. The others were residues that received from 2 different
ethanol production methods. The second and third pulps were produced from hydrolysis heating
by oil bath and by microwave respectively. The 3 pulps yielded different cellulose contents. The
first soda pulp contained 60%w cellulose. The optimal soda process that was investigated by
RSM (Response surface methodology) provided 3 M sodium hydroxide solution heating by oil
bath at 110 °C for 40 min. The second that had 7%w cellulose was hydrolyzed by vinegar
solution, oil bath heating by oil bath at 90 °C for 40 min, and the third comprised 11%w cellulose
that was hydrolyzed by vinegar solution using microwave heating at 465 watt for 20 min.

After that the 3 pulps were employed for handmade traditional paper production.
Physical properties of the paper which were basic weight, thickness, cobb value and tensile
strength were determined to compare with mulberry paper, wrapping paper, gift wrap paper and
writing paper (double A, 70 gram). An only water absorption resistance was investigated to
improve the physical quality of the simply paper by adding aluminium sulfate (alum) and rosin.
The optimum paper production was the soda pulp using a weight ratio of 3:1:1 of pulp to alum to
rosin. Its water resistance property was similar to the wrapping paper. The optimum paper
production were the ethanol pulp using 2 different heating and no adding alum and rosin. Its

water resistance property was similar to the writing paper.
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1] d 1
Polysaccharides wazasdseneuiiilaseaiadluiaumou (Aromatic compounds) (U Tannins
. S Y
Stilbenes Flavonoid 111Uy
9 4 d? "o wAa =1 :1’ 1
ﬂ1ii%ﬂigiﬂ‘ﬁuﬂlﬂﬂﬁ"lilmiﬂ"uuﬂgﬂﬂﬂmﬁlmﬁ‘ﬂ"lﬂlﬂllﬂlﬂﬂﬁﬁuu U AITUNTD
It Y v o 0 o ' Y A 2
W’Jﬂm@31"]1&@1%1%‘].]1!%’)1’11@13@1']8 MUY 81 1Y N1 uaﬂﬂuqmmmqu W’JﬂIWﬁV\I-
9 o [ 4 1 [ J 0 (=} 4 [
uaa“l%“lumwlaﬂwm AIUATITHINTI AIUNINDANINDYA ﬁ"JuGl‘ViQ‘liJﬂiﬁﬁIﬂ“]fu‘Vleﬁslfﬂiiil

Taena I luiadlsznoudraag laddosay 40-45  18liwag Taaiosaz 20-25

Y
a a 9 9 o o
AanNUUITRYAL 20-30 LLAaSaITHNINIBYAL 5-10 Tﬂﬂlﬂ’ﬂuﬂ

9
=

dyulsznoumaniiveuduleisudazyiaazuanaenuivediy siavoiy

A A a A 9 ' A Y ' = 9y 9
ﬂuﬂlﬂiml@]ﬂi@] FNNMTUIAADN YU DINA uUNNY L‘ﬂu@‘u ﬁﬁuﬂigﬂf]'iJT]'l\‘ilﬂiJGUf]\uﬁuﬂlﬂinﬂlliJ

Lmzﬁwnmimym HAANAIATT NN 2-1

A J = A a
Q13197 2-1 LEAIBIAYTZNOUNMIUANVBINTLIIFHA (Han, 1998)

Chemical composition (% total)

Fiber type
Cellulose Lignin Pentosan Ash Silica
Rice 28~48 12~16 23~28 15~20 914
Sugar 32-48 19-24 27-32 1.5~5 0.7-35
Bamboo 2643 21-31 15-26 1.7-5 0.7
Agricultural  Esparto 33-38 17~19 27-32 6~8 -
Crops Bagasse 3248 19~24 27-32 1.5~5 0.7~35
Reed 44-46 22-24 20 3 3
Hemp 57-77 9-13 1417 0.8
Kenaf 37-49 15~21 18~24 2~4
Jute 4148 21-24 18-~22 0.8
Softwood Coniferous 40-45 26~34 T~14 <1

Hardwood Deciduous 38-49 23~30 19-26 <1
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11/49nN&78 (banana Peels) ¥4 HAIMIAUNGI 2-3 T dannilsznoun 3-1

v Y
Aalszneui 3-1 ndrenirh
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- 11 JaTasuunmauy (Decahydronapthalene)

- n3AFaIIN (Sulfuric acid ; H,S0,)

- FUAU (Rosin)

- Twdeunas 15a4501na01n (Sodium chloride; NaCl)
- T Tansenlod (Sodium hydroxide ; NaOH)
_yhndu

vhdumey

- 5 (Aluminium sulfate)

- 92 Iy (Acetone)
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Y
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7 a % 1

v
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u

9
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9
Y L]
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£ A [ = A Yy 9 = 4
ganiladelunisdnyine anuwduduvesaisazarglyaenlanson lad
gl taza Taeld11s1unsu response surface methodology (RSM) Tumseenuuuaniaz
AMINAADI LAAIAIAITIN 3-1
MININTZVIUMS LA LaadnInInilsznoun 3-3
o w a A = Y 3 Y A 3 o -d'
(1) hiagavfenldonndledaviu uduerdsanisnesn 1induiih ldeun
a = a3 M)
QUi 50 oarwaIFae 1Tuan 2 $2 119
o Y v s { Yy Y
) 1hndudreasazats Twdey laasen lod (NaOH) Nanuwudy 1-3 Tua
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v Y ¥
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mInaaedi AT U NaOH QR na
Tuanoans NI W

1 2.6 86 48
2 2 95 60
3 3 95 60
4 2 95 60
5 2 80 60
6 2 95 80
7 2 95 40
8 2 110 60
9 1.4 104 72
10 1.4 86 48
11 2.6 104 48
12 2.6 86 72
13 1.4 104 48
14 2 95 60
15 1 95 60
16 2.6 104 72
17 1.4 86 72
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(4) NTTUDNANN
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(6) NI
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(8) nsasFaN s ALt Ui osaz 96 Tagrhwmin
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(10) tam la Tasuurimau

(11) 9% lau
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nlaenndleanuruiosas 10 2.05 sy ldnnaaenndaseu 2 s, 41

nlaonndleou 2 . 20 sy ldnnaenndlean 2254 nsu

nlaenndleeu 2 ¥, 41 sy lannaaenndrean 4621 3w

92



MANUHIN A

v Y 14
ﬂlﬂﬂgﬂﬁ‘lﬂﬂ1ﬂﬂ1i°ﬂﬂﬁi’)fi

~ 9 a a 4 A Y A 9 Aan
AT NN A-1 6]]@3;!@WIJfnﬁ’J!ﬂﬁ'lgﬂﬂaiiﬂmLclfaQiﬁﬁi}'lﬂlﬂaﬁlﬂﬂﬁ’lﬂﬁﬂﬂWWuﬂigﬂ’JuﬂWiI“IfQW 73875 AOAC 1990

Condition PBanadniiy | PBinausaglaa
Exp# w1 w2 w3 w4 y y ADF
Conc. (M) | Temp. (C) | Time (min) (398182) (39802)
1 1 95 60 29.75 30.18 29.92 29.76 16 27 43
2 1.4 86 48 29.65 30.24 30.01 29.65 36 23 59
3 1.4 86 72 30.19 30.72 30.35 30.2 15 38 53
4 1.4 104 48 29.96 30.53 30.35 29.98 37 20 57
5 1.4 104 72 30.19 30.74 30.34 30.19 15 40 55
6 2 80 60 29.74 30.37 30.06 29.76 30 33 63
7 2 95 40 30.02 30.56 30.35 30.02 33 21 54
8 2 95 60 30.86 31.48 31.12 30.87 25 37 62
9 2 95 60 30.11 30.71 30.38 30.11 27 33 60
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Condition Banadniy | YSmnauvaglaa
Exp# w1 W2 W3 W4 ) ) ADF
Conc. (M) | Temp. (C) Time (min) (39810%) (39802)
10 2 95 60 29.75 30.4 30.07 29.75 32 33 65
11 2 110 60 29.91 30.56 30.1 29.92 18 47 65
12 2.6 86 48 29.64 30.24 29.93 29.65 28 32 60
13 2.6 86 72 29.65 30.25 29.92 29.65 27 33 60
14 2.6 104 48 30.86 31.49 31.01 30.87 14 49 63
15 2.6 104 72 30.03 30.65 30.25 30.03 22 40 62
16 3 95 60 29.96 30.61 30.23 29.96 27 38 65
17 2 95 80 29.74 30.34 29.95 29.75 20 40 60
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v . MMIAR
Vv v 4 A A a Y [ U
o ITUAIGUENDNS NWHN HUSUAY | HU.HA9 o v
f9814 , FUM
(mm.) (mm’) (2 (2 ,
(g/mm’)
Tudwens 87 5941.665 1.26 2.22 0.000162
gNAU 0.5 88 6079.040 1.55 2.28 0.000120
gNAU 1 90 6358.500 1.63 2.22 0.000093
YNAU 1.5 85 5671.625 1.84 2.13 0.000051
YNAU 2 90 6358.500 2.87 3.14 0.000042

, 9 Yo,
A15199 A-3 Gﬁ'mgacvmmsmmzﬁmmé’ﬁumumi%uwmﬂizmymmﬁaﬁmuﬂizmums

‘Hﬁﬂl’ﬂ‘ﬂTL!E]ﬁiﬂEJﬂWiGlﬁ}ﬂ'ﬂiJ%lﬂu@Q{’JﬂvlﬂJIﬂil’W\l

v : MR
Y T d A A a 9 w U
Lo, EuRgUENaN NuA WILGUAY | vHas L e
M08 A Fuh
(m.) (m) ® ® 2
(g/mm’)
Vlijlahffﬂ‘i 91 6500.585 6.65 12.07 0.0008338
gNAadU 0.5 88 6079.040 7.54 9.72 0.0003586
NTU 1 90 6358.500 7.93 9.85 0.0003020
YNAU 1.5 87 5941.665 8.63 10.33 0.0002861
YINTU 2 90 6358.500 8.89 10.34 0.0002280
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v v X 4 2y o MMIgA

. !aumgmsmma NUN HULINAY HU.HNAN <
f139813 ) BN
(mm) (mm") (g) (® 5

(g/mm’)
Tuduas 93 6789.465 4.89 10.96 0.0008940
3:1:0.5 83 5407.865 5.00 7.27 0.0004198
3101 82 5278.340 8.94 10.91 0.0003865
3:1: 1.5 90 6358.500 6.50 8.96 0.0003444
3:1:2 85 5671.625 6.64 8.26 0.0002856

~ ) a a 7 ) = 3 Aq ¥ ~ o
AT N A-5 "11633!6WLIﬂﬁ’Jlﬂ51$Wﬂ'ﬂll@l'lu‘]/l'luﬂ'liclfllu'lellﬂilﬂigﬂ'l‘]slﬂ%ﬂ‘]ﬁiﬂﬂmﬂﬂﬂﬂ

AFZAIYINNITNAND
v . MMIAA
Vv | d A A a Y (Y U
o EURIFHENAY WUN HULSNAY | UU.¥iA o
9819 , ABUU
(mm) (mm") (2 (g 2
(g/mm’)
NITAIYM 125 12265.625 0.44 0.62 0.0000147
NTLATHHD
N 125 12265.625 1.41 2.12 0.0000579
an
NTLATHHD
N 125 12265.625 0.99 1.53 0.0000440
VDIUIY
NIz A4 125 12265.625 0.99 1.88 0.0000726
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A1519% A-6 Glgljﬂll“aﬂ°]Jﬂ15'JLﬂ3181’??’!'lﬂ']'liJﬁHl!“lmuLLﬁﬂﬁﬂﬂl@ﬂﬂﬁ%ﬂ'l‘]ﬁﬁﬂﬂlgﬂi"]fﬂ']

SRRERR Maximum Load : F
N
9.03
liAuans 7.97
11.9
Lﬂéﬂ 9.63
42.6
3:1:0.5 444
46.9
e 44.63
44.4
3:1:1 46
453
méﬂ 45.23
46.2
3:1:1.5 47.8
45.6
m”a{ﬂ 46.53
48.3
3:1:2 47.5
47.4
méﬂ 47.73
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wifnemuea lagnslianudoualslulasn

#19814

Maximum Load : F

N

Tuduens

76.355
97.065

66.210

=
[Ray

79.877

3:1: 0.5

65.033
77.021

70.443

a
nay

70.832

3:1:1

17.241
14.292

21.300

=
[Ray

17.611

3:1: 1.5

35.991
77.550

85.263

P~
[Ray

66.268

3:1:2

33.190
42.780

32.320

=
nay

36.097
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#19814

Maximum Load : F

N

Tuduens

47.327
55.025

52.889

=
[Ray

51.747

3:1: 0.5

56.873
63.591

65.482

a
nay

61.982

3:1:1

54.174
57.385

98.200

=
[Ray

69.920

3:1: 1.5

38.155
27.283

21.781

P~
[Ray

29.073

3:1:2

64.664
69.535

66.847

=
nay

67.015
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A 9 a a g 9 = ~ 9 = [
#113719N A-9 GUfJll"aﬂUﬂWﬁ'JLﬂﬁWZWﬂ'lﬂ']'liJ@nl!“lmuL!ﬁ\‘]ﬂ\‘]Gll@Qﬂﬁ%ﬂTHﬂi%LlﬁﬂULﬂﬂUﬂ‘U

NILAIHIINNINAADY
A0819 Maximum Load : F
N
15.858
NIEAHEN 11.93
22.158
Infie 16.649
95.709
NIEATHYIONAQ 87.386
100.41
méﬂ 94.502
26.803
NIZATHHOUDIUITY 26.35
28.322
méﬂ 27.158
69.838
NITAY A4 67.381
68.971
Lﬂéﬂ 68.730




{ a a Jd 1 4
A1519% A-10 GlsllﬂiJ”aﬂ‘Uﬂ'lﬁ'Jlﬂﬁ'W‘ViﬂWﬂ'JHJﬁuﬁl’ﬂﬂﬂﬁ%ﬂWH‘NﬂLgﬂT“]ﬂﬂ'l

ﬁJ’J’E]EJIN 1IN 1 ﬂ%\i“ﬁ 2 ﬂ%\i“ﬁ 3 ﬂ%\i‘ﬁ 4 ﬂ%\‘]‘ﬁ 5 Lﬂéﬂ
Taiuans 0.21 0.22 0.20 0.20 0.19 0.20
3:1:0.5 0.35 0.36 0.34 0.36 0.36 0.35
3:1:1 0.41 0.38 0.41 0.39 0.37 0.39
3115 0.40 0.42 0.40 0.42 0.44 0.42
3:1:22 0.49 0.46 0.46 0.48 0.51 0.48
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H ] A A P 4 H ] LY
A5 19N A-11 "lJ@i;Ijﬁ@]“]Jﬂﬁ’Jlﬂ51$Wﬂ'lﬂ’J'lﬂJWL!'IGUENﬂ§$@1'l‘]slﬁ]TﬂlgﬁlﬁNWHﬂﬁgU’Juﬂﬁi'ﬂﬂJﬂL'{’)‘I/H

uoalasmslinnudoudis lulasm

A19819 afaii1 | adafi2 | afaiis | afafia | adeiis | mde
liiduans 1.27 1.25 1.27 1.3 1.2 1.26
3:1:0.5 1.3 1.32 1.33 1.32 1.36 1.33
3:1:1 1.39 1.41 1.4 1.4 1.45 1.41
3:1:1.5 1.53 1.52 1.45 1.64 1.47 1.52
3:1:2 1.72 1.67 1.67 1.7 1.65 1.68

A a a J 4 A o
ANTNN A-12 %Ha@mmsamﬂzwmmmwuwmﬂsmmmm%‘ﬂmuﬂizmumiwumam

v v Y a
Uoa lagnNs 1HANN3 UL UAUAY

#1981 ﬂé’l\iﬁ 1 ﬂé’l\iﬁ 2 ﬂ%\ﬁ/i 3 ﬂ%\i‘ﬁ' 4 ﬂ%\i‘ﬂ' 5 méﬂ
liduans 2.20 222 2.25 2.12 2.21 2.20
3:1:0.5 2.25 2.27 2.28 2.27 2.26 2.27
3:1:1 2.34 2.36 2.31 2.30 2.32 2.33
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Pulp Production from Banana Peels
by the Soda Process
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Abstract—An experimental design for the soda process was performed to study effects of
concentrations of sodium hydroxide (1 - 3 M), temperatures (80 - 110 °C) and time (40 - 80
min). Cellulose content in products, that banana peels were treated by the soda process,
were analyzed to investigate their suitability for paper production. The optimum condition
that was proved by response surface methodology (RSM) was 3 M sodium hydroxide
solution, 110 °C and 40 min. This provided 60 %w of the cellulose content in the pulp

product.

Keywords: Pulp, Cellulose, Soda process, banana peels

Introduction

Consumption of paper worldwide was increased from about 300 million tons in
1998 to about 425 million tons in 2010 [1]. 95% of all feedstock that consists of hardwood or
softwood is used for pulp production. This pulp is a raw material for the paper industries. The
type of interesting material that can be employed for this purpose is non-wood plants [2]. Non-
wood plants (i.g. banana) suggest several advantages including low lignin content resulting in soft

wall fiber, coordinate together wall and short growth cycle.


mailto:csininart@yahoo.com*

106

Among the treatment processes to obtain the cellulose pulps, there are the
predominance of sulfate (Kraft) and sulfite methods [3]. However, the use of sulfate chemical
substance in these methods causes environmental pollution. A soda process is an alternative
method for producing pulp from non-wood plants. The soda process uses sodium hydroxide
(NaOH) solution to pretreat a raw material. This process gives pulp with lower tear strength than

other chemical pulp production processes (sulfite and kraft processes).

RSM is the combination of a group of mathematical and statistical techniques for
analyzing the effects of a response of interest (y), and dependent variables denote by X, X, ...,
X, for optimizing the optimum process condition [4]. And it can be used suitably to find the

optimum pulp production.

Designed experiments by RSM in this work were performed to get a maximum
cellulose content for the pulp production from banana peels using the soda process. Vital factors

that were investigated were sodium hydroxide concentrations, temperatures and time.

Materials and methods

Materials

The unripe banana peels were obtained from the deep-fried sliced banana shop in
Hat-Yai, Songkhla province, Thailand. The compositions of the fresh banana peels are shown in
Table 1. An acid detergent that was the mixture of 96% sulfuric acid and cetyl tri-methyl
ammonium bromide and decahydronaphthalene for cellulose and lignin analyses were laboratory

grades.
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Table 1. The compositions on dry basic of fresh banana peels

Test Items Results (Unit) | Analytical Methods
Protein 7.98% AOAC (Kjeldahl Method)
Crude Fat 11.44% AOAC (Soxhlet Extraction Method)
Ash 11.00% AOAC
Crude Fiber 14.33% AOAC (Fritted Glass Crucible Method)
Total Carbohydrate 57.52% Calculation
Pretreatment

Fresh banana peels were firstly cut and crushed to be about 2 mm size. The
crushed peels were pre-heated at 50 °C for 2 h by oven for reducing the moisture content to remain
about 10 %w (about 20 h). Then the cellulose and lignin contents of these pretreated peels were

determined (AOAC 1990) [5].

Soda pulping process

The pulp was produced by digesting the crushed peels with sodium hydroxide
solution. The peels were mixed with the 1 - 3 M solutions in a weight ratio of 1 to 10 at various
temperatures of 80 - 110 °C and time of 40 - 80 min. After that the digested peels were washed
until the washing water to get a pH value of about 7, then the washed peels were dried at 50 °C to
receive the pulp products that contained about 10% moisture content. The cellulose content in the

pulp was analyzed by AOAC 1990 method.

Cellulose analysis

The analysis of cellulose and lignin contents in the pulp products was carried out
by AOAC 1990 method. The 1 g pulp was boiled with 100 mL acid detergent and 2 mL
decahydronephthalene for 1 h, then the pulp sample was washed with warm water and acetone
passed through a crucible. After that it was dried at 100 °C for 20 h. The 72% w sulfuric acid

solution was dropped into the dried pulp until it was soaked for 3 h, and washed with warm clean
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water to obtain the neutral pulp. Then it was dried at 100°C before burning in furnace at 500 °C 2

h. After that the cellulose and lignin contents were calculated by AOAC 1990 determination.

Experimental design

The investigations of the experiments were operated by a central composite
design (CCD) in RSM program. CCD is popularly used in experimental design for fitting a second-
order response surface [6]. Three 2’-factorial central composite designs (23—FCCD) were carried
out in order to identify optimum parameter levels for this soda process, the process independent
variables of the effects of concentration (X,, Molar), temperature (X,, “C) and time (X,, min.),

according to design are shown in Table 2.

Table 2. Independent variables for the experimental design

Code levels
Independent variables Symbols
-1 -0.59 0 0.59 1
NaOH concentration (M) X, 1 1.4 2 2.6 3
Temperature ("C) X, 80 86 95 104 110
Reaction time (min.) X, 40 48 60 72 80

The cellulose content (Y, %w) was taken as the response result influenced by
NaOH concentration, temperature and time. The coded and actual (uncoded) values of the
operating parameters are given in Table 3. The 17 experiments (Run No. 1-17) were performed

by the CCD method.

In order to get the optimum NaOH concentration, temperature and time for
obtaining the maximum cellulose content Eq. (1) is the quadratic equation model for predicting

the optimal conditions [6].
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Where Y is the response; X. and X; are the variable; BO is a constant coefficient;
Bi, Bﬁ, Bii are the interaction coefficients of linear, quadratic and second order term respectively;

k is a number of factor studied and optimized in the experiments and e is the random error.

Table 3. CCD for the study of three experiment variables for soda process

Variables
Run No.

X, X, X,
! 2.6 86 48
2 2.0 95 60
3 3.0 95 60
4 2.0 95 60
5 2.0 80 60
6 2.0 95 80
7 2.0 95 40
8 2.0 110 60
? 14 104 72
10 1.4 86 48
i 2.6 104 48
12 2.6 86 72
13 1.4 104 48




14 2.0 95 60
15 1.0 95 60
16 2.6 104 72
17 1.4 86 72

Results and discussion

Components of banana peels
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The high content of fiber (Table 1.) shows that banana peels that are a non-wood

plant and an agricultural residue are a suitable raw material for the pulp production.

Response surface analysis for the optimization of three independent

variables

The experimental conditions for batch runs from CCD, and the results (response)

in terms cellulose content (%w) in the products that were obtained from the experiments and that

were predicted by RSM program were shown in Table 4. The response surface could be plotted

by Eq. (2):

Y= 120692 11.12X, - 4.842X, + 4.056X, - 22X £ + 0.0235X,> ~ 0.0105X,’
+0.707X,X, - 0.672X,X, ~0.01179X,X,

2



Table 4. Experimental and predicted cellulose contents

Run Experimental | Predicted
No. Cellulose contents (%ow)
1 32 32
2 33 34
3 38 39
4 33 34
3 33 35
6 40 36
7 21 24
8 47 44
9 35 36
10 23 22
11 49 45
12 33 33
13 20 22
14 37 34
15 27 26
16 40 42
17 38 40

Table 5. ANOVA for the quadratic equation of the model for Eq. (2)
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ANOVA
Source Sum of squares Degree of freedom Mean squares F-value Probe > F
Regression 979.48 9 108.83 10.66 0.00253
Residual 71.46 7 10.21
Total 1050.9 16
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The result from using Eq. (2) showed the fair determination coefficient (R2 =

0.932) was observed, which implied that it was a good fit for experimental and predicted values.

The ANOVA result of the quadratic model in Table 5 indicated that the model
equation derived by RSM used to discuss the cellulose content under a range of operating
conditions. The quality of the fit polynomial model was expressed by the coefficient of
determination R’ and P-value (probability) associated with the 95% confidence level was used to
evaluate model term. The significance and adequacy of the model were check by F-value (Fisher

variation ratio).

e Predicted cellulose vs, %% Experimental cellulose

. *
%“ et
s
b *
L .y ¥ = 0952 144

X
*eExprrimenil eelbalee

Figure 1. Experimental cellulose content vs. predicted cellulose content

Figure 1. shows cellulose content (%w) obtained from the experiments versus
cellulose content (%w) obtained from the prediction for the model Eq.(2). From the figure 1. and
statistical in Table 2, the coefficient of determination (R”) is 0.932 . The predicted empirical

model represents %cellulose moderately over wide range of an operational parameter.

Interactions among the factors

Figure 2. presents temperature and time effects on cellulose content. The
%cellulose increased with increasing temperature and time, the highest cellulose content was 44%

at time in the range of 66.7 to 75.6 min. and temperatures in the range of 100 to 110°C.
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Table 6. Coefficients, t-statistics and significance probability of the model

Standard
Terms Coefficient Value t—value | P -value
Error
Constant b0 120.692 104.16 0.849 0.424
Concentration (molar) bl -11.120 24.89 -0.447 0.669
Temperature b2 -4.842 2.401 -2.016 0.084
Time b3 4.056 1.336 3.037 0.019
Concentration x
b4 -2.200 2.692 -0.817 0.441
Concentration
Temperature x
b5 0.023 0.012 1.969 0.089
Temperature
Time x Time b6 -0.011 0.007 -1.560 0.163
Concentration x
b7 0.707 0.213 3.320 0.013
Temperature
Concentration x Time b8 -0.672 0.160 -4.205 0.004
Temperature x Time b9 -0.012 0.011 -1.107 0.305
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Figure 2. Cellulose content as a function of temperature and time using

a NaOH concentration of 2 M

NaOH concentration and temperature effects on cellulose content are shown in
Figure 3. The %cellulose increased with increasing NaOH concentration and temperature, highest
cellulose was 60% for NaOH concentrations in the range of 2.8 to 3 M and temperatures in the

range of 106.7 to 110 °C
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Figure 3. Cellulose content as a function of NaOH concentration and temperature for 60 min.
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Figure 4. Cellulose content as a function of NaOH concentrations and time at 95 °C

Figure 4. shows NaOH concentration and time effects on cellulose content. The
cellulose increased with increasing NaOH concentration and decrease time, the highest cellulose
was 41.9% for NaOH concentrations in the range of 2.8 to 3 M and time in the range of 40.0 to
48.9 min.

The response surface could be described by the model equations for cellulose
content showed that the increase in the variable value polynomial factor or the increase the
cellulose content in the pulp from banana peels. The best value was obtained when the soda
pulping was operated at 110 °C for 40 min using 3 M of NaOH concentration. This condition was
optimized by the prediction of RSM, Eq. 2 model, that was different from the 17 experimental
conditions in Table 3. This could be received the pulp that contained the highest 60%w

experimental cellulose (66%w predicted cellulose).

Conclusions

This work demonstrated the optimum condition to produce the high cellulose
product for pulp production from banana peels. The condition was optimized by RSM with a
NaOH concentration of 3 M, operating temperature of 110 °C and time of 40 min. This provided

60%w of the highest cellulose content (that the predicted content was 66%).
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