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Table 1. Effect of alkaline, acidic, and bleaching treatments on the yield and residual lignin in cellulose
extracted from sugarcane bagasse

Trial Solvent-to-Sample Reaction NaOH Concentration Yield (%) Lignin (%)
Ratio (mL/g) Time (h) (%)
1 10 1 5.5 26.13 10.31
2 20 1 5.5 11.03 16.03
3 10 3 5.5 2491 10.01
4 20 3 5.5 20.90 15.33
5 10 2 1 22.72 15.04
6 20 2 1 20.91 24.51
7 10 2 10 15.56 10.91
8 20 2 10 11.42 15.02
9 15 1 1 24.71 12.25
10 15 3 1 24.01 13.41
11 15 1 10 13.12 11.82
12 15 3 10 12.73 8.85
13 15 2 5.5 15.11 15.61
14 15 2 5.5 17.13 13.12
15 15 2 5.5 18.61 14.61
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Table 2. Analysis of variance and significance of regression coefficient for yield

Source Squares df  Square Value Prob > F

Model 4.01E+02 6 6.69E+01 7.11 0.0071 significant
A —liquid- solid 4.08E+01 1 4.08E+01 4.34 0.0709

B-time 7.13E+00 1 7.13E+00 0.76 0.4094

C-NaOH 2.71E+02 1 2.71E+02 28.8 0.0007

AB 3.08E+01 1 3.08E+01 3.28 0.1079

B"2 3.88E+01 1 3.88E+01 4.12 0.0768

Cc~2 9.74E+00 1 9.74E+00 1.04 0.3387

Residual 7.52E+01 8 9.40E+00

Lack of Fit 6.91E+01 6 1.15E+01 3.73 0.2263 not significant
Pure Error 6.17E+00 2 3.08E+00

Cor Total 4.76E+02 14
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Figure 1. Interaction effect of solvent concentration and solvent-to-solid ratio on yield
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Table 3. Results of variance analysis based on lignin index

Source Sum of Squares  df Mean Square F-Value  p-value

Model 181.37 8 22.67 10.01 0.0058 significant
A -liquid- solid  75.64 1 75.64 3341 0.0012

B-time 0.98 1 0.98 0.43 0.535

C-NaOH 43.24 1 43.24 19.1 0.0047

AB 0.04 1 0.04 0.018 0.8986

AC 7.29 1 7.29 3.22 0.1229

BC 4.2 1 4.2 1.86 0.222

AN2 9.44 1 9.44 4.17 0.0872

B"2 37.58 1 37.58 16.6 0.0065

Residual 13.58 6 2.26

Lack of Fit 10.48 4 2.62 1.69 0.4044 not significant
Pure Error 3.1 2 1.55

Cor Total 194.95 14
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Figure 2. FTIR spectra of celluloses extracted from sugarcane bagasse
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Figure 3. Effect of acidic conditions on the yield of pure cellulose
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Figure 4. Cellulose extraction yield from other waste sources
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Figure 5. XRD spectra of pure cellulose and cellulose samples extracted from other sources

Table 4. Crystallinity Index of Cellulose from Various Sources

crystallinity index
Sugarcane
cellulose-pure | Bleached waste paper | Waste papers sawdust Wheat straw | Palm leaf | Mulberry leaf bagasse
56.91+0.564 39.23+0.42¢° 79.2440.04* | 60.81+0.10° | 63.58+0.06° | 15.87+1.74f | 66.65+0.09° | 63.67+0.50°

302




VErg 3T XY oy NV o, led

C)|)’o'| L;.‘,"lb @W}f}lﬁ‘\bu

1 a 1035-cellulose

0.9

0.8

0.7

0.6 738-lignin,

Hpmicellulose

0.5

Absorbe

0.4
0.3

0.2

0.1

0

300 800 1300 1800
e cellulose-pure

wheet straw e nalm |eaf

1616-
lignin

hemicellulose

e Mulberry leaf

2920
1732 Hemicellose
cellulose

2300 2800 3300 3800
Bleached waste paper e \aste paper sawdust

e Sugarcane bagasse

Figure 6. FTIR spectra of celluloses obtained from other samples

s ol fL"‘" L" 5 AE ,slie 3l by ghor ady 4 S

sl 0ol 0 J g 5

5 Pl g5 kS o o Jalse sl esle g5 5 esdle
AB 5,38, 35 AE Jltis 1515 o ) Sl 5ls s
aslie 5 ke sl Gl Gl e Ll S
Dgn parls ol 5l eslined b ol Ciies (o gl
o > 3L e gl glaanlp s«
235555 b lesgd s w0 ke K (ol Slles
3o % e e ol DBl el LS s
2 St 0350 53 1S L g5 5 ol pasiie

LYAT el 35 50 3 ghee Ky Sl s ol

S ) Al s g (e Ky S e Y

5 Glaal Jsle badisas ¢l AE olis 4l
4305 2 (S Ol om0 05 o0 (S S shon b O ey lis
Ao gl aS aals AE e 4 AE 5olie a8 5y
ol 03 5 oslae 4 as OF SOy il 5 s o
ol 31 A 5l edd ol sl il Koy lad ol
G g LT sl Bl 5 Ko el L
S Ver gama S Sl ladigas 23y, oy odas
Ol e 4 ([Sussh 5 ol by eas OLES AL 5
Jeol> sl L" jlaie o god o 3 ol o low oins
SVl gy a3 5 3l llas ALt L SLIS IS

Table 5. Colorimetric results of celluloses extracted from various waste sources

Celluloses extracted from each AE values for each of the L*

source extracted celluloses

Blank (Pure Cellulose) 90.67+0.71°

bagasse 16.43+0.93° 87.29+1.40°

Mulberry leaf 30.44+0.74 87.26+0.70°

Sycamore Leaf 25.21+0.94° 76.46+1/41°¢

Sawdust 27.43£0.71¢ 74/43+0.71°¢

Waste paper 9.314£0.712 90.68+0.71*

Wheat straw 16.30+0.71° 87.97+0.71°

Elm leaf 18.42+0.71° 89.31+0.71%

Palm leaf 35.63+1.184 87.29+1.41°
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Agricultural waste contains valuable materials such as cellulose. Extracting
cellulose from lignocellulosic biomass and agricultural waste like wheat
straw, sugarcane bagasse, tree leaves, sawdust, etc., can be important in
improving the agricultural value chain. The aim of this research was to
optimize the process of cellulose extraction from sugarcane bagasse in terms
of sodium hydroxide concentration (1-10%), solvent-to-solid ratio (1:10 to
1:20 mL/g), and process time (1 to 3 hours), and to investigate its effect on
the quantity and quality of the resulting cellulose. Subsequently, the
optimized extraction conditions were applied to other lignocellulosic wastes,
and the resulting celluloses were compared. Reducing the sodium hydroxide
concentration from 10% to 1% increased the cellulose extraction yield from
bagasse. This could be due to the presence of residual impurities (lignin) in
the sample as a result of the lower sodium hydroxide concentration.
Increasing the sodium hydroxide concentration and the solvent-to-solid ratio
reduced the amount of residual lignin. The highest cellulose yield (72%) was
obtained from waste paper (which had only undergone bleaching treatment),
but its crystallinity was significantly reduced. Subsequently, the highest
yields were obtained from sawdust, waste paper (which had been subjected
to all three alkaline, acidic, and bleaching treatments), and sugarcane
bagasse, with yields of 35.3%, 34.6%, and 18.4%, respectively. The highest
crystallinity was also observed in cellulose derived from waste paper (which
had been subjected to all three treatments), mulberry leaves, and sugarcane
bagasse, with crystallinity indices of 77.22, 64.16, and 61.18, respectively.
The highest brightness index and the lowest color change were observed in
cellulose extracted from waste paper and sugarcane bagasse.
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