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Abstract

The Central Composite based Response Surface Methodology (RSM) (Design-Expert 10.0.1) was
used to optimize acid catalyzed pretreatment of corn stover. The experimental of pretreatment was
conducted under the acid concentration of 0.05 - 0.15 M using sulfuric acid, formic acid and
phosphoric acid as homogeneous promoters. The reaction time of 15 - 45 min were selected. The
reaction temperature of 90 - 210°C was selected all the works. After pretreatment, enzymatic
hydrolysis was also hydrolyzed the pretreated solid to evaluate the optimal pretreatment conditions for
maximizing sugar production. The results showed that pretreatment with 0.1M sulfuric acid at 180°C
for 30 min was found to be the optimal condition for pretreatment of corn stover. The optimal condition
was focused on the highest sugar production from enzymatic hydrolysis with low inhibitory by-product
detected in the aqueous phase after pretreatment. The optimum condition showed 88.93% reducing
sugar and 89.26 glucose yield from enzymatic hydrolysis of pretreated corn stover. Hemicellulose
solubilization of 85.08% was removed under the optimal condition. Scanning electron microscopy
revealed disruption of the intact biomass structure allowing increasing enzyme’s accessibility to the
cellulose microfibers which showed higher crystallinity index compared to the native biomass as
shown by x-ray diffraction with a marked increase in surface area as revealed by BET measurement.
The work provides an insight into effects of acid pretreatment on modification of physicochemical

properties of corn stover and an efficient approach for its processing in biorefinery industry.
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2.5.3 Fourier transform Infrared (FTIR)
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Run  Anadndu  auupil 1ian Glucose
No. ngm (M) (°C) (min) yield (%)
1 0.05 90 15 49.81
2 0.1 150 30 86.05
3 0.15 90 45 53.03
4 0.15 150 30 81.15
5 0.05 210 15 75.57
6 0.15 210 15 75.97
7 0.05 210 45 73.18
8 0.1 90 30 59.63
9 0.1 210 30 7917
10 0.1 150 30 86.05
11 0.15 90 15 55.79
12 0.05 150 30 79.19
13 0.1 150 45 83.93
14 0.1 150 30 86.05
15 0.1 150 30 86.05
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45 Wil oA 210 avAaadea atnelsfiniy
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Liquid phase (hydrolysate) Solid phase *
Run
No. Glucose Xylose Arabinose Acetic acid Furfural HVIF (/L) Formic acid Lactic acid | Cellulose  Hemicellulose %opulp
(gb)  (gl) (gL) (gL) (gL) (g/L) (gL) (9 (9
1 0.15 0.30 0.02 0.10 0.01 0.00 0.00 0.00 29.55 24.36 87.98
2 0.22 1.27 0.07 0.83 0.36 0.01 0.11 0.03 28.56 10.59 70.19
3 0.19 0.61 0.03 0.12 0.07 0.00 0.00 0.00 28.96 19.98 81.57
4 0.25 1.42 0.07 0.23 0.05 0.00 0.03 0.01 28.22 8.52 67.31
5 0.27 1.79 0.09 0.74 0.36 0.03 0.10 0.03 27.95 3.16 60.18
6 0.38 0.36 0.02 0.88 0.46 0.05 0.09 0.03 26.53 0 50.39
7 0.32 2.02 0.11 1.55 1.26 0.14 0.16 0.03 27.31 0 51.47
8 0.16 0.42 0.02 1.85 0.88 0.06 0.13 0.03 29.35 22.74 85.62
9 0.32 2.00 0.11 1.01 0.71 0.07 0.10 0.04 27.24 0.16 52.41
10 0.22 1.27 0.07 0.83 0.36 0.01 0.11 0.03 28.56 10.59 70.19
1" 0.16 0.46 0.02 1.28 0.68 0.06 0.08 0.01 29.38 2212 85.08
12 0.21 0.72 0.04 1.53 0.66 0.05 0.16 0.03 28.73 18.48 79.88
13 0.28 1.43 0.08 0.07 0.10 0.00 0.05 0.02 27.74 8.38 64.79
14 0.21 0.72 0.04 0.83 0.36 0.01 0.11 0.03 28.73 18.48 79.88
15 0.21 0.72 0.04 0.83 0.36 0.01 0.1 0.03 28.73 18.48 79.88
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[2

NAA8Y A1 ANOVA ufuiiutioneuaueegluuy
Aunsindaes faugnelunead 3 P IINIERITN
mﬁuﬂW?@“ﬁmﬁmmwmmw:%u@gﬁu
nansenuresieanuttade ldun anaududuaes
nIm sraviaanlunisdiuanin uazguuni
NIRRT AnFUANNENAUSLazTTadE NN AIaad
(zmma?‘ﬁ' 3) Anduilsz@ns R 4115U Glucose
vield A1 &1 0.9960 daurn R Aldannnas
AANULILINTINAASY 0.9713 F98A1IndLAeeFUAN
R® aINKANNIYARedAS 0.9923
aunnstndasesesiadaiagny fiAnldann
N1TRANLULNNINARBIAINNT LT bNNTANANITOS
Y AUNNIAELALAS A NIUTEA LTS LA LD
uraziade mumiqmﬁ’mmﬂﬂ@é’ﬂ%\imwﬁ”\umm

Tuaunisi 3

Glucose yield (%) =
-84.06 + 528.80A + 1.57B (3)
+0.8620C - 0.4996AB
- 0.5650AC + 1.20BC
-1981.27 A*-4.38 B*-9.77 C°

94

pen A A8 ANNTUIRINTA
B Ao grunni

C Aa sraznanlunsUFuganin

a = - o o
A1519N 3 ﬂWiQLﬁi"]Zﬂﬁl']ﬁ"]\iﬁQWNLLﬂﬁ‘ﬂTQu@’WTUgﬂLLUU

¥
ANNNINAIABIUBIN1TABL AUBINURY

Sum of

Source Squares df Mean Square F Value p-value Prob > F
Model 3240.65 9 360.07 273.76 0.0000
A-Con 2.84 1 2.84 2.16 0.1724
B-Temp 1058.22 1 1058.22 804.56 0.0000
C-Time 8.32 1 8.32 6.32 0.0307
AB 17.97 1 17.97 13.66 0.0041
AC 11.02 1 11.02 8.38 0.0160
BC 9.35 1 9.35 711 0.0236
A 67.47 1 67.47 51.30 0.0000
B’ 684.18 1 684.18 520.18 0.0000
c? 13.29 1 13.29 10.10 0.0098
Residual 13.15 10 1.32
Cor Total 3253.80 14

Std. Dev. = 1.15 PRESS =93.27 Mean = 74.22

R-Sg = 99.60% R-Sq(pred) = 97.13%

R-Sq(adj) = 99.23%
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indureInsadansnm (0.25 M) Wazgmuugisn
(90 spLEaLEaE) Glucose yield a1nn19eiaafae
ultsfag luszaunAoudrerndeinadudy
naadansnitlu 0.05 M 1981 30 W9 LAz MU
180 asALaLdaa 16 Glucose yield aanniseias
¥ Ly =2 QI k7 ¥

soataulalgaii 89.26% nstinmAdudunge
founni uavsrazioalunisdiuanin a1u19n
Ql ¥ ¥ 1 ¥ o
WinAdnduaesnglaalunistes faeiaulss]
161 [8] mawiinANdndunsadaninain 0.25 1y
0.50 M NIszeiziaan 30 W19 gounani 150 89AN
waldad 1119 Glucose yield lWNAWANN 79.19%
\Iu 84.61% ve9Fununglaaniung sy [8,10]
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nsAnERNAN TuEesTesanI1arau | lunissu
annmnensanaanasnuaznsanasia atals
Glucose yield AlnAALaAUN AN ALANFANTY
aginalsAnuanadumelunslsuaninuaznig
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\nanstiudaraudnags A liinsannglaals
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= a P a
Fauqatsziny anluimaglaasiansa a1u130400
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4 yoxy 4
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J5ugn1nwnisiingnsdudaunaniainnsanaled
snnaunglaamiag [14]
3.4 ANHULNINNILNTNLRIAUTININANAY
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3.4.1 N15ILATISUANHUSANURIVDY
AUT1 TN A (Scanning electron microscopy)
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3.4.2 ALAFIEWAINLTUNAN (XRD
analysis)
X-ray diffraction (XRD) #38n1534AT1EH
- 4o aad
AuLduNan R luasnaNNnTn peagaunig
wWannwlasaormdunanaesinaglaa [16]
£ v ] o v =l =®
utqlwanunslsuan nuwas Jaanuitunan
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= 1 1 U s
anninasantsees lsueaewulad [17]

3U# 3 nslirzvidnEniriuiaressudaing; A sudratnanldliihunisUsuanan, B sudnatwafiiuanindan

ansiminzanngn (rndndunsadanin 0.1 Tuans goungil 180 asAmadaa svez1981 30 WHT)
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\AA Fourier Transform Infrared Spectroscopy
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3.4.4 N15ILATIZUANNSU (Porosity
and surface analysis)
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