Enhanced Recovery of Cellulose from Corncob Biomass by Binary

Acids Pretreatments for Improved Bioethanol Production

Adane Asefa Adego

A Thesis Submitted to the Department of Chemical Engineering
School of Mechanical, Chemical and Materials Engineering
Office of Graduate Studies

Adama Science and Technology University

Adama, Ethiopia
October, 2021



Enhanced Recovery of Cellulose from Corncob Biomass by Binary

Acids Pretreatments for Improved Bioethanol Production

Adane Asefa Adego

Advisors :

Dr. Selevakumar Periyasamy (Ph.D.)

Dr. Zelalem Tumsa (Ph.D.)

A Thesis Submitted to the Department of Chemical Engineering
School of Mechanical, Chemical and Materials Engineering

Presented in Partial Fulfillment of the Requirement for the Degree of Master’s in

Chemical Engineering (Specialization in process engineering)

Office of Graduate Studies

Adama Science and Technology University

Adama, Ethiopia
October, 2021



DECLARATION

| here by declare that this Master Thesis entitled “Enhanced Recovery of Cellulose from
Corncob Biomass by Binary Acids Pretreatments for Improved Bioethanol Production” is
my original work and has not been submitted for the award of any academic
degree, diploma or certificate in any other university. All sources of materials used for this thesis

have been duly acknowledged.

Adane Asefa Adego

Name of student Signature Date




RECOMMENDATION

We, the advisor(s) of this thesis, hereby certify that we have read the revised version of the thesis
entitled “Enhanced Recovery of Cellulose from Corncob Biomass by Binary Acids
Pretreatments for Improved Bioethanol Production” prepared under my/our guidance by
Adane Asefa Adego submitted in partial fulfillment of the requirements for the degree of Mater’s
of Science in Chemical Engineering (Specialization Process Engineering). Therefore, 1/we
recommend the submission of revised version of the thesis to the department following the

applicable procedures.

Major Advisor Signature Date

Co-advisor Signature Date



APPROVAL OF THE BOARD OF EXAMINERS

We, the advisors of the thesis entitled “Enhanced Recovery of Cellulose from Corncob Biomass
by Binary Acids Pretreatments for Improved Bioethanol Production” and developed by
Adane Asefa Adego hereby certify that the recommendation and suggestions made by the board
of examiners are appropriately incorporated into the final version of the thesis

Selvakumar Periyasamy (Ph.D.)

Major Advisor Signature Date

Zelalem Tumsa (Ph.D.)

Co-Advisor Signature Date

We, the undersigned, members of the Board of Examiners of the thesis by Adane Asefa Adego
have read and evaluated the thesis entitled “Enhanced Recovery of Cellulose from Corncob
Biomass by Binary Acids Pretreatments for Improved Bioethanol Production” and examined
the candidate during the open defense. This is, therefore, to certify that the thesis is accepted for
partial fulfillment of the requirement of the degree of Master of Science in Chemical Engineering

(Specialization in Process Engineering)

Name Signature Date

Chair person

Internal Examiner

External Examiner

Department Head

School Dean

Postgraduate Dean



ACKNOWLEDGMENT

First, I would like to express my heartfelt thanks to Almighty God for giving me the strength,

dedication, inspiration, and wisdom to achieve and complete this MSc. program.

I would like to express my gratitude to my advisors Selvakumar Periyasamy (Ph.D.) and Zelalem
Tumsa (Ph.D.), for their support, guidance, valuable criticisms, inspiration, and endless
encouragement. This thesis would not have been accomplished without their outstanding

supervision, scientific knowledge and experience.

| would like to thank Dr. Melaku Tesfaye (Ph.D.), for his precious comment, motivation, and
provision during this thesis research and also, | would like to express my deepest thank to the
Department of Chemical Engineering for countless support and my great appreciation goes to all
laboratory staff of the department for patient full support. Additionally, I want to express my
genuine and most regards to all my classmates and friends at ASTU for their contribution to
accomplish thesis work.

Finally, I would like to thank my family with the deepest gratitude for offering their words of

encouragement.

i|Page



TABLE OF CONTENTS

ACKNOWLEDGMENT ...t n e nnn e e [
LIST OF TABLES. ...ttt e e n e nne e neennne s Vi
LIST OF FIGURES ...ttt vii
LIST OF ABBREVIATIONS AND ACRONYMS ... IX
ABSTRACT ettt R e r e X
CHAPTER ONE ...ttt b et b e st e e e bt e e st e e sbe e et e e s be e et e e nnneenes 1
1. INTRODUCGCTION .ottt sttt et be et e et e et e e saeeanbeenaeas 1
1.1 BACKGIOUNG ...ttt bbbttt bbbt ettt b et b 1
1.2 Statement of the ProbIEM ........cc.o i 3
IR T @ o 1= ot =SOSR 4
1.3.1 GeNEral ODJECLIVE .....c.eeieieciece e 4
1.3.2 SPECITIC ODJECLIVES ... e 4

1.4 Significance OF the STUAY ......cc.ooviiiiiiiiieee e 4
1.5 SCOPE OF TNE STUAY ... bbbt 5

2 LITERATURE REVIEW ...ttt 6
2.1 INEFOAUCTION ...tttk b et b et b ettt e 6
2.2 BIOBTNANOL ... 7
2.2.1 Bioethanol application and its UtIHZAtION ..........cccoviieiiiii 7
2.2.2 Global trends of bioethanol produCHioN ...........c.ccoiiiiiiiiiei e 7
2.2.3 Bioethanol production in EtNIOPIa..........cccoiiiiiiiiiiccc e 8

2.3 Source for bioethanol ProdUCTION ..........c.oci i 9
2.3.1 Sugar containing feedstock for bioethanol production.............cccoevveiiiiiic i 9
2.3.2 StarChy MAtErIAlS ......ccviiiie e 10
2.3.3 LigNoCellUloSIC DIOMASS .....cuveiiiiiciie et 10

2.4 Compositions of lignocellulosic materialS ............cocviiiiiiieiii i 11
2.4. L CRIIUIOSE ...ttt n bbbt 11



2.4.2 HEMICEITUIOSE ... ettt e e e e e e e e eeeeeeeeaaan 12

A T I T 1o USSP 13
2.4.5 EXITACTIVES ....viivieiieiieieite sttt bbbttt b e bbbttt et et bbbt reenes 14
2.5 Corncob as a potential feedstock for lignocellulosic bioethanol production ...................... 15
2.6 Corn (maize) production in EtNIOPIa. .......c.ooiiiiiiiiiiiee s 16
2.7 Process overview of bioethanol production .............cccceoeieieiiniiinesecee s 17
2.7.1 Biochemical CONVEISION PrOCESS .......ccveiiiieiieieeiesee e eie e e ste e ste e e sre e sneennas 17
2.7.1 PretreatMeNnt.........oo ettt b e ne e b n e 18
2.7.1.1 Physical PretreatmMent..........cccviieieeie et 19
2.7.1.2 Chemical PretreatMent..........c.civeiieie et 21
2.7.1.3 Concoction pretreatment (Physico-chemical) pretreatment.............c.cccccevveviernenee. 24
2.7.1.4 Biological pretreatMment...........cccooiveiiiieieeie et 26
2.7.1.5 Factors affecting biomass pretreatment ...........cccooeveiiiiniiinieicre e 29

p A A o Yo 10 Y £S]FFSRSTSR 32
2.7.4 Separation of ethanol anNd WALEE ... s 35

3 MATERIALS AND METHODS. .......oo oottt et sae st sneeneaneas 36
3.1 ChAPLEI OVEIVIEW ....eoivieeieceiesieeie et ettt se st e e e st e teesteeseesteeneeaneesteenteaneenseeseanee e 36
B2 IMIALEITAIS ...ttt bbbttt b e reereenes 36
3.2.1 EqUIpmMeNt and GIaSSWAIE ..........ccouiiiiiiieiecie ettt 36
TR B 1Y/ oo SR 38
3.3.1 Characterization 0f COMMCOD.........cccviiiiieice e 39
3.3.2 Chemical composition Of COMMCOD ........cciiiiiiiiiiiice e 40
3.3.2. 1 Extractive determination..........ccccvueivereeiieieeie e se e neas 40
3.3.2.2 Cellulose deterMINAtioN .........c.coveueiierieeie e eie et ae e sreeeeeneenes 41
3.3.2.3 Hemicellulose determination ............ccooveeereeriesiie e 41
3.3.2.4 Lignin determination........c.cccoiueiieierieiesie et 42

3.4 Pretreatment OF COMMCOD .........oiiiiiiiiee e 42
3.5 Optimization of binary acid pretreatment ..........cocovieiiiiiere s 43
3.6 Characterization of raw and binary acid-pretreated cOrncob ............cccevviiiiiiiiiinen, 44

iii|Page



3.6.1. SEM @NAIYSIS ...ccvvriniiiiiiiieee ettt ra e nreenee e 44

3.6.2. FTIR @NAIYSIS....cviiiiiiiiiieeie ettt ettt et e e re e beente et e s raenneenee e 44
3.6.3. XRD ANAIYSIS....cvieiiiiiiiteeie ettt sttt e e e et raenne e e 45
T A o Y0 1 10 V£SO SSSSSOSSS 46
3.6 Determination of gluCOSE CONCENEIALION .......ccueiieiieriieie e e 46
3.7 Detoxification of acid hydrolysate of COrnCoD ... 48
3.8 Microorganism and FErmMentation .............cccuecveiieiieerieiesee e 48
3.0 DUSTHTATION ...ttt bbbttt et e bt e bbb reenes 49
4 RESULTS AND DISCUSSION ...ttt se e ntae e tae et e e snae e s e e snnee e nnnee e 51
4.1 Characterization 0f COMMCOD ........coiiiiie e 51
4.1.1 Proximate analysis 0f COMNCOD..........ccoiveiiiie e 51
4.1.2 Chemical composition analysis 0f COrNCoD ............cccooeiiiiiic i 53
4.2 Pretreatment OF COMMCOD ........ooiiiiiiicieee e 53
4.2.1 Selection of binary aCid ratio...........ccccoveiiiie i 53

4.2.2 Optimization of pretreatment parameters of binary acids (1:1) ratio for enhanced

CEIUIOSE TECOVETY ...ttt 55
4.3 Statistical Analysis of the Experimental ReSUIES............ccooiiiiiiiiiiiie 57
4.3.1 ANAlYSIS OF VANANCE .....ccveiiiiiiciiicee ettt re e enee s 57
4.3.2 Graphical @nalYSiS.........ccoveiiiiiiicie et e 62
4.4 Effects of pretreatment conditions on the composition of corncob ............ccccceeveiveiieenne, 63
4.4.1 The effects of binary acids concentration on the composition of corncob powder...... 63

4.4.2 Effects of biomass loading ratio on the composition of corncob during pretreatment. 65
4.4.3 Effects temperature on the composition of corncob powder during pretreatment ....... 65
4.4.4 The effect of pretreatment time on the composition of corncob during pretreatment.. 67

4.5 Interaction effect of pretreatment conditions on the yield of cellulose recovery................ 67
4.5.1 Effects of acid concentration and biomass loading ratio on the cellulose recovery..... 68

4.5.2 Effects of binary acid concentration and temperature on the cellulose recovery yield 68

iv|Page



4.5.3 Effects of binary acid concentration and time on the cellulose recovery yield............ 69

4.5.4 Effects of biomass loading ratio and temperature on the cellulose recovery vyield ...... 70
4.5.5 Effects of biomass loading ratio and time on the cellulose recovery yield .................. 71
4.5.6 Effects of pretreatment temperature and time on the cellulose recovery yield ............ 71
4.6 OPLIMIZALIONS ..ottt b bbbt b e et et e bbb e b e b e s 72
4.6.1 Validation of the MOdel ... 73

4.7 Characterization of raw binary acids pretreated corncob and corncob cellulose................ 74
4.7.1 Morphological analysis (SEM analysis).........c.cccuvveveiiieiieieiie i 74
4.7.2 Fourier transform infrared (FTIR) spectroscopy analysis ...........cccevevverviiieieesieennnn, 76
4.7.3 X-ray diffraction (XRD) @nalySiS.........ccciviiieiiiiiiiiiiicie e 79

4.8 Dilute acid hydrolysis of corncob cellulose to gluCOSE...........cccveveiieiiicciiece e, 81
4.8.1 Effect of acid concentration on glucose CONCENTratioN...........c.ccvvrerieieenienenc e 83
4.8.2 Effect of hydrolysis time on glucose CONCENLIatioN ..........ccoccvevveveeiieneenesie e 84
4.8.3 Effect of hydrolysis teMPErature ..........cccooiiiiiiiiieiece e 86

4.9 Fermentation of glucose to DIOethanol ... 88
4.9.1 Determination of yeast Cell growth ............ccccoviiiiii i 88
4.9.2 Determination of bioethanol CONCENTratioN .............cooiiiiiiericiicice e 88
4.9.3 Characterization of produced bioethanol using FTIR ..........ccccooveiiiiiiicie e, 90

5 CONCLUSION AND RECOMMENDATION ..ottt 91
5.1 CONCIUSION ...ttt bbbt bbb e et ne e 91
5.2 RECOMMENUALION.......cutiieieitiite sttt bbbttt et bbbt ebeenes 93
REFERENQ E ...ttt ettt sttt e ettt e e st e et eeste e sbe e e nbe e e beeenteenneeanes 94
APPENDIXES ...ttt ettt b et et b et re e be e nnee s 106

viPage



LIST OF TABLES

Table 2.1 Shows current production and projected bioethanol concentration in (million /liter).... 9

Table 2.2 Chemical compositions of different agricultural wastes............cccccevevveveiieiieieennn, 14
Table 2.3 Chemical composition of corn cobS [L1]......cccooiiiiiiiiiiiiieieeeee s 16
Table 2.4 Advantages and disadvantages of main pretreatment methods ............ccccceveevveiennnnne 28

Table 2.5 Summary of related work uses chemicals during biomass pretreatment for cellulose

recovery with hemicellulose as well as lignin removal during bioethanol production................. 31
Table 2.6 Related work on acid hydrolysis of lignocellulosic biomass to release sugar.............. 33
Table 3.1 General experimental stages and respective materials. .........cccoccovvvieiieiviienienesnn, 36
Table 3.2 optimization of pretreatment PAramMeters ...........ccveveiieie e 43
Table 4. 1 Proximate analysis of corncob Sample..........cccooveiiiieiici e 52
Table 4. 2 Chemical components analysis 0f COrMCOD. .........cccceviiiiiiiiii 53

Table 4.3 Chemical components analysis of corncob pretreated by different binary acid ratios . 54

Table 4. 4 Chemical components analysis of corncob pretreated by binary acids methods......... 56
Table 4.5 Build Information of experimental analysis of cellulose recovery yield...................... 57
Table 4.6 Cellulose recovery (CR) yield at different conditions...........cccocvevveeneenienie e 58
Table 4.7 ANOVA for the quadratic model of cellulose recovery yield ... 59
Table 4.8 Model adeqUACY MEASUIES ...........ciueeieiieiieeeectie st eee et e ste e e e ae e sbeeste e sreesreenee e 60
Table 4.9 Regression coefficients in terms of coded factors ...........cccovevieviie i, 61
Table 4.10 Constraints for the factors and responses in numerical optimization ................c....... 72
Table 4.11 Optimized solution of cellulose recovery yield from corncob substrate .................... 73
Table 4.12 Result of optimization and model validation.............ccccccceiveiiieii i, 74
Table 4.13 Standard glucose concentration and its absorbance............cccocveveiicii i, 82
Table 4.14 Effect of acid concentration on the glucose yield............ccocoriiiicini 83
Table 4.15 Effect of hydrolysis time on the glucose concentration..........cccccecvvvevvicevieseennnn, 85
Table 4.16 Effect of hydrolysis temperature on the glucose concentration............cccccevevvvevieenen. 86
Table 4.17 Typical hydrolysis of cellulose with acid ...........ccccccovveiiiiiiiiiic e, 87

vi|Page



LIST OF FIGURES

Figure 2.1 Global ethanol production by country in the last 10 years [16].......cccccccvrveiiverrrennnn. 8
Figure 2.2 Structure OF CEHUIOSE ........ccvviii e 12
Figure 2.3 Structure of hRemiCEIIUIOSE ..........cviiiii e 13
Figure 2.4 Structure Of lIgNIN........ooiiiii e 13
Figure 2.5 general steps during bioethanol production from lignocellulosic biomass ................. 17
Figure 2.6 Complex structure of lignocellulosic biomass before and after pretreatment............. 18
Figure 2.7 Lignocellulosic biomass pretreatment teChNIQUES...........oceviiiriiinieeee e 19
Figure 2.8 yeast Cell GroWth............ooi i 35
Figure 3.1 Diagrammatic representation of corncob sample preparation..............ccccceveivieieennns 38
Figure 3.2 Soxhlet eXtraCtion SEL U ......covviieiieiiiie et sae e 41
Figure 3.3 Overall experimental procedure of sample pretreatment .............ccooeveieienc i 44
Figure 3.4 FTIR instrument for functional analysis of the raw and pretreated sample ................ 45

Figure 3.5 Overall experimental procedure for glucose production from corncob cellulose ....... 47

Figure 3.6 Overall experimental procedure of fermentation process for bioethanol production.. 50

Figure 4.1 Proximate analysis Of COMMCOD..........cccooiiiiiiiiic e 52
Figure 4.2 Actual versus predicted values for cellulose recoVery ..., 63
Figure 4.4 Effect of biomass loading ratio on yield of cellulose recovery ............ccccoceveiieinennnns 65
Figure 4.5 Effect of temperature on the yield of cellulose recovery .........cccoovvvvviiiieiiiiiicinenn, 66
Figure 4.6 Effect of time on the yield of celluloSe reCOVEry ... 67

Figure 4.7 Effects of binary acids concentration and solid loading ratio on the cellulose yield .. 68
Figure 4.8 Effects of binary acids concentration and temperature on cellulose recovery yield ... 69

Figure 4.9 Effects of binary acid concentration and time on the cellulose recovery yield........... 70

vii|Page



Figure 4.11 Effects of biomass loading ratio and time on the cellulose recovery yield................ 71
Figure 4.12 Effects of temperature and time on the cellulose recovery yield ...........c.ccccooeinennnns 72

Figure 4.13 SEM images of raw corncob (a), binary acids pretreated corn cob (b), corncob cellulose
(c) and commercial Micro-CEHUIOSE (d). .. .oiveeeiriieieiesie e 75

Figure 4.15 FTIR analysis of raw corncob and extractive free corncob sample ..............ccccene. 77
Figure 4.16 FTIR analysis of raw corncob, binary acid-treated corncob and corncob cellulose . 78

Figure 4.17 FTIR analysis of extracted corncob cellulose and commercial micro cellulose ....... 79

Figure 4.18 X-ray diffraction patterns of raw corncob and acid-treated corncob ........................ 80
Figure 4.19 X-ray diffraction patterns extracted corncob cellulose and Micro-cellulose ............ 81
Figure 4.21 Calibration curve of glucose standard for determination of glucose content............ 83
Figure 4.24 Effect of heating temperature on glucose concentration (Mg/mL)........ccccoovvvrnnnnne 87
Figure 4.25 Production of ethanol with the use of S. Cerevisiae............ccoovvriiinciniieice 90

Figure 4.26 Result of FTIR analysis of bioethanol produced from binary acid treated corncob . 90

viii|[Page



AFEX
ANOVA
ASTM
CCD
CH3COOH
CRI
CSA
DF

DP
FTIR
GHG
H2SO4
HMF
LHW
MSW
NaClO-
NaOH
NREL
PH

R2

RFA
rpm
RSM
SD
SEM
SNNPR
USA
XRD

LIST OF ABBREVIATIONS AND ACRONYMS

Ammonia Fiber Explosion

Analysis of variance

American Society for Testing and Materials
Central Composite Design

Acetic Acid

Crystallinity Index

Central Statistical Authority

Degree of Freedom

Degree of Polymerization

Fourier Transform Infrared Spectroscopy
Greenhouse Gas

Sulfuric Acid

Hydroxyl Methyl Furfural

Liquid Hot Water

Municipal Solid Waste

Sodium Chlorite

Sodium Hydroxide

National Renewable Energy Laboratory
Power of Hydrogen

Regression Coefficient

Renewable Fuels Association
Revolutions Per Minute

Response Surface Methodology
Standard Deviation

Scanning Electron Microscopy

South Nation Nationality and People Region
United States of America

X-Ray Diffraction

iXx|Page



ABSTRACT

Pretreatment is a pre-requisite step in bioethanol production from lignocellulosic biomass. It
required to remove hemicellulose and lignin, increasing cellulose recovery and the porosity of the
substrate for saccharification. In the present study, chemical pretreatment of corncob was
performed using new approach techinque binary acids (H.SO4 + CH3COOH) in different ratios.
Among all the investigated binary acids ratios, the pretreatment with (1:1) ratio removed
maximum hemicellulose (42.02%) and lignin (35.8%) with the cellulose recovery of 43.5%. After
optimizing different operating conditions such as binary acids concentration, biomass loading
ratio, pretreatment temperature, and time using design expert software for (1:1) binary acids ratio,
the removal and recovery have been increased. The attained maximum removal of lignin and
hemicellulose were 81.41+2.3% and 85.6+1.8%, respectively, with enhanced cellulose recovery
of 93.5+1.3% at the optimum conditions of binary acids concentration (3%, v/v), biomass loading
ratio (0.1 g/mL), pretreatment temperature (120 °C) and time (60 min). The obtained pretreatment
data were statistically analyzed using one-way ANOVA and validated experimentally. The SEM,
FTIR and XRD analysis were used to characterize the raw corncob, binary acids pretreated
corncob, recovered cellulose and micro-cellulose (commercial grade) at different processing
stages. The SEM and FTIR spectra revealed the removal of hemicelluloses and lignin from the
corncob biomass by binary acids pretreatment. The XRD results also confirmed a change in the
crystallinity index of corncob biomass. Subsequently, dilute sulfuric acid hydrolysis of recovered
corncob cellulose was investigated under various acid concentrations, temperatures and residence
times. The maximum glucose concentration attained was 55.4 mg/mL at 120 °C with an acid
concentration of 3% (v/v) for 45 min of hydrolysis time. Ethanolic fermentation was carried out at
30 °C with 200 rpm for 4 days with the recovered glucose using Saccharomyces cerevisiae. The
maximum bioethanol concentration 24.6 mg/mL was attained. The characterization of produced
ethanol was done by FTIR, which confirmed the functional groups of ethanol such as O-H, C-O, -
CHz and CHs, This study demonstrates that binary acids pretreatment is an alternative and new
approach for the pretreatment of lignocellulosic biomass. The optimized process conditions could

also successfully increase the cellulose recovery, improve fermentable sugar and bioethanol yield.

Keywords:  Corncob pretreatment; Binary acids; Enhanced cellulose recovery; Hydrolysis;

Fermentation

Xx|Page



CHAPTER ONE

1. INTRODUCTION
1.1 Background

Energy plays a crucial role in economic development and human and social improvements [1].
The utilization of fossil fuels as a source of energy for economic development can cause high
emissions of greenhouse gases (GHGs) in the Earth's atmosphere. However, concerns about the
depletion of fossil fuels and the increasing energy consumption and industrialization have
encouraged researchers to find alternative energy sources [2]. Due to a reliable supply of required
fuels for transportation and environmental pollution, cellulose-based fuel answers the current

issues [3].

One of the potential alternatives to resolve the environmental and energetic issues is using
bioethanol made from lignocellulosic biomass. This is renewable gasoline, which avoids the
negative environmental impacts generated by using petroleum-based fuels [1]. In contrast to fossil
fuels, bioethanol is a renewable energy supply produced through the fermentation of sugars. It has
been diagnosed as a potential alternative renewable energy source to petroleum-derived
transportation fuels.

Bioethanol can be produced from unique biomass along with sugar or starchy materials in addition
to lignocellulosic biomass, which might be rich in hexoses and pentose [4]. Even as, on the one
hand, using sugary and starchy biomass as first-generation biofuel production leads to the high
cost of bioethanol production due to the excessive price of raw materials [5]. The use of food
stocks like sugarcane, corn, and cereal grains then again would possibly cause the food crisis.
Biofuels generated from lignocellulosic biomass (second technology biofuel) constitute one of the
capacity renewable sources of power that can be non-polluting and are sustainable [6]. Due to its
dramatic environmental, economic, and infrastructure advantages, no other sustainable alternative
for producing transportation fuels can match bioethanol made from lignocelluloses biomass. The
lignocellulosic materials include agricultural residues, municipal solid wastes (MSW), pulp mill

refuse, switchgrass, and lawn garden waste [7].

From lignocellulosic biomass, agricultural wastes have shown good potential to produce

bioethanol due to their accessibility, affordability (low-cost), abundance, and high carbohydrate
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content. Corncob is one of the agricultural waste products of corn which contains a large amount
of sugar that can be further utilized to produce various compounds [8]. The bioconversion of
lignocellulosic biomass to biofuel from cheap non-edible materials such as corncob for renewable
energy is imperative. Corncobs contain a sufficient amount of cellulosic material, which is the best
source of fermentable sugars and it is estimated that approximately 50 million tons of corncob
residue are generated every year in Ethiopia. So the production of bioethanol from corncob
biomass seems very attractive and sustainable for several reasons. The renewable and ubiquitous
nature of biomass and its non-competitiveness with food crops are the major ones. Another
significant factor that adds value as well as the importance to corncob bioethanol is the reduction
in greenhouse gas emissions. The utilization of lignocellulosic biomass for ethanol production
necessitates the large-scale production technology to be cost-effective and environmentally

sustainable [9].

For the production of bioethanol from corncob feedstock, four major steps are required. These are
pretreatment, hydrolysis, fermentation, and distillation of the product mixture to separate
bioethanol [10]. However, pretreatment is one of the most crucial and very important steps in
corncob conversion to bioethanol from the point of economic view. The overall yield of bioethanol
was based on its effectiveness. Due to the rebellious nature and the complicated hierarchical
structure of corncob, pretreatment has been presented as the most critical step during biomass
conversion to biofuels [11]. It should be noted that the efficiency of pretreatment is an important
issue to obtain a higher yield of bioethanol. Expanding or increasing the surface area of biomass,
dissolving hemicellulose and/or lignin, reducing the particle sizes of biomass, and enhancing the
cellulose recovery from the biomass are the most important objectives of the pretreatment step.
This can be done by either chemical or physical modification of the corncob structure.
Subsequently, the hydrolysis of cellulose increases by increasing the accessibilities of acids or

enzymes to the surface of cellulose [12].

In this regard, many studies have been conducted to increase cellulose recovery from the
lignocellulosic biomass degradation or separation of the three main components during the
pretreatment process. Therefore, the investigation of the pretreatment condition is the main goal
of scientists to produce high yield bioenergy cost-effectively. This study used the new approach
for particular biomass (corncob) pretreatment method to recover enhanced cellulose for improved

bioethanol production.
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1.2 Statement of the Problem

Currently, environmental pollution is a growing concern due to air pollution resulting from the
combustion of fossil fuels. For that reason, alternative energy sources need to be renewable,
sustainable, efficient, cost-effective, convenient, and safe. The use of food vegetation (like corn,
maize) for biofuels production may cause inflation of the price of these vegetation leading to food
insecurity. To alleviate such problems, alternative and non-edible agricultural products (corncob)

have to be investigated.

The economic production of gasoline-ethanol in Ethiopia relies specifically on molasses from
sugar industries. So, corncob can be a potential raw material for bioethanol production to resolve
the hassle related to energy safety. Ethiopia’s corn production increases from year to year. Due to
this, a large amount of corncob is produced. This non edible part of corn has a high quantity of
cellulose better than other agricultural wastes and fruit wastes which can be converted into

bioethanol.

Pretreatment of lignocellulosic biomass is the most predominant step, targeting to destroy the rigid
structure of the feedstock and separate major components such as cellulose, hemicelluloses, and
lignin for subsequent enzymatic or acid hydrolysis and fermentation steps to maximize the
volumetric productivity of bioethanol. At the same time, the physical and physico-chemical
pretreatment has been limited due to their high energy demand, high cost, insufficient removal of
lignin as well as hemicellulose, and low cellulose recovery. To alleviate such problems, the new

approach binary acids pretreatment is used.

Furthermore, up to now, there is no harmonized pretreatment strategy to treat all kinds of
lignocellulosic biomass and the pretreatment system depends totally on the sort of lignocellulosic
biomass and the preferred products. But, the usage of a mixed binary acids pretreatment strategy
can extensively increase the performance of the system and constitute a rising approach in this

discipline.

The researchers are paying more attention to hydrolysis parameters optimization. They suggest
continuously optimizing the process parameters for biomass pretreatment processes (which is not
always adapted properly) for bioethanol production which significantly influences bioethanol
yield. Besides, very few studies have been achieved to produce bioethanol from non-edible,

lignocellulosic material, i.e., corncob, using acid pretreatment techniques. So, this study focuses
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on treating corncob biomass using combined acids and optimizing the process parameters (biomass
loading ratio, acid concentration, temperature, and time) for enhancing cellulose recovery for

improved bioethanol production.

1.3 Objectives

1.3.1 General objective

X/
°e

Enhanced recovery of cellulose from corncob biomass by binary acids pretreatments for
improved bioethanol production

1.3.2 Specific objectives

% To analyze the proximate determinations of corncob biomass.

% To pretreat corncob biomass using binary acids with different ratios and optimize the
pretreatment parameters such as binary acids concentration, biomass loading ratio, temperature
and treatment time using design expert.

% Tocharacterize raw, binary acids treated corncob and recovered cellulose by using SEM, FTIR,
and XRD instruments.

% To perform the saccharification of cellulose using acid and investigate the effect of hydrolysis
conditions on the glucose concentration.

% To evaluate the ethanol fermentation process using a specific yeast organism, study the yeast
growth and ethanol conversion yield.

1.4 Significance of the study

Due to the lignocellulosic matrix's immense complexity, it is highly improbable that single acid
pretreatment will break all polysaccharide-lignin linkages. Thus it is expected that not all
polymeric sugars can be recovered. Therefore, these studies' significance is that combined acids
pretreatment is applied and the operating conditions should be optimized to obtain enhanced

recovery polymeric sugar.

This study can also introduce a new approach for corncob biomass pretreatment techniques that
enhance cellulose recovery to release improved fermentable sugar molecules like glucose. This

can improve the overall production of bioethanol.
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The economic benefit of using binary acids to pretreat corncob biomass has a significant advantage
over physical pretreatment. Which will decrease the cost of pretreatment by reducing energy

consumption.

This study will significantly optimize bioethanol from non-edible agricultural waste (corncob),
which is abundantly available in Ethiopia. Bioethanol production from corncob is considered as
second-generation biofuel. It has no direct conflict with human food, as in first-generation biofuels

produced from crops such as corn and sugarcane.

Furthermore, bioethanol production from corncob can reduce the cost for the importation of
petroleum-based fuel. The fossil fuel reserve will be entirely depleted within a short period.
Besides this, the continuous burning of fossil fuels increases the emission of greenhouse gasses
into the atmosphere and causes global warming. As a renewable and non-food competitive
feedstock is desirable for the production of alternative fuel oil such as bioethanol. Therefore

corncob is one of such renewable and non-food competitive feedstock.

1.5 Scope of the study

The scope of the thesis work within the given time and resource includes : -

¢ Study the proximate and the chemical composition of corncob

%+ Selection of appropriate binary acid ratio to pretreat the corncob biomass

%+ Pretreatment of corncob by the selected appropriate binary acids for enhanced cellulose
recovery

% Characterizing the raw, binary acids-treated corncob, corncob cellulose, and commercial
micro-cellulose by using instrumental techniques such as Scanning electron microscope
(SEM), Fourier transforms infrared spectroscopy (FTIR), x-ray diffraction (XRD)

¢ Acid hydrolysis of recovered cellulose to produce fermentable sugar and studying the

effect of the hydrolysis conditions on the sugar concentration

% Fermentation of the glucose to bioethanol and characterizing the produced bioethanol
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CHAPTER TWO

2 LITERATURE REVIEW
2.1 Introduction

Currently, the whole world is facing two significant challenges: (i), to provide enough energy
sources and (ii), to protect the environment. The world economy depends on the usage of fossil
fuels because it is the main source of energy (about 80%) [13]. Unrestrained usage of natural fuels
has a negative impact on nature because of environmental pollution and the emission of a huge
amount of GHG, resulting in global warming. Therefore the current issues of fuel demands and
intense climate change are directing the world’s attention toward finding alternative energy
sources that can reduce our dependency on fossil fuels [14]. However, currently, to solve such a
problem, different renewable resources, namely wind, tide, hydropower, and biomass, are used for
energy production. The mentioned renewable resources can satisfy energy demand in the power
sector. Still, the transportation sector mainly depends on liquid fuels, which cannot be produced
from other renewable sources except biomass. The world energy outlook is projected to meet 5%
of world demand for transportation fuel by biofuels in 2030 [13].

Based on the type of feedstock used in the production process, their current and future availability
Biofuels can be categorized into three major groups, namely first-generation, second-generation
and third-generation types. First-generation biofuels are currently produced in large commercial
quantities in many countries from agricultural crops such as sugarcane, maize, soybean and
jatropha through well-established technologies such as hydrolysis, fermentation and trans-
esterification.Second-generation biofuels canbe madefrom lignocellulosichiomass inclusive

of agricultural crop residues, forestry and timber processing wastes, organic components of
municipal solid waste (MSW) and power crops together with such as Mischantus giganteus, using
either thermochemical or biochemical processes and 3rd-generation biofuels are produced from

feedstocks which include micro-and macro algae, vegetable oils and biodiesel [15].
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2.2 Bioethanol

Bioethanol or ethyl alcohol (C2HsOH) is a clean colorless liquid. It is biodegradable, low in
toxicity and the principal gasoline used as a petrol alternative for avenue delivery vehicles. The
physical properties of bioethanol was explained in the appendix A. It was mainly obtained from
numerous capability feedstock sorts along with sugar beet, wheat, corn, cassava, bagasse, barley,
molasses, skim milk (whey), potatoes, sorghum, transfer grass and cellulose biomass which
include wooden, paper, straw and different cellulose wastes along with grasses, others consist of

municipal solid wastes.

2.2.1 Bioethanol application and its utilization

Because of its unique combination of properties as the solvent, bioethanol has been identified as
one of the most interesting synthetic oxygen-containing organic chemicals used in beverages,
antifreeze and as a chemical intermediate for other chemicals production. It is also an industrial
chemical that has high significant utilization. It could be used in the transportation sectors in
addition to in the production of pharmaceutical products, dyestuffs, perfumes and numerous
merchandise. Ethanol underneath regular situations is an unstable, flammable, clean, colorless

chemical compound.

2.2.2 Global trends of bioethanol production

Global production of bioethanol has extended from 13,123 million gallons to 27,023 million
gallons. Figure 2.1 shows the global bioethanol production between 2007 and 2016 [16]. The USA
followed by Brazil and Europe are leading ethanol producers and have wide and large programs
for promoting biofuels in the whole world. The annual global bioethanol production has slightly
increased over the last 10 years and is depicted. The USA contributed to the highest ethanol
production and has been projected to be more than 50% of the total global ethanol produced in
2016 [16]. More mainly, second-generation lignocellulosic bioethanol manufacturing has received
a good deal of interest as a suitable manner for bioethanol production without elevating meals
protection concerns [17]. The annual global manufacturing of lignocellulosic biomass has been
predicted at two hundred billion t/year, from which almost (8-20) billion tons can be used for

biofuel production [18].

7|Page



30

25

B Rest of the

world
B Canada
China
| B Brazil

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Years

2

—_— [—
wn = wn =

Ethanol production (Billion gallons)
=

Figure 2.1 Global ethanol production by country in the last 10 years [16]
2.2.3 Bioethanol production in Ethiopia
According to the data of energy sectors in Ethiopia, bioethanol manufacturing is specifically
associated with sugar factories. The fully identified irrigable land for sugarcane plantation in
Ethiopia is about seven hundred thousand hectares, predicted at a capacity to provide twenty-seven
million liters of bioethanol [19]. Currently, the primary delivery line in the home market is
dominated by two sugar factories (Fincha and Metehara) with a total annual production potential

of around 11.1 million liters.

Currently, in Ethiopia 13 sugar factories deliberate, under construction or running, with a projected
3.6 million mt of sugar, 339 million liters of ethanol and 250 MW excess power to the cutting-
edge production, about 400,000 mt sugar and 21 million liters of ethanol [20]. In addition to these,
in the intervening time, one of the public sugar estates is generating ethanol from molasses, a
byproduct of sugar manufacturing, with an annual manufacturing of eight million liters, one of the
personal sugar estates of Indian organization. It has started out plantation but data couldn't be
received as to the contemporary repute of improvement. The alternative one is a subsidiary of the
America organization . It has acquired 18,000 ha of land from the Awi zone in the Amhara region
to grow sugarcane with the intention of manufacturing sugar and ethanol. This challenge changed
into formerly deliberate for development by way of the Tana Beles undertaking based mainly at
the Beles River. The organization has already obtained land and has a plan to produce 70,000 lots

of sugarcane and 30,000 tons of ethanol in line with 12 months.
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Table 2.1 Shows current production and projected bioethanol concentration in (million /liter)

Sugar factory Total ethanol production amount
Finchaa Sugar Factory 20 million liters ( producing)
Metahara Sugar Factory 12 million liters ( producing)
Wonji Shoa Sugar Factory 12.8 million liters ( projected)
Omo-Kuraz Sugar Factories I, 11, 11l and 1V 140 million liters (projected )
Kessem Sugar Factory 30 million liters ( projected)
Tendaho sugar Factory 31 million liters (projected)
Arjo Diddessa 12 million liters (projected)
Wolkaiyt Sugar Factory 41.6 million liters (projected)
Tana Beles Sugar, 2 plants 40 million liters (projected)
Total Production in 2019 21 million liters

Eventual capacity 339 million liters

Source: https://etsugar.com/projects/

2.3 Source for bioethanol production
Past time bioethanol production is mainly based on first-generation raw materials, but they are
food competitive and there is an increasing interest worldwide to find out new and economical

carbohydrate sources for the production of bio-ethanol [21]

Generally, there are three main sources of feedstock for bioethanol production these are: (i)
sucrose-containing feedstock (sugarcane, sugar beet and sweet sorghum) (ii) starch-containing
feedstock (wheat, corn and cassava) and (iii) cellulosic feedstock (straw, grasses, wood,

agricultural wastes, paper), etc. [22]

2.3.1 Sugar containing feedstock for bioethanol production

They use characteristically the 6- carbon sugars and glucose is one of the most common ones.
Therefore, the biomass that contains a high concentration of glucose sugar in its internal structure
is easily converted into bioethanol and they are more preferable to those with low glucose sugar
containers. Canilha et al., also study sugarcane is one of the best sugar-containing feedstock for
bioethanol [23]. Furthermore, sugar beet, sweet sorghum and various fruits biomasses are used as

feedstock for bioethanol production because they are rich in sugar content. However, the above-
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mentioned feedstocks are not used for fuel bioethanol production because they are found in the
human food chain, making them non-competitive and expensive. Although fungi, bacteria, and
yeast microorganisms can be used for fermentation, a specific yeast Saccharomyces cerevisiae,
also known as Bakers’ yeast is regularly used to ferment glucose to bioethanol [24].

2.3.2 Starchy materials

Starch-containing materials are also one of the potential feedstock for bioethanol production.
Because they are made up of long chains of glucose molecules and they can be fermented after
breaking starch molecules into simple glucose molecules. Agricultural products such as cereal
grain, sweet potato and cassava steam are the major starch-containing feedstocks used for the
production of bioethanol. Before fermentation starchy materials possess a hydrolysis reaction with
water to break down the starch into fermentable sugar and increase the concentration of
fermentable sugar. Usually, hydrolysis is performed by mixing the starch with water to form a
slurry which is then stirred and heated to rupture the cell walls. During the hydrolysis, some

Specific enzymes that will break the chemical bonds are added at various times [25].

2.3.3 Lignocellulosic biomass

Lignocellulosic biomass is renewable, chiefly unexploited and inexpensive. Agricultural wastes
such as corn cobs, corn stover, sugarcane bagasse, rice hulls, woody crops, and forest residues are
the main lignocellulosic biomasses used as feedstock for bioethanol production. Moreover, other
multiple sources of lignocellulosic waste from industrial and agricultural processes include citrus
peel waste, sawdust, paper pulp, industrial waste, municipal solid waste, and paper mill sludge. In
addition, dedicated energy crops for biofuels could include perennial grasses such as switchgrass
and other forage feedstocks such as Miscanthus giganteus, Bermuda grass, elephant grass, poplar,
etc. [26].

Due to their mass availability and low-cost price, utilization of lignocellulosic biomass as
sustainable material has lately become a compelling alternative among conversion technologies in
the biofuels and bio-based industry [27]. Lignocellulosic biomass mainly contains cellulosic
material in which represents the most abundant global source of biomass and has been largely
unutilized. The global production of plant biomass, is about 200x10° tons per year, where about 8

to 20x10° tons of the primary biomass remains potentially accessible [26].
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2.4 Compositions of lignocellulosic materials

Lignocellulosic materials are mainly composed of cellulose, hemicellulose, lignin and extractive
components. Most agricultural wastes such as corncob sugarcane bagasse softwood stems,
cottonseed hairs, and sawdust are composed of lignocellulose, a complex carbohydrate polymer of
cellulose, hemicellulose, and lignin. The percent composition of these complex carbohydrate
polymers such as cellulose, hemicellulose, lignin, and other extractives in lignocellulose biomass
are explained in Table 2.3 [21].

2.4.1 Cellulose

Cellulose is the most abundant material on the earth and it is the main constituent of plants. It is
an unbranched, natural polymer composed of repeating glucose units (CeH100s)n and it is also
considered the most bountiful organic material and polysaccharide on earth [28]. The structure of
cellulose polymers has a long linear chain which has about ten thousand -1, 4-linked D-glucose
units linked together by hydrogen bonds and van der Walls forces, because of which it is packed
into micro fibrils as well as chains tend to arrange in parallel and form a crystalline structure [12].
The structure of cellulose is illustrated in Figure 2.2. In the cellulose molecule, the chemical
formula (CsH100s) n can represent the hexose sugar released from cellulose during hydrolysis
whereas ‘n’ is the number of glucose groups found in the molecule [29]. The molecules of cellulose
are held together by strong hydrogen bonding, which helps the plant cell walls maintain their
structure. It has a long-chain polysaccharide typically containing 6000-15,000 units of glucose
monomers [30]. The prominent advantages of cellulose over the other polymers are its hydrophilic
nature, non-toxicity, biodegradability, biocompatibility, eco-friendly, easy derivatization, etc.

Due to these unique features, it has been widely used for industrial applications like bioethanol
production, petroleum mining, plastics, medicine, and synthesis resins [31]. However, finding
cellulose from lignocellulosic material is difficult due to the complex structure of lignocellulosic
materials and it is shielded by hemicellulose and lignin. So eventually, pretreatment is done for
removing lignin and hemicellulose, reducing its crystallinity and increasing the porosity of the
lignocellulosic material. Hence, researchers have improved the utilization value of cellulose

through chemical modification and pretreatment.
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Figure 2.2 Structure of cellulose

2.4.2 Hemicellulose

Hemicellulose is another main component in plant fiber materials and is another biopolymer in
lignocellulosic biomass that contains polysaccharide mixtures such as pentose sugars (e.g., xylose
and arabinose), hexose sugars such as glucose, mannose, and galactose and sugar acids (e.g.,
glucuronic acid). Hemicellulose has a linear and branched structure with the backbone of repeated
units of the same sugar (homopolymer) or by a mixture of different sugars (heteropolymer) Such
as pentoses (B-Dxylose, a-L-arabinose), hexoses (B-D-mannose, B-D-glucose, a-D galactose) and
urgonic acids (a-D-glucuronic, a-D-4-O-methylgalacturonic and a-D-galacturonic acids) [21].
Xylans, which is 5 carbon sugar, has to be the most abundant polysaccharides of hemicelluloses
with polymeric chains comprising of 1, 4-linked B-d-xylose units. They can be degraded easily in
the acidic or hot agueous medium due to their lower degree of polymerization (50-200) and
amorphous structure which is compared with cellulose [32]. They are relatively sensitive to
operating conditions. Therefore, to avoid the formation of undesirable products such as furfurals
and hydroxymethyl furfurals that later inhibit the fermentation process, the parameters such as
operating temperature and retention time must be controlled. Hemicellulose is a relatively short-
chained matrix polysaccharide typically made up of 500-3000 sugar monomers with acidic groups
[30]. The hemicellulose structure is illustrated in Figure 2.3. These amorphous hemicellulose

structures make them partially soluble in water.
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Figure 2.3 Structure of hemicellulose

2.4.3 Lignin

Lignin is one of the most abundant organic polymers in plants, just behind cellulose. It is a polymer
of phenyl propane monomeric units, which are randomly and non-linearly linked together by ester
bonds. A few ester bonds can also be found in the end units of the monomers within the ferulic
acid and p-coumaric units [33]. There are three main phenyl propane monomers in lignin these
are p-coumaryl alcohol (4-hydroxycinnamyl alcohol), coniferyl alcohol (3-methoxy-4-
hydroxycinnamyl alcohol) and sinapyl alcohol (3, 5-dimethoxy-4-hydroxycinnamyl alcohol). It
has a very branched and complex molecular structure and consisting of various 112 functional
groups, e.g., carboxylic group (-COO-), methoxy group (CHzO), and carbonyl group (C=0). The
structure of lignin is illustrated in Figure 2.4. In the structure of the macromolecules of lignin
branched chains of phenolic compounds, the phenyl propane molecules connected by the C—C and
C—O-C linkages are present. As a side chain, compounds such as phenolic, methoxyl, hydroxyl,
and terminal aldehyde groups are present.

Figure 2.4 Structure of lignin
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2.4.5 Extractives

Extractives are non-structural components of lignocellulosic biomass, and they are easily extracted
from the biomass by water or neutral organic solvents such as dichloromethane, ethanol, Toluene,
acetone, and hexane. Extractives are sources of diverse biopolymers such as terpenes, terpenoids,
steroids, fats, lipids, proteins, gums, waxes, and phenolic compounds such as lignans, tannins and
stilbenes, and their amounts are vary between different lignocellulosic biomass [29]. In biomass
extractives usually make up a minimum proportion (0-15 wt. %) and they are mainly composed

of some organic and inorganic compounds.

Table 2.2 Chemical compositions of different agricultural wastes

Waste type Cellulose (%) Hemicellulose%  Lignin (%) Extractives (%) Reference

Wheat straw 33-40 20-25 15-20 - [34]
Rice straw 44.3 35.5 20.4 - [35]
Barley straw 31-45 27-38 14-19 2-7 [36]
Rice husk 37 29 24 - [34]
Cornstalk 39-47 26-31 3-5 2-5 [37]
Oat straw 39.4 27.1 20.7 - [38]
Nut shells 25-30 25-30 30-40 - [38]
Corn Stover 38-40 28 7-21 3.6-7 [37]
Banana waste 13.2 14.8 14 - [11]
corncob 45 35 15 - [11]
Switchgrass 40-45 30-35 12 - [39]
Barley hull 34.0 36.0 13.8-19 3-8 [40]
Rice hull 36.0 12.0 26.0 - [39]
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2.5 Corncob as a potential feedstock for lignocellulosic bioethanol production

Corn (Zea mays L.) is one of the most widely cultivated agricultural crops, the world's most
extensively grown cereal crops, based on production volume. In 2018/2019, the production level
of corn was reached around 1.09 billion metric tons. The top three producers of corn in the world
are the United States, China, and Brazil. According to the United States department of agriculture
(USDA) report, in 2017 the global production of corn was 1061 million tons and, because of that,
the total generation of corncob is estimated to be around 230 million tons [41].

In Ethiopia maize is one of the main foods and feed crops and is the lowest cost caloric source
among all major cereals, which is significant given that cereals dominate household diets. Its
production in Ethiopia has shown a considerable increase over the last 15 years with a drastic
increment in recent years. The production increased from as low as 3.1 million tons in 2000 to
Over 7.2 million tons in 2014, which represents an increase of 130 percent [42]. Due to the massive
production of maize corncob that is left in the farming fields after corn crop harvesting was
increased and globally it is estimated that approximately 50 million tons of corncob residue are

generated every year.

From this maize corn stover, cornstalk and corncob are the major wastes that are removed in most
of the countries, but in Ethiopia, the corn stover can be used as feed for animals and both stalk and
corncob can be used for cooking. Corncob (central part of maize) is either treated as waste or burnt
as fuel causing environmental concern. To obtain its fee addition in new research regions, corncob
may be processed chemically to locate methods to generate new end products with delivered values

at a completely low rate [43].

As lignocellulose biomass, corncob has higher power content material of approximately 18.5
MJ/kg, which is slightly better than that of corn stover (17 MJ/kg) and switchgrass (18 MJ/Kg),
and additionally, it was two times the higher energy density of about 5,000 MJ/m? than corn Stover
and switchgrass [44]. These makes corncob significant feedstocks for biofuel production. In
addition to this as shown in Table (2.3), its low lignin content (10-15%), high carbohydrate content
(70-80%), low recalcitrance to an enzyme, and microbial activity the biochemical conversion of
corncob to ethanol through enzymatic saccharification and fermentation is a viable technology

pathway. Due to this, nowadays many researchers focus on the production of biofuel from corncob.
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Table 2.3 Chemical composition of corn cobs [11]

Component Content (%)
Cellulose 45
Hemicellulose 35
Starch 0
Lignin 15
Extractive 3

Some of them are; efficient ethanol production from corncob residues by repeated fermentation of
an adapted yeast [45], production and quality evaluation of bioethanol from corncobs[46], and
Bioethanol Production from corncob hydrolyzed by Cellulase of Aspergillus Niger Using
Zymomonas mobilis and Saccharomyces cerevisiae remoted from Palm Wine [47]. However, none
of these studies can’t provide an effective pretreatment through examination of maximal sugar
production from both the pretreatment hydrolysate and the cellulosic substrate, as a result, the
ability of corncob for ethanol production can’t be objectively evaluated. So in this study, the
potential feedstock corncob is pretreated and optimized for enhanced cellulose recovery by binary

acid for improved sugar as well as bioethanol production.

2.6 Corn (maize) production in Ethiopia.

lately in 2020 maize production in Ethiopia reached 8,600 tonnes and its production extended from
971 thousand tonnes in (1971) to 8,600 thousand tonnes in (2020) which suggest the average
annual growth rate of 7.60% and also Ethiopia is considered a success story for maize production
as, apart from South Africa, it is the only country in Sub-Saharan Africa that has shown extensive

progress in maize productiveness and enter use [48].

The maize area covered by improved varieties in Ethiopia grew from 14 % in 2004 to 40 % in
2013 and the application rate of mineral fertilizers from 16 to 34 kg/ ha during the same period.
Increased use of improved maize varieties and mineral fertilizers, coupled with increased extension
services and the absence of shattering droughts are the key factors promoting the accelerated
growth in maize productivity in Ethiopia [49]. In Ethiopia Maize is widely grown only in three
regional states and they contribute to 94% of the total annual production. These regions are
Oromia, Amhara, and SNNP. According to CSA data (2003/04 - 2007/08), the share of the Oromia
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region was on average, 60% of the total maize production in the country. This was followed by
Ambhara with 21.67% and SNNP with 12.55% [49].

2.7Process overview of bioethanol production

Generally, there are two types of bioethanol production techniques these are i. chemically
hydration of ethylene, which is derived from crude oil or natural gas, and ii. Fermentation of sugar-
containing feeds, starchy feed substances, or lignocellulosic substances. Currently, approximately
5-10% of the bioethanol production in the world was based on petroleum products. The production
of bioethanol from Petroleum-based feedstocks is made by the catalytic hydration of ethylene with
sulfuric acid as the catalyst. Furthermore, ethylene or acetylene, calcium carbide, coal, oil, and gas
are the other petroleum-based sources for the bioethanol production. The second source of
bioethanol production was cellulosic feedstock. There are two mechanisms for the production of
bioethanol from cellulosic biomass these are i. Biochemical conversion process and ii.

Thermochemical conversion process [50]

2.7.1 Biochemical conversion process

Biochemical conversion technologies for bioethanol production are moderate, pure, clean, and
efficient Compared with other conversion technologies[32].For the production of bioethanol from
cellulosic feedstock, four major steps are required pretreatment, hydrolysis Fermentation and

distillation of the product mixture to separate ethanol as presented in the Figure 2.3 [51].

[ Lignocellulosic Biomass J

1 |

Pretreatment

| |

Hydrolysis

[ )
[ A J
| Fermentation |
[ )
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1 |

Diistillation/Separation

1 |

Bioethanol

Figure 2.5 general steps during bioethanol production from lignocellulosic biomass
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2.7.1 Pretreatment

Pretreatment of lignocellulosic biomass is the most critical step, aiming to crash the rigid structure
of the lignocellulosic feedstock and separate essential structures viz. cellulose, hemicelluloses, and
lignin for subsequent acid or enzymatic hydrolysis and fermentation steps to maximize the

volumetric productivity of biofuel [11]

cellulose

Hemicellulose

Figure 2.6 Complex structure of lignocellulosic biomass before and after pretreatment
Pretreatment of lignocellulosic biomass is the process in which the complex structure of biomass
is transformed into simpler components such as cellulose, hemicellulose, and lignin as shown in
Figure 2.6. Also the pretreatment can eventually remove lignin, preserve/remove the hemicellulose
and reduce the cellulose crystallinity and increasing the porosity of the material. However the
pretreatment is said to be a cost-effective process it must improve the formation of sugars in the
subsequent phase of acidic/enzymatic hydrolysis, degradation of the carbohydrates, and decreasing
the formation of inhibitors for hydrolysis and fermentation [52]. Several pretreatment methods are
identified on the laboratory or on an industrial scale for conversion of lignocellulosic biomass
towards bioethanol. But still know different researchers are working on searching for effective
pretreatment methods which improve the cellulose yield as well as increase the total sugar recovery
for subsequent improved bioethanol production. These pretreatment methods can broadly be
divided into four different categories such as physical pretreatment, chemical pretreatment,

Physico-chemical pretreatment, and biological pretreatment [11].
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Figure 2.7 Lignocellulosic biomass pretreatment techniques

2.7.1.1 Physical pretreatment

Physical/mechanical pretreatment is applied to the substrate to open up the structure of
Lignocellulosic biomass by disrupting their surface structure and reducing their Size to 10-30 mm
using shear or compression forces and that its main objective is to increase surface area, decrease
the size as well as the crystallinity properties and also it diminishes the degrees of polymerization
of cellulose [53].

There are different operating parameters to find the efficiency of physical pretreatment
mechanisms from these parameters biomass characteristics and final particle size of the substrate
are the most influential factors for physical pretreatment. However, the high power consumption
and usually low efficiency are the main downsides of this methods [54]. There are various types
of physical pretreatment such as milling, Extrusions, grinding, freezing, and microwave- assisted

radiation.
i. Crushing and milling

These are primary pretreatment methods for any biomass that can be reduced in its particle size
and crystallinity properties. The objective of this technique is to reduce the particle size and to
promote the crystallinity disruption of the lignocellulosic material. The techniques provide a raw
material reduction up to the ranges between 0.2 and 2.0 mm, which increases the specific surface
area for a subsequent hydrolysis process [55]. The main advantage of these methods is they harshly
reducing the operating time. Furthermore, they decrease the amount of water consumed however,

the main limitation of these methods are they require high energy consumption [54].
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ii. Extrusions

The extrusion pretreatment mechanisms consist of the operation of generating objects with a
defined cross-sectional profile by forcing them through a mold with the desired transversal size.
The extruded material generally undergoes expansion when it leaves the mold [56] and this process
can be considered as a mechano-thermal breakdown of biomass. Screw extruder profile, the
extrusion speed, and the system temperature are the main process variables that affect extrusion
[57]. The objective these mechanisms is reduction of particle size distribution, increase in specific
surface area, changes the crystallinity, and it prompt visible changes in the structure biomass.
While the efficiency of this method for pretreatment of biomass is low. To improve the efficiency
of this method it is generally common for the extrusion method to be combined with other chemical
methods such as acid or alkaline treatments [15].

iii. Freezing

Freezing is the new technologically advanced approach for physical pretreatment of biomass and
can significantly increase the enzyme digestibility of lignocellulosic biomass. Application of less
dangerous chemicals, lower negative environmental impact, and high productiveness is some of
the unique features of the freezing pretreatment method and also it has very cost-intensive. Chang
et al., [58] study that the enzyme digestibility of rice straw that pretreated by using Freezing and
hydrolyzed with 150 U cellulase and 100 U xylanase for 48 h respectively can give a result of
417.27 g/kg and 138.77 g/kg glucose and xylose reducing sugar yields respectively This shows a
48-84% increment in enzyme digestibility of rice straw. Improvement of enzymatic digestibility,
lower environmental impact, and lower inhibitor formations are the main advantages of these

pretreatment methods whereas high cost and limited efficiencies are its main disadvantage.
iv. Microwave-assisted pretreatment

This type of pretreatment is working with irradiating lignocellulosic materials with microwaves.
Due to heat and wide collisions caused by the vibration of polar molecules and movement of ions
they accelerate chemical, biological, and physical processes. This method is a more conventional
alternative technique to the simple heating process as it simply modifies the ultra-structure of
cellulose and degrades or partially removes hemicelluloses and lignin. The main advantages of
this method are high uniformity and selectivity short process time and less energy requirement

compared to the other physical preprocessing methods. In the study [59] the wheat straw was
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irradiated by Microwave-assisted NaOH at 160 °C for g/L 15 min and it released a high reducing
sugar yield of about 718 mg/g and bioethanol yield of 6.82 g/L.

2.7.1.2 Chemical pretreatment

Chemical pretreatments are mostly used chemicals that they have highly effective on the
solublisation of lignin and hemicellulose contents of the biomass. These can make the biomass
more suitable for enzymatic saccharfication (hydrolysis). It was is based in the utilization of
chemicals for pretreatment which includes different acids, alkali, ionic liquids, organic solvent,

oxidative, etc.
I. Acid pretreatment

Utilization of acids for chemical pretreatment of the lignocellulosic biomass is a well-known
process and the working principle is that acid solubilizes the complex structure of polysaccharides
(especially hemicellulose) improve biomass porosity and refine cellulose more accessible to
enzymes attack into monomers by enzymatic hydrolysis these leading to the improvement of
biofuel production. The most used suitable conditions are low acid concentration with high
temperature or high acid concentration with low temperature [60]. Acid pretreatment is a highly
effective chemical technique used to disrupt the lignocellulosic matrix with the aid of cleavage of
glucosidic bonds. While in this process Different organic acids such as (acetic, formic, and oxalic
acids), as well as inorganic acids such as (sulfuric acid, hydrochloric, maleic, nitric, nitrous, and
phosphoric), are used for biomass degradation [61]. However, sulfuric acid and hydrochloric acids
are the most commonly utilized acids in the different laboratory and industrial scale. During the
acid pretreatment ratio of solids loading, acid concentration, operating temperature, and residence
time are the main effective parameters. Compered to dilute acid pretreatment concentrated acid
pretreatment is highly effective on cellulose hydrolysis and it does not require enzymatic
hydrolysis step. The process consists of first hydrolyzing hemicellulose to its monomeric sugars,
and then cellulose is depolymerized into cello-oligosaccharides, with further release of monomeric
sugars. But there are some negative impacts of using concentrated acid such as corrosiveness,
toxicity, and expensive non-metallic containers requirement for reactor construction [62]. Whereas
by contrast, dilute acid pretreatments are less toxic, corrosive, and non-hazardous processes that
do not require as much corrosion resistant equipment, making them easier to scale up. Dilute acid

pretreatment can take place at high temperatures (e.g., 100-190 °C) for short periods (20 min) or
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lower temperatures (e.g., 120 °C) for longer durations (30-90 min) [63]. In addition to these dilute
acid, pretreatment is one of the most common methods for lignocellulosic biomass pretreatment,
which makes it a tough condition to recover monomeric sugars from the biomass [64]. Rezania et
al.,[65] study that the pretreatment using dilute sulfuric acid was applied to enhance the
digestibility of the conversion of cellulosic water hyacinth into bioethanol. The structure of water
hyacinth was disrupted under acid pretreatment and the crystallinity decreased due to the cleavage
of the lignin structure. The advantages of the acid pretreatment method over other methods could
be attributed to the disruption of the matrix structure of the lignocellulosic biomass and amorphous
cellulose conversion. However, this method has some disadvantages such as the expensive cost of
acid recovery and the formation of inhibitors such as furfural and 5-hydroxymethyl furfural.
Therefore it is worth discerning to that the economic and environmental features of the acid

pretreatment have been improved over time.
ii. Alkaline pretreatment

In these pretreatment methods, different alkalis such as NaOH, KOH, and Ca (OH), NaCO3z and
NHOHj4 solutions are used to eliminate lignin and partial removal of hemicellulose and make the
cellulose more approachable to the enzyme. These methods work by disrupting the lignin structure
and break the bonds (ester, aryl-ether, C-C bond) associated with lignin and carbohydrate
polymers [66]. Due to the degradation of the heterogeneous matrix, a suitable condition was
created for enzymatic hydrolysis and for fermentation process. Most of the time alkali pretreatment
occurred at low temperature, but it can be performed with approximately long duration time and
high concentration of the base. Furthermore, these methods work by improving the accessible
surface area, reduce cellulose crystallinity, disorder lignin, remove the acetyl group, and cleave
uronic acid from the polysaccharides. Sodium hydroxide is the most commonly used alkali for a
wide range of biomass preprocessing during the generation of bioethanol. In the study [67] rice
husk pretreated with mild sodium hydroxide (2% w/w) shows highly efficient lignin removal and
increase cellulose concertation up to 56.65% w/w due to improvement of cellulose crystallinity
with low hemicellulose solublisation of 10.7-33.1% (w/w) is obtained. The main advantage of this
method is improving the enzymatic digestibility through the delignification of biomass. However,
less efficiency on high lignin content biomass like wood, long residence time, costly Post
pretreatment such as neutralization of pretreated slurry are the main disadvantages of the alkaline

pretreatment method [68].
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iii. Organosolv pretreatment

In this method of pretreatment, the different organic solvents such as ethanol, methanol, ethylene
acetone ethyl alcohol, methyl alcohol glycol, and tetrahydrofurfuryl alcohol can be used for
preprocessing with or without the addition of catalyst under a particular state of temperature and
pressure [69]. In Organosolv pretreatment the temperature that relies on the sort of feedstock and
catalyst that mainly takes place in presence of an acid, base, or salt catalyst are the main crucial
factors that affect the pretreatment [70]. In the study, Zhang et al., [71] rice straw was pretreated
by Choline chloride-based solvent at (60-121°C) and the result shows that 57.2736%
delignification and 88% reducing sugars is obtained for 36.7 g/L bioethanol production. This
pretreatment is especially effective for lignocellulosic biomass that has high lignin because it has
a high capability of breaking the internal bonds of lignin and hemicelluloses. Easy recovery of the
organic solvent by distillation for a recycled use, high purity cellulose separation with only minor
degradation, and hemicellulose fractionation with high efficiency, separation The high-purity
lignin and lignin derivative are the main merits of an organic solvent pretreatment. However, high
operational costs, as well as solvents recovery of these is not possible are the main limitation of
organ solvent pretreatment [71].

iv. Oxidative pretreatment

In oxidative pretreatment different oxidizing agents such as ozone, hydrogen peroxide, oxygen or
air are used [36]. Their working principles was involves oxidation that can be occasioning in
cleavage of lignin deconstruction of hemicelluloses into its constituents sugars, and organic acids
partially degrading the cellulose [72]. hydrogen peroxide pretreatment is the most effective and
utilizes oxidative delignification which removes and solubilizes the lignin to improve enzyme
digestibility and also It has been detected that hydrolysis of hydrogen peroxide results in the
generation of hydroxyl radicals which are responsible for the degradation of lignin and formation
of low molecular weight products [73] . Oxidation with hydrogen peroxide is most commonly used
for improving microbial conversion of lignocellulosic biomass to ethanol. For example in the study
Barley straw (Hordeum vulgare L) preprocessed with H>O, and alkali (NaOH and NaClO) ensued
in the improvement of yield about 79.27-84.64% with a bioethanol yield of 207 mg/g.) The main

disadvantage of this pretreatment method is that it damages a substantial amount of hemicellulose
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making it ineffective for the fermentation process and release inhibitors that decrease the efficiency

of enzymatic digestibility [74].

2.7.1.3 Concoction pretreatment (Physico-chemical) pretreatment

Physicochemical pretreatments (Concoctions) are more efficient and effective methods in which
degradation of the crystalline complex structure of the cellulose is achieved. Degradation of
crystalline structure of cellulose increases the yield of cellulose and hemicellulose recovery after
pretreatment as well as it improve their enzymatic hydrolyzing efficiency. There are different types
of physicochemical preprocessing such as ammonia fiber expansion, steam explosion, liquid hot

water
i. Ammonia fiber expansion

Ammonia fiber expansion pretreatment is one of the main concoction (physicochemical) processes
that involves the application of liquid ammonia at low temperature and high pressure. Under high
pressure, anhydrous ammonia dissociates to form ammonium and hydroxide ions that cause a rapid
increase in temperature, or gaseous liquid ammonia in a pressurized container is applied to treat
lignocellulosic biomass. Pretreatment biomass with ammonia fiber results in biomass swelling,
deacetylation of hemicellulose, a reduction of cellulose crystallinity, and degradation of lignin-
carbohydrates linkages [75]. Water loading, ammonia loading, reaction temperature, and residence
time are various parameters in ammonia fiber expansion Pretreatment, and the optimization of
these factors is the crucial point for effective pretreatment. According to [76] switchgrass that has
pretreated by ammonia fiber expansion under optimal preprocess condition (80%water loading,
1:1 ammonia loading, the temperature of 100 °C, and residence time of 5 min) was 2.5 times higher
bioethanol yield was obtained compared to untreated biomass. The major advantages of Ammonia
fiber expansion preprocess are its cost- effectiveness due to ammonia recovery in the process, no
inhibitory compounds formed during the reaction , no detoxification required, recollect
hollocellulose content, use moderate temperature, and short residence time for efficient sugar
recovery. However, its inefficiency for high lignin content biomass such as softwood, olives,
Herbaceous crops and newspaper, the requirement of a highly controlled environment, and the

high cost of ammonia are the main disadvantage of ammonia expansion pretreatment [77]
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ii. Steam explosion pretreatment

This method is the most common and effective thermophysico-chemical method used for
pretreatment of lignocellulosic biomass. Its working principle was high-pressurized saturated
steam was applied to the sample in a few runs which was measured in a few minutes then the
pressure rapidly released and the released pressure can cause distraction in the polymer structure
of lignocellulosic biomass and solubilizing mainly the hemicellulose and lignin fractions [78]. Due
to its high potential in removing hemicellulose and lignin and it shows a significant effect on the
physicochemical properties of lignocellulosic biomass steam explosion method is the most suitable
method for increasing cellulose crystallinity and change the structure of lignin [79]. Particle size
of the biomass, water loading, operating temperature and the residence time are the major
parameters that affect the efficiency of steam explosion pretreatment. No polluting effect,
chemical-free method, depolymerization of lignin component, low energy demand, and
hydrolyzing hemicellulose fraction are the main advantages of steam explosion methods.
However, partial lignin removal, low hydrolysis yields, and low solublisation are the downsides

of steam explosion pretreatment [80].
iii. Liquid hot water pretreatment

In this method liquid hot compressed water is used for pretreatment the lignocellulosic biomass
and the process is mostly similar to the steam pretreatment method, but the Liquid hot water
process operates at high temperature (160-230 °C) and pressures up to (725.2 psi) instead of steam.
Its working principle was hot water at a temperature between 160 C and 240 ° C was applied at
high pressure to the lignocellulosic biomass to maintain its liquid form and to increase the
lignocellulosic matrix degradation [81]. when the biomass was subjected to liquid hot water
pretreatment the complex structure of the biomass was degraded this results in hydrolysis of
hemicellulose and making cellulose more accessible for a rupture but it was completely retained
in the solid phase and the lignin was exposed to simultaneous depolymerizations and
polymerizations, due to its glass transition temperature in aqueous conditions (between 70 and 100
°C), while insoluble lignin is retained in solid waste [82]. Controlled pH between 4 and 7, Reaction
times, and reaction temperature are the main factors they are required to prevent the sugar
degradation and formation of inhibitors as well as for efficient hydrolysis of hemicellulose.

According to [83] the lignocellulosic biomass corn Stover was subjected to liquid hot water that
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pretreated at controlled PH (4-7), temperature (190 °C), and time (15 min) these resulting
maximum hemicellulose solublisation with minimal inhibitor formation. Requirement of low
temperature, formation of minimum inhibitory compounds, the non-requirement of using a
corrosion-resistant reactor, and green technology which does not require the use of chemical
reagents are the advantages of this method. However high energy requirement, high pressure,
water consumption, low sugars recovery, as well as the formation of fermentation inhibitors are

the main downsides of liquid hot water pretreatment [21].
iv. COz2 explosion pretreatment

In this pretreatment technique, the biomass was subjected to supercritical fluid carbon dioxide
which where the gas and acts as a solvent. Its working principle was the supercritical CO>
undergoes through a highly pressured vessel containing the biomass and the vessel is then heated
to the required temperature and left for several minutes at high temperatures during this
pretreatment the carbon dioxide rupture the polymer structure of the biomass at high pressure and
which forms carbonic acid that improves the efficiency of hemicellulose hydrolysis [84]. Size of
extraction bed, the flow of solvent, process temperature, and applied pressure are the main process
variables that can be modified to maximize the efficiency of specific feedstocks. According to [85]
the agricultural waste corncob, corn Stover, and sorghum stalk are subjected to long supercritical
carbon dioxide pretreated for a long time between (12 and 60 h), at high pressure between (2175
and 3626 psi) and at low temperature (50-80 °C). The results obtained show that the efficiency of
hydrolysis was improved and it was 3 to 4 times higher than those obtained for the biomass that
had not been pretreated with supercritical carbon dioxide. The requirement of less temperature,
absence of toxicity, its inflammability nature, and maximum conversion yield are the main merits
of these methods. Whereas the high cost of the overall process and its requirements of expensive
reactor that they resist at high-pressure conditions are the main demerits of carbon dioxide

explosion pretreatment [86]

2.7.1.4 Biological pretreatment
Biological pretreatment is the most important technique for pretreatment of lignocellulosic

biomass. Different micro-organisms such as brown, white, and soft-rot fungi are used.
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i. Microbial consortium pretreatment

In this type of pretreatment complex communities with a high diversity of microorganisms that
cooperate in numerous ways are used to preprocess the lignocellulosic biomass -either
cooperatively or competitively. In this method, non-acidic soil, animal dung like a cow, goat are
mostly utilized for preprocessing lignocellulosic biomass. During this process the rigid structure
components of hemicellulose, and cellulose are degraded. However, several factors such as particle
size, moisture content, temperature, pH, nutrient requirement aeration, residue composition,
enzyme activity, different species of microorganisms, and the interaction between them are the
major factors which affects that biomass degradation rates and physicochemical transformation of
lignocellulose [87]. In the study [88] wheat straw pretreated with the microbial consortium that
included the fungi (Trichoderma reseei, Saccharomyces cerevisiae, and Scheffersomyces stipites)
for ethanol production the results perceived improved yield up to 67% in the production of ethanol
showing that the method utilized has a high potential as a flexible and economically feasible
process for the generation of products based on lignocellulosic biomass. High stability, minimum
inhibitor, effective yield, functional toughness, and requirement of mild conditions are some of the
advantages of this method. However, the main disadvantages of this techniques are slow biomass

degradation rates and its physicochemical transformation is limited by different factors [89].
ii. Enzymatic pretreatment

In this pretreatment method enzymes such as cellulases and hemicellulases are mostly used to
pretreat the lignocellulosic biomass and the selection of appropriate enzymes for selective
degradation or removal of specific components of the biomass was the critical point in this
pretreatment. During bioethanol production from lignocellulosic biomass hydrolysis of cellulose
and hemicellulose are the main off-putting steps in anaerobic digestion. The application of
enzymes in lignocellulosic biomass is mainly for segregation of cellulose and hemicellulose
components and degradation complex structure of carbohydrate polymer (lignin components) for
creating a suitable condition for efficient hydrolyzing of the enzyme [90]. According to [91] Rice
straw was pretreated by of Saccharomyces cerevisiae enzyme at the operating temperature of 25
°C operating time of 30 min the result reported shows an improved bio-ethanol production.
Different row materials such as corncob, corn Stover, Rice husk, wheat straw, rice straw, sugarcane

bagasse, groundnut shell, barley husk, and coffee mucilage are pretreated with enzymes for biofuel
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production. High operation costs, instability, immobilization requirement low shelf life are the

disadvantages of enzymatic preprocessing. Whereas separation of the complex structure of

biomass (cellulose and hemicellulose) and improvement of lignin degradation are the advantages

of this preprocess.

Table 2.4 Advantages and disadvantages of main pretreatment methods

Methods Advantages Disadvantages

+ Increase in the surface area + High power and energy consumption

+ Reduces cellulose crystallinity + They are cost-effective.
Physical 4+ Increases enzymatic hydrolysis 4+ Partial degradation of lignin
pretreatment + Low yield

» High glucose yield » High cost of acid recovery

» Ambient temperatures » Formation of inhibitors
Chemical > Lignocellulosic matrix disruption > Reactor corrosion problems
pretreatment > Amorphous cellulose conversion. > Generation of degradation products

» High purity, easy solvent recovery » Environmental effect

» Used at lab-scale or industrial level

v Increases accessible surface area v Very high-pressure requirements

v Low formation of inhibitors v Generation of toxic compounds
Physicochemical -, Efficient removal of lignin v' Partial hemicellulose degradation
pretreatment v" Minimizes the energy demand

% Degrades lignin and hemicellulose % Low rate of hydrolysis

% Low energy consumption % Lignin degrading MOs also degrade
Biological % Doesn’t produce any unwanted products not only lignin also cellulose and
pretreatment % Mild environmental condition hemicellulose.

7/

No negative impact on the environment

Relatively short reaction time
Needs the low nutrition
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2.7.1.5 Factors affecting biomass pretreatment

For efficient conversion of lignocellulosic biomass towards bioethanol needs appropriate selection
of pretreatment process for industrial-scale bioethanol production and the pretreatment mainly
depend on the following factors such as (i) nature of lignocellulosic biomass, (ii) PH of the sample,
(iii) operating temperature and (v) operating time [92]

i. Nature of lignocellulosic biomass

While choosing an effective as well as feasible pretreatment process to recover the high reducing
or fermentable sugar nature of lignocellulosic biomass is an important parameter. In recent years,
research and development activities have been dedicated to lignocellulosic feedstocks from
agricultural waste, municipal wastes, and forest residues for bioethanol production. Agricultural
residues like rice straw, wheat straw, sugarcane bagasse, corn stalk, and corncob containing low
lignin than woody biomass ( 25-35%) [93]. Environmental waste streams such as municipal solid
waste, packaging material waste, domestic (home) released waste, market waste, and food
processing waste can also be used as main feedstock for bioethanol production [94]. However, the
selection of appropriate pretreatment techniques is based on the Structural characteristics of each

biomass.

Nowadays different biomass is used as the most important source of renewable energy and they
act as the only renewable source of carbon. For example, in the study [95] corn stover pretreated
by ammonia fiber explosion decrease the formation of inhibitors when compared to other
pretreatment methods. Lynd et al., [96] also study that from most soft wood biomass pretreated

with dilute acid only 40% of enzymatic cellulose conversion is obtained.
ii. pH of the pretreatment sample

pH during pretreatment has a substantial influence on the solublisation of polysaccharides mainly
lignin and hemicellulose and in turn on the subsequent enzyme-catalyzed hydrolysis of the
lignocellulosic substrates [97]. The pH has a very large influence on the outcome of the
pretreatment process. For example, mostly at lower pH hydrolysis of the hemicelluloses part to
monomeric sugars is takes place without the formation of inhibitors or toxic compounds, while at
the same time the cellulose polymer kept safe. Whereas in high pH, mostly the dissolution of the
lignin fraction is observed however some or most of the hemicelluloses are quite found in their

solid-state. Although in neutral pH, there is partial hydrolysis of the hemicelluloses caused by
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organic acids that are found in the lignocellulosic materials and this type of system is known as
(auto hydrolysis) Mostly on this type of PH, most of the hemicelluloses will stay in oligomeric or
polymeric form. In acidic PH, hemicellulose hydrolysis, occurred with a formation of inhibitors or
toxic materials which also commonly result from products degradation, such as furfural, HMF,

levulinic acid, etc.
iii. Operating temperature

The effect of operating temperature on the pretreatment of biomass depended on the type of
pretreatment technologies. Some of the pretreatment techniques can work at a mild temperature
which is less than 100 of such methods include microwave-assisted pretreatment, some alkali
pretreatment, and biological pretreatment methods. Whereas most of the pretreatment techniques
has operated at a high temperature which is more than 140 °C such type pretreatment includes
liquid hot water, Steam explosion, organic solvent, hydrothermal and Wet oxidation (WO)
pretreatment generally on low temperature resulted in partial hydrolysis and small amount
monomeric sugars released without formation of inhibiting or toxic compounds, while at the same
time there is the only partial reduction on the crystallinity of cellulose polymer. However, at high
temperatures, there is a dissolution of the lignin is observed. While a continuous increase in

pretreatment temperature can lead to sugar degradation as well as inhibitor formation.
iv. Pretreatment time

Similar to the temperature operating (residence) time for biomass pretreatment depends on the type
of pretreatment method applied for specific biomass. Different researchers can explain the effect
of residence time during biomass pretreatment. For example in most dilute acid pretreatment
methods takes place at high temperatures (100-190 °C) for short periods and at lower temperatures
which are less than 120 °C for longer durations (30-90 min) [63]. Most of the pretreatment
performed at a high temperature can take several times these are mainly to protect the formation
of inhibitors and for effective sugar production without degradation. On the other side, most of the
biological preprocessing methods operate at low temperatures for a long period. According to
Fonseca et al., [91] Rice straw was subjected to biological pretreatment by Alkalophilic fungus
MV1.2011 at 27°C, for 14 days release 24.95% reducing sugar and 25% of lignin removal is
observed. Most of the biological or fungal treatment requires prolonged periods

tocompletethepretreatment.
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Table 2.5 Summary of related work uses chemicals during biomass pretreatment for cellulose recovery with hemicellulose as well as lignin
removal during bioethanol production

) _ . Recovered Hemicellulose Delignification Bioethanol yield
Raw material Acid type Pretreatment condition Reference
cellulose % removal (%) rate (%) (g/L)
Manihot
(HNOs and ) [99]
esculent a 2.5%, 1:10, 110 °C 60min  87.45+2.2 88.4+35 85.0+£3.2 9.39
CH300CH)
YTP1 stem
H.SO4 and 2%, 1:6, 121°C, 60 min 85.40
83.46 78.53 28.8 [100]
Corncob NH3
corn stover H2SO4 2%, 111°C, 17 min. 50-60 78 33-66 NA [101]
Rapeseed ]
t H2SO04 1.5%, 180 °C, 10 min 80 49-59 35-41 88-90% [102]
straw

NA- not available
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The above-mentioned works use acid pretreatments to pretreat lignocellulosic biomass prior to
hydrolysis for efficient recovery of cellulose that releases fermentable sugar for bioethanol
production and simultaneously they remove hemicellulose as well as lignin that hinder the
cellulose in the biomass. In this study, the main target is to improve cellulose recovery yield that
provides a complete examination of fermentable sugar production without fermentation inhibitor

formation from corncob following acid hydrolysis.

2.7.2 Hydrolysis
Hydrolysis is one of the important unit operations that is used to depolymerizes the polysaccharide
chains of cellulose and hemicellulose into fermentable monosaccharides [103].

i. Chemical hydrolysis

In the process of chemical hydrolysis, dilute acid or strong acids are mainly used to hydrolyze the
substrate. Dilute acid hydrolysis is a process that uses inorganic acids such as sulfuric acid and
hydrochloric acid mostly at a concentration of 1-3% for a short period of 3 min-10min and
temperatures from 180 to 240°C. During such type of hydrolysis, only 60% of sugar is recovered
from the hydrolysate and also a large amount of pentose sugar is converted to furfural aldehyde.
so to improve overall glucose yield two steps have been recommended by different researchers in
which the first step only the hemicelluloses components solubilized at140-160°C whereas in the
second step the cellulose components are solubilized at 160-180°C and these can improve the
sugar yield up to 80% [104].

The acid hydrolysis was mainly worked by applying the temperature and pressure to soften
lignocellulosic providing for better penetration of the acid and then degrade the complex
carbohydrate part of the biomass into monosaccharides. During pretreatment, various
monosaccharides products are formed such as (xylose, arabinose, mannose, etc.), some sugar-
dehydration products (furfural, hydroxymethylfurfural), while lignin and part of cellulose remain
as a solid residue. Research works on the dilute acid hydrolysis of different lignocellulosic
materials have defined optimal process conditions: temperature (80-200°C), sulfuric acid
concentration (0.25-8 wt%), and reaction time (10-200 min). due to low cost, non-volatileness,
and affordable corrosion strength sulfuric acid is a commonly used acid for acid hydrolysis [105].
Alizulfigar et al, [106] also study that due to liberation of higher sugar concentration from acid

hydrolyzed hydrolysate of corncob biomass, the maximum yield of bioethanol about 24.50 % was
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obtained however, at the same process condition enzyme hydrolysis gives the maximum yield of
9.60% of bioethanol. In the study conducted by Alicia et al [103] the generation of fermentation
inhibitors like furfural, HMF, acetic acid, formic acid during acid hydrolysis has a significant
impact on total sugar recovery and ethanol yields. The fast rate of reaction for efficient sugar

recovery is the main advantage of it.

Table 2.6 Related work on acid hydrolysis of lignocellulosic biomass to release sugar

) _ ) . Reducing Reference
Raw material Acid type hydrolysis condition
sugars
1.50 %, 91.02 °C, 45.088
Banana Peels H2SO4 ) [107]
21.66 min mg/mL
Wheat straw H2SO4 2%, 180 °C, 10 min 43 mg/mL [108]
corncob HCI 1.5%, 120 °C, 30 min 45.69 mg/mL [109]
Sugarcane bagasse H2SO4 2 %, 155 °C, 10 min 22.74 mg/mL [110]

ii. Enzymatic hydrolysis

The enzymatic hydrolysis of complex polymer structure is the biochemical transformation of
cellulose and hemicelluloses into simple sugars with the aid of enzymes secreted by
microorganisms (bacteria and fungi). During the enzymatic hydrolysis, cellulose is degraded by
the cellulases to reducing sugars that can be fermented. During enzymatic hydrolysis, some of the
highly specific enzymes promote 100% transformation of cellulose into glucose without the
formation of undesirable products (inhibitors), which is what makes this process very attractive

compared to chemical hydrolysis [104]

2.7.3 Fermentation

The term fermentation denotes the enzyme-catalyzed energy-yielding pathway in cells involving
the anaerobic breakdown of molecules such as glucose. After acidic or enzymatic hydrolysis
Lignocellulosic biomass the hydrolysate is obtained then it was subjected to fermentation by
microorganisms such as yeast to produce bioethanol. Because such lignocellulose hydrolysate
consists of no longer only glucose, but also numerous monosaccharides, such as xylose, mannose,
galactose, and oligosaccharides, microorganisms should be required. Ethanol fermentation is the
biological process that converts fermentable sugars such as glucose & xylose to cellular energy

with microorganisms that produce waste by-products of Co:HsOH & COo.
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Saccharomyces cerevisiae is the most widely used and studied species for the production of
bioethanol because it is vigorous and suitable for the fermentation of glucose from the hydrolysis
of lignocellulosic biomass. However, it is not able to ferment the pentose sugar that is released
from the hydrolysis of the hemicelluloses, so the fermentation of pentose requires another
microorganism [112]. In general, the conversion of lignocellulosic material to ethanol is governed

by the two most common sugars which are made according to the following two reactions:
For glucose: C,H,,0, — 5C,H,OH + 2CO, 2.1(a)
For xylose: 3C,H,,0, - 5C,H,OH +5CQO, 2.2(b)

In line with the reactions, the theoretical most yield is 0.51 kg bioethanol and 0.49 kg carbon
dioxide in line with kg of xylose and glucose. The most theoretical yield of glucose fermentation
in bioethanol calculated from equation (), also called the Guy-Lussac yield, is 0.511 g of ethanol/g
glucose. Saccharomyces cerevisiae is the most favored organism for ethanol manufacturing from
hexoses [113].

I. Yeast cell growth

The yeast cells can broaden in either in the shape of haploid and diploid. Haploid cells indicate an
easy mitosis life cycle that, underneath worrying conditions will die. Diploid cells, just like the
haploid ones, display the mitosis existence cycle, however below immoderate strain conditions,
enter the meiosis existence cycle and produce four haploid spores their doubling time is
approximately ninety minutes [114]. S. cerevisiae can grow aerobically and anaerobically. Its
potential to apply unique sugars relies upon in which manner it grows. If it grows aerobically,
galactose and fructose are pleasant fermenting sugars. All traces require nitrogen and phosphorus
resources to grow. To prepare nitrogen, they eat ammonia and urea. They use dihydrogen
phosphate as a source of phosphorus. To put together nitrogen, they eat ammonia and urea. They
use dihydrogen phosphate as a source of phosphorus. Similarly, they need sulfur and several metals
which incorporate magnesium for optimum growth. Yeast species are ordinarily grown or
cultivated in liquid media. Whilst a way of life of yeast cells is inoculated in a sparkling boom
medium, they enter a fleeting lag section where they are biochemically energetic however no
longer dividing Figure (2.8) accordingly lag phase cells reach into their mobile cycle and begin

dividing. Then after cells develop exponentially in number as well as the mobile guantity is
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improved and the populace is said to be in an exponential section of increase. They multiply till a
few nutrients are exhausted or some metabolite accumulates to toxic concentrations. Finally, the
cells stop dividing and enter a desk-bound section observed with the aid of a decreasing segment

whilst cells begin dying [115]

Stanonary
r———n

£ Rpa
L.cg/ \\

Lag /

Number of cells (log)

Time (hr)

Figure 2.8 yeast cell growth
2.7.4 Separation of ethanol and water

i. Distillation

Distillation is a separation technique used to separate two liquids based on their boiling point
difference. Due to the presence of high intermolecular interaction with each other and two

materials will co-distill several distillations are required to achieve high purification.

Up to date number of research works are published on the areas of production of bioethanol from
corncob hydrolysate, for example, the research conducted by Banua et al., [46], Orji et al., [47]
Tambuwal et al., [117] none of these studies can't provide an effective pretreatment through
examination of maximal cellulose as well as fermentable sugar production from both the
pretreatment hydrolysate and the cellulosic substrate, as a result, the ability of corncob for ethanol
production can't be objectively evaluated and the research conducted by Chen et al., [118] and by
Cao et al., [119] use pretreatment but the pretreatment is not effective because they did not
optimize the process parameters during the pretreatment these can decrease the cellulose recovery
yield as well as the respective fermentable sugar. So to alleviate the aforementioned gap of
literature in this study new approach and effective pretreatment of binary acids with appropriate
binary acids ratios will be used for enhanced recovery of cellulose as well as effective fermentable

sugar release to increase overall production of bioethanol.
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CHAPTER THREE

3 MATERIALS AND METHODS

3.1 Chapter overview

This chapter mainly focuses on the materials required, raw material collection, sample preparation,
characterization, and analysis procedures that were employed for various experiments performed
in this research work. For simplicity, the required materials, experimental protocols, and
characterization techniques followed in the study are categorized into four sections. These include
1) raw material collection and sample preparation, 2) recovery of cellulose from corncob using
binary acids at the optimal condition and its characterization, 3) hydrolysis of cellulose to glucose,
and 4) performance of anaerobic fermentation using glucose produced in hydrolysis for bioethanol

production.

3.2 Materials

3.2.1 Equipment and Glassware

The major equipment, instruments, and chemicals used in this study are presented stage-wise in
Table 3.1. All chemicals were analytical grade and used without further purification. The list of

materials was purchased from local chemical importers.

Table 3.1 General experimental stages and respective materials.

Objective Equipment and materials Chemicals

Experimental Procedure

Raw material collection and

sample preparation

e Plastic bag

Mortar and Ball mill
e Sieve analyzer NA
e Oven

e Weighing balance

e Weighing balance & Digital Sulfuric acid (98%)

Sample characterization and

pH meter

Glacial acetic acid (99.5%)

pretreatment for cellulose

e Desiccator & Centrifuge

Sodium hydroxide
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recovery as well as hemicellulose

and lignin removal

Refrigerator & Water bath
Muffle furnace & Autoclave
Flasks & Measuring
cylinders

Petri dish & Centrifuge tubes
Cotton & Aluminum foil
Vessel stopper & Glove
Filter paper & Spatula

e Sodium chlorite

e Toluene (99%)

e Ethanol (97%)

e Chloroform (99%)
e Hydrogen peroxide
e Acetone

e Distilled water

e nitric acid

Hydrolysis of cellulose to glucose

Autoclave

Hot-air Oven
Measuring cylinder
Flasks
Micropipettes

e Sulfuric acid (98%)
e Phenol solution
e Glucose (CsH120¢)

Fermentation and determination

of bioethanol

Autoclave

Shaking incubator
Flasks

Cotton & Aluminum foil
Vessel stopper & Glove
Filter paper & Spatula

e Dextrose sugar

e Yeast extract

e Urea

e Magnesium sulfate

e Potassium dichromate

e Sulfuric acid

Instrumental Analysis

Proximate analysis of raw

corncob, and cellulose,

Fourier transform infrared

spectroscopy (FTIR)

hemicellulose and lignin X-ray diffraction (XRD) NA
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3.3 Methods

3.3.1 Sample collection and preparation of corncob powder

The corncob was collected from the local farming field in Adama, Ethiopia, and transported to the
laboratory. Primarily, it was washed with deionized water to remove unwanted particles, like dust
and aerosol parts. Then the washed corncob was dried in an oven dryer at 50 °C for 24 hours and
then, size of the corncob was reduced using mortar. The size-reduced sample was ground further
with the help of a ball mill and passed through a 60-mesh screen [120]. Subsequently, the obtained
powder which has less than 250 pum was transferred and sealed in a plastic (polyethylene) bag and

stored in a desiccator for further use.

Size reduction

Raw corncob Size reduced corncob

l Milling

Packaging

=

Packed sample Corncob powder

Figure 3.1 Diagrammatic representation of corncob sample preparation
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3.3.1 Characterization of corncob

Proximate analysis

Proximate analysis, including moisture, ash content, volatile matter, and fixed carbon of biomass,
was characterized based on the procedure of the national renewable energy laboratory (NREL),
USA [121].

Moisture content

To determine the moisture content, known mass of the sample was placed in a clean oven-dried
pre-weighed crucible. The crucible with the sample was kept in an oven at 105 °C for 3 hours.
Then, the sample was covered and transferred to desiccators and weighed after reaching room
temperature. Again, the crucible was heated in the oven for another one hour under the same
temperature and re-weighed. It was repeated until a constant weight was attained. The loss of

weight percent expresses the moisture content of corncob, which is calculated as,

Moisture content (%)= Wi'Wa %100 (3.1)
Wl

Where, W1 = Initial weight; W, = Weight after oven-dried

Ash content

First, the empty crucible was weighted, and then put the oven-dried sample on it. The sample in
the crucible was placed in a muffle furnace and heated for 2 hours at 550 °C. The crucible was

taken from the furnace and placed in a desiccator to cool. Then it was re-weighed.

Ash content (%)= 2*100 (3.2)

1

Where, W1 = Original sample weight; W, = Weight of ash burned on the furnace

Volatile matter

Oven-dried samples were put in a known weight of crucibles. The sample on the crucible was
placed in a muffle furnace and heated for 30 min at 600 °C. The crucible was removed from the
furnace and placed in a desiccator for cooling, then reweighed. The same procedure was repeated

until a constant weight was obtained. The volatile content of the sample was calculated as,
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Volatility matter (%6)=—1"Y2+100 (3.3)
w

1
Where, W1 = Original weight of oven-dried sample; W» = Weight after heating in the furnace

Fixed Carbon Content

This is the filtrate left after the moisture, volatile, and ash is given up from the sample. It is
presumed by deducting from 100, the percentage of moisture, volatile matter, and ash content. The

fixed carbon content was measured as,

Fixed Carbon = 100 — (% moisture + % volatile matter + % ash) (3.4)

3.3.2 Chemical composition of corncob
The chemical composition of corncob such as cellulose, hemicellulose, lignin, and extractives was

analyzed using the standard gravimetric method under the conditions defined by [121]

3.3.2. 1 Extractive determination

The known weight of raw biomass was loaded into the cellulose thimble with the soxhlet extractor
set-up and 250 mL of ethanol and toluene mixture (ratio, 2:1) was used as a solvent for extraction.
Residence time for the boiling and temperature was carefully adjusted at 100 °C, on the heating
mantle for a 4 h running period. After extraction, the sample was air-dried at room temperature for
a few minutes. The constant weight of the extracted material was achieved in a conventional oven
at 105 °C. Then.

Extractive content (%) =Y Ws 4100 (3.5)
Wl

Where, W1 = weight of dry biomass before extraction in gram, W» = weight of dry biomass after

extraction in grams
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Figure 3.2: Soxhlet extraction set up

3.3.2.2 Cellulose determination

First acetic acid and nitric acid reagent were prepared by taking 150 mL of acetic acid and 15mL nitric acid.
After that, known mass of corncob biomass was added to a 250 mL flask containing 30 mL of acetic
and nitric acid reagent and perfectly mixed. Then it was kept on a water bath at 100 °C for 30 min.
To the sample flask, 100 mL distilled water was added to cool and dilute the sample. The diluted
sample was centrifuged at 5000 rpm for 20 min and the supernatant was discarded. The residue
was washed with distilled water until neutral pH was obtained and the obtained residue was oven-
dried and weighed for cellulose quantity determination according to the method of [122]. The

cellulose content was calculated as,

Cellulose content (%) = W2 4100 (3.6)
Wl

Where, W1 =Weight of dry biomass before treatment; W» = Weight of dry biomass after treatment

3.3.2.3 Hemicellulose determination

known mass of extractive free dried biomass was transferred into a 250 mL flask and then 150 mL
of 500 mol/m® NaOH was added. The mixture was boiled for 3.5 h with distilled water. It was
filtered after cooling through vacuum filtration and washed until neutral pH and the residue was
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dried to a constant weight at 105 °C in a conventional oven. Then the difference between the sample

weight before and after this process is the hemicellulose content and it was calculated as:

Hemicellulose content (%) =Y W2 4100 (3.7)
Wl

Where, W1 = Weight of dry biomass before treatment; W» = Weight of dry biomass after treatment

3.3.2.4 Lignin determination

known mass of extractive free dried biomass was weighed in glass test tubes and 15 mL of 72%
H2>SO04 was added and the sample was kept at room temperature for 2 h by carefully shaking at 30
min intervals to allow for complete hydrolysis. After the initial hydrolysis, 84 ml of distilled water
was added to the sample to dilute the sample to 4% and placed in an autoclave for 1 h at 121 °C.
The slurry was then cooled at room temperature and the hydrolysates were filtered through vacuum
using a filtering crucible. The acid-insoluble lignin was then determined by drying the residues at
105 °C and accounting for ash by incinerating the hydrolyzed samples at 575 °C in a muffle furnace.
The lignin quantity was determined using Equation (3.8) [123].

Lignin content (%) =—2*100 (3.8)
Wl

Where, W1 = was the initial sample mass; W = was the obtained lignin mass after pretreatment

3.4 Pretreatment of corncob

Selection of binary acids ratio

Binary acids (H2SOs and CH3COOH) are selected to pretreat the corncob biomass for enhanced

cellulose recovery with maximum hemicellulose and lignin removal with minimum sugar loss.

For the selection of appropriate binary acid ratio, different experiments with various binary acid
ratios (1:1), (1:2), (1:3), (2:1) (3:1) as well as single acids (H2SO.) and (CH3COOH) with various
parameters such as (2% v/v) acid concentration, (0.2g/mL) solid loading ratio, (100 °C) operating
temperature and (90 min) operating time was done for effective cellulose recovery with maximum
hemicellulose as well as lignin removal. Then the cellulose recovery, hemicellulose reduction, and

lignin reduction can be calculated as,
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Cellulose recovery (%) = %*100 (3.9)

Where C, = Cellulose before pretreatment; C1 = Cellulose after pretreatment

Ho(g)-H1(g)

Ho(g)

Where Ho, = Hemicellulose before pretreatment; Hi= hemicellulose after pretreatment

Hemicellulose reduction (%)= x100% (3.10)

Lo(g)—LI(g)

Lo(g)

Where Lo = Lignin before pretreatment; L1= Lignin after pretreatment

Lignin reduction (%) = %100 % (3.11)

3.5 Optimization of binary acid pretreatment

For enhanced cellulose recovery as well as maximum hemicellulose and lignin removal with
minimum sugar loss, binary acids (H2SO4s and CH3COOQOH) were selected to pretreat the corncob
biomass. Based on the comparison made at different binary acids ratios selection the operating
conditions such as acid concentration, biomass loading ratio, operating temperature, and
pretreatment time for the selected ratios were designed as indicated in Table 3.2 for optimization.
The parameters optimization was carried out using response surface methodology in design expert
® 7.0 software. The experimental values were used to determine the effect of four operating
variables on the pretreatment for efficient cellulose recovery and efficient removal of
hemicellulose as well as lignin with minimum sugar loss. The response variable was cellulose
recovery. The significance of the result was set from the analysis of variance (ANOVA). The

diagrammatic representation of different stage of biomass pretreatment is illustrated in Figure 3.3

Table 3.2 optimization of pretreatment parameters

Levels
Parameters
Minimum Middle Maximum
Acids concentration (% (v/v)) 1 2 3
Biomass loading ratio (g/mL) 0.1 0.2 0.3
Temperature (°C) 80 100 120
Time (min) 30 60 90
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Corncob Sample Weight sample ~ Mix sample & solution Sample pretreatment after pretreatment

Final pretreated sample ovendrying  Sample ready for drying pH adjustment ~ Vacuum filtration

Figure 3.3 Overall experimental procedure of sample pretreatment
3.6 Characterization of raw and binary acid-pretreated corncob

3.6.1. SEM analysis

Scanning electron microscopy (FEI-INSPECT-F50) was performed to observe the morphology
and surface structure by scanning the ruptured surface of raw corncob, binary acid-treated corncob,
and corncob cellulose. It was used to study the effects of binary acid treatments on the morphology
of the samples [124]. The effectiveness of the binary acid treatment was evaluated through the

surface morphology and structure of the cellulose.

3.6.2. FTIR analysis

FTIR spectroscopy discusses the functional group analysis of organic samples and recognizes
chemical bonds in a molecule by generating an infrared retention range; the spectra generate a
profile of the sample, a particular molecular fingerprint that can be utilized to screen and scan
samples for a wide range of segments.

In this study, Fourier Transform Infrared Spectroscopy was mainly used to investigate changes
that occur in the chemical structure of raw corncob, binary acid-treated corncob, and corncob

cellulose. The change of the functional groups of raw corncob, acid-treated corncob, and corncob
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cellulose, was investigated using Fourier transform infrared spectroscopy (FTIR) equipped with a

KBr beam splitter.

This structural analysis technique was used to manipulate structural changes in samples and to
examine the changes in functional groups encouraged by various treatments as a result of chemical
modification by the identification of the functional group [124]. However, the spectra are
performed at room temperature in the range of 500 to 4000cm™* with a resolution of 4cm™ and a

total of 3736 points for each sample [125].

Figure 3.4 FTIR instrument for functional analysis of the raw and pretreated sample

3.6.3. XRD analysis

The crystallinity characteristics of the raw corncob, binary acid pretreated corncob, and an x-ray
diffractometer analyzed corncob cellulose. The operating system (measurement Condition) was
set at the voltage of 30 kV and current at room temperature using a sampling pitch of 0.0200 (deg)
and preset time 0.40 (sec) within a 20 of 40 mA by applying the irradiation of Cu Kalfa (1.54)

ranging from 10 to 50° and a scan rate of 3° min~! in continuous scan mode [126].

In this study, a slight increment in the crystallinity of binary acid-treated cellulose and corncob
cellulose was detected by XRD. The crystallinity index (Crl) analysis evidenced the reduction of
amorphous cellulose and increased crystalline cellulose. The crystallinity index (Crl) denotes the
ratio of the crystalline constituents to the amorphous regions of material and is calculated using

the equation.

area of crystaline peak

= : *100 (3.12)
(total area (crystalline+amphouras))
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3.7 Hydrolysis

Inside the lignocelluloses materials, cellulose is one of the most crucial components of a
biopolymer which consisting of many glucose units linked through B-1, 4-glycosidic bonds. The
breakage of the -1, 4-glycosidic bonds via acids results in the hydrolysis of cellulose polymers,
resulting in the sugar molecule glucose or oligosaccharides. Mineral acids, mainly HCI and H2SOa,
had been used within the hydrolysis of cellulose. The hydrolysis using dilute sulfuric acid (acid
hydrolysis) is the most extensively used for having high efficiency within the separating process
of cell wall components resulting in hemicellulose hydrolysate and cellulignin [110].

Pretreated and dried corncob cellulose at 10% level (1:10, w/v ratio) was taken in 250 ml
Erlenmeyer flasks and it was subjected to dilute acid saccharification in the autoclave at the various
acid concentration (1, 2, 3, and 4%), various time (15, 30, 45 and 60 min) and various temperature
(100,110,120 and 130 °C) for maximum hydrolysis of cellulose to glucose (reducing sugar). The

operating conditions were maintained.

3.6 Determination of glucose concentration
The phenol Sulphuric acid method used to estimate glucose concentration is described below. This

forms a green-colored product with phenol and has an absorption maximum at 490 nm [126]
Standard Preparation

The standard stock solution of glucose was prepared by dissolving 10 g of glucose in 100.0 mL
distilled water. Working standards were prepared by pipetting 0, 20, 40, 60, 80, and 100 mg/mL
into aliquots of the standard stock solution into separate 100 ml volumetric flasks, and they were
diluted by distilled water to constant volume. A total of six tubes was prepared for standard
preparation; one tube for blank, the five tubes for glucose standard. 4 mL of the sample containing
glucose standard was pipetted to each tube, and 1 mL of 5% phenol was added to all tubes and
mixed. Then 5 mL of 96% concentrated sulfuric acid was added. Simultaneously, the tubes were
shaked to effect fast and complete mixing. They were placed in the water bath at 30°C for 10
minutes for color display. Blank solutions were prepared in the same way, except that the 4 mL of
the standard solution was replaced by distilled water. The absorbance was measured at 490 nm in
UV spectrophotometry. The results were recorded.
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The total amount of reducing sugar found in our samples are determined from the prepared

standard graph of sugar concentration and its absorbance
Y=mx+Db
Where; Y = is absorbance; m =isthe slope; X = concentration and b is y-intercept

_ absornace of unknown sample -(y intercept)

Con. of unknown sample (x) I
slope

*100

sugar produced
raw material used

Glucose yield % = *100

But the raw material used can be calculated as,

gram of sample used during hydrolysis
milliter of solution

Raw material used =

(3.13)

(3.14)

(3.15)

(3.16)

Pretreated sample

Glucose concentration analysis ~ Corncob hydrolysate Vacuum filtration :

Figure 3.5 Overall experimental procedure for glucose production from corncob cellulose
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3.7 Detoxification of acid hydrolysate of corncob

The acid hydrolysate of corncob was detoxified by adjusting sample pH to 7, using 0.5N NaOH to
remove the inhibitors generated during the acid hydrolysis. After the pH adjustment, the
hydrolysate was vacuum filtered to remove the residue. Then, the filtrate, i.e., acid hydrolysate of

corncob, was used for fermentation as a carbon source.
3.8 Microorganism and Fermentation
I. Microorganisms and maintenance

The yeast strain S. cerevisiae was purchased from Adama Regional Biotechnology Laboratory,
Adama, Ethiopia, for fermentation purposes. It was maintained in a solid medium at pH 7.0. The
solid medium contains the composition of glucose (10 g/L), yeast extract (4 g/L), peptone (3 g/L),
and agar (10 g/L).

ii. Inoculum preparation

The inoculum medium was prepared by adding glucose (20 g/L), peptone (3 g/L), yeast extract (4
g/L) in a 250 ml conical flask containing 100 mL distilled water and the pH of the medium was
adjusted to 7.0. Subsequently, it was autoclaved at 121 °C with 15 psi for 15 min using an
autoclave. After sterilization, the yeast strain was transferred from the stock culture to the inoculum
medium at room temperature. The inoculum medium was incubated at 30 °C for 12 h in an orbital

shaking incubator at 200 rpm and used for fermentation purposes.
iii. Fermentation media preparation

The fermentation media was prepared in 400 mL distilled water using a 500 mL flask. The media
content was the corncob hydrolysate (20 g) as carbon source, urea (4 g) for nitrogen source, and
fast growth, MgS0O4. 7H20 (4g) as a source of magnesium, and yeast extract agar (1 g) as a source
of vitamins and minerals [107]. To this media, the inoculum was added and pH was adjusted to

5.5. Then it was sterilized at 121 °C for 15 minutes.
iv. Fermentation using yeast S. cerevisiae

The 250 ml sample was sterilized to the temperature of 121 °C for 15 minutes before the
fermentation step was started. Then the prepared media to sample were mixed in the 500 ml flasks

with the proportion of 1:10 (prepared media to sample ratio). Then, placed on shaking incubator
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at a temperature of 30 °C and 200 rpm for 96 hours. At every 12 hours of fermentation, period
samples were taken and analyzed for yeast cell growth, glucose concentration, and ethanol

concentration.

V. Determination of yeast cell growth curves

The growth of the yeast cells in each condition was defined by taking the sample at the respective
time. The growth curve was determined by taking one milliliter of culture medium kept at separate
Peter dish plates and introduced into UV/Visible absorption of culture medium samples at 600 nm
for 0 to 96 hours were obtained and plot the common growth curve of yeast microorganisms which
were composed of lag, log, stationary and decline phases. Yeast cell growth patterns and growth

rates were evaluated by excel mathematical software.

3.9 Distillation

Distillation was carried out by using a distillation apparatus. The fermented liquid from the
fermentation setup was transferred into a round bottom flask and placed on a heating mantle fixed
to a distillation column enclosed in running tap water. Another flask was fixed to the other end of
the distillation column to collect the distillate at 78 °C (Standard temperature for ethanol
production) for 2 hours [127]. Then the alcohol concentration and their respective sugar
concentration on the residue was determined by preparing a standard curve for both ethanol and

glucose by using potassium dichromate reagent and phenolic acid method, respectively

i. Determination of bioethanol concentration

In this study, the determination of alcohol content found in our sample was carried out by
spectrophotometer UV-visible quantitative analysis of alcohols using potassium dichromate
reagent. First potassium dichromate reagent was prepared by 5 grams of potassium dichromate
dissolved in 100ml of distilled water in a 250 ml volumetric flask. Then the flask was kept at ice
bath and 150 ml of concentrated H.SO4 was added dropwise. Take 1 ml of the sample from the
volumetric flask and 10 ml of dichromate reagent was added. Then the flask was incubated on a
water bath at 60 ° C for 20 min and the linearity curve plot by taking concentrations from 0.5 to 3
% ethanol (v/v) which is equal to 5, 10, 15, 20, 25, and 30 mg/mL of standard ethanol. The blank
solution was prepared with distilled water [128]. The absorbance of each concentration was

measured at 587 nm using a UV-visible spectrophotometer. Then 1ml of each produced bioethanol

49|Page



sample collected from distillation was poured in test tubes. Then 10 ml of chromium reagent was
also added. Then the mixture was allowed to water bath at 75 °C for 15min. then the tube is
removed from the bath and 24 ml of distilled water is added to stop the reaction. Then the
absorbance was measured at 587nm using the UV-VIS spectrophotometer Then amount
concentration of ethanol in the test sample is determined by UV from the linearity Curve plotted

at 587 nm and the ethanol conversion yield was calculated as,

Ethanol produced,mg/mL

— - (3.17)
Initial glucose concentrationx0.511,mg/mL

Ethanol conversion yield (%)=

Where 0.511 is the theoretical conversion yield of glucose to ethanol

ii. Determination of residual sugar in the fermentation medium

The amount of sugar inside the fermentation medium after every period of fermentation was
determined following the DNSA technique [129]. Dinitrosalicylic acid (DNSA) reagent (1 ml) was
introduced to an aliquot (1 ml) of the fermentation medium in a test tube and properly mixed. The
mixture was boiled for 5 minutes and cooled under running tap water. 5 ml of 40% Rochelle salt
solution was delivered to the mixture and absorbance was read in a spectrophotometer at 490 nm.

The amount of reducing sugar was read from a standard glucose curve and expressed as mg/mL.

L )

Media preparation U,&sterilization

- e

Bioethanol Distillation setup  shaker incubator Mixing media & inoculum

Figure 3.6 Overall experimental procedure of fermentation process for bioethanol production
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CHAPTER FOUR

4 RESULTS AND DISCUSSION

In the discussion section of this study, proximate analysis and chemical composition of the sample,
pretreatment of corncob biomass using binary acids (sulfuric acid + acetic acid), the effect of
pretreatment parameters (binary acids concentration, solid-liquid ratio, pretreatment temperature,
and pretreatment time) on the cellulose recovery, on the hemicellulose and lignin removal,
characterization of raw and binary acid-treated corncob sample, the effect of process variables
(acid concentration, hydrolysis time, and hydrolysis temperature) on glucose concentration, the
yeast growth, bioethanol concentration, and residual sugar concentration and finally functional

groups of the product was analyzed using FTIR.
4.1 Characterization of corncob

4.1.1 Proximate analysis of corncob

The proximate analysis (moisture content, ash content, volatile matter, and fixed carbon content)
of corncob are shown in Table 4.1. Moisture content analysis is used to determine the
proportionality of solid to liquid ratio in the pretreatment and hydrolysis method with increasing
moisture content affecting the product quality. Determination of the moisture content of our sample
is used to know the amount of water in the corncob sample. The moisture content of corncob in
this work was (8.2 + 0.26%) slightly higher than previous work conducted by Danje [130] which
is (4.6 %) and by Shariff et al., [131] which is (7.16%), the difference in these values may be
attributed to a number of reasons including the source of the corncob, variety of corncob and
handling conditions. The ash content is the residue after the complete combustion process of
carbon-free compounds, like minerals and inorganic salts in the fresh tuber, fertilizer use and can
also come from the soil and air contamination during processing. In this work, corncob had an ash
content of (2.0+£0.1%) which slightly coincides with previously reported work (1.8%) by Danje
[130] and also in this study, low ash content of corncob constituents, so these can decrease sludge
formation in the ethanol production. It can also be noted that the corncob used in this study is
characterized by relatively high volatile matter content (79.85+0.15%), which was expected

because of the organic nature of the material. In the study conducted by Anukam et al., [132] the
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volatile matter content of biomass is higher, its combustion and gasification rates are also higher.
The volatile matter and carbon content in this study was (79.85+£0.15%) and (10.15%0.4%)

respectively, which coincided with the study of Demiral et al., [133], they obtained 79.58 and
11.57%, respectively.

Table 4. 1 Proximate analysis of corncob sample

Proximate Analysis Weight percentage (%owt. dry basis)
Moisture content 8.2 £0.26%
Ash content 2.0+0.1%
Volatile matter 79.85+0.15%
Fixed carbon 10.15+0.4%

Data (mean + SD) at (P < 0.05)

Proximate analysis of corncob

" Moisture content % ® Ash content %

® volatile matter % H Fixed carbon %

Figure 4.1: Proximate analysis of corncob
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4.1.2 Chemical composition analysis of corncob

The results of chemical components analysis of the raw corncob are shown in Table 4.2. This study
verified that the corncob used to produce bioethanol were displayed the following chemical
composition: cellulose 46.5+£0.16wt%, hemicellulose 34.5 £0.21 wt%, lignin 14.8 +0.8wt%, and
extractives 4.2 £0.4wt%. These values coincided with the literature reported by Kim et al., [68],
Kumar [11] and Ogah et al., [134]. Furthermore, a somewhat similar composition of corncob, i.e.
(43-45%) cellulose, (34-35%) hemicelluloses, and (14-18%) lignin, were previously examined by
Cheng et al.,[135]. In this study, the determination of cellulose can be applied to quantify the
theoretical production of bioethanol and the presence of high cellulose content on corncob leads
to the release of high fermentable sugar, and also low-level lignin was observed. This makes the
sample easier for hydrolysis condition as well as reduce the formation of toxic chemicals such as

aromatic, polyaromatic, phenolic and aldehydic during bioethanol production.

Table 4. 2 Chemical components analysis of corncob.

Chemical composition Analysis Weight percentage (%wt. dry basis)
Cellulose 46.5+0.16
Hemicellulose 34.5+0.21
lignin 14.8 +0.8
Extractive 42104

Data (mean + SD) at (P < 0.05)

4.2 Pretreatment of corncob
4.2.1 Selection of binary acid ratio

This section study was performed to select the best binary acids ratio among the various binary
acids ratios for effective recovery of cellulose as well as for effective removal of hemicellulose
and lignin during biomass pretreatment. For the selection of appropriate binary acids ratio for
corncob biomass pretreatment, different experiments with various binary acids (H2SO4/
CH3COOH) ratios such as (1:1), (1:2), (1:3), (2:1) (3:1), as well as single acids (H2SO4) and
(CH3COOH) with various parameters such as (2% v/v) binary acids concentration, (0.2g/mL)

solid to liquid loading ratio, (100 °C) operating temperature, and (90 min) operating time, was
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done for intensive cellulose recovery. In this study, the experimental result shown in Table 4.3
binary acids ratio (1:1) showed better cellulose recovery as well as hemicellulose and lignin
removal. The maximum cellulose recovery (43.5%) was observed in (1:1) binary acid ratio. To
increase the cellulose recovery and hemicellulose and lignin removal, operating parameters were
optimized, and intensive cellulose recovery and improved hemicellulose and lignin reduction were

obtained as the responses.

Table 4.3 Chemical components analysis of corncob pretreated by different binary acid ratios

cellulose Hemicellul oni Cellul Ligni
emicellulose . eliulose Ignin
Acid . weight after ot weight after . e |
clds atio wel arter ecover remova
treatment : treatment ¥ Removal (%)
treatment (g/q) (%) (%)
(9/9) (9/9)
H2S04 NA 0.15 0.2465 0.119 32.25 28.5 19.5
CH3COOH NA 0.105 0.2775 0.108 22.5 19.5 27.02
1:1 0.2025 0.20 0.095 435 42.02 35.8
2:1 0.145 0.212 0.112 31.2 38.5 25.3
HaS04/ 31 0.158 0.208 0.11 33.98 39.7 25.5
CH3COOH
1:2 0.115 0.219 0.116 24.73 36.4 21.6
1:3 0.1075 0.229 0.118 23.2 33.6 20.3

NA - not available
The initial weight of cellulose, hemicellulose and lignin are 46.5%, 34.5%, and 14.8%,
respectively. These values were obtained after analysis of the corncob sample by standard method.
The cellulose recovery, hemicellulose removal, and lignin removal were calculated from equations
4.1,4.2and 4.3.

weight of cellulose in corncob after pretreatment(g)
initial weight of cellulose in corncob (g)

Cellulose recovery (%)= x100% (4.1
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Hemicellulose reduction =
initial weight of hemicellulose in corncob (g)— weight of hemicellulose after pretreatment(g) 100% (4.2)
X 0
initial weight of hemicellulose in corncob (g)

Lignin reduction =
initial weight of lignin corncob(g) — weight of lignin in corncob after pretreatment(q)
initial weight of lignin in corncob(g)

x100 % (4.3)

4.2.2 Optimization of pretreatment parameters of binary acids (1:1) ratio for enhanced
cellulose recovery

Corncob biomass was subjected to chemical pretreatment (H.SO4+CHsCOOH (1:1)) was
undergoes disruption of cell wall components and there was an increase in the cellulose
crystallinity of the biomass due to removal of hemicellulose and lignin components. Acid
pretreatments lead to swelling of the substrate, which increases its internal surface area and
improves as well as facilitates the removal of hemicellulose and lignin molecules by disrupting its
complex structure. This enhances the overall cellulose recovery during pretreatment and improves
the saccharification efficiency of the biomass during hydrolysis [66]. Meanwhile, the structure of
lignocellulose varies according to biomass/crop varieties. To obtain higher saccharification
efficiency, it is necessary to standardize the pretreatment method for each type of biomass. In this
study, binary acids (H2SO4 and CH3COOH) (1:1)) were selected for pretreatment because sulfuric
acid (H2SOs4) has been found to give the highest hemicellulose removal in the pretreatment of
corncob [100]. At the same time, the acetic acid (CH3COOH) enables the degradation of
hemicellulose simultaneously with great de-lignification at a low acid concentration [136].
Therefore this binary acids ratio were optimized with different concentrations of (1, 2, and 3% v/v)
with various other parameters such as biomass loading ratio (0.1 0.2 and 0.3 g/mL), pretreatment
temperature (80, 100, and 120 °C) and pretreatment time (60, 120 and 180 min), so as to retain
enhanced cellulose, maximum removal of hemicellulose and lignin with minimum sugar loss.
However, the ranges for the four parameters were selected based on the preliminary experiments.
Based on the results of the experiment (93.5+£1.3%), cellulose recovery is attained. We concluded
that binary acid pretreatment was more promising for the retention of high cellulose content in
corncob. Furthermore, high removal of hemicellulose (85.6%+1.8%) and lignin (81.41%+2.3%)
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was also observed from the binary acids pretreated corncob substrate (Supplementary Table 4.4).
As reported by Selevakumar et al., [99] binary acids pretreatment of M. esculenta Crantz YTP1
stem biomass resulted in maximum cellulose recovery of 87.45 + 2.2% of biomass with a higher
loss of hemicellulose and lignin. In another study Kumar et al.,[137] also reported that mild alkali
pretreatment of rice straw and sugarcane bagasse increased the cellulose content (40-60%) with a
marginal loss of hemicellulose, while acid pretreatment resulted in complete removal of
hemicellulose, resulting in enrichment of cellulose. The result from this study indicated that binary
acids pretreatment conditions were not only able to retain most of the cellulose (93.5%) but also
removed hemicellulose and lignin, thereby facilitating high sugar yield from corn cob, which
facilitated the subsequent hydrolysis that operating at high cellulose content to obtain an improved

concentration of bioethanol.

The effectiveness of biomass pretreatment depended on factors such as acid dosage, solid-liquid
ratio, pretreatment temperature and soaking time which greatly influences the separation of various
components of lignocellulosic biomass in the treatment process [62, 137]. So that in this study,
the thermo-chemical treatment of corncob biomass was accomplished using binary acids at various

temperatures with a time up to 180 min.

Table 4. 4 Chemical components analysis of corncob pretreated by binary acids methods

Corncob Untreated sample Wight Recovery (%) / Removal (%) after
component (%) pretreatment
Cellulose 46.5+0.16 wt%, 93.5£1.3 wit%,
Hemicellulose 34.5 £0.21 wt%, 85.6+1.8 wt%,
Lignin 14.8 £0.8wt% 81.41+2.3 wt%,

Cellulose recovery (%), whereas hemicellulose and lignin removal (%)
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4.3 Statistical Analysis of the Experimental Results

4.3.1 Analysis of variance

In order to investigate the effect of different pretreatment variables in cellulose recovery as well
as hemicellulose and lignin removal from corncob substrate, response surface methodology (RSM)
central composite design (CCD) was used for the analysis of variance (ANOVA). Essential process
parameters (binary acids concentration, solid loading ratio, temperature, and time) that impacted
the cellulose recovery yield during pretreatment were examined via RSM. The inputs for design
experts are binary acids concentration (%v/v), biomass loading ratio (g/mL), pretreatment
temperature (°C) and pretreatment time (min) as independent variables and cellulose recovery
yield dependent variable.

The above-mentioned parameters were fed into design expert software and generate the build

information of the experimental analysis of the responses cellulose recovery process as shown in

Table 4.5 Build Information of experimental analysis of cellulose recovery yield.

Study type Response surface
Initial point Central composite design
Center point 6
Design Model quadratic polynomial
Run 30
Blocks No

The probability P-values were used to check the significance of each coefficient of the regression
model equation. The P-values of the corresponding coefficient should be less than or equals to
0.05. From the Table (4.6) below and the Table in appendix (B-1), the experimental result shows
that the maximum cellulose recovery, the maximum hemicellulose, and lignin reduction were
93.5%, 85.6%, 81.41%, respectively. This result somewhat coincided with the result conducted by
Selevakumar et al.,[99] during dilute acids pretreatment of M. esculenta Crantz YTP1 stem
biomass and obtained (87.45%) cellulose recovery with 88.4% hemicellulose removal and 85.0%

lignin removal.
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Table 4.6 Cellulose recovery (CR) yield at different conditions

RUN AC. (%) BL. (g/mL) T. (°C) T. (min) CR. (%)
1 1.00 0.3 80.00 60.00 56.8
2 3.00 0.1 120.00 180.00 885
3 1.00 0.3 120.00 180.00 705
4 2.00 0.2 120.00 120.00 835
5 1.00 0.3 120.00 60.00 72.7
6 1.00 0.1 80.00 60.00 57.4
7 1.00 0.1 120.00 180.00 745
8 2.00 0.2 100.00 120.00 80.6
9 2.00 0.2 100.00 180.00 79.3
10 3.00 0.3 120.00 60.00 84.8
11 2.00 0.2 100.00 60.00 815
12 2.00 0.2 100.00 120.00 80.5
13 2.00 0.2 80.00 120.00 62.6
14 1.00 0.3 80.00 180.00 56.5
15 3.00 0.1 80.00 60.00 62.36
16 3.00 0.3 120.00 180.00 79.8
17 2.00 0.2 100.00 120.00 80.64
18 3.00 0.2 100.00 120.00 81.0
19 2.00 0.1 100.00 120.00 795
20 2.00 0.3 100.00 120.00 77.4
21 2.00 0.2 100.00 120.00 795
22 1.00 0.1 80.00 180.00 57
23 3.00 0.3 80.00 180.00 62.36
24 2.00 0.2 100.00 120.00 79.0
25 3.00 0.1 120.00 60.00 935
26 3.00 0.3 80.00 60.00 61.3
27 2.00 0.2 100.00 120.00 80.2
28 1.00 0.1 120.00 60.00 73.8
29 3.00 0.1 80.00 180.00 63.4
30 1.00 0.2 100.00 120.00 70.2

where AC(%) - binary acids concentration, BL(g/mL) - biomass loading ratio, T.(°C)- Temperature

in degree Celsius, T.(min) - time in minutes and CR(%) - Cellulose recovery yield.
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Table 4.7 ANOVA for the quadratic model of cellulose recovery yield

Sum of Mean F p-value
Source
Squares Square Value Prob > F
Model 3073.42 14 219.53 141.01 <0.0001 significant
A-Acids
_ 426.51 1 426.51 273.96 < 0.0001
Concentration
B-Biomass
_ 42.94 1 42.94 27.58 <0.0001
Loading
C-
1837.80 1 1837.80 1180.45 <0.0001
Temperature
D-Time 8.41 1 8.41 5.40 0.0346
AB 11.06 1 11.06 7.10 0.0177
AC 69.64 1 69.64 44.73 <0.0001
AD 2.03 1 2.03 1.30 0.2713
BC 23.28 1 23.28 14.95 0.0015
BD 0.48 1 0.48 0.31 0.5857
CD 10.40 1 10.40 6.68 0.0207
A? 37.29 1 37.29 23.95 0.0002
B? 2.31 1 2.31 1.48 0.2423
C? 104.26 1 104.26 66.97 <0.0001
D2 2.62 1 2.62 1.69 0.2138
Residual 23.35 15 1.56
Lack of Fit 21.08 10 2.11 4.63 0.0524 not significant
Pure Error 2.28 5 0.46
Cor Total 3096.77 29

F- Value is a test for comparing model variance with residual (error) variance. If the variances

are close to the same, the ratio will be close to one and it is less likely that any of the factors have

a significant effect on the response. It is calculated by Model Mean Square divided by Residual

Mean Square. Here the model F- VValue of 141.01 implies the model is significant. There is only a

0.01% chance that a "Model F-Value" this large could occur due to noise. Values of "Prob > F"
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less than 0.0500 indicate model terms are significant. In this case A, B, C, D, AB, AC, BC, CD,
A2, C? are significant model terms. Values greater than 0.1000 indicate the model terms are not
significant. If there are many insignificant model terms (not counting those required to support

hierarchy), model reduction may improve your model.

The "Lack of Fit F-value" of 4.63 implies that the Lack of Fit is insignificant relative to the pure
error. There is 5.24% chance that a "Lack of Fit F-value" this large could occur due to noise. Non-

significant lack of fit is good. If Lack of fit is bad, we want the model to fit.

Coefficient of variation, the standard deviation expressed as a percentage of the mean; predicted
Residual Error sum of squares, which is a measure of how the model fits each point in the design;
the R- squared, measure of the amount of variance around the mean explained by the model.
Adjusted R- squared, a measure of the amount of variation in new data explained by the model,
and Adequate precision, this is a signal to disturbance ratio due to random error, presented in Table

4.8, below, are used to decide whether the model can be used or not.

Table 4.8 Model adequacy measures

Std. Dev. 1.58 R-Squared 0.9925
Mean 75.39 Adjusted R2 0.9854
C.V. % 2.10 Predicted R? 0.9436
PRESS 188.87 Adeq Precision 41.193

The "Predicted R? of 0.9436 is in reasonable agreement with the "Adjusted R? of 0.9854. The
difference between Adjusted R? and Predicted R?is 0.0418 (i.e., they are reasonably close to each
other), indicating a close fit of the model to the actual response data. "Adeq Precision" measures
the signal to noise ratio. A ratio greater than 4 is desirable. The ratio of 41.193 indicates an
adequate signal. Therefore model can be used to navigate the design space.
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Regression model equation

Table 4.9 Regression coefficients in terms of coded factors

Coefficient Degree of Standard 95% CI 95% CI

Factor ] ] VIF
Estimate freedom Error Low High
Intercept 79.73 1 0.39 78.91 80.56
A-Acid
) 4.87 1 0.29 4.24 5.49 1.00
Concentration
B-Biomass
) -1.54 1 0.29 -2.17 -0.92 1.00
Loading
C-
10.10 1 0.29 9.48 10.73 1.00
Temperature
D-Time -0.68 1 0.29 -1.31 -0.056 1.00
AB -0.83 1 0.31 -1.50 -0.17 1.00
AC 2.09 1 0.31 1.42 2.75 1.00
AD -0.36 1 0.31 -1.02 0.31 1.00
BC -1.21 1 0.31 -1.87 -0.54 1.00
BD -0.17 1 0.31 -0.84 0.49 1.00
CD -0.81 1 0.31 -1.47 -0.14 1.00
A? -3.79 1 0.78 -5.45 -2.14 2.78
B? -0.94 1 0.78 -2.60 0.71 2.78
C? -6.34 1 0.78 -8.00 -4.69 2.78
D2 1.01 1 0.78 -0.65 2.66 2.78

The coefficient estimate represents the expected change in response per unit change in factor
value when all remaining factors are held constant. The intercept in an orthogonal design is the
the overall average response of all the runs. The coefficients are adjustments around that average
based on the factor settings. When the factors are orthogonal, the VIFs are 1; VIFs greater than 1,
indicate multi-collinearity, the higher the VIF, the more severe the correlation of factors. As a
rough rule, VIFs less than 10 are tolerable
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The model equation, which relates the response cellulose recovery to the independent variables

(factors) in terms of the coded and actual factors is given below.

Final equation in terms of coded factor

Cellulose Recovery = 79.73 +4.876A - 1.54B +10.10 C - 0.68D - 0.83AB +2.09AC - 0.36AD -
1.21BC - 0.17BD - 0.81CD - 3.79A%- 0.94B’- 6.34C*+ 1.01D? (4.4)
Where, A: is binary acids concentration (wt %) of the reaction, B: is the biomass loading ratio

(9/mL), C: is the pretreatment temperature (°C) and D: is pretreatment time (min)

Final equation interms of actual factor

Biomass loading + 0.10431 * Acid concentration * Temperature - 0.00593750 * Acid

concentration * Time - 0.60313 * Biomass loading * Temperature - 0.028958 * Biomass loading

* Time - 0.000671875 * Temperature * Time - 3.79368 * Acid concentration®- 94.36842

* Biomass loading®- 0.015859 * Temperature?+ 0.000279532 * Time® (4.5)

The equation in terms of actual factors can be used to make predictions about the response for

given levels of each factor.

4.3.2 Graphical analysis
The following graphical plot was used for checking the adequacy of the model for cellulose

recovery from corncob substrate.
Actual versus predicted plot

In Figure (4.2) below predicted versus the actual value of cellulose recovery was plotted. The plot
shows how precisely the model is modeled. The purpose is to detect a value, or group of values,
that the model does not easily predict. The points show how the predicted value and actual values
of each run approach the straight line. The straight line shows how the predicted and actual values
are closer to each other. When the point is above the straight-line predicted value is greater than
the actual value, the reverse is also true. If the scatter of the plot lies almost onthediagonal line,
this shows that the model is designed very well, i.e., the experimental data is closely related to the
data predicted from the model. As shown in Figure 4.2 below the result demonstrates that the
regression model equation provides a very accurate description of the experimental data, in which

all the points are very close to the line of a perfect fit.
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Figure 4.2 Actual versus predicted values for cellulose recovery

4.4 Effects of pretreatment conditions on the composition of corncob

In this study, optimization of the significant operating conditions in order to recover and remove
the three components in the solid residue were studied. The removal of hemicellulose and lignin
improve the performance of scarification or hydrolysis of lignocellulosic biomass. Thus the
process parameter optimization aimed to maintain the high cellulose recoveries and high
hemicellulose as well as high lignin removal. So the influence of acid concentration, solid to liquid
loading ratio, the effect of temperature, and the effect of treatment time on the response were

discussed.

4.4.1 The effects of binary acids concentration on the composition of corncob powder

The concentration of binary acids was related to the solublisation, which is closely related to
hemicellulose removal and delignification. Pretreatment of lignocellulosic biomass with sulphuric
or hydrochloric acids has been reported to efficiently remove hemicellulose and lignin components
and expose the recovered cellulose for further acid or enzymatic hydrolysis [139]. In this study,
an increase in the concentration of binary acids slightly increased cellulose recovery. This was due
to the effective removal of hemicellulose and lignin components. This indicates that the
concentration of binary acid had a significant influence on cellulose recovery yield. Furthermore,

the hemicellulose removal and de-lignification were considerably augmented with the increased

63|Page



binary acid dosage until the treatment time of 60 min. This may be because of the fact that during
acidic pretreatment of lignocellulosic biomass, acid serves as a catalyst to hydrolyze
carbohydrates, particularly hemicellulose, for that reason loosening the lignin-hemicellulose
barrier, which protects cellulose in lignocellulose. So that due to the elimination of hemicellulose
from lignocellulose after dilute binary acids pretreatment, cellulose accessibility to acidic or
enzymatic hydrolysis was extensively increase [140]. Which meant that higher dilute acid

concentration led to more cleavage of linkages among the three components.

From Figure (4.3), it was observed that low binary acids concentration (1%) had little effect on the
content of cellulose recovery yield. The cellulose recovery has augmented with increased binary
acid concentration at the same time from the experimental Table (4.8) it was observed that
hemicellulose and lignin removal of corncob substrate increased with increasing binary acids
concentration and the maximum hemicellulose and lignin removal 85.6% and 81.41% respectively
was observed with (3%) (Sulfuric + acetic acid) concentration. This may be because (H2SOa)
causes the disruption of a complex matrix of the corncob sample and facilitates CH;COOH to
access biomass. Then both acids remove the hemicellulose and lignin simultaneously. The
maximum removal of hemicellulose and lignin were found to be 85.6% and 81.41%, respectively,
at the optimal condition of acid dosage (3%), temperature (120 °C) and time (60 min) for the binary
acids treatment.
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Figure 4.3 Effect of acid concentration on the yield of cellulose recovery.
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4.4.2 Effects of biomass loading ratio on the composition of corncob during pretreatment

Biomass loading was associated with heat and mass transfer efficiencies, which had an effect on
delignification. Therefore, SLR (g/mL) was an important influence factor for evaluating this binary
acid pretreatment process. In this study, from the experimental data. Observe that the cellulose
recoveries declined obviously with the increase of SLR from 0.1 to 0.2 and 0.3 (g/mL). This may
be due to the solid-liquid ratio increasing the acid accessibility to break the bond between the three

components decrease this can decrease the total cellulose recovery in the process.

Furthermore, in this study, the hemicellulose and lignin removal were higher at a more diluted
ratio of 0.1 (g/mL). This might be the binary acid can easily get access to break the bond cleavage
between the three components. As shown in Figure (4.4), the maximum cellulose recovery
(93.5+1.3%) was observed at biomass loading ratio 0.1 (g/mL), and further increasing the biomass

loading ratio can decrease the cellulose recovery yield. Therefore, this study considered 0.1 (g/mL)
the optimum solid to liquid loading ratio.
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Figure 4.4 Effect of biomass loading ratio on yield of cellulose recovery

4.4.3 Effects temperature on the composition of corncob powder during pretreatment
Applying a mixed-severity idea of using a small amount of acid and a short pretreatment time at a
high temperature is favorable for the dilute acid pretreatment method [75]. All through acidic

pretreatment at a higher temperature, the bonds among the polysaccharides molecules within the
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lignocellulosic biomass could be broken down and this can facilitate the separation via the three
components [141]. So similar concept is observed in this study. The temperature shows a
significant effect because an increase in the pretreatment temperature of binary acid obviously
increases cellulose recovery. This was due to the effective removal of hemicellulose and lignin
components of the corncob substrate at high temperatures. From the experimental data in Table
(4.6), lignin removal was improved with an increase in temperature at all treatment processes. So
that temperature has a significant effect on lignin removal. Wan Azelee et al. [142] also report that
the temperature has been described to increase the lignin removal percentage in pretreatments for
delignification. Similar results were obtained in the current study. According to the experimental
data in Table (4.6), an increase in the reaction temperature strongly influenced cellulose recovery
from 80 °C to 120 °C, and the removal of hemicellulose and lignin increases with an increase in
the temperature. From Figure (4.5) lowest cellulose recovery was observed at (80 °C). But the
further increase in the pretreatment temperature can significantly increase the cellulose recovery.
This shows that high temperature with low acid concentration has a favorable condition for
corncob biomass treatment to remove the hemicellulose and lignin as well as to recover cellulose.
Therefore 120 °C was considered as an optimum temperature for enhanced cellulose recovery from
corncob substrate in this study.
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Figure 4.5 Effect of temperature on the yield of cellulose recovery
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4.4.4 The effect of pretreatment time on the composition of corncob during pretreatment
Thus the pretreatment conditions optimization process aimed to maintain the high cellulose
recoveries and high hemicellulose as well as lignin removal. The influence of reaction time on the
binary acids-pretreated residue was shown in Figure (4.6). The recoveries of cellulose decrease
slightly with reaction time increase from 60 to 180 min. About 93.5% cellulose, 85.6%
hemicellulose and 81.41% lignin were maintained in the solid residue at (3%, 0.1 g/mL, 120 °C
and 60 min). In contrast, the cellulose recovery was slightly decreased at the same parameters with
increased reaction time (180min). This was due to the conversion of the recovered cellulose to
another byproduct like glucose or hydroxyethyl furfural (HMF) which indicated that a longer
reaction time led to an obvious reduction of cellulose recovery.
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Figure 4.6 Effect of time on the yield of cellulose recovery

4.5 Interaction effect of pretreatment conditions on the yield of cellulose recovery
The interaction effects and optimal levels of binary acids concentration, biomass loading,
pretreatment temperature and time were determined by plotting the response surface curves. To
study the interactive effects on cellulose recoveries' yield, the quadratic model's response surface
methodology was used and three-dimensional response surface (3 D) plots were constructed. The
contour plot forms show the nature and magnitude of the interaction between distinct variables.
These plots depicted the combined effects of two factors on cellulose recoveries yield.
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4.5.1 Effects of acid concentration and biomass loading ratio on the cellulose recovery yield
The effect of binary acids concentration and solid loading ratio on the yield of cellulose at a
constant temperature 120 °C and time of 60 minutes was shown in Figure (4.7). The Figure
depicted that a maximum cellulose yield was obtained at a high acid concentration (3%) and lower
biomass loading ratio (0.1 g/mL). The relationship of their interaction effect on the yield was also
shown from the regression coefficient of their interaction in equation (4.4). From the equation, the
interaction of binary acids concentration and solid loading ratio has negatively affects cellulose
recovery yield. As shown in the figure, it was observed that at a higher level of binary acid
concentration, the separation of the three components in the solid residue was higher this can
obviously increase cellulose recovery yield, whereas, at a lower solid loading ratio, the acid
accessibility to break the bond between the three components increase this can also increase the
cellulose recovery yield. So that the Figure (4.7) also confirms that the maximum cellulose

recovery yield (93.5%) was observed at higher acid concentration and lower solid loading ratio.
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Figure 4.7 Effects of binary acids concentration and solid loading ratio on the cellulose yield

4.5.2 Effects of binary acid concentration and temperature on the cellulose recovery yield

The interaction effect of binary acid concentration and temperature on the cellulose yield is given
below in the following figure. As seen from the 3D plot of binary acid concentration and
temperature at constant solid loading ration (0.10 g/mL) and constant time (60 min), the maximum
cellulose recovery yield was observed at higher binary acids concentration and temperature. This

was because at higher binary acids concentration and high temperature, the separation of the three
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components, such as cellulose hemicellulose and lignin, was higher. So that due to the effective
separation of the three components, the cellulose recovery increased. Figure (4.8) confirms that
the maximum cellulose recovery yield was observed at higher binary acids concentrations and
higher temperatures. Furthermore, the regression equation (4.4) shows that the interaction effect

of binary acid ratio and temperature positively affects cellulose recovery.
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Figure 4.8 Effects of binary acids concentration and temperature on cellulose recovery yield

4.5.3 Effects of binary acid concentration and time on the cellulose recovery yield

The effects of binary acid concentration and time on the yield of cellulose when temperature and
solid loading ratio were constant at (120 °C and 0.1 g/mL), respectively, are shown in Figure (4.9).
The maximum vyield of cellulose was observed at higher binary acids concentration and lower
pretreatment time. At higher binary acid concentration and higher pretreatment time, decreasing
the yield of cellulose was observed. This was due to the possible formation of other molecules
from the recovered cellulose, or the recovered cellulose was further hydrolyzed to glucose.
Therefore, the maximum cellulose recovery was observed from the plot at 3%, acid concentration,

and 60 min pretreatment time, respectively.
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Figure 4.9 Effects of binary acid concentration and time on the cellulose recovery yield

4.5.4 Effects of biomass loading ratio and temperature on the cellulose recovery yield

The effect of solid loading ratio and pretreatment temperature on the yield of cellulose at a constant
acid concentration (3%) and time of (60 min) is shown in Figure (4.10). The Figure depicted that
a maximum cellulose yield was obtained at a lower solid loading ratio or a more diluted ratio
(0.10g/mL) and higher temperature (120 °C). This was due to that at lower biomass loading ratio
and at higher temperature the separation of the three components such as cellulose, hemicellulose,
and linin in the solid residue increases, at the same time the cellulose recovery yield increase. The
3D plot for the biomass loading ratio and temperature interaction also confirms that the maximum

cellulose recovery was observed at a lower biomass loading ratio and higher temperature.
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Figure 4.10 Effects of biomass loading ratio and temperature on the cellulose yield
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4.5.5 Effects of biomass loading ratio and time on the cellulose recovery yield

The effects of biomass loading ratio and time on the cellulose recovery yield when the acid
concentration and temperature were actual factors are shown in Figure (4.11) below. The
maximum yield of cellulose (93.5%) was observed at a low biomass loading ratio (0.1 g/mL) and
at a minimum pretreatment time (60min). The relationship of their interaction effect on the yield
was also shown from the regression coefficient of their interaction in equation (4.4). From the
equation, the interaction of biomass loading ratio and time has negatively affected cellulose
recovery yield.
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Figure 4.11 Effects of biomass loading ratio and time on the cellulose recovery yield

4.5.6 Effects of pretreatment temperature and time on the cellulose recovery yield

The interaction effect of pretreatment temperature and time on the cellulose recovery yield is given
below Figure (4.12). The maximum cellulose recovery was observed at a higher temperature (120
°C) and lower pretreatment time (60 min). This was because higher temperature with short
treatment time was a favorable condition during dilute acid pretreatment. The figure also depicted
that skyblue color's minimum cellulose recovery yield was observed at lower pretreatment
temperature (80 °C) and higher pretreatment time (180 min). Also, the relationship of their
interaction effect on the cellulose yield was shown from the regression coefficient of their
interaction in equation (4.4). From the equation, the interaction of temperature and time has

negatively affected the yield of cellulose recovery.
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Figure 4.12 Effects of temperature and time on the cellulose recovery yield

4.6 Optimizations

Optimization of pretreatment process factors (binary acids concentration, solid loading ratio,
pretreatment temperature and time) and response (yield of cellulose ) was carried out by a multiple
response method called desirability (D) function to optimize the different combinations of process
parameters. Numerical optimization was used to identify the optimum level of pretreatment

process factors.

Table 4.10 Constraints for the factors and responses in numerical optimization

Parameters Goal Lower Limit Upper Limit
Acid Concentration IS in range 1 3
Biomass Loading IS in range 0.1 0.3
Temperature is in range 80 120
Time is in range 60 180
Cellulose recovery maximize 56.5 935

According to the experimental work in the Table (4.6), the maximum yield of cellulose recovery
93.5%, was obtained at the interaction parameter of binary acids concentration (3%), biomass
loading ratio (0.1 g/mL), pretreatment temperature (120 °C), and time (60 min). Whereas from the

response optimization technique used in this study, the yield of cellulose recovery was optimized
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t0 91.959%, at a desirable parameter interaction of binary acids concentration (2.98 wt %), biomass
loading ratio (0.1 g/mL), pretreatment temperature (119.99 °C), and reaction time (60 min), as
shown in Table (B-2) in the appendix. From the 28 possible solutions of optimization, the table

below is the optimized solution at 0.958 desirability.

Table 4.11 Optimized solution of cellulose recovery yield from corncob substrate

Acid Biomass ) Cellulose
) ) Temperature  Time o
Number Concentration Loading ) Recovery Desirability
(°C) (min)
(%) (9/mL) (%)
1 2.98 0.10 119.99 60.00 91.959 0.958 Selected

The desirability lies between 0 and 1 and it represents the closeness of a response to its ideal
value. If a response falls within the unacceptable intervals, the desirability is 0, and if a response
falls within the ideal intervals or the response reaches its ideal value, the desirability is 1. So that
based on this analysis best local maximum cellulose recovery yield 91.959% was found at acids
concentration (2.98%), solid loading ratio (0.10 g/mL), temperature (119.99 °C) and time (60 min)

and the value of desirability obtained was 95.8%.

4.6.1 Validation of the model

To confirm the validity of the optimized model, the actual validation experiment was carried out
at optimum conditions that a design expert obtained. These optimum points were binary acids
concentration (2.98%), biomass loading ratio (0.1g/mL), pretreatment temperature (119.99°C) and
time (60 min). To validate the optimum conditions predicted by the response surface methodology
(RSM) model results, triplicate experiments were conducted at the above specified optimum

process conditions predicted by the model.

After optimization, triplicate experiments were performed using these optimized process
conditions. At this condition, the mean percentage of yield obtained was 91.92+ 0.85%, as shown
in Table 4.12 and which was then related to the data obtained from optimization analysis using the

desirability function.
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Table 4.12 Result of optimization and model validation

Number Acid Biomass Temperature  Time Yield (%)
concentration  loading ratio (°C) (min)
(wt. %) (g/mL)
Predicated 2.98 0.1 119.99 60 91.959
Experimental 2.98 0.1 120 60 91.92 + 0.85

The mean percentage of cellulose recovery yield obtained by triplicate experiments 91.92+0.85%,
which is not significantly different from the predicted value of 91.959 % cellulose yield obtained
at the Optimal conditions of binary acids concentration (2.98%), biomass loading ratio (0.1g/mL)
temperature (120 °C) and reaction time (60 min). Therefore, the model was valid and capable of
predicting the maximum cellulose recovery yield, i.e., numerical optimization can be taken as an
optimal value because the predicted value was close enough to the experimental value. In
summary, this study shows that binary acids concentration, biomass loading ratio, pretreatment
temperature and time could be used for the optimization of cellulose recovery yield from corncob
biomass. The yield could be optimized by tuning binary acid concentration, biomass loading ratio,

pretreatment temperature, and time parameters.
4.7 Characterization of raw binary acids pretreated corncob and corncob cellulose

Structural analysis of raw, pretreated corncob and corncob cellulose

Binary acid pretreatment induces many structural changes that remove hemicellulose and lignin,
modify cellulose crystallinity, and increase the internal surface area for acid or enzyme to act.
SEM, FTIR, and XRD studied structural changes taking place in the corncob during different

binary acid pretreatments.
4.7.1 Morphological analysis (SEM analysis)

Morphology of the raw corncob changed with chemical treatment concerning surface smoothness
and size. Raw corncob, which was sieved between 60 and 120 mesh size in (Figure 4.13(a)),
displays a quite irregular and agglomerated unbroken surface shape. It has been clearly seen that
there are no pores displayed. This was due to evidence of lack of pretreatment prior to analysis.

Also, there is an intact lamellar structure on it while in (Figure 4.13(b)) binary acids pretreated
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corncob exhibit considerable changes in the heterogeneous layer with shattering and swelling as
well as it creates pores that formed due to the increment of internal surface area and also after
multicellular treatment structure is created and this is owing to removal of hemicellulose [143].
This facilitates the component to easily diffuse and hydrolyze, improving the saccharification
yield. Furthermore, the SEM image of the corncob cellulose in Figure 4.13(c) shows that the fiber
appeared even smoother than binary acid-treated corncob. It is a micro-sized fiber that exhibits an
asymmetrical shape. Compared to raw and binary acids-treated corncob, the surface of corncob
cellulose in (Figure 4.13(c) became coarser and cleaner. This indicates the effective removal of
the hemicellulose and the lignin by the chemical treatments [144]. Furthermore, it can be observed
that the micro appearance of binary acids treated corncob cellulose is similar to that of Commercial
micro-cellulose in (Figure 4.13 (c) and (d)). FTIR and XRD further confirmed this explanation on

SEM images of the raw corncob, binary acid-treated corncob, and corncob cellulose.
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Figure 4.13 SEM images of raw corncob (a), binary acids pretreated corn cob (b), corncob

cellulose (c) and commercial micro-cellulose (d).
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4.7.2 Fourier transform infrared (FTIR) spectroscopy analysis

FTIR evaluation results in absorption spectra that offer information about the chemical bonds and
molecular structure of a material and allows identifying the carbon skeleton structure and groups
attached on it. In this study, as mentioned in the materials and methods part, the Fourier transform
infrared (FTIR) spectroscopy technique was carried out to identify the functional groups of raw
corncob, to test chemical changes that occurred during the chemical treatments in raw corncob, to
identify and compare the functional groups of extracted corncob cellulose and commercial micro-
cellulose.

The FTIR spectra of the raw corncob are shown in Figure (4.14), Cellulose, hemicellulose and
lignin are the main components of the corncob. They contain functional groups that exhibit
common absorption bands, including the OH- stretching at 3405 cm™ [145] and the symmetric
stretching of aliphatic chains C-H at 2915 cm™ [146], the other absorption bands observed at 1376
cm™ and 1160, cm™, were related mainly to cellulose which is associated with the symmetric C-H
deformations, and C-O-C stretching of glycosidic bonds respectively [147]. In addition to these,
the two characteristic absorption bands at 1736 cm™ and 1250 cm™ were identified as the
hemicellulose peaks. The first one is associated with the stretching vibration of C=0 group and
the second is attributed to the stretching of C-O bond, respectively [148]. Furthermore,
representative absorption bands of lignin were found at 1603, 1514 and 1048 cm™, which
correspond to the C-O deformations of secondary alcohols, the aromatic skeletal vibration

breathing with C = O stretching and aliphatic ethers.

(1250)

(1736)
(1603)

Transimitance (%)

2915
. ) (1376)

(1160)

(3405) dinii

L] L L) L] L) L
4000 3500 3000 2500 2000 1500 1000 500

\Vavelnunher(cnfl)

Figure 4.14 FT-IR spectra for raw corncob.
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FTIR of raw corncob and extractive free sample

In the figure below the FTIR characterization was done after the removal of extractives from the
corncob by using the solvent extraction method. The Figure (4.15) depicted that there is band
intensity reduction on the extractive free corncob sample around 1310 cm™. This may be due to
the partial removal of the strong C-O stretching aromatic ester bond found in raw corncob due to
the presence of fatty acids. This pageants the removal of fat components from the corncob sample
by the solvent extraction method and this reduce the linkage of the lignin with polyssachradies.
The other point observed was peak band intensity reduction in the extractive free corncob sample

around 1450 cm™ these may be due to the partial removal of medium C-H bending of Alkane
compounds during solvent extraction.
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Figure 4.15 FTIR analysis of raw corncob and extractive free corncob sample

The untreated and treated corncob powders were analyzed using FTIR to elucidate the changes in
the chemical composition. The FTIR spectra of both the untreated and treated corncob powders
are presented in Figure (4.16). From the FTIR data in Figure (4.16), broad peaks at (3405 -
3350cm 1) were observed in both raw corncob, binary acids treated corncob and corncob cellulose
samples were associated with the hydrogen bond O-H stretching vibration, which is indicative of
the hydrophilic tendency of the fibers [149]. The broad absorption at 2915 cm™ in both samples
was attributed to the C-H stretching [9]. From Figure (4.16), it was observed that the peak at
1736cm™ which is found on the raw corncob (RCC), is assigned to the indication of C = O
stretching of hemicellulose [45].whereas the shifting of this peak in acid-treated corncob (ATCC)
indicates the partial removal of hemicellulose due to the binary acids treatment and this peak totally
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absent in corncob cellulose (CCC) due to effective removal of hemicellulose by acids treatment.
Besides, the intensity band reduction observed at 1250 cm™ for acid-treated corncob (ATCC) also
confirms the partial removal of C-O stretching of hemicellulose and the absence of this peak on
the corncob cellulose (CCC) indicates the removal of C-O stretching bond of hemicellulose.
Another peak observed at 1635 cm™ of corncob cellulose (CCC) represents the C = C stretching
vibration of alkene. In addition to these, the peak intensity reduction on the acids treated corncob
(ATCC) approximately 1514 cm™ for lignin would indicate partial removal of lignin [89]. In
contrast, the total absence of this peak in corncob cellulose (CCC) indicates the effective removal
of lignin. The absorption band located at approximately 1376 cm™ in corncob cellulose (CCC) is
associated with the bending vibration of C-H of cellulose [150]. Furthermore, the reduction in the
intensity observed at 1,166 cm™ in the binary acid pretreated corncob (ATCC) revealed the
removal of Syringyl-Guaiacyl-Hydroxyphenyl (SGH) units of lignin [151], and the absence of
these peak in the corncob cellulose confirm the effective removal of lignin from corncob cellulose
(CCC). Finally, the absorption peak found on approximately 836 cm™ on ATCC and 889 cm™ on

corncob cellulose are due to B-glycosidic linkages on cellulose molecules [89].
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Figure 4.16 FTIR analysis of raw corncob, binary acid-treated corncob and corncob cellulose

FTIR- also used to identify and compare the extracted corncob cellulose (CCC) and commercial
micro-cellulose (CMC). The Fig (4.17) depicted that The FTIR spectra of the extracted Corncob
cellulose expose the general characteristic spectrum of the pure commercial micro cellulose. This

was confirmed by checking the absorptions of both the extracted corncob cellulose (CCC) and
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commercial micro cellulose (CMC) at approximately 3340 cm™, 2900 cm, 1635 cm * and 890
cm™* which are attributed to -OH stretching, C-H asymmetric and symmetric tensile vibration, C=

C stretching vibration and B-glycosidic linkages, respectively [89, 152]
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Figure 4.17 FTIR analysis of extracted corncob cellulose and commercial micro cellulose

4.7.3 X-ray diffraction (XRD) analysis

The X-ray diffraction patterns were obtained to decide the crystalline index of the raw corncob,
binary acid-treated corncob, corncob cellulose, and micro cellulose. The crystallinity index (Crl)
refers to the ratio of the crystalline to the amorphous areas of cellulose.

In nature structure of cellulose has both crystalline and amorphous regions, whereas hemicellulose
and lignin only have amorphous areas [153]. The cellulose crystallinity is due to the interactions
between hydrogen and van der Waals forces between adjacent molecules. X-ray diffraction in
Figure (4.18) was used to determine if there were changes in the crystallinity of raw corncob
substrate after chemical treatments and to confirm the removal of the amorphous part of corncob

after binary acids treatment.

XRD results from Figure (4.18) depicted that there are somewhat slight increments were observed
between the Crl of raw corncobs (RCC) and binary acids pretreated corncob (ATCC) (34.46% and
54.2%), respectively. This may be due to the high recovery of cellulose (93.5%), during binary
acids treatment and high cellulose content was maintained in the residue which was somewhat

lower than that in the raw samples. In the lignocellulosic biomass, hemicellulose and lignin are

79|Page



amorphous components, while cellulose is the crystalline component. Hence, the slight increase
of crystallinity index observed on the binary acids treated corncob sample was probably caused by
the increase of cellulose and the removal of the amorphous portion such as hemicellulose and
lignin [125].
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Figure 4.18 X-ray diffraction patterns of raw corncob and acid-treated corncob

After binary acid treatments, due to the elimination of hemicellulose and lignin present in raw
corncob amorphous regions in cellulose, structures are removed and the crystallinity shows a
somewhat slight increment. However still, it has lower than that of the commercial micro-
cellulose. The crystallinity index (Crl) is calculated by using equation (3.11). The calculated values
are in Table (C1) in the appendix. The Crl of RCC, ATCC, CCC and CMCC are 34.46%, 54.2%,
65.25% and 71.2%, respectively.

The XRD spectra of acid-treated corncob cellulose and commercial micro-cellulose are presented
in Figure (4.19). corncob cellulose exhibited three main reflection peaks at 26 = 15.7°, 22.3° and
34.5° these peaks are characteristic for the crystal form of cellulose 1. Three characteristic peaks
presented on the binary acids-treated corncob cellulose were similar to the commercial micro-
cellulose at 15.7°, 22.3° and 34.5°, which correspond to the (110), (200) and (040) crystallographic
planes of cellulose I. The XRD pattern shows that Corncob cellulose is made up of cellulose I.
These three characteristic peaks for cellulose | were observed in the corncob cellulose and micro-

cellulose shows the increment crystalline nature [154].
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Figure 4.19 X-ray diffraction patterns extracted corncob cellulose and Micro-cellulose

4.8 Dilute acid hydrolysis of corncob cellulose to glucose

In this section of the study, the total reduced sugar content from corncob cellulose was investigated
from the hydrolysis process. The mechanism of acid-catalyzed hydrolysis of corncob cellulose
(cleavage of B-1-4-glycosidic bond) follows the pattern outlined in Figure (4.20) the cellulosic
substrate attached to each other by para-crystalline regions and bounded by a charged water
boundary layer that formed due to dipole-dipole interactions caused by aligning of water molecules
around the polar surface of the cellulose exterior [155]. Water molecules and H+ ions (from acid)
have to penetrate the cellulose fiber in order to precede the hydrolysis reaction effectively. Acid
catalyzes the breakdown of long cellulose chains to form shorter chain oligomers and then to
glucose (sugar monomers) that the acid can degrade. The acid hydrolysis of cellulose is a reaction
catalyzed by protons (H+) from the acid and also by hydroxide anions (OH") resulting from water
dissociation; the protons and hydroxide ions react with cellulose molecules. The acid hydrolysis
of cellulose forms free glucose molecules, the glucose molecule is further degraded to hydroxyl-
methyl furfural (a furan), levulinic acid, formic acid, and other acids. These were due to the effect
of operating conditions.
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Figure 4.20 Mechanism of acid hydrolysis of cellulose to glucose and glucose degradation.

The binary acids pretreated corncob cellulose subjected to further acid hydrolysis at different acid
concentrations, hydrolysis time, and temperature. Then the maximum amount of sugar produced
was calculated. To determine the total amount of glucose concentration obtained from binary acids
treated corncob cellulose, standard glucose solution was prepared and the results of glucose
concentration and its absorbance were shown below in (Table 4.13) and the result of the glucose

calibration curve was shown in Figure (4.21).

Table 4.13 Standard glucose concentration and its absorbance

Glucose concentration (mg/mL) Absorbance @ 490 (nm)
0 0
20 0.252
40 0.475
60 0.602
80 0.883
100 1.04
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Using excel, the calibration curve of glucose standard was sketched and the linear equation

produced. The linear equation and the calibration curve was used for the determination of unknown

glucose concentration is as follows,

Glucose standard carve

12

v =10.0104x + 0.0308
1 R =0.9956
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Figure 4.21 Calibration curve of glucose standard for determination of glucose content
The concentrations of unknown sugar samples were determined from a standard curve of

Glucose (y = 0.0104x + 0.0308; R? = 0.9956).

4.8.1 Effect of acid concentration on glucose concentration

binary acids pretreated corncob cellulose was further treated with different sulfuric acid

concentrations (1, 2, 3 and 4%) were heated in an autoclave at 110 °C for 45 minutes and resulting

glucose concentration is determined from the above glucose standard curve and the result shown

in Table (4.14). the calculation for the experimental result was in appendix C-1

Table 4.14 Effect of acid concentration on the glucose yield

Glucose
S.No Acid concentration (%) OD at 490 nm concentration
Hydrolyzed @ (mg/mL)
1 1 temperature of 110 0.398 35.30
2 2 °C for 45 min 0.497 44.83
3 3 hydrolysis time 0.602 54.92
4 4 0.580 53.4
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The effect of sulfuric acid concentration was evaluated from the sugar concentrations in (10
g/100mL) solid pretreated biomass slurry contains concentrated coroncob cellulose. The resulting
plot of acid concentration versus glucose concentration in Figure (4.22) depicted that increasing
the acid concentration increase the concentrations of glucose. When the sulfuric acid concentration
was increased from 1 to 3% (v/v), the glucose concentration increased from 35.30 to 54.92 mg/mL.
However, further increases of the acid concentration beyond 3% resulted in decreased glucose
concentrations (53.96 mg/mL). These might be due to the possible formation of other molecules
or due to the degradation of glucose molecules to byproducts such as 5-hydroxymethylfurfural (5-
61 HMF), levulinic acid. Similar work is also reported by Dussan et al., [110]. Therefore from
(Figure 4.22), it was observed that 3% acid concentration is the local optimum concentration for
cellulose hydrolysis to glucose and it was selected for further study or for studying the effect of
pretreatment time.

Effect of acid concentration at 110°c and 45min
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Figure 4.22 Effect H2SO4 Concentration on glucose concentration (mg/mL).

4.8.2 Effect of hydrolysis time on glucose concentration

Here, the binary acids treated corncob cellulose with hemicellulose and lignin residual solution
was further treated with local optimum acid concentration (3%) and heated in an autoclave for
various hydrolysis time (15, 30, 45 and 60 min) and the resulting glucose concentration is shown
on the Table (4.15) below.
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Table 4.15 Effect of hydrolysis time on the glucose concentration

Glucose concentration

S.No Hydrolysis time(min) OD at 490 nm
(mg/mL)
1 15 Hydrolyzed @ 110 °C 0.348 30.5
2 30 with local optimum 0.450 40.31
3 45 acid concentration 0.60 54.73
4 60 (3%) 0.561 50.98

The resulting plot of hydrolysis time versus the glucose concentration, when acid concentration
and hydrolysis temperature were constant at 3% and 110 °C was depicted in Figure (4.23) below.
As revealed from the plot increasing hydrolysis time from 15 to 45 minutes, glucose concentration
was increased from (30.5 to 54.73mg/mL). However, further increase in hydrolysis time from 45
to 60 min can decrease the glucose concentration to (50.98mg/mL). This was due to the
degradation of obtained glucose molecules and produce byproduct 5-hydroxymethylfurfural,

furfural and formic acid due to long reaction time.
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Figure 4.23 Effect of hydrolysis time on glucose concentration (mg/mL).
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4.8.3 Effect of hydrolysis temperature

The binary acids pretreated corncob cellulose which contains hemicellulose and lignin residual,
was further treated with a local optimum of acid concentration (3%) and local optimum hydrolysis
time (45min) at various heating temperatures (100,110,120 and 130 °C). The resultant glucose

concentration is determined from the glucose standard curve and shown in the Table (4.16) below.

Table 4.16 Effect of hydrolysis temperature on the glucose concentration

Heating temperature Glucose concentration
S. No OD at 490 nm
°C) (mg/mL)
1 100 Hydrolyzed @ acid 0.345 38.21
2 110 concentration (3%) 0.472 54.42
with local optimum
3 120 hydrolysis time 45min 0.607 55.40
4 130 0.574 52.23

The resulting plot of hydrolysis temperature versus the glucose concentration, when acid
concentration and hydrolysis time were actual factors, as depicted in Figure (4.24) below. From
the plot, as temperature increases from 100 °C to 120 °C, glucose concentration increases from
38.21 to 55.4 (mg/mL). However, temperature beyond 120 °C decreases the glucose concentration
and its yield, which is due to the further conversion of other by-products and degradation of the
formed glucose to other byproducts such as furan, and levulinic acid. Morales et al., [156] also
mentioned that further increased temperature beyond the optimum level can lead to glucose
degradation and increase the levulinic acid formation during cellulose hydrolysis. Therefore, the
local optimum temperature in this study was found to be 120 °C and the glucose concentration at
this temperature was 55.4(mg/mL). The observed result is somewhat coincident with the literature
[59], reporting that the maximum glucose concentration was 53.56(mg/mL) during hydrolysis of
corncob cellulose under optimum conditions of 4 % of H2SO4 at 120 °C for 30 min. Furthermore,
the result observed in this study is slightly different from the research conducted by Mebratom et
al., [107]. They obtained maximum glucose concentration (45.088 mg/mL) under the optimum
operating conditions of 1.5 % of H>SO4 at 95 °C for 22 min.
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Figure 4.24 Effect of heating temperature on glucose concentration (mg/mL)

Based on the above maximum value of glucose concentration, another typical hydrolysis of

cellulose with H20 over acid as catalyst was compared with this work as given in Table 4.17

Table 4.17 Typical hydrolysis of cellulose with acid

_ ) Hydrolysis Reaction Reducing Reference
Raw material Acid type .
condition sugars
Wheat straw H2SO4 2%, 180 °C; 10 min 43 mg/mL [108]
corncob HCI 1.5%, 120 °C, 30min  45.69 mg/mL [109]
Sugarcane H2S04 2%, 155 °C for 10 min  22.74 mg/mL [110]
bagasse
corncob H2SO4 3%, 120 °C for 45 min  55.4 mg/mL This study

Thus, from the comparison reasonable value of glucose concentration was obtained from binary
acids pretreated corncob cellulose and which is depolymerized by acid hydrolysis. Based on this
result, it should be concluded that the concentration of sugar was improved. This is due to the

effective pretreatment held on corncob substrate to liberate cellulose that releases fermentable
sugar.
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4.9 Fermentation of glucose to bioethanol

4.9.1 Determination of yeast cell growth

Yeast cells growths in different conditions were studied in Figures D-1 in the appendix. The growth
curve shows a long lag phase approximately for 24 hours. The log (exponential) phase had shown
the sharpest slope and lasted after 60 hours. At the end of the lag phase, the number of yeast cells
reproduction increase drastically. The data from UV/Visible absorptions at 600 nm display it was
increased in absorbance drastically from 0.51 to 1.25 and the maximum absorption (1.27) is
obtained, at the end of the stationary phase only and finally, after 84 hours the yeast cell growth
curve decline this is due to cell death. The same scenario was explained by [47]

4.9.2 Determination of bioethanol concentration

Bioethanol concentration of the samples was analyzed by spectrophotometric methods [157].
During the fermentation and after the distillation pH of each sample was analyzed. The amount of
total sugar in the samples was also measured after the distillation.

The recovered sugar, i.e. (glucose) from the hydrolysis, can be subjected to fermentation and
fermentation was carried out at temperature (30 °C), 200 (rpm) for different fermentation periods
(12- 96 hr). To determine the total amount of bioethanol concentration found in the fermented
sample standard bioethanol stock solution was prepared and a standard calibration curve was
prepared as shown in appendix D. Based on the data in Table D-3 in the appendix Figure (4.25)

was prepared and discussed.

The fermentation was carried out for successive four days by Saccharomyces cerevisiae, which
utilizes the recovered sugar as the nutrients and converts the sugar to bioethanol under anaerobic
conditions Figure (4.25). During fermentation, the yeast cell undergoes several physiological
changes. This was observed in Figure (4.25). There’s a buildup of unsaturated fatty acids and
sterols at the start of fermentation, which are energetic nutrients for yeast cell growth. The yeast

consumes those nutrients and depletes the quantity of sugar as the fermentation progresses.

During fermentation, the bioethanol in the product increased while the glucose (reducing sugar)
decreased as a result of the fact that during fermentation, the yeast (S. cerevisiae) utilize the sugar
as a source of carbon and energy to produce bioethanol as a result [158]. The result obtained during
the production of bioethanol with the use of yeast S. cerevisiae is shown in Figure (4.25). The
result showed that the value of the microbial cell growth shows drastically increment from 24
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hours up to the 60th hour, at which point growth was observed. Also, in the same scenario, the
result for bioethanol production in Figure (4.25) shows an increase in ethanol concentration from
5.57 mg/mL at the 24™ hour to 22.32 mg/mL at the 60™. It shows a further slight increment in
concentration up to 84 hours. There is a maximum ethanol concentration (24.6 mg/mL) was
observed at 84 hours fermentation period. At all concentrations of the substrates, the ethanol
concentration increased steadily, reaching the peak at 84 hrs of fermentation and after which there
was a decrease in its concentration. This was because the yeast was progressing to the stationary
phase and could no longer utilize the limited sugar present in the sample [44].

The results in Figure (4.25) also show a residual sugar pattern during the fermentation period. The
residual sugar in the fermentation media was perceived to decrease with an increase in
fermentation time. This could be attributed to the utilization of sugar as a carbon source for the
micro-organism's growth, energy, and metabolic activities (Saccharomyces cerevisiae) and
subsequent ethanol production [159]. During these four days of fermentation, the depletion of
sugar was very rapid. This phase was believed to be the exponential phase, the period of rapid cell
multiplication indicated by active fermentation. In the same scenario, the result also showed that
the sugar concentration inversely decreases with increased ethanol concentration. From Figure
(4.25), it was observed that initial the sugar concentration was 55.4mg/mL at starting minutes, but
it shows a drastic decrement from 12 — 60 hours and somewhat slow decrement observed after 60
hours up to 84 hours interval. This was due to the result of glucose utilization by S. cerevisiae
either for biomass or bioethanol production. The results from this study indicated that the binary
acids pretreatment method was effective in corncob pretreatment and improved the sugar yield and
bioethanol yield. The conversion yield of bioethanol during each fermentation period was
calculated by using equation (3.19) and the final conversion yield of bioethanol 86.89% was
observed in this study.

The result in terms of ethanol concentration (mg/mL) and ethanol conversion yield (%) reached
24.6 mg/mL and 86.89%, respectively. For comparison in the study conducted by Oliveira et al.,
[160] the ethanol concentration achieved was 13.6 = 0.5 mg/mL after using aqueous extracted
ground coffee husks fermented by S. cerevisiae at 30 °C. Another study by Han et al., [161]) also
obtained 7.55 mg/mL after dilute acid pretreated corn straw which was fermented by S. cerevisiae
at 32 °C. Compared to the mentioned literature, the ethanol concentration and the conversion yield

in this study were enhanced.
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Figure 4.25 Production of ethanol with the use of S. cerevisiae.

4.9. 3. Characterization of produced bioethanol using FTIR

Alcohols have characteristic IR absorptions associated with the O-H, C-O and the C-H stretching
vibrations. When run like a liquid film, the region 3500-3200 cm™ with a very intense and
broadband indicated the O-H stretch of alcohols, while the region 1260-1050 cm™ confirms the
C-O stretch. The bands at around 2880 and 2930 cm™ were assigned as the symmetric stretching
modes of the —CH2> and—CHz groups, respectively [162]. This assures that the product obtained
from binary acids pretreated corncob was ethanol due to the confirmation of these regions, as
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Figure 4.26 Result of FTIR analysis of bioethanol produced from binary acid treated corncob
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CHAPTER FIVE

5 CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Lignocellulosic material like corncob is a promising feedstock for bioethanol production as an
alternative to the present fossil fuel. The corncob biomass is ideal because being a non-food
competitive; corncob does not interfere in the normal food cycle and hence does not possess a
threat to the human population. On the other hand, its production is easy and cost-effective for
industrial bioethanol production. However, the main drawback lies in efficiently separating the
fermentable cellulosic component (cellulose) and the recalcitrant lignin components. The basic
challenge for scientists is to achieve a high yield of bioethanol via economically feasible
pretreatment processes. Pretreatment of corncob is a critical step in bioethanol production since

the overall efficiency of bioethanol is dependent upon the effectiveness of the pretreatment section.

This research focuses on developing an effective and new approach pretreatment technique that
efficiently separates the recalcitrant and the cellulosic components of corncob for improved
bioethanol production. In this study, the effective and new pretreatment technique, i.e. (binary
acids pretreatment was applied. Consequently, the study investigates the screening of different
binary acids ratios in low concentrations for the pre-treatment of corncob biomass for enhanced
de-lignification and maximum release of cellulose. Binary acids ratio (H2SO4+CH3COOH (1:1))
were selected and resulted in significant (85.6+1.8%) hemicellulose removal as well as
(81.41£2.3%) lignin removal with enhanced (93.5+1.3%) cellulose recovery under the optimal
reaction conditions (3% binary acids concentration, 0.1 g/mL solid-liquid ratio, 120 °C treatment

temperature, and 60 min treatment time).

The structural analysis was carried out on the raw corncob, binary acids pretreated corncob,
corncob cellulose, and commercial micro-cellulose. The Morphological (SEM) analysis confirms,
there was the removal of the amorphous part of the corncob during binary acids pretreatment and
producing white and clean surfaces of cellulose. The functional group (FTIR) analysis of the

corncob results also confirmed that the hemicellulose and lignin could be effectively removed by
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binary acids treatment and the functional group of the recovered cellulose showed a similar
characteristic spectrum with the commercial micro-cellulose. Meanwhile, the XRD result
confirmed the slight increment in the crystallinity index of the corncob cellulose compared to raw
and binary acid-treated corncob. This was due to the high recovery of cellulose in the solid residue
after binary acids treatment. Besides, surface area increment and removal of amorphous structures
after binary acids pretreatment in the corncob cellulose contributed to the improvement of the

hydrolysis process for improved bioethanol production.

Furthermore, the saccharification (hydrolysis) was carried out with dilute sulfuric acid with the
objective of achieving maximum sugar concentration. After the complete hydrolysis, the
maximum glucose concentration obtained was 55.4 mg/mL at 120 °C temperature using 3%

sulphuric acid concentration within 45 min. Reducing sugar yield of binary acids pretreated

corncob increased compared with the raw and single acid-pretreated corncob. Surface area increase

and amorphous structures removal in corncob contributed to the improvement of hydrolysis.

Finally, fermentation of pretreated corncob hydrolysate was carried out at anaerobic condition with
the aid of microbial activities, specifically yeast organism S .cerevisiae for bioethanol
production. Consequently, at the end of fermentation, an improved bioethanol concentration of
24.6 mg/mL was obtained at operating conditions of pH 5, temperature 30 °C, agitation 200 rpm,
and time 84 hr. The characterization of produced ethanol was performed by FTIR, which

confirmed the functional groups of ethanol such as O-H, C-O, -CHz and CH3,

Therefore, with all these results, it can be concluded that binary acids pretreatment techniques were
the most effective new approach pretreatment techniques for enhanced cellulose recovery from
corncob biomass for improved bioethanol production.
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5.2 Recommendation

The binary acids pretreatment of corncob was carried out for effective delignification, enhanced
cellulose recovery and for improved bioethanol production has been studied and compared with
other studies. The pretreated corncob cellulose has a promising capability that readily hydrolyzed
to glucose and increases the efficiency of reducing sugar and improving bioethanol concentration
as well as the conversion. Based on the present study, the following points are taken into

consideration in future works:

= This study indicates there is still a lack of novel findings and practical applications of
different pretreatment methods for enhanced cellulose recovery. Hence, there is a need to
evaluate the efficiency of various pretreatment processes for different biomass structures,
composition and the relationship between the composition of lignocellulosic biomass and

the suitable pretreatment according to their different composition.

= |t is also significantly recommend that for further improvement of bioethanol yield that
Simultaneous saccharification and fermentation (SSF) processes must be being applied
because it considered as effective operational strategies to reduce production costs,
increase ethanol concentration and ethanol conversion with shorter times due to the

elimination of separate, long saccharification steps.

= Further investigation should be done to analyze the potential of bio-ethanol

production from corncob using combination of yeast since xylose can’t be

converted by Saccharomyces cerevisae.

= The development of a new and environmentally friendly pretreatment approach and highly
effective enzyme systems for converting pretreated waste to fermentable sugars instead of

acid is recommended.

= Finally, in this study pretreatment variables are optimized for effective cellulose recovery.
However, future studies should investigate further to optimize hydrolysis parameters and

fermentation process parameters to obtain an improved yield of bioethanol from corncob.
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APPENDIXES

Appendix: A Properties of Bioethanol

Table A.1 Properties of bioethanol

Molecular formula C2Hs0OH
Molar mass 46.07g/mol
Appearance Colorless clear liquid
Density 0.789g/ml
Melting point -114.3 °C, 159 K, -174 °F
Boiling point 78.4 °C, 352 K, 173 °F
Solubility in water Fully miscible
Acidity 15.9
Viscosity 1.200 mPa:s (CP) at 20.0 °C
Dipole moment 5.64 fC-fm (1.69 D) (gas)
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Appendix: B-1 Statistical analysis of biomass pretreatment

Table B1. Final design expert data for cellulose recovery, hemicellulose and lignin removal
RUN AC.(%) BL.(gml) T.(°C) T.(min) CR.(%) HR.(%) LR. (%)

1 1.00 0.30 80.00 60.00 56.8 55.07 30.74
2 3.00 0.10 120.00 180.00 88.5 78.01 75.46
3 1.00 0.30 120.00 180.00 70.5 69.56 49.32
4 2.00 0.20 120.00 120.00 83.5 71.01 57.77
5 1.00 0.30 120.00 60.00 72.7 69.56 52.7
6 1.00 0.10 80.00 60.00 57.4 59.42 32.43
7 1.00 0.10 120.00 180.00 74.5 71.01 56.08
8 2.00 0.20 100.00 120.00 80.6 65.2 42.56
9 2.00 0.20 100.00 180.00 79.3 63.76 40.87
10 3.00 0.30 120.00 60.00 84.8 72.5 61.15
11 2.00 0.20 100.00 60.00 81.5 65.94 44.25
12 2.00 0.20 100.00 120.00 80.5 65.2 42.56
13 2.00 0.20 80.00 120.00 62.6 60.86 29.05
14 1.00 0.30 80.00 180.00 56.5 54.42 29.05
15 3.00 0.10 80.00 60.00 62.36 60.86 32.43
16 3.00 0.30 120.00 180.00 79.8 69.56 49.32
17 2.00 0.20 100.00 120.00 80.64 65.2 42.56
18 3.00 0.20 100.00 120.00 81.0 66.67 42.56
19 2.00 0.10 100.00 120.00 79.5 68.87 45.94
20 2.00 0.30 100.00 120.00 77.4 66.67 39.19
21 2.00 0.20 100.00 120.00 79.5 65.2 42.56
22 1.00 0.10 80.00 180.00 57 60.14 25.67
23 3.00 0.30 80.00 180.00 62.36 59.42 27.36
24 2.00 0.20 100.00 120.00 79.0 65.2 42.56
25 3.00 0.10 120.00 60.00 93.5 85.6 81.41
26 3.00 0.30 80.00 60.00 61.3 59.42 32.43
27 2.00 0.20 100.00 120.00 80.2 65.2 42.56
28 1.00 0.10 120.00 60.00 73.8 76.81 69.6
29 3.00 0.10 80.00 180.00 63.4 57.97 34.36
30 1.00 0.20 100.00 120.00 70.2 64.5 39.19

107 |Page



Appendix: C-1 Characterization Part

Table C-1 Crystallinity index calculation for raw, acid treated corncob, corncob cellulose, and
micro-cellulose

Area of Total area = (amorphous +
samples ) ) CRI % = (Ac/At)*100
crystalline crystalline )

Raw Corncob 5519.6 16017.6 34.46
Binary acid treated 7,946.28 12820.76 54.2
Corncob cellulose 9204.67 14086.2 65.3
Commercial micro-

10,145.3 14246.36 71.2
cellulose
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Figure C.1 XRD for raw corncob, binary acid treated corncob, corncob cellulose and commercial

micro cellulose
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Appendix: C-2 Calculation of glucose concentration and yield during acid hydrolysis
Concentrations and yield of glucose during hydrolysis

We have slope (m = 0.0104) and y intercept (b = 0.0308) then we can calculate the concentrations
of unknown samples as follows:

_ absornace of unknown sample -(y intercept)*

Con. of unknown sample (x) 100
slope
For effect of acid concentration
C,= 0.398 - 0.0308 — 35.30 mg/mL C,= 0.497- 0.0308 — 44.83 mg/mL
0.0104 0.0104
C,= 0.602 - 0.0308 — 54.92 mg/mL = 0.580 - 0.0308 ~53.4 mg/mL
0.0104 0.0104

For effect hydrolysis time

C - 0.348 - 0.0308 C. - 0.450 - 0.0308

1 = 30.5 mg/mL 2 = 40.31 mg/mL
0.0104 0.0104
C,= 0.60-0.0308 _ 54.73 mg/mL C, _ 0.561-0.0308 _ 50.98 mg/mL
0.0104 0.0104
For effect hydrolysis time
 =0:345-00308 _ 051 mg/mL =0:472-0.0808 _ o) 15 mg/mL
0.0104 0.0104
=0607-00308 _ oo ) rig/mL ,=0:574-0.0308 _ o o tgimL
0.0104 0.0104
Glucose yield % = sugar prosjuced *100
Raw material used
Raw material used = gram of sar‘r_lp_le used durl_ng hydrolysis _ 10g — 100 mg/mL
milliter of solution 100 mL

55.4 mg/mL

Glucose yield %=
100 mg/mL

*100 =55.4%
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Table D.2 Standard ethanol concentration and its absorbance

Standard Ethanol
concentration (mg/ml)

absorbance @587nm

0 5 10 15 20 25

0.0 0.148 0.250 0.342 0.460 0.53

30

0.65

Ethanol standard curve

87 (mm)

5
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Figure D.2 Ethanol standard curve

Table D.3 Sample ethanol concentration and glucose concentration with their respective
absorbance at constant temperature (30 °C) and different fermentation period.

Time (hr.) 0 12 24 36 48 60 72 96
Sample Ethanol

absorbance 0.0 0.076 0.143 0.247 0.346 0.498 0.52 0541 0.512
@587nm

Sample ethanol

Concentration 0.0 237 557 10.55 15.30 22.56 23.61 246  23.23
(mg/mL)

Sample reducing

sugar absorbance 0.0 0542 0471 0.346 0.23 0.08 0.05 0.04 0.038
@490nm

Sugar 554 4915 4232 3031 1915 473 192 078 O

conc.(mg/mL)
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