Y ~

A I a2 aa o 1 aan 4 I
ﬂ'lﬁlﬂafJ‘L!ﬂQIﬂf‘TlﬂuﬂiﬂaEauﬂﬂ?ﬂﬁ?liﬂﬂaﬂﬁEJ'I@Hﬂ'lﬂu'liu‘;l]@ﬂﬂ'liﬁ'ﬂulmglﬁﬂﬂVIﬂﬂ

U

o 7 Y o v A I8
mmﬁzwmﬂumuwaaauuazMaﬂwu

a oo
UNF1IVITAU !Lfs{')\ﬂll

unAngauasuiiudoyaatuiinvaineinusaauntnisfing 2554 liusnisluadatdyaign (CUIR)
\uuitudoyavestidndwoivendnus Ndsnunadudningidy
The abstract and full text of theses from the academic year 2011 in Chulalongkormn University Intellectual Repository (CUIR)

are the thesis authors' files submitted through the University Graduate School.

?wa1ﬁwu§§gﬂudauwﬁwmmiﬁﬂymmwé’ﬂqmﬂ?ﬂgﬂgﬁmﬂﬁumamumﬁmﬁ@
A1YIBIAINTIVAY MIAIFIIAINT TUAN
ANZAAINTTUANAAT JMAINTAIUIING1AY
msfiny1 2560

r'd
a a A 4 a [
AVANTUDIYWIANINIUUNIING QY



CONVERSION OF GLUCOSE TO LEVULINIC ACID BY Fe/CARBON NANOPAR
TICLE CATALYST SYNTHESIZED FROM LUBRICANT OIL AND FERROCENE

Miss Jirarat Kaewngam

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering Program in Chemical Engineering
Department of Chemical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2017
Copyright of Chulalongkorn University



Thesis Title CONVERSION OF GLUCOSE TO LEVULINIC

ACID BY Fe/CARBON NANOPARTICLE
CATALYST SYNTHESIZED FROM
LUBRICANT OIL AND FERROCENE

By Miss Jirarat Kaewngam

Field of Study Chemical Engineering

Thesis Advisor Associate Professor Tawatchai Charinpanitkul,
D.Eng.

Thesis Co-Advisor Sanchai Kuboon, Ph.D.

Accepted by the Faculty of Engineering, Chulalongkorn University in

Partial Fulfillment of the Requirements for the Master's Degree

___________________________________________________________ Dean of the Faculty of Engineering
(Associate Professor Supot Teachavorasinskun, Ph.D.)

THESIS COMMITTEE

Chairman

(Associate Professor Kasidit Nootong, Ph.D.)

Thesis Advisor

(Associate Professor Tawatchai Charinpanitkul, D.Eng.)

Thesis Co-Advisor

Examiner

(Associate Professor Varong Pavarajarn, Ph.D.)

External Examiner

(Assistant Professor Weerawut Chaiwat, Ph.D.)



@ a g

a J Y = < a a o 1 aan
TTIAU UNNIY & ﬂ?ﬁlﬂaﬂUﬂ@.IﬂﬁLﬂuﬂﬁﬂagaUﬂﬂ'JfJﬂ'Jlﬁ\i[]J;]ﬂifﬂﬂuﬂ']ﬂu'ﬂu

£

1 A

s 3 A ) 7 3 o 1 s A
ﬂJfJQﬂWﬁUﬂHLLa3L‘Vi'ﬁﬂ‘ﬂgﬂﬁﬂlﬂﬁW%ﬁ‘ﬂWﬂu'llluﬁa@auLLa%LWﬂﬁTﬁGﬁu

(CONVERSION OF GLUCOSE TO LEVULINIC ACID BY Fe/CARBON
NANOPARTICLE CATALYST SYNTHESIZED FROM LUBRICANT OIL

{ a a J v o a a
AND FERROCENE) o.7ilfSnuanentinusvian: 5. a5.53% %50 ¥3unialsna, o.
{ a a J 1 v W o
nmfSnuanendtinusian: as.doydo gusel, 81 wih.
@ a aa : I X { 1 <
luthgiunszurumswaansadqatdnduiurilaluasnlininnu Taamauiu
v J = Yo K ] = a v 1 aan ~ o Pl a
pyHUTY0IFINIA 1T DANEIPE 1IN Fariiavesansslgnserngmimnldlunsnaansa
A aa ] 1 o ~ 4 a 1 1 < o 1 aan
ajatnazeglunquiman dlolan TanzWomua uazezgiun uavdslsnawansalfnse
<3|

~ 4 A = 1 Y [ dy AAa Y =\ [
mﬂummau%mﬁaﬂimwmmmmuqa ﬁﬁﬂiﬂﬂiﬂﬂ?\?‘lﬁlﬂ‘ﬂﬂ? AN UANUNUNIUAD

A g o " Yo =2 1 ' Ao A Y o 7
ﬁm’gz‘vn‘ﬂuﬂimmzmﬁ ﬂ\?llllllﬂillﬂ15ﬁﬂ‘]§l’l'€]ﬁl’l\1llW5Wﬁ’lﬂ Glmmaﬁ]ﬂuﬁ]ﬂﬂmmiuauuﬂu

]
A v

a a o J a Aax ¥ A 4 = I
W’l‘]/llﬂﬁ‘]/l@jﬂﬁﬁlﬂi’]gWiJ’]Fﬂ'lﬂﬂfl'g‘]J'Juﬂ’lfl'Iﬂ]’lWTihlﬁclfﬁ‘ﬂllu'l uwaeauuamﬂaﬂa%mﬂu

¥ v a 9

@ § { a Jd @
qITONAU TﬂEJWﬁi]'lﬂﬂ']TJJ?I'°]J°]J?QﬁuﬁW’Jﬂ’]ElﬂﬁﬂFﬂ$ﬁﬂ‘]9|'li]']ﬂﬂ?ﬁlﬂ@ﬂ@ul’)@i%uﬂl@ﬁﬂgiﬂﬁ
Y Y a aa VA Yo 1 aan A g a 14
Llagﬁﬂﬂﬁgwa‘lﬂmﬂﬂﬂiﬂaaauﬂ WU'J']LZJ'E]Gl‘lW]'JLiQ‘]J{(]ﬂﬁf]'l‘ﬂlllu’t’]‘lélﬂ']ﬂullﬂlu@]ﬂu'liuﬂ'liﬂﬂu

vz lIdmneuneiFuvesng Inagegasgi 97.58% Taslua uazldieoazmaldvesinladog

] Y
1 26.98% Taelua og19lsnauluaninziez linvudosazwalavesnsadran lunis

U

v o Yo 1 aaa A g a 4 A [ 49’ Aa v
ﬂfﬁJﬂuﬁTﬂi%@nliﬁﬂi‘]ﬂiEJTVIL‘IJ‘H?JL‘!ﬂ?‘ﬂlmﬂlu@]ﬂ‘LﬂTLlﬂWﬁUGUVINWUﬂWﬁJﬁJ‘}JiQWUﬂN’Jﬂ’JEJ

q

1 1 d v 1A 1
n3auda daudineg lasaeuneiyuvesng Indedn 66.29% Taolua uavgwuiosazwa’la

a2 A

F4
YoanIAaalMNINY 19.52% laeTua uaz hinuiesazwalaveslsnlad wonnniidinun
iemugurgiioin 140°C llauda 220°C Sesazwalavesnsadyatinizanailoan1ain
Ugnserdnufecdus uazwuninnududuvesaisazateng Ing 0.900 nSu (0.2 M)
YSuaveadnsalgaseuniny 0.024 niy Ngungil 180 erarFaauazauauy 21
S < S A S = o W o o 1
Ussema 1Wuszezial 4 51w Wuteu luidnganmmzand msumsinauyesds

aan a 14 d‘l [ g d‘Q 9 dy
‘]J{]ﬂ’ifl”li’)lalﬂimmﬂm@]ﬂuﬂuﬂ"ﬁ‘ﬂ’ﬂu‘ﬂN"Ii!ﬂ"liﬂ'i‘]J‘]J?QWl!‘ﬂN]ﬂ’Jﬂﬂiﬂu

'
A A

M IFINITTUAL medle¥edian
a a =} A d’i d' 2
U ANITAT Molio¥e 0. N5 nuIMan

msdnu 2560 Aeilo¥o 0.n3AH151



# # 5770382221 : MAJOR CHEMICAL ENGINEERING

KEYWORDS: CARBON NANOPARTICLES, FE/CARBON NANOPARTICLE

CATALYST / LEVULINIC ACID PRODUCTION
JIRARAT KAEWNGAM: CONVERSION OF GLUCOSE TO LEVULINIC
ACID BY Fe/CARBON NANOPARTICLE CATALYST SYNTHESIZED
FROM LUBRICANT OIL AND FERROCENE. ADVISOR: ASSOC. PROF.
TAWATCHAI CHARINPANITKUL, D.Eng., CO-ADVISOR: SANCHAI
KUBOON, Ph.D., 81 pp.

Currently, production of levulinic acid which is one of promising chemical
substances derived from biomass has been intensively investigated. Different catalyst
types have been employed to produce levulinic acid from glucose including zeolite,
metal phosphate and alumina. However, carbon based catalysts with high thermal
stability, ease of surface functionalization and acid-base resistance were not widely
studied. In this thesis, carbon nanoparticles synthesized from lubricant oil and
ferrocene via co-pyrolysis was fully studied for glucose conversion to levulinic
acid. The effect of carbon nanoparticles acid treatment was mainly investigated in
terms of glucose conversion and levulinic acid yield. Pristine magnetic carbon
nanoparticles (M-CNPs) achieved high glucose conversion of 97.58% (by mole) and
fructose yield of 26.98% (by mole). However, none of levulinic acid product could be
observed after reaction. On the other hand, the acid treated M-CNPs showed 66.29%
(by mole) of glucose conversion and 19.52% (by mole) of levulinic acid yield without
detectable fructose product after reaction. The increase of operating temperature from
140°C to 220°C led to the decrease of levulinic acid yield due to the effect of other side
reactions. In addition, the optimal condition for levulinic acid production from glucose
was obtained at 0.900 g (0.2M) of glucose, 0.024 g of acid-treated M-CNPs, 180 °C of

operating temperature.

Department: Chemical Engineering  Student's Signature

Field of Study: Chemical Engineering  Advisor's Signature

Academic Year: 2017 Co-Advisor's Signature



Vi

ACKNOWLEDGEMENTS

Firstly, 1 would like to give my kind gratitude to Assoc. Prof. Tawatchali
Charinpanitkul who has advised me and provided my opportunities, including
introducing me to National Nanotechnology Center and teaching many lesson in
doing my research and living as a successful person. Moreover, |1 would like to give
my thankfulness to my co-advisor, Dr. Sanchai Kuboon, who has taught me many
things related to this research, assisted me to use many analytical instruments in
NANOTEC, and gave me an opportunity to receive scholarship from TGIST.

Second, | would like to thank Chulalongkorn University. This place has
afforded me convenience in doing research and socialization.I kindly thank National
Nanotechnology Center (NANOTEC), Thailand Graduate Institute of science and
Technology (TGIST) which have provide me a scholar including tuition fee, living

stipend, and self-developing expense.

Thirdly, I would like to thanks my family that supported me and stay beside
me. They are the inspirers that make me break through the obstacles.

Lastly, I would like to thank my friends. They always listen my problem

and be there for me when | need help and pass through the problems with me.



CONTENTS

THAT ABSTRACT ettt \Y
ENGLISH ABSTRACT ...ttt Y
ACKNOWLEDGEMENTS ...t Vi
CONT ENT Sttt e e e s beeanee s Vil
CRAPLET L.t 9
1.1 INEFOTUCTION ...t bbb 9
1.2 ODJECHIVE ...ttt bbbt 12
1.3 SCOPE OF FBSBAICH ...ttt 13
1.4 EXpected DENeFit ..o 14
L0y F:To] {=] o OO g g0 ¢/ / A0 RN e SO 15
Theories and Literature REVIEW .........ccoviiiiiiiiiiiiiese e 15
2.1 LEVUIINIC CIA ..ottt 15
2.2 Levulinic acid ProdUCTION ........coiiiiiriiienie i 17
2.3 GIUCOSE ...kt bbb 22
2.4 Carbon NanotubeS (CNTS) ..c.eciiiiiiiiiiie it 23
2.5 Synthesis of carbon NANOTUDES...........cccoviiiriiiiiieeee e 24
2.6 Acid treatment of carbon NaNOtUDES ..o, 26
CRAPLET 3. bbb 27
EXPEIIMENTAL.......oiiiiiii e 27
3.1 Synthesis of M-CNPs hybridized with Fe via co-pyrolysis...........cccceeuenee. 27
3.2 Acid treatment of CNPs hybridized with Fe with 8M of nitric acid ........... 28
3.3 Performance tESING .......courieieieierie e 35
CRAPLET 4 ..ot 37
RESUILS N AISCUSSION ......veiviiiiiiiitiite st 37

4.1 Synthesis of M-CNPs hybridized with Fe nanoperticles via co-pyrolysis of
lubricant Oil and fErrOCENE.........cveivviiiie e, 37

4.2 Acid treatment of M-CNPs hybridized with 8M of nitric acid.................... 52



viii

)
4.3 Performance of M-CNPs and acid-treated M-CNPs for conversion of e
glucose to 1eVUIINIC ACIU. ......ccoeivveiiiccece e 61
4.3.1 Effect Of CatalyStS ......ccveiiiieie e 61
4.3.2 Effect of Amount of catalyst ..........c.cccooveviiiiiii e, 64
4.3.3 Effect Of reaction time ...........cooeiiiieicinesee e 65
4.3.4 Effect of reaction TEMPErature..........ccevvrieeieeiieiiieseere e s e 66
(O T o) ] TSRS 68
CONCIUSTON ..ottt 68

5.1 Synthesis of M-CNPs hybridized with Fe nanoparticles via co-pyrolysis of

lubricant 0il and fEITOCENE..........ccoi e 68
5.2 Acid treatment of M-CNPs hybridized with 8M of nitric acid.................... 68
5.3 Performance of the M-CNPs and acid-treated M-CNPs for conversion of
glucose to levulinic acid was conducted. ...........ccccoeviveieiieve s 68
T T To o T=Ts) oo USROS 69
REFERENGCES ... .ot 70
APPEND X ..ttt 73
APPENDIX A ittt sbn e e b et e b et e b e nn e nne e neennne s 74
Calibration curve of Glucose, fructose, Levulinic acid and formic acid for
HPLC @NAIYZET ...ttt ettt ettt 74
APPENDIX B ..ttt sttt 77
Calculation the concentration from data of HPLC .........c.cooeiiiiiniiiiiie 77
APPENDIX €ttt 78
Characteristic of commercial CNTs from AAs and FT-IR..........cccoovviicenn. 78
APPENDIX Dttt e 79
Catalytic Path WaYS......cc.ooiieiiiece e 79



Chapter 1

1.1 Introduction

Biomass is organic materials that is living or recently living such as
agricultural plant and their wastes. Biomass is green feedstock for production of
biofuels and chemicals as value-added product and alternative energy. Glucose is
the lignocellulosic biomass [1]. It can be converted into the chemical that is the
feedstock of the value-added chemicals and materials. Therefore, conversion of
glucose is very interesting for improving its worth. At present, production of
levulinic acid is one of most interesting chemicals due to many benefits and using
in various industrial. Levulinic acid is interested feedstock. There are many
researches of levulinic acid production but it is not enough to consume in industrial.
Therefore, levulinic acid production was studied continuously. There are 2 main
reactions of levulinic acid production. Firstly, homogeneous reaction uses acid
liquid catalyst. But this reaction is difficult for separating product from liquid
catalyst. Secondly, heterogeneous reaction uses solid catalyst. In this method,
products could be separated easily. In addition, kind of catalyst can be modified by
many conditions (metal, acid chemicals, solvent, temperature, time, and loading

metal)

Levulinic acid is a feedstock for many value-added chemical and material
productions. For Biomass program of the USA Department of Energy in 2004 [2],
levulinic acid was implied by promising value-added chemical which was desired
from biomass. Levulinic acid is chemical intermediate for converting into a large
number of chemicals and materials that can be applied by many industries.
Therefore, consumption of levulinic acid increased from 450,000 kg per year of
consumption in 2000 to 2,600 tons per year in 2013. In the future, consumption of
levulinic acid will rose up to 3,800 tons per year in 2020 [2]. For pilot and
commercial-scale production of levulinic acid, there are many problems for some

process such as the deposition of salt and humins. Thus, acid hydrolysis as
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productivity method or cellulosic sugars as substrate was chosen in some process
[2]. However, levulinic acid production is not enough for consumption. Therefore,

new alternative processes of increasing levulinic acid production are developed.

There are low amount of levulinic acid production. Therefore, new catalyst
or new method of synthesizing production were many studied. Heterogeneous
catalysis is a very popular technique as industrial process due to many advantages
such as easy handing, easy separation and able recycle. Thus, aim of recently studies

to find new catalysts that produce levulinic acid.

At present, carbon nanotubes (CNTS) is one of the most popular material
because of its special properties [3]. For mechanical properties, It is many-fold
stronger than steel, harder than diamond, and higher electrical conductivity than
copper. For chemical properties, it can load metal on the surface, modify with oxide
group and many functional groups, use in reaction of adsorption and desorption.
Resulting, it can be applied to catalyst support, ion adsorbent, electronic conducive
paper, fiber, resin, reinforced resin and metal, cell cultivating and drug delivery [4,
5].

Based on literature survey, there is sufficient possibility to employ carbon
nanoparticles hybridized with metal component modified by acid treatment for
converting glucose to levulinic acid through isomerization, dehydration and
rehydration. In order to obtain clear understanding in performance of such hybrized
catalysts, there is a need to conduct experimental investigation on conversion of
glucose to levulinic acid under controlled conditions. It is recognized that carbon-
based materials display good physical and chemical properties. As ideal catalyst
supports, multi-walled carbon nanotubes (MWCNTS) were recognized as a good
candidate. However, an integration of systematic study in modification of
hybridized with iron (Fe) and then application as catalyst for producing levulinic

acid from glucose is still unavailable.
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In this research, synthesis of CNPs hybridized with Fe and its surface
modification via acid treatment were examined. Their catalytically performance
testing based on conversion of glucose to levulinic acid was studied. Some new
aspects, such as usage of lubricant oil mixed with ferrocene was also examined and
discussed in term of CNP production yield. Finally, catalytic activities of CNPs
hybridized with Fe for converting glucose to levulinic acid was examined under
control conditions. Furthermore, lubricant oil is high consumption and it has
extended continuously. 40 million tons per year of lubricant oil consumption around
the world was reported by EPA/US. It made about 24 million tons per year of spend
lubricant oil. For removed process, regeneration and recycling process are taken to
spend lubricant oil. Then, spent lubricant oil is less efficient. It will be taken in
energetic assessment or destruction. For this process, there are many problems such
as lost energy for thermal combustion and environmental problems. While, co-
pyrolysis method is found for removed process for spent lubricant oil. This method
is better efficiency to remove spent lubricant oil because main composition of
lubricant oil is carbon. Thus, it is used to reactant of co-pyrolysis method. Co-
pyrolysis with spent lubricant oil is produced solid, liquid and gas product as fuel
and carbonaceous residue. Therefore, carbonaceous residue is interesting because
of carbon nanotubes production. Co-pyrolysis method is thermal decomposition
method. When heat is taken in co-pyrolysis method, substrate will be destroyed
many bonds of substrate leading to produce smaller size of substrate. If it is optimal
condition, carbon nanotubes will be produced. Many researchers studied
synthesizing condition because of extraordinary properties of carbon nanotubes.

Therefore, carbon nanotubes are interesting materials for application.

Co-pyrolysis method is popular for synthesis of carbon nanotubes. It consists
of arc-discharge and laser-ablation method. Advantages of co-pyrolysis method
are easy handling technique, low cost, enable various substrate (solid, liquid and
gas). In addition, carbon nanotubes can growth in various forms and able control
with growth parameters. For example, naphthalene was alternative carbon source

for synthesis of carbon nanotubes by Charinpanitkul et al., in 2009[6]. For CNTs
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precursors, used lubricant oil was collected from industry [7]. Thus, used lubricant
oil can be renewable thing that is valued product and value-added waste. Many
industries used lubricant oil. Lubricant oil was burnt by combustion for producing
thermal energy but it generated environmental pollution. Hence, synthesis of carbon
nanoparticles hybridized with Fe nanoparticles via co-pyrolysis would be promising

alternatively worth for investigation.

For application of carbon nanotubes, conversion of biomass into biofuel and
other chemical feedstocks such as levulinic acid were investigated extensively [1,
7]. Although levulinic acid was produced and developed completely by industrial
[8, 9], there were many problems from contamination and by-product. Therefore,
levulinic acid production should be investigated continuously for increasing
production yield, selectivity and decreasing cost. In this work conversion of glucose

to levulinic acid with using carbon nanotubes as catalyst was studied.

Properties of Multi-layer carbon nanoparticles (M-CNPs) hybridized with Fe
were characterized by Scanning electron microscope (SEM), Energy dispersive
X-ray (EDX), Transmission electron microscope (TEM), Brunauer-Emmet-Teller
(BET), Fourier transforms infrared (FT-IR), X-ray diffraction (XRD) and auto
titration analyzer. Performance of M-CNPs hybridized with Fe as catalyst was

studied by effect of yield and selectivity of levulinic acid production.

1.2 Objective

The objective of this research is to examine conditions for converting
glucose to levulinic acid using magnetic carbon nanoparticles hybridized with Fe
nanoparticles which were synthesized via co-pyrolysis of lubricant oil and ferrocene

for usage as heterogeneous catalyst.
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1.3 Scope of research

Scope of this research was designed to cover 3 main parts, which were
synthesis of magnetic carbon nanoparticles (M-CNPs) hybridized with Fe

nanoparticles via co-pyrolysis, acid treatment and the main part focusing on testing

the performance of the synthesized CNPs for converting glucose to levulenic acid.

Accordingly, conceptual plan of those parts could be deliberated as follows,

1.3.1 Synthesis of M-CNPs hybridized with Fe nanoperticles via co-

pyrolysis of lubricant oil and ferrocene

- Designated condition which based on previous work and literature review
were prepared by weight ratio of lubricant oil to ferrocene (2:1), 500°C of
decomposition temperature, 900°C of synthesizing temperature, and 30 minutes of

residence time with 50 mL/min of carrier gas flow rate.

1.3.2 Acid treatment of M-CNPs hybridized with 8M of nitric acid

Surface of M-CNPs was modified by acid treatment which used nitric acid
solution. 0.3 grams of M-CNPs hybridized with Fe was mixed in 70 ml of nitric acid
(8 M) and stirred with hot plate for 15 min at 60°C. Preparing mixture was dispersed
by ultra-sonication cleaning apparatus for 2 hr. Then, slurry was filtrated by filter
membrane and washed by deionized water for remove organic substrates on the

surface until neutral pH. After that, this sample was dried in oven at 150°C for 4 hr.
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1.3.3 Experimental investigation on performance of the M-CNPs and
acid-treated M-CNPs for conversion of glucose to levulinic acid were be

conducted.
1.3.3.1 Effect of type of catalyst

Type of catalyst: Commercial CNTs, Fe3Os, M-CNPs and Acid-treated M-
CNPs

1.3.3.2 Effect of Amount of catalyst

Weight ratio of glucose to a catalyst: 1:1, 3.75:1, 18.75:1, and 37.5:1
1.3.3.3 Effect of reaction Time

Sampling Time: 60, 120, 180, 240 and 300 min

1.3.3.4 Effect of reaction Temperature

Reaction temperature: 140, 160, 180, 200 and 220°C

1.4 Expected benefit

To obtain optimal condition for conversion of glucose to levulinic acid with
using magnetic CNPs hybridized with Fe nanoparticles and synthesizing CNPs
hybridized with Fe nanoparticles from lubricant oil and ferrocene via co-

pyrolysis method.
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Chapter 2

Theories and Literature Review

2.1 Levulinic acid

Levulinic acid or 4-oxopentanoic acid is a crystalline compound that is colorless.
Properties of levulinic were shown in Table 2.1. Levulinic acid is a feedstock of
many value-added chemicals because its structure consists of carboxyl group and

carbonyl group or ketone group as shown in Fig. 1.

Table 2.1 Properties of levulinic acid

Melting point (°C) 33-37
Boiling point (°C) 245-246
Density (g/cmq) 1.14
pKa @25°C 4.59

O
HO
O

Fig. 2.1 Levulinic acid structure [10].

It can react with other substances to form many chemicals and materials as

shown in Table 2.2.
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Table 2.2 Potential applications of chemicals and productions from levulinic acid

Fuel additives
Biofuels

Polymers

acid

Potentail Potentail
Chemicals markets/ Chemicals markets/
application application
Diphenolic acid Epoxy resins | Different esters
Lubricants of LA Plasticizers
Adhesives Solvents
Paints
Polymers
Succinic acid Polymers a-Angelicalactone
Fuel additive
Solvents
Solvents
Pesticides
&-Aminolevulinic acid Herbicides Sodium levulinate
Insecticides
Antifreeze
Cancer
treatment
Methyltetrahydrofuran il e Calcium levulinate Antifreeze
Solvents Pharmaceutical
Ethyl levulinate Fuel additive |1,4-Butanediol Polymers
Food Solvents
flavouring Fine chemicals
y-Valerolactone (GVL) Solvents Valeric (pentanoic)

Fuel additive
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2.2 Levulinic acid production

Generally, levulinic acid can be produced by derived biomass, such as
polymeric carbohydrate (hexose, pentose), alcohol, unsaturated hydrocarbons, 5-
methyl furfural, 4-(diphenylmethylsilyl) butyrolactone or nitroethane. Glucose can
be isomerized to fructose by Lewis acid sites [11]. Then, dehydrated fructose
produce to hydroxymethylfurfural (HMF) with using Br¢nsted acid catalyst.
Rehydrated HMF produce to levulinic acid with using water and Br¢nsted acid
catalyst for opening the ring of HMF at carboxyl group and carbonyl group as shown
in Fig. 2.2. Thus, Lewis and Br¢nsted acid sites are impotant in this path way
reaction. In addition, Lewis acid sites can decompose glucose to humin but it is not
design product [9,14]. This path way is very interesting because fructose can convert
to HMF easily.

(o]
CH,0H  |somerization Dehydration Rehydration
Z OH 2 ! /”\/\
OH HOH,C CHO H,C COOH
S i S B
HO HOH, CH,0 H* H*
OH OH OH H HCOOH
glucose fructose hydroxymethyl levulinic acid(LA)
fufural (HMF) +
formic acid

Fig. 2.2 Reaction scheme of glucose conversion to levulinic acid [13].

Therefore, properties of catalyst depend on three steps of path way. Firstly,
solid catalysts possess Lewis bases because C-O bond of 6-carbon atoms is broken.
It became to chain of 6-carbon atoms due to electron from solid catalyst. Secondly,
solid catalyst is Br$nsted acid catalyst. The chain of 6-carbon atom forms ring of 5-

carbon atoms that is fructose and it removes hydroxyl group. Then, hexulofuranose
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as intermediate substrate received hydrogen ion from acid catalyst to become HMF.

Finally, HMF will be changed to levulinic acid by Bré$nsted acid catalys.

Levulinic acid production was started from a feedstock and water without
catalyst under high temperature and high pressure. Then, dichloromethane (DCM)
was added in production process and HCI was replaced DCM which was used to
liquid catalyst in levulinic acid production later. Therefore, many inorganics or
organic acid compounds can use to liquid catalyst also. HCI and H»SOs are
popularly acidic liquid catalyst due to low cost. In addition, Lewis base mixed with
acid catalyst and tested to produce levulinic acid. Efficiency of producing levulinic
acid is better than only liquid-acid catalyst. After that, condition of acid, neutral and
alkaline were studied. Carboxylic acids as reactant under alkaline condition can
produce levulinic acid with using liquid acid catalyst. Thus, liquid acid catalyst were
popular in that period. In 1956, solid catalyst were used in levulinic acid production
process [1]. Solid acid catalysts were studied for levulinic acid production because
solid catalyst was easily separated product, function at higher temperature and
shortened reaction time and able recycle. Furthermore, solid acid catalyst can
modify to improve selectivity. Therefore, solid catalyst is popular for using in
industry. However, it stops to find new solid catalyst due to deactivation from a
period time and by-product. In addition, modifying catalyst as lanthanide, zirconium
and titanium catalysts are toxic and expensive. Recently, CrCls, FeClz and SnCls
were studied to use for levulinic acid production. Then, an organic-inorganic

nanocomposite catalyst was studied in next period.

Many previous reports for levulinic acid production are shown in Table 2.3.
Levulinic acid production is generated by non-catalyst reaction and liquid catalyst
reaction that are called homogeneous reaction and solid catalyst reaction or

heterogeneous reaction, respectively.

In 2013, Weingarten gruop studied various ratio of zirconium and tin
phosphates. They found 64% of glucose conversion and 22.5% of levulinic acid

yield as using molar ratio of phosphorus to zirconium catalyst with 2. Surface area,
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total acid site, Brgnsted acid sites and ratio of Brgnsted to Lewis acid sites were

effect of %conversion of glucose and %yield of levulinic acid as shown in Table

2.4[12].

Table 2.3 Reaction of conversion of glucose to levulinic acid

Glucose

Conc. Solvent  Catalyst Catalyst Conc. TL:mp. R.eactlo.n/re Conversion  Yield
(°C)  sident time (%) (%)
(wt%)
HCL 6WI%HCL,
30 H,0 v AT, 1,320 N/A 31
2 HO0  HSO, IM 140 120 96 38
7 HO  HSO, Swi% 170 120 100 34
30 H,0 HCl SWi% 162 60 N/A 24.4
10 H,0 ZrP 0.1M 160 180 73 14
CrCI3+
1 H,0 HY It 145 2 147 100 47
- zeolite substrate
hybrid
CrCB+
1 H,0 Hy 1g 160 180 100 62
zeolite
hybrid
FeCl+
2 H,0 HY 1 180 180 100 62
zeolite
hybrid
N/A H,0 ZtP Soltion 70g 160 180 64 225
30 H,0 GO- 05¢ 200 120 89 78

SO,H
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Table 2.4 Properties of various zirconium and tin phosphates

c SgET Metal(IV) | Phosphorus | Total @ sites | Br¢nsted @ sites | Ratio Br¢nsted
at,

(m%g) |(molar%) | (molar%) | (mmol/g) (mmol/g) to Lewis
ZrP1
PiZr=1 173 9.45 12.07 1.942 0.240 0.12
ZrP2 276 8.29 16.60 2.146 0.818 0.38
ZrP3 123 8.07 15.95 1.834 0.388 0.21
SnP1 11 9.20 6.64 0.463 0.031 0.07
SnP2 142 11.03 7.20 1.260 0.068 0.05
Zr0, 143 N/A N/A 0.905 0.087 0.10

In 2013, Ya’aini et al. studied hybrid catalystas 1:1, 1:2 and 2:1 weight ratio
of CrCl; to HY zeolite. They found 100% of glucose conversion and 62% of
levulinic acid yield as using 1:1 weight ratio of CrClz to HY zeolite as hybrid
catalyst. Surface area, weak acid and total acid sites for effect of %conversion of

glucose and %yield of levulinic acid were shown in Table 2.5 [13].

In 2015, Ramli et al. studied Fe/HY zeolite catalyst with 5, 10 and 15 weight
percent. They found 100% of glucose conversion and 62% of levulnic acid yield as
using 10% of Fe/HY zeolite catalyst. Surface area, weak acid and ratio of Brgnsted
to Lewis acid sites for effect of %conversion of glucose and %yield of levuliic acid
were shown in Table 2.6 [10].
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According from previous literatures, properties of solid catalyst are significant
effect on yield and selectivity of levulinic acid production [13]. Metal-modified
CNTs catalysts may point toward high catalytic activity equal the other types of acid
catalysts from proper mesopore size that led to higher selectivity to increase
levulinic acid yield, higher conversion than the other type of acid catalysts, higher
and could be easily separated the reaction products. However, there is one report
that is available on carbon nanoparticles catalyzing levulinic production from

glucose [9].

Table 2.5 Properties of hybrid CrCls/HY catalyst

Total
SeET Dieso | Dmicro Weak @ | Moderate @
Cat. HF a sites
(m?/g) (nm) (nm) (mmol/g) (mmol/g)
(umol/m?)
HY 810 390 | 039 | 0.1522 0.86 0.56 1.75
1:1CrCl,
(Wiv%)
393 3.87 041 0.1587 0.30 4.86 13.13
HY(g)
1:2CrClL;
(Wiv%)
566 3.86 0.40 0.1637 0.40 3.04 9.98
/HY(g)
2:1CrCl,
(Wiv%)
266 3.87 0.40 0.1568 0.17 2.77 11.05
/HY(g)




Table 2.6 Properties of various %Fe in zirconium and tin phosphates:

- Seet | Dmeso | Pimicro HE Weaka | Moderate@ | @sites | Ratio Brgnsted
at,
(m,/g) | (nm) | (nm) (mmol/g) | (mmol/g) | (umol/m?) to Lewis
HY
829.5 586 | 0.54 | 0.0716 0.92 0.66 1.91 1.51
5%Fe/HY
598.9 | 433 | 053 0.1371 0.55 2.26 4.69 0.39
10%Fe/HY
549.3 3.77 | 0.52 | 0.1532 0.38 2.30 4.88 0.29
15%Fe/HY
522.1 3.62 | 0.52 | 0.1626 0.14 1.98 4.06 0.07
2.3 Glucose

Glucose is a monosaccharide that is contained in plant and animal. Glucose
consist of six carbon atoms, twelve hydrogen atoms and six oxygen atoms. Its
formula is CsH120e. It is class of hexose. Glucose can be produced by hydrolysis of
carbohydrate. It has been widely used substance for studying lignocellulosic
biomass conversion. Conversion of glucose can be occurred by many substances
such as 5-hydroxymethyl furfural (5-HMF), levulinic acid and formic acid [16].
Many researches had reported that glucose can be decomposed into fructose to

produce 5-HMF, levulinic acid and fructose by homogeneous or heterogeneous

reactions.
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2.4 Carbon nanotubes (CNTY5)

Carbon nanotube (CNT) is a tubular or coaxial cylinder structure that is made
of carbon atoms. Diameter of CNTs is nanometer but length of CNTs is
micrometers. Covalent sp? bonds of CNTs were formed by honeycomb lattice
between carbon atoms. CNTs consist of two types that are single-walled carbon

nanotube and multi-walled carbon nanotube as shown in Fig. 2.3.

(@) (b)

Fig. 2.3 (a) Single-walled carbon nanotube and (b) Multi-walled carbon nanotube
[14].

CNTs are recognized a promising material because of extraordinary
properties and many potential applications. For mechanical properties, It is many-
fold stronger than steel, harder than diamond, and electrical conductivity higher than
copper [2]. In 2000, they were found to have a tensile strength of 63 GPa. There are
4x10° Alcm2 electrical current density of CNTs. For chemical properties, it can load
metal on the surface, modify with oxide group and many functional groups and react
for diffusion, reaction and desorption. As a result, it could be applied in many
aspects such as Catalyst support, ion adsorbent, electronic conducive paper, fiber,
and resin, reinforced resin and metal, cell cultivating cell and drug delivery system
(3, 4].



24

2.5 Synthesis of carbon nanotubes

CNTs can be synthesized via many methods, such as arc discharge, laser
ablation method and chemical vapor deposition (CVD) or co-pyrolysis processes.
In arc discharge and laser ablation method, metals or metal salts as the catalysts for

synthesis.

Co-pyrolysis is more popular method for synthesis of CNTs because there
are many advantages of co-pyrolysis such as simple technique (low temperature,
ambient pressure), low cost, various substrates (solid, liquid and gas), easily control
growth parameters and various carbon nanotubes form. Therefore, co-pyrolysis is
the most popular method of producing CNTSs at present. Co-pyrolysis was thermal
decomposition of hydrocarbon vapor from reactant which was feed with carrier gas.
For liquid hydrocarbon, benzene and alcohol were heated in a flask with inert gas
that was purged through reactor. A tubular reactor was heated by tubular furnace
that was controlled by temperature controller. When vapor of substrates was feed in
reactor, they reacted with metal catalyst to appear self-assembly carbon atoms to
form CNTs in reaction zone. Then, products of the CNPs hybridized with Fe were
grown on the internal tubular-quartz reactor as shown in Fig. 2.4. The product was
coated substrates in the hot zone of the reactor to catalyze the growth. Then, the

product is collected at room temperature.

Fumace
— G
IC<Hy Temp. C ontrollcr'
Hydrocarbon gas Bubbler

Fig. 2.4 Schematic diagram of CVD setup [14].
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For volatile materials such as naphthalene and ferrocene were directly turn
from solid to vapor, and perform CVD while passing over the catalyst kept in the
high-temperature zone. For CNT growth mechanism has been studied in the past.
They found that the reaction conditions are hydrocarbon, catalyst, temperature,
pressure, gas-flow rate, deposition time, reactor geometry. They are affected on the
CNTs growth. Generally, there are 2 kinds of the growth mechanisms. When
hydrocarbon vapor comes in contract with the hot metal nanoparticles, substrate is
decomposed into carbon and hydrogen atoms. Then, hydrogen will be decomposed
and carbon atoms will be dissolved into the metal. If the catalyst-support interaction
is weak. Metal has an acute contact angle with the substrate. Then, metal particle is
displaced from the surface hydrocarbon decomposes on the top surface of metal,
carbon diffuses down through the metal (concentration gradient exists in the metal
allowing carbon diffusion), and CNT precipitates out across the metal bottom,
pushing the whole metal particle off the substrate by the carbon tip-growth
mechanism. The metal’s top is open for fresh hydrocarbon decomposition, then the
carbon tubes grow longer and longer away from the support surface. When the metal
is fully covered with excess carbon, its catalytic activity ceases and the CNT growth
is stopped. If interaction of catalyst-support is strong (metal has an obtuse contact
angle with the substrate) as be called base-growth mechanism, initial hydrocarbon
decomposition and carbon diffusion take place, but CNT precipitation fails to push
the metal particle up. Therefore, the CNT precipitation is compelled to emerge out
from the metal’s apex. Carbon crystallizes can out as a dome and extends up in the
form the graphitic cylinder. Therefore, hydrocarbon deposition is taken place on the
lower surface of the metal, and as dissolved carbon diffuses upward. Then, CNT
grows up with the catalyst on its base. These growth mechanisms have been further

simplified by Moisala et al. as shown as Fig. 2.5 [15].
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Fig. 2.5 Widely-accepted growth mechanism for CNTs: (a) tip-growth model, (b)
base-growth model [14].

2.6 Acid treatment of carbon nanotubes

Acid treatment is the most method for CNTs oxidation. Purity and addition
of functional group on surface of carbon nanotubes were improved by using acid
treatment. HNO3, H>SO4 and KMnO4 are popular acids for acid treatment. Acids
and solid catalyst were mixed and taken high sonication for dispersing nanotubes in
acid solution [16]. For acid treatment, the interfacial bonding is promoted because
the wet-oxidation is appeared. Hydroxyl, carbonyl and ketone groups (OH, COOH,
and C=0) can be introduced on multi-walled carbon nanotubes in liquid-phase of
oxidation method. Nitric acid is used to oxidize MWCNTSs for 48 hr and Hiura et al.
reported that mixture of nitric acid and sulfuric acid were applied with potassium
permanganate for more than 5 hr. They can purify and oxidize carbon nanotubes
[17]. Single-walled CNTs were treated in hot nitric acid. It can lead elimination of
metal impurities and amorphous carbon. This information was found by Hu group
and Martinez group in 2003 [17, 18]. Datsyuk group studied chemical oxidation of
MWOCNTSs that treated with acid and base of oxidative treatments on the MWCNTSs
They were produced by chemical vapor deposition method [19]. After acid
treatment, density of carboxyl and hydroxyl group on the MWCNTS increased on
surface of MWCNTSs.
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Chapter 3

Experimental

In this work, experiment consists of three parts. Firstly, M-CNPs hybridized
with Fe were synthesized by lubrication oil, ferrocene and acid treatment via co-
pyrolysis. Secondly, characterization of hybridized CNPs with Fe was determined
by FE-SEM, TEM, BET, FT-IR, TGA, auto titration and AAS. Finally, catalytic
performance test of M-CNPs hybridized with Fe for conversion glucose to levulinic

acid was analyzed by HPLC to determine glucose conversion and levulinic yield.

3 Experimental works

3.1 Synthesis of M-CNPs hybridized with Fe via co-pyrolysis
3.1.1 Materials

- Commercial Diesel Lube oil from Shell company, Gelix HX5 15W-40
- Ferrocene (Fe(CsHs)2) from Sigma-Aldrich, >98% of Fe

- Nitrogen gas(N2) from LINDE, 99.999% of purity

- Commercial CNTSs (baytubes C150 P) from Bayer MaterialScience

3.1.2 Procedure

- Ratio of ferrocene and lubricant oil was 1:2 (by weight). They were
prepared and mixed by Ferrocene 1 gram and lubricant oil 2 grams. The mixture
was taken in boat container which was placed in the tubular quartz reactor at lower
temperature zone. Two temperature zones were set by two controllers of two tubular
furnaces. First furnace was set temperature at 500°C and the second furnace was set
temperature 900°C. Equipment was shown in the Fig. 3.1. When the temperature
increased to optimize setting condition, the tubular quartz reactor was pushed into

the optimize position. Nitrogen gas was flowed 50 ml/min. There is 30 minutes as
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the residence time. After the tubular was cooled, the product was collected. Then, it

was dried in the oven overnight at 60°C.

‘ | ME] Decompeosition Reaction Quartz
1 zone zone Reactor

0 gas

Boatcontainer

Liqui solid
THIY;
=e i
Controller O Drain
0 e

Fig. 3.1 Scheme of reactor for synthesis of Fe-CNTSs via chemical vapor

deposition method

3.2 Acid treatment of CNPs hybridized with Fe with 8M of nitric acid
3.2.1 Materials

- M-CNPs hybridized with Fe via co-pyrolysis
- Nitric acid (69%w/w, D= 1.51 g/cm®, M.W.63.01g, UNIVAR)

- Deionized water
3.2.2 Procedure

Surface of M-CNPs were modified the acid treatment by nitric acid solution.
The 0.3 g of M-CNPs were mixed in a 70 ml of nitric acid (8 M) by hot plate stirrer
for 15 min at 60°C. They were dispersed by ultrasonic cleaning apparatus for 2 hr.
Then, the slurry was filtrated by membrane filter and washed with deionized water
to remove organic substrates on the surface until neutral pH of water. After that,

sample was dried in oven at 150°C for 4 hr.
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Fig. 3.2 Acid treatment method

- Characterization:

o Field emission scanning electron microscope (FESEM, JEOL JSM-
7800F, Japan) as shown in Fig. 3.3 were employed for analyzing commercial CNTSs,
synthesized products from zone A, B, C, D and remaining product from synthesis.
Various elements of the commercial CNTs and M-CNPs were analyzed by Back-
scattered electron detector (BSC/FE-SEM). Different ratio of elements of M-CNPs
and acid-treated M-CNPs were analyzed by Energy dispersive X-ray spectroscopy
(FE-SEM/EDX).

. Morphology of internal structure of commercial CNTs, M-CNPs and
acid-treated M-CNPs were characterized by transmission electron microscope
(TEM, JOEL JEMZ2100) as shown in Fig. 3.4. Solid samples were prepared in
ethanol for dispersion. Then, substances were floated on surface of solvent. They
were kept on plates to analyze.

o Porosity and specific surface area, average pore size distribution and
total pore volume of the commercial CNTSs, synthesized products from zone A, B,
C, D and acid-treated M-CNPs were analyzed by N sorption based on Barrett-
Joyner-Halenda (BJH) method, and micro and meso porosity based on Brunauer-
Emmet-Teller (BET, Belsorp-Mini, Bel Japan) via t-plot method as shown in Fig
3.5. 0.02 grams of samples were pretreated at 120°C for 8 hr before they were
analyzed by BET.

° Graphitic and disorder structure of the commercial CNTSs,
synthesized products from zone B, C, D and acid-treated M-CNPs were analyzed

by Raman spectrometer (NT-MDT, Rassia) with an invert confocal microscope
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(Olympus IX71, USA) and a cooled CCD detector at 60°C as shown in Fig 3.6.
Excited wavelength of He-Ne laser was 532 nm as 100X objective lens with laser
power. Samples were trapped on glass slides and were taken on stage of microscope
for analyzing.

. CHN result of lubricant oil, commercial CNTs and M-CNPs were
obtained the carbon, hydrogen and nitrogen percentages by Carbon-hydrogen-
nitrogen elemental determinator (The CHN 628 series, from LECO Corp., US) as
shown in Fig. 3.7. 0.1 gram of samples were wrapped by aluminium foil. Then, they
were taken in the auto sampling of the CHN analyzer to combust, detect and analyze.

o Atomic absorption spectroscopy (AAS, Model AA280FS, Varian)
was used to analyze amount of iron of commercial CNTs, M-CNPs and acid-treated
M-CNPs in mg/L.

o Purity and the compositions in the M-CNPs and acid-treated M-CNPs
were analyzed by Thermal gravimetric analysis (TGA, NETZSCH, STA 449 F5
Jupiter) as shown in Fig. 3.8.

o Functional group and acid group on the surface of the commercial
CNTs, M-CNPs and acid-treated M-CNPs were analyzed by Fourier transforms
infrared (FT-IR, Nicolet 6700, Thermo Scientific) as shown in Fig 3.9 and used
spectra with a nominal resolution of 4 cm™ in range of 500-4000 cm™ at room
temperature.

o Acidity of acid of the commercial CNTs, M-CNPs and acid-treated
were analyzed by Automatic titration (T50, Mettler Toledo) as shown in Fig 3.10.



- Equipment for Characterization:

Fig. 3.3 Field emission scanning electron microscope

Fig. 3.4 Transmission electron microscope

31
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Fig. 3.5 Brunauer-Emmet-Teller 32

Fig. 3.6 Raman spectrometer



Fig. 3.8 Thermal gravimetric analysis
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Fig. 3.10 Automatic titration
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3.3 Performance testing

Performance testing is main part of this work. Effect of temperature, time
and amount of catalyst loading will be experimentally examined. In addition, fresh
catalyst and spent catalyst were characterized and tested in comparison with other

carbonaceous materials, such as commercial CNTSs.

3.3.1 Materials

- D(+)-glucose monohydrate (MW.180 g/mol)

- Deionized water

- Commercial CNTs (baytubes C150 P) from Bayer MaterialScience
- CNPs hybridized with Fe via co-pyrolysis

- A Standard analytical grade of hydroxymethylfurfural HMF)

- A Standard analytical grade of levulinic acid 98%
3.3.2 Procedure

One pot catalytic reaction was carried out by dissolving of glucose in
deionized water and it was mixed by catalyst in a closed 130 ml of Autoclave with
various conditions as shown in Table 3.1. Then, reaction system control desired
temperature and time with stirring speed for 300 rpm. All samples are filtered by
0.22 pm of membrane syringe filter. Liquid phase was analyzed by high
performance liquid chromatography (HPLC) (Shimadzu UFLC) as shown in Fig.
3.11. Column was organic acid Aminex HPX-87H that was 45°C of temperature.
Mobile phase was H2SO4 (5mM) that was 0.6 mL/min of flow rate. Detector was
UV 210 nm and retention time was 80 min. Glucose conversion, product yield and

selectivity were calculated by Egs. (1)-(3);
Glucose conversion (%)

_ Initial glucose (mol)-Final glucose (mol)

100% (1
Initial glucose (mol) x100% (1)



Product yield (%)

Amount of product (mol)
= — x100%  (2)
Initial glucose (mol)

Selectivity (%)

Desired product (mol)
= . x100%  (3)
Undesired product (mol)

Fig. 3.11 High performance liquid chromatography
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Table 3.1 Effect of catalyst types in each condition
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Effect of Types of catalysts L Reaction Time | Temperature
catalyst
Commercial CNTs
Types of catalyst Fe,0, Acid-treated Acid-treated Acid-treated
M-CNPs M-CNPs M-CNPs M-CNPs
Acid-treated M-CNPs
Concentration 0.48g(0.1M)in50mL | 09g(0.2M)in 0.9g(0.2M)in 0.9g(0.2M)in
of glucose of solution 25 mL of solution | 25 mL of solution | 25 mL of solution
Reaction o o o 140, 160, 180,
Temperature 160°C 160°C 160°C 200 and 220°C
Pressure gauge latm 21 atm 21atm 21atm
. . 30, 60, 90, 120, 150 and . 60, 120, 180, 240 .
Sampling Time 180 min 120 min and 300 min 240 min
Weight ratio of 1,3.75,
glucose to catalyst 1 18.75,37.5 375 375
Chapter 4

Results and discussion

4.1 Synthesis of M-CNPs hybridized with Fe nanoperticles via co-pyrolysis of

lubricant oil and ferrocene

Magnetic CNPs hybridized with Fe or M-CNPs could be synthesized from
lubrication oil and ferrocene via co-pyrolysis. A quartz tube reactor employed in
this work was divided into 4 sections as shown in Fig. 4.1. In order to regulate
temperature profile, the reactor was heated by a set of 2 electrical furnaces. Fig.4.2

illustrates a standard temperature profile used in this work.

In zone A, typical product was collected from a location situated in the first
furnace with an average temperature of 578°C. The length of zone A is along an
axial distance of 0-30 cm. In zone B, the product was collected from the location
which was also situated in the first furnace with average temperature of 788°C along
an axial distance of 30-45 cm. In zone C, the product was collected from the

location situated in the second furnace with average temperature of 906°C. This
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zone is along an axial distance of 45-75 cm. In zone D, the product was collected
from the location which is also situated in the second furnace with lower average

temperature of 768°C and its dimension along an axial distance is 75-120 cm.

g B |

I-— Zone A ZoneB Zone C Zone D

Fig. 4.1 The sections of product collecting in each zone that were referenced with

the length of the quartz tube reactor
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Fig. 4.2 Temperature profile of 2-temmperature-zone co-pyrolysis system for

synthesizing M-CNPs on quartz tube reactor.
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Fig. 4.3 Optical images of collected product in quartz reactor from co-pyrolysis of
lubricant oil and ferrocene (A) the product zone A (B) the product zone B, (C) the
product zone C and (D) the product zone D

Appearance of typical product collected from each zone was shown in Fig.
4.3. The amount of product collected from zone C was the major portion with the
highest quantity. As mentioned above, zone C is situated the second furnace with
an average temperature of 900°C. Then highest product portion in this zone was
attributed to formation of synthesized CNPs under balancing effect of flow rate of
carrier gas and reaction temperature [6]. This carrier gas flow rate was 50 ml/min.
It was proper for carrying the amount of reactant into the reaction zone with

temperature proper for self-assembly of CNTs.

Field-emission scanning electron microscopy (FE-SEM) was employed to
investigate morphology of the commercial CNTSs, products collected from each zone
of the quartz tube reactor (Fig. 4.4-4.6). From Fig. 4.4 (a) and (b), it could be
clearly observed that the commercial CNTs exhibited tubular morphology with
rather uniform diameter of 10 nm. There were only few residual spherical

nanoparticles within the sample of the commercial CNTSs.
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For product samples collected from zone A, they consisted of irregular
tubular particles with nominal diameter of 38-112 nm as shown in Fig. 4.5 (al) and
(a2).

According to Fig. 4.5 (b1) and (b2), some carbon nanotubes mixed with
amorphous carbon nanoparticles could be observed in typical samples collected

from zone B.

Meanwhile, in zone C carbon nanotubes with nominal diameter of 40-60 nm

existed uniformly as shown in Fig. 4.5 (c1) and (c2).

The product samples collected from zone D were shown in Fig. 4.5 (d1) and
(d2). A mixture of CNTs and irregular nanoparticles with carbonaceous and
metallic content could be observed. It should be noted that in this zone the average

temperature was lower due to heat loss.

Based on SEM analyses, products in zone C exhibited more uniform tubular
structure when compared to those of zones B and D. These results would be
attributed that in a high temperature zone, the self-assembly process to provide
CNTs would be dominant [7]. In zone B with a lower temperature, only few CNTs
were observed because the self-assembly process would be in premature stage. On
the other hand, the convective flow of carrier gas would carried over some CNTSs to
zone D where only some remaining carbon clusters would undergo the self-

assembly process to form only a few CNTSs.

Finally, it was considered that product from zone C was the most promising
because of the best characteristics of CNTs. In this work, the product collected from
zone C is called “magnetic carbon nanoparticles (M-CNPs)”. Based on TEM
analysis (available in Fig. 4.11), average inner diameter of these M-CNPs was 10-
20 nm and average outer diameter was 40-60 nm. Some iron nanoparticles were
randomly dispersed in M-CNPs. A trend of average diameter of M-CNPs collected
from zone C is in an acceptable agreement with particle size analysis which will be

reported discussed later.



Fig. 4.4 FE-SEM images of commercial CNTs at different magnification
(a) 10,000 x (b) 100,000 x
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Fig. 4.5 FE-SEM images of collected product in quartz reactor from pyrolysis (al)
the product of zone A magnitude 10,000 x (a2) magnitude 100,000 X, (b1) the
product of zone A magnitude 10,000 x (b2) magnitude 00,000 x and (c1) the
product of zone D magnitude 10,000 x (c2) magnitude 100,000 x

For the Fig. 4.6 (a), it was shown the product out of the quartz reactor. There
were the least size of diameter than other zone, but they are mixed with a large of

carbonaceous and iron nanoparticles.

NCTC 5.0kV 11.1mm x20.0k SE(L) 2.00pm

Fig. 4.6 SEM images of collected product from particulate collector.
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From the FE-SEM result, the tubular structure was not appeared in the
product from zone A and there were a lot of carbonaceous particles than tubular
structure in the product out of the quartz tube reactor. After that, the synthesized
products were analyzed by nitrogen adsorption isotherms and textural properties of
commercial CNTs and the product in each zone as shown in Table 4.1 for
supporting information. Because of the next step for catalytic conversion of

glucose, the surface area is the one of important factor in heterogeneous reaction.

Table 4.1 The Brunauer-Emmett-Teller (BET) surface area, total pore
volume and average pore diameter of commercial CNTs and the product synthesized
at zone A, B, Cand D

a,,BET Total pore volume Avg. pore

Samples (m2-g71) (em3-.g71) diameter (nm)
Commercial CNTs 221+6 0.48+0.15 8.88+2.68
The product from zone A 1743 0.01+0.01 3.01+1.15
The product from zone B 24+1 0.04+0.02 6.58+2.74
The product from zone C 43+3 0.06+0.01 4.58+0.15
The product from zone D 50+5 0.06+0.002 4.80+0.14

The table was shown that the surface area of the product from each zone was
significant decrease when they were compared with the commercial CNTs. In

addition, the total pore volume and average pore diameter of the product in each
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zone was less than CNTs. For difference in each zone, it found that the surface area,
total pore volume and average pore diameter of the product from zone C and D was

higher than zone A and B because of the decreasing of CNTs’ diameter.

Thus, the product in zone A was cut out of the next analysis because of the
morphology from FE-SEM and the information from BET analysis. The product in

zone A was not proper for being catalyst in the heterogeneous reaction.

The Raman spectra of commercial CNTSs, product of zone B, the product of
zone C and the product of zone D were monitored at over 1,000-3,000 cm™ to
characteristic of the C-C bond vibration mode of multi-walled CNTs (MWCNTS)
as shown in Fig. 4.7. The Raman spectra of CNTs was shown a peak at 1,335 cm™
as a D band, and peak at 1,572 cm™ as G band, whereas the peak at 1,340, 1,345 and
1,345 cm™ as a D band, and a peak at 1584, 1,579 and 1,586 cm™ as G band from
the spectra of the product zone B, C and D. The G peaks were shown that crystal
structure of them. The D peaks were shown that amorphous structure of them. From
data, G and D peaks the product of zone C or in the second furnace temperature
900°C, at 45-75 cm was the same as the commercial CNTs as shown in Table 4.2.
That was shown that the product in the second furnace temperature 900°C, at 47-45
cm was more crystalline than from other distances in quartz reactor. Addition, The
intensity of spectra at temperature 500°C is lower than 900°C because it would be
decomposed completely and well-formation at higher temperature than lower
temperature. In addition, the image results from FE-SEM from Fig.4.4 and Fig.4.5
was supported by the intensity of G and D peaks that the formation of product in

zone C was interesting product for application.
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Fig. 4.7 Raman spectrum of (a) commercial CNTs and product synthesized at
(b) zone B, (c) zone C and (d) zone D

Table 4.2 The ratio between Ip and I of commercial CNTSs, and the product form

zone B, Cand D

Element I,/1g
Commercial CNTs 0.954
CNPs zone B 1.070
CNPs zone C 0.915
CNPs zone D 1.218
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From the FE-SEM, BET and Raman analysis, the product from zone C was
used to study in the next step. This product was called Magnetic carbon
nanoparticles hybridized with Fe (M-CNPs) due to ability to attract by magnet and

impurities that were mixed with carbon nanotubes.

The interested product yield after investigation the product in differs
interested distances in reactor was listed in Table 4.3, it was shown that the
interested product yield was about 14.20 — 15.52% + 0.61. The remaining
percentages were amorphous, many clusters and removal particles in other zones.

The standard deviation was confirmed the repeatability for production of M-CNPs.

Table 4.3 Yield of M-CNPs at zone C of reactor

Samples Batch1l | Batch2 | Batch3 | Batch4 sD
M-CNPs Weight (g) 0.4688 0.4318 0.4537 0.4354 0.0172
Lubricant oil and

3.0211 3.0418 3.0053 3.0223 0.0150
Ferrocene Weight (g)
Yield(%) 15.52 14.20 15.10 14.41 0.61

The CHN result of lubricant oil, commercial CNTs and interested product (M-
CNPs) were listed in Table 4.4, carbon percent of lubricant oil was 55.45%z=3.80
as shown that the compositions of the lubricant oil were carbon and other element.
Thus, that was the cause of the low of yield. In addition, the main composition of
the M-CNPs was the carbon. It was shown that when lubricant oil was decomposed,

the most of carbon particles were formed into M-CNPs.

Table 4.4 The CHN analysis of lubricant oil, commercial CNTs and M-CNPs.
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Samples Nitrogen (%) Carbon (%) Hydrogen (%)
Lubricant oil 0.06 +0.02 55.45 £3.80 8.81+0.40
Commercial CNTs 0.07 £0.08 97.44 +0.20 0.38 £0.04
M-CNPs 0.40 +£0.03 76.87 £6.00 0.61 +0.07
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Fig. 4.8 FE-SEM images and BSC/FE-SEM images of (al, a2) Commercial CNTs
and (b1, b2) M-CNPs, respectively

Comparison of morphological appearance of commercial CNTs and M-
CNPs was illustrated in Fig. 4.8. A field-emission scanning electron microscopy
(FE-SEM), equipped with Back-scattered Electron Detector (BSC/FE-SEM) was

employed the commercial CNTs in Fig. 4.8 (a2) that have the difference elements
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form difference colors. There is the dispersion of element uniformly. The Fig. 4.8
(b2) was shown the difference elements form difference colors as the commercial
CNTs, but there were the cluster of element that did not uniformly adheres on
another element. Thus, this cluster of this element was the group of iron-cluster.
This data will be support in FE-SEM/EDX.

Furthermore, a field-emission scanning electron microscopy with energy
dispersive X-ray spectroscopy (FE-SEM/EDX) which were shown already in Fig.
4.9, was employed for verifying the correspondence of microstructure and elemental
contend of M-CNPs taken from zone C. Found that, a main peak at 0.28 keV with
2 representing peak at 0.7 keV and 6.4 keV. These Spectrums confirm the main

ingredients of carbon mixed with a small amount of Fe were illustrated.
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Fig.4.9 FE-SEM/EDX spectrum of M-CNPs

The result M-CNPs were subjected to transmission electron microscopy
(TEM) used to show the multi-walled carbon nanotubes of commercial CNTSs. In
Fig. 4.10, there were the well-defined structure of inner hollow space and a high

aspect ratio. They were determined about 10-20 nm of their diameter and 5-8 nm of

wall thickness.



MicroscopeAcoelerating VoltageMagnification Camera Length
JEM-2100 200KV 150000 -

Fig. 4.10 TEM image of commercial CNTs at difference magnifications
(a) 25,000x (b) 150,000 (c) 400,000
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Fig. 4.11 TEM image of M-CNPs at difference magnifications (a) 25,000x
(b) 150,000 (c) 400,000x
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For the magnetic carbon nanoparticles (M-CNPs), which were synthesis via
co-pyrolysis, contain mostly carbon nanotubular structure with some iron
nanoparticles as a metal catalyst. They were also found to exhibits structure of inner
hollow space as same as CNTs. In addition, the iron nanoparticles as an active
catalyst that is widely used a catalyst to enhanced the isomerization reaction [20].
The acid-treated CNPs were the same as M-CNPs that had the metal particles,
carbon nanoparticles and amorphous carbon in their structure. Fig. 4.11 (bl), (b2)
and (b3) shows TEM image of M-CNPs M-CNPs were shown the presence of iron
particles inside of tube in form of small spheres can be observed. In addition, the
TEM images were confirmed that nanotubular structure was multi-walled layers.
Most often, metal nanoparticles were encapsulated by carbon nanoparticles, they
are obtained by adsorption of precursor during co-pyrolysis of lubricant oil and

ferrocene mixtures [14].
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Fig. 4.12 Particles size distribution of M-CNPs
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From the particles distribution of M-CNPs, They are obtained carbon
nanoparticles that have surface area with diameters ranging from 25 to 125 nm as

shown in Fig. 4.12. The highest of diameter equal the range of 50 nm.

4.2 Acid treatment of M-CNPs hybridized with 8M of nitric acid

Fig. 4.13 SEM and TEM images of (al, a2) M-CNPs and
(b1, b2) acid-treated M-CNPs, respectively

Form Fig. 4.13 (b1, b2), they were observed that the acid-treated M-CNPs
could be removed the carbonaceous impurities and the iron compound. Thus, the

impurity of external surface of acid-treated M-CNPs was cleaner than M-CNPs, but
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the HNOs treatment did not affect the nanotubular structure because the acid could
not be removed the iron particles in the tubular structure. Thus, the iron particles
could be observed in the Fig. 4.13 (b1, b2) as same as the morphology of M-CNPs
in Fig. 4.13 (a1, a2).
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Fig. 4.14 Particle size distribution of Acid-treated M-CNPs

The surface of acid treatment M-CNPs has surface area with diameters in the
range of 25 to 105 nm. This result is in agreement with the particle size distribution
in Fig. 4.14 that is less than the largest diameter of M-CNPs due to the removal
impurities of metal particles and carbonaceous appeared from the production of the
synthesis of M-CNPs [21]. The acid-treated M-CNPs the average particle diameter

in the range of 60 nm was observed.
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Fig. 4.15 The FE-SEM/EDX spectrum pattern of (a) M-CNPs and

(b) Acid-treated M-CNPs
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The EDX spectra, shown in Fig. 4.15, were employed the oxygen and iron

percentages and carbon nanoparticles. The EDX results were indicate that O (5 and
14%wt and 3.7 and 11.1% atomic of M-CNPs and acid-treated M-CNPs, orderly)
and Fe (7 and 7%wt and 1.5 and 1.6% atomic of M-CNPs and acid-treated M-CNPs,
orderly). These were possibly distributed over the surface of C (89 and 80%wt and
95 and 87% atomic of M-CNPs and acid-treated M-CNPs, orderly) nanoparticles.



Table 4.5 the concentration of Fe in mg/L and mg/g catalyst from AAS

Concentration of Fe Fe/catalyst
Samples
(mg/L) (mg/g cat.)
M-CNPs 62.07 61
Acid-treated M-CNPs 5.50 5.3
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Analysis by AAS in the residual liquid was demonstrated the elimination of
62.07 and 5.50 mg/L of iron with use 69% HNO3 of M-CNPs and Acid-treated M-
CNPs, respectively. For the concentration of Fe of CNTs as shown in APPX.C was
0.26mg/L, that could be the impurity of CNTs. As the concentration of Fe in
commercial CNTs, M-CNPs and acid-treated M-CNPs, they were referred 0.23, 61
and 5.3 mg/1 g cat, respectively. The decreasing of the amount of iron, some iron

compounds were dissolved in acid solution because of acid treatment.

Table 4.6 The Brunauer-Emmett-Teller (BET) surface area, total pore

volume and average pore diameter of M-CNPs and the acid-treated M-CNPs

a,BET Total pore volume Avg. pore
Samples
(m?gh) (cm3g?) diameter (nm)
M-CNPs 43+3 0.06+0.01 4.58+0.15
Acid-treated M-CNPs 4411 0.06£0.02 5.84£1.92

The surface area from BET analysis was conducted on M-CNPs and acid-
treated M-CNPs. The results were shown in Table 4.6. After M-CNP was treated
with acid solution, surface area, total pore volume and average pore diameter a little
increased because of removing the impurities, metal particles and other
carbonaceous from M-CNPs. Because the decomposed particles of the feedstock in
the high temperature were greater than the low temperature. Thus, the deposited
carbon and iron particles were heavily blocked the pore on the surface of the

product.
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Fig.4.16 The Thermal stability of (a) the M-CNPs and
(b) the acid-treated M-CNPs

TGA is a technique of thermal analysis in which the changing of weight of
sample that is depend on the increasing temperature. The analyses of M-CNPs and
acid-treated M-CNPs were carried out under the oxygen flow. When the
temperature was increased, the samples were degraded by oxygen to be thermal
oxidation and the residual at the end is generally iron compound as shown in Fig.
16. TGA of M-CNPs which was shown in Fig. 16(a), was presented a starting
degradation temperature of thermal oxidation of graphitic structure about 350°C and
a final temperature about 620°C, with high degradation temperature about 550°C.
The temperature of thermal oxidation of graphitic structure depends on the existing
of impurities. Indeed, the impurities were degraded less than 350°C. Generally,
commercial CNTs have the thermal oxidation in the range 500-700 °C and the
amorphous are degraded at lower temperature (less than 400°C).[3] At the final of
analyses 620°C, the residual content were about 50.4%. For acid-treated M-CNPs
that the M-CNPs were treated by NHO3 8M, the starting degradation temperature
of thermal oxidation of and the temperature of the high degradation temperature is

the same as M-CNPs, but the final temperature about 660°C. At the final of analyses
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660°C, the residual content were about 3.87%. As a result, M-CNPs and Acid-
treated M-CNPs have a 49.6% and 96.13% of purity, orderly. Therefore, M-CNPs
purity of impurity can be higher with acid treatment. For the residual weight
measured is iron compound, the iron weight is higher than the mass detected by the
AAS analysis as shown in Table 4.5 because the thermal degradation can be
decomposed carbon particle and left the residual iron in whole of M-CNPs and acid-
treated M-CNPs. For AAS, it cannot be destroyed the overall carbon particles.
Moreover, the HNO3 8 M treatment was not damaged carbon nanostructure [22], as
shown by SEM in Fig. 4.13, although amorphous carbon has been eliminated, as

shown by Raman spectra in Fig 4.17.
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Fig. 4.18 Raman spectrum of (a) M-CNPs (b) Acid-treated M-CNPs

The M-CNPs and Acid treated M-CNPs were studied by Raman
spectroscopy in Fig. 4.18. The Raman spectrum is very sensitive to variation of
structural disorder in graphitic materials. The Raman spectra of graphite are
consisted of 4 main bands, designed: D, G and G’, as visualized by He-Ne laser (532

nm). The intensity of D represents the existence of defects and other effects induced
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by any type of carbon. A ratio between the intensities of G and D bands (Io/lg) is
used to determine the disorder and graphitic materials. An increase in Io/lg, there is
more disorder structure that is higher proportion of sp® carbon. G’ band with high
intensity is high ordered nanographites. Raman spectra were showed a similar
Raman Characteristic, the Ip/lc was reduced with acid-treated M-CNPs and all
peaks were narrower than M-CNPs. It could be implied that the corrosion of
amorphous carbon was appeared. In another hand, the spectrum of acid-treated M-
CNPs that were treated by HNO3; 8M showed a decrease in G’ band intensity and a
broadening of all other bands. These are shown that the oxygen-based functional
groups in acid-treated M-CNPs [22]. Thus, the Raman spectra provide the data
about the removal of amorphous and disorder structures from M-CNPs after acid

treatment.
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Fig. 4.19 FT-IR spectra of (a) M-CNPs and (b) acid-treated M-CNPs

Fourier transforms infrared (FT-IR) spectra of M-CNPs and acid-treated M-
CNPs were obtained. From data of FT-IR and TEM, it was found that the iron
particles inside M-CNPs and acid-treated M-CNPs were produced by co-pyrolysis
that are consisted of carbon and iron in alpha structure, metallic and oxide
nanoparticles. Generally, the oxide-iron was formed on the external surface of M-
CNPs [22]. For acid-treated M-CNPs, the HNOs solution can adsorb on the
nanotubes walls and oxide all amount of Fe® to iron oxides. In addition, the acid-
treated M-CNPs were oxidized to treat with HNOg3 that were increased the

carboxylic group by the insertion of oxygen on nanoparticle surface.

According to oxidative treatment the proportion of OH to C=0O bonds

decrease because of carboxylic group presence as shown in Table 4.7.



60

Table 4.7 The ratio of intensity of OH and C=0 of M-CNPs and acid-treated

M-CNPs and acidity of M-CNPs and acid-treated M-CNPs from auto-titration

Total acidity
Samples Ioa/lc—o
(mmol/g)
M-CNPs 4.25 0.019
Acid-treated CNPs 3.09 0.023
S ® Graphite
Vv o-Fe
V¥ Fe;0,
—_ O CFe;
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Fig. 4.20 XRD of (a) commercial CNTs, (b) M-CNPs and
(c) acid-treated M-CNPs

The X-ray diffraction (XRD) analysis has been known as a powerful
technique for characterizing the particle size. The XRD pattern of carbon, oxygen
and iron were shown in the Fig. 4.20 reveal a commercial CNTs, M-CNPs and acid-
treated M-CNPs gave identical peak at 20 = 26° that shown the carbon nanotubes
diffraction. The Fe3Os particles are identical peak at 26 = 43°, 54° and 78°. The a-

Fe particles are identical peak at 20 = 45°. The CFes particles are identical peak in
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range 26 = 42°-48° of M-CNPs and acid-treated M-CNPs. The strong reflections
confirm the crystalline nature of the obtained M-CNPs were hybrid with iron and
the iron with oxygen. This graph was presented the evidence of Fesz0a, a-Fe, and

CFes nanoparticle located inside and outer surface [23, 24].

4.3 Performance of M-CNPs and acid-treated M-CNPs for conversion of

glucose to levulinic acid.

4.3.1 Effect of catalysts
Performance testing for conversion glucose by using commercial CNTs, M-

CNPs and acid-treated M-CNPs
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Fig.4.21 The conversion of glucose on the time

From the HPLC result, Fig. 4.2 showns glucose conversion that was

increased when the reaction time was increased with the absence catalyst, with the
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presence of commercial CNTSs, FesOs, Acid-treated M-CNPs and M-CNPs at 160°C.
The higher conversion of glucose was observed with presence of M-CNPs over
other conditions in 0-120 min of reaction time. In 30-120 min, the glucose
conversion with the presence of M-CNPs and commercial CNTs were higher than
glucose conversion with the presence of other catalyst. But the glucose conversion
of the reaction with the presence of Fe3O4 and acid-treated M-CNPs were higher
than the reaction with the absence of catalyst. It indicated that the commercial
CNTs, Fes0s, acid-treated M-CNPs and M-CNPs could be catalyst to convert
glucose to other derivative substances. In addition, the glucose conversion of the
reaction with the presence of M-CNPs was higher than the reaction with the
presence of acid-treated M-CNPs. From the AAS data as shown in Table 4.5 the
amount of iron in the M-CNPs was higher than in the acid-treated M-CNPs. Thus,
the amount of iron could be affected to conversion of glucose.
Bhalkilar group (2015) found that FesOs enhance the glucose conversion in
hydrothermal reaction (low reaction temperature and pressure). The catalytic
behavior was implied to promote the production of fructose. Catalytic glucose
conversion with iron oxide was observed when the Fe3O4 was added, the fastest
conversion of glucose with considerable amount of fructose as the intermediates for
production levulinic acid. Thus, the isomerization of glucose to fructose can
improved by adding FesO4 [25]. In addition, the morphological and spectroscopies
of M-CNPs and acid-treated M-CNPs are the same properties as commercial CNTSs.
Thus, carbon nanotubular structure could enhance the conversion of glucose. In
addition, conversion of glucose that was observed with the presence of commercial
CNTs was promptly increased in the range of 90-120 min because the adsorption of
product and by-product were strongly adsorbed on surface of commercial CNTs
before 90 min of reaction time. Therefore, active sites of catalyst were deactivated
and blocked by adsorbate. As a result, rate of glucose conversion was slightly
increased. In case of reaction time above 90 min, glucose conversion was increased
again because dispersion of glucose, catalyst, and liquid product were better from

stirring in autoclave leading to improved mass transfer in the system [26].].
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Fig. 4.22 Yield of fructose on the time

Fig. 4.22 shows fructose yield in the reaction with the absence catalyst, with
the presence of commercial CNTs, Fe30a, acid-treated M-CNPs and M-CNPs at
160°C. Fructose yield with presence of acid-treated M-CNPs was lower than with
presence of M-CNPs because concentration of Fe in acid-treated M-CNPs was
lower than M-CNPs. Moreover, fructose yield was increased in 0-60 min. Fructose
yield was 26.98% with the presence of M-CNPs. That was the highest fructose yield
than other catalyst because amount of Fe in M-CNPs was proper to produce
fructose. Thus, the M-CNPs could be used catalyst for fructose production in 30 min
at 160°C. When the reaction time was increased, the yield of fructose was decreased
because of the consumption of fructose to produce other intermediates. Thus,

fructose yield was depended on amount of Fe.
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4.3.2 Effect of Amount of catalyst
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Fig. 4.23 Conversion of glucose, the yield of levulinic acid and the yield of formic
acid from the condition that with the absence of catalyst, with the presence of 0.024,

0.048 and 0.24 g of acid-treated M-CNPs on 2hr of reaction time at 160°C

From Fig. 4.23, it was shown conversion of glucose, yield of levulinic acid
and yield of formic acid. This condition is the 0.900 g (0.2M) of glucose in 25 mL
with the absence, with the presence of 0.024, 0.048 and 0.24 g of acid-treated M-
CNPs at 160°C for 2 hr. Conversion of glucose was increased when amount of
catalyst was increased. Then, glucose conversion was depended on amount of Fe in
catalyst. From previous study (4.3.1 the effect of catalysts), amount of Fe improved
fructose production but it was not supported to produce levulinic acid. Fructose was
substance that could be produce levulinic acid. In study of amount of catalyst effect,
the yield of levulinic acid was interested and observed in reaction with the presence
of acid-treated M-CNPs. Reaction with the presence of 0.024 g was obtained the
highest yield of levulinic acid. Thus, the 0.024 g of acid-treated M-CNPs would be
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used as catalyst to study effect of reaction time and temperature on production of
levulinic acid. In addition, formic acid was found to parallel with levulinic acid.
That was supported that interested pathway was appeared in autoclave. Trend of

formic acid yield was same as levulinic acid yield.

4.3.3 Effect of reaction time

: I
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Fig. 4.24 Conversion of glucose, the yield of levulinic acid and the yield of formic

acid from the condition with the presence of acid-treated M-CNPs on the time at
160°C

Conversion of glucose, yield of levulinic acid and formic acid were shown in
Fig. 4.24. This condition is the 0.900 g (0.2M) of glucose in 25 mL with the presence
of 0.024 g of acid-treated M-CNPs at 160°C and 60, 120,180,240 and 300 min of

reaction time. Glucose conversion was increased when reaction time was increased.
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The highest production of levulinic acid was observed at 240 min of reaction time.
Levulinic acid and formic acid yield was 15.4% and 67.4%, orderly. Thus, optimal
reaction time for levulinic acid production was 240 min. After 240 min, levulinic
acid and formic acid yield were decrease because other derivative products were
produced such as diol group, lactone, or ester [27]. Selectivity of levulinic acid and
formic acid was 46.97 % and 14.60 % from 240 to 300 min. With increasing
reaction time resulted in lower selectivity of levulinic acid. Thus, yield of levulinic

acid depended on reaction time.

4.3.4 Effect of reaction Temperature
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Fig. 4.25 Conversion of glucose, the yield of levulinic acid and the yield of formic
acid from the condition with the presence of acid-treated M-CNPs on the reaction
time at 140°C, 160°C and 180°C

Conversion of glucose, yield of levulinic acid and formic acid were shown in
Fig. 4.25. This condition is 0.900 g (0.2M) of glucose in 25 mL with the presence
of 0.024 g of acid-treated M-CNPs at 140, 160, 180, 200 and 220 °C for 240 min of
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reaction time. Conversion of glucose increased when the reaction temperature
increased. The maximum production of levulinic acid was appeared at 180°C of
reaction temperature. Yield of levulinic acid and formic acid was 19.5% and 40.5%,
respectively. In addition, furfural, acetic acid, HMF and lactic acid could be
investigated. Yield of livulinic acid, formic acid, furfural, acetic acid, HMF and
lactic acid was 17.19%, 6.97%, 2.81%, 7.70%, 21.87%, 13.55% and 27.49%,
respectively (calculated by number of carbon atom of glucose and products). In term
of selectivity of levulinic acid, formic acid, furfural, acetic acid, HMF and lactic
acid was 21.36%, 7.68%, 2.96%, 8.64%, 31.53%, 19.31% and 39.18%. Thus,
optimal temperature for levulinic acid production was 180°C. In addition, levulinic
acid and formic acid yield were decreased because side reactions were occurred with
increasing temperature [27]. They found that when the temperature was changed

from 170-190°C, levulinic acid formation was decreased as shown in Fig. 4.26
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Fig. 4.26 The experiment and predict concentration of products generated during
the 5% H>SO; at (a) 170°C and (b) 190°C [27]

Levulinic acid and formic acid yields were decreased because glucose, HMF
or levulinic acid were produced humic side reaction and decomposition product
such as COz, H20 at 200 and 220°C of reaction temperature [27].
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Chapter 5

Conclusion

5.1 Synthesis of M-CNPs hybridized with Fe nanoparticles via co-pyrolysis of

lubricant oil and ferrocene

M-CNPs co-exiting with Fe nanostructures can be synthesized by Co-pyrolysis
using lubrication oil and ferrocene. In this study, decomposition was appeared at 500°C
and product formation at 900 °C temperature. According to microscopic and
spectroscopic analyses of the product, collected from the highest temperature location,
the synthesized CNPs contain almost the same graphitic content as that of commercial
CNTs. Due to the presence of Fe nanostructure, it implied that that the synthesized

CNPs can be employed as catalyst.

5.2 Acid treatment of M-CNPs hybridized with 8M of nitric acid

Acid treatment of M-CNPs could provide functional groups on their surfaces which
could affect their catalytic activities. Pristine M-CNPs and acid-treated M-CNPs could

be used as heterogeneous catalysts for converting glucose to some derivatives.

5.3 Performance of the M-CNPs and acid-treated M-CNPs for conversion of

glucose to levulinic acid was conducted.

Pristine M-CNPs and acid-treated M-CNPs could be used as heterogeneous
catalyst for glucose conversion to some derivatives. The presence of Fe nanoparticles

in M-CNPs could enhance the conversion of glucose and the production of fructose.

Pristine M-CNPs achieved high glucose conversion of 97.58% (by mole) and
fructose yield of 26.98% (by mole).
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Acid treated M-CNPs obtained 66.29% (by mole) of glucose conversion and
19.52% (by mole) of levulinic acid yield. The optimal condition for levulinic acid
production from glucose was obtained at 0.900 g (0.2M) of glucose, 0.024 g of acid-
treated M-CNPs, 180 °C of operating temperature.

5.4. Suggestion

Acid-treated M-CNPs will be effect of concentration of acid solution for carbon
catalysts. For acid treatment of the carbon catalyst, effect of acid solution concentration
for acid treatment of carbon catalysts will be examined. These carbon based catalysts
will probably be as good as other catalysts that are supported on zeolite or alumina

oxide.
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APPENDIX A

Calibration curve of Glucose, fructose, Levulinic acid and

formic acid for HPLC analyzer

Calibration curve of glucose, fructose, Levulinic acid and formic acid had to
be done. Firstly, the standard solution was prepared the various amounts of standard
substances in the deionized water. In order to make the calibration curve of each

concentration, 0.1, 0.2, 0.3, 0.4 and 0.5 M of standard glucose were injected in the

HPLC analyzer.
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8000000
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1

<C 6000000
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Fig. Al Calibration curve of glucose
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In the standard fructose calibration curve of each concentration 0.5, 2.0, 20

and 50 mg/mL of standard fructose were injected in the HPLC analyzer.
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y = 2,883.7245x
140000 R2 = 1.0000
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0
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Fig. A2 Calibration curve of fructose

In the standard levulinic acid and formic acid calibration curve of each
concentration 0.05, 0.5, 2.0, 20 and 50 mg/mL of standard levulinic acid and formic

acid in de-ionized water were injected in the HPLC analyzer.
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Fig. A3 Calibration curve of levulinic acid
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Fig. A4 Calibration curve of formic acid
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APPENDIX B
Calculation the concentration from data of HPLC
Ex. Concentration of glucose

From calibration curve in APPX.Al, y = 25,562,198.18x is the equation to convert
the area to the concentration. Due to the unit of concentration of glucose in

calibration is mol/dm?3. We can calculate:

Assume: The area data from HPLC result: 2807308 =y
Form y  =25562,198.18x

Substitute y=2807308 ; 2807308 = 25,562,198.18x

X =0.109822637 mol/dm?

Ex. Concentration of fructose

From calibration curve in APPX.A2, y = 2,883.7245x is the equation to convert the
area to the concentration. Due to the unit of concentration of fructose in calibration

is mg/mL. We can calculate:

Assume: The area data from HPLC result: 426469 =y
Form y =2,883.7245x

Substitute y=426469 ; 426469 = 25,562,198.18x

X  =3.149906567 mg/mL

Divide by MW. of fructose

MW. of fructose =180 mg/mL; x =0.017499481 mol/mL



APPENDIX C

Characteristic of commercial CNTs from AAs and FT-IR

Table C1 The concentration of Fe in mg/L and mg/1grams catalyst from AAS

Transmitance (a.u.)

4000 1500

3000 2500 2000

Wavenumber (cm™)

Concentration of Fe Concentration of Fe
Samples
(mg/L) (mg/1 g cat.)
Commercial CNTs 0.26 0.23
N - a) CNTs

1500 1000 500

Fig. C1 FT-IR spectra of (a) commercial CNTs

Table C2 The ratio of OH and C=0 of commercial CNTs

Component

lon/lc=0

Commercial CNTs

3.67
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APPENDIX D

Catalytic Path ways
C6 sugars

Rl 8.6, = HOOC+(CH),COOH
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Fig. D1 Catalyst path way of C6 and C5 sugar
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