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ABSTRACT

Deoxygenation of sugar over some acid catalysts to petrochemical products including HMF
is done in the reaction using sulfuric acid, zeolite Y, zeolite beta and amberlite 200C. The reaction is
carried out by dissolving sugar with water. Then the acid catalyst is added and the reaction mixture is
heated up at 110°C for 1, 2, 3,4,5,6 and 7 hours in a closed batch system. As the contact time
increased, the condensation/polymerization of protonated HMF can be seen as a dark brown
precipitate. The reaction is then cooled and butyl acetate is added as an extracting solvent. The
product from the reaction can be identified and determined by gas chromatography (GC).
Altemnatively, gas chromatography with mass spectroscopy (GC-MS) is used to identify and
determine the amount of product for deoxygenation of sugar with acid catalysts. It can be found that
0.25M H,SO, gave a higher HMF yield of approximately 0.27mg/g as compared to that in 0.5M
H,SO, that gave HMF yield of approximately 0.13mg/g. This is in reaction with 0.25M H,SO, had a
slower condensation/polymerization rate. CrCl, was added to the reaction to increase the
isomeriztion rate of glucose to fructose. The yield of HMF obtained is increased to approximately
2.96mg/g. Zeolite Y and Beta was found to have no conversion of sugar because the sucrose could

not diffuse to the pore of Zeolites and be hydrolyzed to glucose and fructose. Amberlite 200C gave
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the highest HMF yield of 3.53mg/g in this experiment. This is because protonated HMF had a weaker

adsorption on Amberlite 200C than that of glucose and fructose. Therefore, side reaction of HMF and

by-products are reduced.

Keywords : Deoxygenation of sugar , isomerization, HMF , condensation/polymerization ,

hydrolysis of sucrose , homogeneous catalyst , heterogeneous catalyst , biomass , table sugar
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CHAPTER 1

INTRODUCTION

1.1 STATEMENT AND SIGNIFICANCE OF THE PROBLEMS

0Oil is a liquid fossil fuel that is formed from the remains of marine microorganisms
deposited on the sea floor. After millions of years the deposits end up in rock and sediment where oil
is trapped in small spaces. It can be extracted by large drilling platforms. Oil is the most widely used
fossil fuel. Crude oil consists of many different organic compounds which are transformed to
products in a refining process: The wide-scale use of fossil fuels, coal at first and petroleum later, to
fire steam engines, enabled the Industrial Revolution. At the same time, gas lights using natural gas
or coal gas were coming into wide use. The invention of the internal combustion engine and its use in
automobiles and trucks greatly increased the demand for gasoline and diesel oil, both made from
fossil fuels. To this invention, oil consumption per year by country indicates a tremendous affects to

the world non-renewable resources.

By the year of 2006, Thailand was ranked #8 for the highest oil consumption 928,600
bbl/day in contrast with 156,731.9 bbl/day of the average oil consumption by country. Hence, sooner
or later fossil fuels will run out eventually. In addition to solving the problems, scientists and

. g n
researchers are inclined to develop new source of energy.



Biomass can be an alternative source of energy. The components of interest in biomass
are the mono- , di- of polysaccharides. Suitable six-carbon monosaccharide includes fructose,
glucose, galactose, mannose and their derivatives. Where glucose is the most economic and preferred
monosaccharide even though it is a little bit less reactive than fructose. The polysaccharides and
disaccharides are converted into their monosaccharide component(s) and dehydrated to make the 5-
HME structure. ” HMF can be convert to 2, 5-dimethyifuran (DMF), which is a liquid biofuel that in
certain ways is superior to ethanol. Oxidation of HMF also gives 2, 5-furandicarboxylic acid, which

has been proposed as a replacement terephthalic acid for the production of plastics.m

Table sugar is chosen to be studied due to its structure can easily be dehydrated to
petrochemical products. Table sugar is exclusively referred to sucrose. Sucrose is a disaccharide
which can be hydrolyzed with the aid of acid catalyst to be monosaccharide including glucose and
fructose. Dehydration of glucose and fructose leads to formation of furan compounds such as furfural
and HMF, which are essential intermediates for production of many petrochemicals and liquid

3
alkanes[ !



1.2 GOAL AND OBJECTIVES

1.2.1 To obtain petrochemical products from deoxygenation of sugar over homogeneous
catalyst such as H,SO,, H,SO, with CrCl, and heterogeneous catalyst such as Zeolite Beta, Zeolite Y
and Amberlite 200C.

122  Te understand the efiect of reaction time, type and concentration of acid catalysts for

conversion of sugar to petrochemical products.

1.3 SCOPE OF THE STUDY

1.3.1 Preparation of acid catalyst
1.3.1.1 Preparation of 0.5M H,SO,, 0.25M H,SO,
1.3.1.2 Preparation of 0.25M H,SO, with CrCl,
1.3.1.3 Preparation of Smmol proton and 2mmol proton Amberlite 200C

1.3.1.4 Preparation of Zeolite Beta and Zeolite Y
1.3.2 Reaction testing

1.3.2.1Study on the deoxygenation of sugar over 0.5M H,SO,, 0.25M H,SO,, 0.25M
H2SO, with CrCl,, 5Smmol proton of Amberlite 200C, 2mmol proton of Amberlite 200C, Zeolite Beta
and Zeolite Y for 1,2,3,4,5,6 and 7 hours.

1.3.3 Analysis of products

1.3.3.1Determine the product obtained from deoxygenation of sugar by gas

chromatography (GC) and gas chromatography with mass spectroscopy (GC-MS)

1.4 EXPECTED RESULT

Providing the modest deoxygenation of HMF (Hydroxymethylfurfural) and its derivatives



Chapter 2
Theory and literature review

2.1 Biomass

For years people have worried about the decreasing amount of fossil fuels on the planet.
These fuels, when they are gone, cannot be replaced. As a result several different alternatives have
been approached. One of these, which are proving very encouraging, is Biomass Alternative Energy.
Biomass energy is renewable source of energy that is found in plants. Plants take energy from the sun
in the process of photosynthesis and use it to produce and grow biomass. Biomass is a known product
or material that is found in most living things. It can be animal material, bacteria, or plant materials.
The oldest example that we have of biomass energy today is wood, which we can bumn to produce
heat and to create steam which therefore, produces energy. To obtain a large amount of biomass
energy, these plants such as wood are burned in internal combustion engines or broilers and this
releases the energy that the plant holds. Animal wastes can also be used to produce gases-that will
serve as biomass energy. The waste will be treated and then burned in order to create electricity.
Landfill sites function in the same manner, with the methane gases being used as the biomass. The
gases emitted from landfill sites will be treated and burned in order to produce electricity. In some
cases, crops themselves are used as biomass, with crops being grown specifically for the purpose of
energy production. These crops are known as energy crops, and are used to produce oil. In crops such
as oilseed rape, approximately 32% of the plant seed contains oil. These seeds are treated and are then
used as biomass energy in order to fuel products and engines. Biomass energy is created when the
biomass is collected and burned slowly to create steam. Generators then use the steam to turn it into
heat and energy. It’s believed that this is a very clean type of natural gas as it requires the plants to
absorb the carbon dioxide from the environment before it can be used as a viable energy source.
However, there is only so much carbon dioxide that a plant can absorb before it is full. With things
such as deforestation, the source of this energy is rapidly being depleted and so, people must first

become educated about how effective they are at providing us with the clean energy that is needed in



our world , Biomass is made up mainly of the elements carbon and hydrogen; we use technology to
free the energy bound up in these chemical compounds.There are several ways of capturing the stored

chemical energy in biomass:

-Direct Combustion is the buming of material by direct heat and is the simplest biomass technology

and may be very economical if the biomass source is nearby.

-Pyrolysis is the thermal degradation of biomass by heat in the absence of oxygen. Biomass is heated
to a temperature between 800 and 1400 degrees Fahrenheit, but no oxygen is introduced to support

combustion resulting in the creation of gas, fuel oil and charcoal.

-Anaerobic Digestion converts organic matter to a mixture of methane, the major component of
natural gas, and carbon dioxide. Biomass such as water waste (sewage), manure, or food processing

waste, is mixed with water and fed into a digester tank without air.

-Gasification biomass can be used to produce methane through heating or anaerobic digestion.

Syngas, a mixture of carbon monoxide and hydrogen, can be derived from biomass.

-Alcohol Fermentation fuel alcohol is produced by converting starch to sugar, fermenting the sugar to
alcohol, then separating the alcohol water mixture by distillation. Feedstock such as wheat, barley,
potatoes, and waste paper, sawdust, and straw containing sugar, starch, or cellulose can be converted

to alcohol by fermentation with yeast.

-Landfill Gas is generated by the decay (anaerobic digestion) of buried garbage in landfills. When the
organic waste decomposes, it generates gas consisting of approximately 50% methane, the major

component of natural gas.

-Congeneration is the simultaneous production of more than one form of energy using a single fuel
and facility. Biomass cogeneration has more potential growth than biomass generation alone because

cogeneration produces both heat and electricity B



2.2 Table Sugar

2.2.1 Sucrose

Table sugar (sucrose) is one of the biomass which comes from plant sources. Two importaat
sugar crops predominate: sugarcane {Saccharum spp.) and sugar beets (Beta vulgaris), in which sugar
can account for 12% to 20% of the plants Jry weight. Sucrose is obtained by extraction of these crops
with hot water, concentration of the extract gives syrups, from which solid sucrose can be
crystallized. Sucrose, a white, odorless, crystalline powder with a sweet taste, it is best known for its
role in human nutrition. The molecule is a disaccharide derived from glucose and fructose with the
molecular formula C,H,,0,,. Sucrose is a molecule with five sisreocenters and many sites that are
reactive or can be reactive. The molecule exists as a single isomer. Hydrolysis breaks the glycosidic
bond, converting sucrose into glucose and fructose. Hydrolysis is, however, so slow that solutions of
sucrose can sit for years with negligible change. If the enzyme sucrase is added, however, the reaction
will proceed rapidly. Hydrolysis can also be accelerated with acids, such as cream of tartar or lemon
juice, both weak acids. Similarly gastric acidity converts sucrose to glucose and fructose during

. . [61
digestion.
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3.3.1.2 Preparation of 0.25M H,SO,

0.25M H,SO, was prepared by pipette 1.4ml of 98% assay H,SO, solution into a

100ml volumetric flask (Appendix A). Then the volumetric flask is made-up with distilled water.

3.3.1.3 Preparation of acidic Amberlite 200C

Commercially obtained acidic Amberlite resin, 50 grams was ion-exchanged by
adding 500ml of 0.5M HCl solution. The mixture was then stirred with a magnetic bar at 600rpm and
ambient temperature for 14 hours. The ion-exchanged resin is then filtrated with a Buchner flask, and
rinsed with distilled water and then dried in an oven at 100°C for 5 hours. The dried resin was
collected and the amount of proton per 1 gram of the resin was determined by back titration. In
practice, 1 gram of acidic Amberlytst 200C was added with 10.8ml of 0.41M NaOH in 250ml
Erlenmeyer flask. Phenolphthalein was added as an indicator, and then the mixture was titrated with

0.1M HCI until the purple color becomes colorless (Appendix A).

3.3.1.4 Preparation of Zeolite Beta and Zeolite Y

Zeolite Beta and Zeolite Y were calcined in a horizontal tube furnace under flow of

air zero at 500°C with heating rate of 3°C per min and hold for 5 hours before testing.

3.3.2 Reaction testing of acid catalyst
3.3.2.1 Reaction testing of 0.5M H,SO,

The reaction mixture was prepared by adding 7 grams of sugar with 80.5 grams of
0.5M H,SO, in a 250m! beaker. To ensure that the sugar is totally dissolved, the solution is then
stirred with a magnetic bar 800rpm for 20minutes. 10ml of the mixture was pipetted into 7 COD test

tubes and then sealed perfectly with a cap. The mixture was then heated at 1 10°C in a paraffin oil bath
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for 1, 2, 3,4, 5, 6 and 7 hours. After reaction, the tubes were cooled in a refrigerator for 3 hours. After
being ccoled, 1ml of butyl acetate was pipette into each of the cooled COD test tube. The tubes were
then shaken and left standing overnight for the mixture to separate into two layers. The top organic
layer of the solution was later collected with a dropper into a vial. The extracted layer was then stored

away from light at ambient temperature for future analysis.

3.3.2.2 Reaction testing of 0.25M H,SO,

For the reaction using 0.25M H,SO,, the above procedure (3.3.2.1) was repeated but
0.25M H,SO, was used instead of 0.5M H,SO,.

3.3.2.3 Reaction testing of 0.25M H,SO, with CrCl,

For the reaction using 0.25M H,SO, with CrCl,, the above procedure (3.3.2.1) was
repeated but 0.25M H,SO, was used instead of 0.5M H,SO, and 0.252 gram of CrCl, was added.

3.3.2.4 Reaction testing of Zeolite Beta

The reaction mixture was prepared by adding 1 gram of sugar, approximately 11.21
grams (Appendix C) of distilled water and 4.37 grams of Zeolite Beta (Appendix A). Then the
reaction mixture was then applied into 7 COD test tubes. The mixture was then heated at 110°C while
stirring with a magnetic bar at 700rpm for a completed reaction of the system for 1, 2, 3,4, 5, 6 and 7
hours. After reaction, the tubes were then cooled in a refrigerator for 3 hours. After being cooled, 1ml
of butyl acetate was pipetted into each of the cooled COD test tube. The tubes were then shaken and
left standing overnight for the mixture to separate into two layers. The top layer of the solution was
later collected with a dropper into a vial. The extracted layer was then stored away from light at

ambient temperature for future analysis.
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3.3.2.5 Reaction testing of Zeolite Y

For the reaction using Zeolite Y, the above procedure. (3.3.2.4) was repeated but

1.3658 grams of Zeolite Y (Appendix A) was used instead of 4.37 grams of Zeolite Beta.

3.3.2.6 Reaction testing of Amberlite 200C (2mmol proton)

For the reaction using Amberlite 200C (2mmol proton), the above procedure
(3.3.2.4) was repeated but 0.683 grams of Amberlite 200C (2mmol proton) was used instead of 4.37

grams of Zeolite Beta.

3.3.2.7 Reaction testing of Smmol proton Amberlite 200C

For the reaction using Smmol proton Amberlite 200C, the above procedure (3.3.2.6)
was repeated but 1.65 grams of Amberlite 200C (Smmol proton) was used instead of 0.683 grams of
Amberlite 200C (2mmol proton) as well as stirring rate at 1200rpm instead of 700rpm because

Amberlite 200C (Smmol proton) was too heavy to be in suspension.



3.3.3 Analysis
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0.5 pl of the extracted butyl acetate layer are taken by a micro syringe. Then the extracted

layer was injected to the GC via heated injection port. The GC operating conditions are as following:

Column DB-5.625
Diameter (mm) 0.25
Length (m) 30
Column head pressure (psi) 15
Linear velocity (cm/s) 30
Carrier gas He
Injection temperature O 250
Detector temperature (°C) 180
Oven

e Temperature (°C) 40

o First hold time (min) 5

e Heating rate (°C/min) 10

¢ Final Temperature (°C) 180

o Second hold time (min) 15

o Total Time (min) 34
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The standard used for calculating the yield of all products was THF 0.5875%w (due to a
similar inolecular weight to HMF and its derivatives). 0.5170 grams of THF was added in a 50ml
beaker. Then 1ml butyl acetate was pipetted to the beaker. The solution was then stirred with a
magnetic bar at 500spm and ambient temperature. 0.5pl of the solution was then taken by a micro
syringe and then injected to the GC via heated injection port. The peak area of THF over butyl acetate
from the GC was then integrate;i as a reference ratio. The yield of HMF was calculated using the
integrated peak ratio of HMF over butyl acetate in the extracted layer divided by the reference peak

ratio.
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Chapter 4

Result and discussion

In this research, HMF and derivatives were synthesized by dehydration of table sugar using
sulfuric acid, sulfuric acid with chromium chloride, Amberlite 200C, Zeolite Beta and Zeolite Y as
catalysts. The results shown in this chapter are classified in two parts. In part one, the synthesis and
characterization of HMF from dehydration reaction was explained. In part two, the reaction variables
such as types of catalysts, reaction time and acid concentration that affect on HMF formation were

discussed.

4.1 Product Distribution by GC-MS

Figure 4.1, shows the products from dehydration of using 0.5M H2SO4 as catalyst. From
GC-MS the major product was found to be 5-Hydroxymethylfurfural (HMF) shown in Table 4.1. It
shows that 0.084mg/g of HMF was produced after 2 hours. The minor products include Furfural, 4, 5-
Dimethyl-2-formylfuran, 1-(2-Furyl)-2-Hydroxyethanone and 5- Acetoxymethyl-2-furaldehyde.
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Figure 4.1 Product distributions by GC-MS




Table 4.1 Types of product, structure and retention time
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Type Cf Product | Retention Time Structure Yield(mg/g)
(min)
0]
(a) 9.81 mo 0.166
o)
(b) 12.65 m/\o 0.059
©) 12.78 1 0.101
o)
\ / |
(¢}
(d 15.25 o /\@/\O 0.373
(€) 16.09 /ﬁ\ 0.175
O
\J

O

(a) Furfural, (b) 4, 5-Dimethyl-2-formylfuran, (c¢) 1-(2-Furyl)-2-Hydroxyethanone,

(d) HMF, (e) 5- Acetoxymethyl-2-furaldehyde
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To obtain the major product, sugar (sucrose) is broken down through hydrolysis ptocess as
shown in Figd.2. Water (H,0) molecule reacts with sucrose forming fructose and glucose. Under
atmospheric pressure, this reaction cannot occur, therefore strong acid is applied to facilitate the
hydrolysis. The acid is considered as a catalyst. Fructose obtained from hydrolysis can be directly
converted to HMF through dehydration as shown in Figure 4.3. As the hydroxyl group (-OH) is a
poor leaving group, having a Lewis acid catalyst often helps by protonating the hydroxyl group to
give the better leaving group, -OH,+. Fructose loses three molecules of water and forms
HMF. Glucose obtained from hydrolysis cannot be directly converted to HMF but it can be
isomerized to fructose, then the dehydration occurred as mentioned above. In addition, acid catalyst

can be used to promote isomerization.

CH,OH
H o)
Hydrolysis
+H,0 H
OH

CH,0H 12504

<catalyst> H OH  [Glucose (CgH;,0¢)]
I[somerization
[Sucrose (C13H2,044)]
CH,OH
o)
H O
®o CH,0H
OH
[Fructose (C4H; 4O

Figure 4.2 Hydrolysis of fructose and isomerization of glucose to fructose
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Chapter 5

Conclusion and Recommendations

5.1 Conclusion

HMF can be obtained by dehydration of table sugar with the reaction using H,SO, as an acid
catalyst. It was found that the reaction using 0.25 M of H,SO, had suitable concentration that inhibits

condensation/polymerization of HMF and reduces the yield of side products.

Yield of HMF can be increased by increasing the rate of isomerization from glucose to
fructose. It was found that CrCl, also promotes dehydration of fructose to HMF. Therefore, higher
yield of HMF can be obtained as compared to that in H,SO, without CrCl,. However, when HMF

formation rate is high, the rate of condensation/polymerization is also high.

To reduce the condensation/polymerization rate, heterogeneous catalysts were introduced. In
heterogeneous catalyst, sucrose needed to diffuse to the acid sites in the pore of catalyst to be
hydrolyzed. However, for Zeolite Y and Beta, sucrose could not diffuse to the acid sites of the
catalysts as the pore diameters of the catalysts were too small. Therefore, no HMF yield can be
produced. As for Amberlite 200C, sucrose was able to diffuse to the acid sites and hydrolysis can
occur. It was found that in Amberlite 200C, adsorption and desorption of feed (glucose and fructose)
and product (HMF) plays an important role for the catalyst stability. The adsorption of protonated
HMF was weaker than that of glucose and fructose, as the desorption of HMF was facilitated by the
strong adsorption of glucose and fructose. With this, the formation of high molecular weight

oxygenated molecule was reduced.
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5.2 Recommendations

5.2.1For heterogeneous catalyst, other catalysts should be tested such as MeCl /ionic liquid/SBA-

15°” Amberlyst-15"",

5.2.21In the reaction to increase the rate of isomerization, different catalyst should be tested other

than CrCl, such as RuCl,, WC14m]

5.2.3 The amount of proton in heterogeneous catalyst should be varied. By increasing the amount

of proton may increased the HMF formation rate.

5.2.4 The effect of temperature should be studied. The temperature should be lower to reduce the

polymerization rate and the severity of the reaction condition.

5.2.5 The type of solvent that can dissolve sugar should be tested other than water such as
DMs0.™”

[23]

5.2.6 Different extractants should be tested other than butyl acetate such as MIBK ", ethyl acetate,

DIBK.
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APPENDIX A

PREPARATION OF ACID CATALYST

Preparatioa for 0.25M H,SO,
C,V,=C,V,; C,= the concentration of H,SO, (0.5M), V,= volume needed to prepare (100ml)

C,= concentration of 98% assay H,SO, (18M), V,= volume required to pipette (x=1.385)

Preparation for 0.5M H,SO,
C,V,=C,V,; C,= the concentration of H,SO, (0.5M), V = volume needed to prepare (100ml)

C,= concentration of 98% assay H,SO, (18M), V,= volume required to pipette (x=2.77)

Preparation for Amberlite 200C

Ion-exchanging 50 grams of resin with 500m! of 0.5M HCL solution

C,V,+C,V,=C,V;; C,V, = proton of the resin, C,= concentration of KHP used

V,= volume of KHP used (x=14, 14.6, 13.4; x-bar=14), C,= concentration of NaOH (0.41M)

V= volume of NaOH (10.8ml)
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Preparation of Zeolite Beta

Equation U=H Al Si,, O,,; n<7, Si/Al=13.5,n=4.4
U=H, Al, Si¢,, 0,5 H=1, {kl=26.98, Si=28.09, 0=16, U=3,845.27
Amount of proton= n/U, 4.4/3,845.27= 0.001144mol/g

Amount of gram use in the reaction Smmol/1.144mmol=4.37g

Preparation of Zeolite Y

Equation U=H Al Si,, O,,, n<7, Si/Al =3.5, n=42.5
U=H, ,Al, Si¢, 40 H=1, Al=26.98, Si=28.09, 0=16, U=11,532.605
Amount of proton= n/U, 42.5/11,532.605= 0.0036852mol/g

Amount of gram use in the reaction Smmol/3.6852mmol= 1.3568g



APPENDIX B

HMF yield calculation

Peak area of THF
Peak area of butyl acetate

Reference peak ratio =

Peak area of THF

P ] F=
eak ratio of HM Peak area of butyl acetate

Peak ratio of HMF
Reference peak ratio

Yield of HMF = [ ] + weight of THF

Weight of THF used=0.517 gram
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APPENDIX C

Gram of distilled water
Density of sulfuric acid =1 .84g/cm3 at 20°C

Density of distilled water = 1 g/cm3 at 20°C

0.25M H,SO, (Appendix A) was prepared by 1.385ml in 100ml volumetric flask.

Therefore, volume of distilled water = 100ml-1.385ml=98.615ml

Mass of H,SO, = 1.84g/ml X 1.385ml] = 2.5484¢
Mass of distilled water = 1g/m] X 98.615ml = 98.615g

Total mass = 2.5484 + 98.615g = 101.1634g

11.59X98.615g

Therefore, mass of water in 11.5g = 10116345

=11.21g
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