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In this research, the effect of potassium loading on H-beta zeolite catalysts
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CHAPTER |
INTRODUCTION

1.1 Rationales

Presently, the interest of the raw material from biomass resource is increased
due to the decrease of petroleum that affect to the rise of fossil raw material together
with deterioration of environment [1]. Lactic acid is an important product that derived
from biomass by fermentation technology of biomass material [2-5]. The lactic acid
demand around the world in 2007 was estimated to 130,000-150,000 metric tons per
year [6]. It contained two functional group are hydroxyl and carboxylic groups. So, it
can be converted to other chemicals such as poly (lactic acid) (PLA), 2, 3-pentanedione
(2, 3-PD), acetaldehyde (AD), propionic acid (PA) and acrylic acid (AA) [7-9]. Acrylic acid
is an important raw material because it is used in a diverse range of applications
including construction, automotive, packaging, health and personal care products such
as diapers, detergents, surface coating, textile and inks [10]. However, the most of
acrylic acid is derived from the oxidation reaction of propylene that is petroleum
based. It is mixed with air and steam and reacted on a heterogeneous catalyst [11-14].
In order to solve these problems, the dehydration of lactic acid to acrylic acid is
considered to be a sustainable alternative way due to lactic acid is derived from
biomass.

The dehydration of lactic acid to acrylic acid is also accompanied with other
competing reactions. The main of two side reaction are the decarboxylation of lactic
acid to acetaldehyde that is more likely at a high acid amount catalyst while the
condensation of lactic acid to 2, 3-pentanedione and reduction of lactic acid to
propionic acid that is more likely at a low acid amount catalyst [15-17]. So, the suitable
catalyst for dehydration of lactic acid to acrylic acid reaction should have balanced
both acidity and basicity [7, 8].

The type of catalyst that mostly used to research for this reaction in gas phase
condition is inorganic salt catalyst such as sulfates, nitrate and phosphate catalyst [18,

19]. However, sulfate and phosphate catalysts are used only at high temperature due
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to the limit of amount surface active sites. Furthermore, the high temperature can be
the cause of decarboxylation that is one of the key side reaction of lactic acid to
acetaldehyde that effect to the decrease of the selectivity for acrylic acid.
Furthermore, the deposition of coke that usually occurs at high temperature affect to
deactivation of catalyst [16, 20].

Recently, the zeolite based catalysts are used extensively in industrial
processes because their special properties such as high surface area, higher reaction
temperatures due to the thermal stability of zeolites, shape-selectivity and high acid
properties [21, 22]. However, the catalyst for this reaction don’t need high acid
properties. So, it is modified in order to decrease the acid properties before being used
in the dehydration of lactic acid to acrylic acid [17, 21]. Alkali metals salt are often
used to modify acid properties of ZSM-5 zeolite and NaY-zeolite catalyst for
dehydration of lactic acid to acrylic acid. Due to the acid properties modification of
zeolite, decarboxylation of lactic acid to acetaldehyde are inhibited and increase the
selectivity of acrylic acid [17, 20]. The beta zeolite catalysts have been widely used in
industries due to their easily adjust acid—base properties [23].

In this research, we modified H-beta zeolite with various SiO,/AlL,O5 ratios by
potassium salt to adjust acid and base properties of catalyst for catalytic dehydration
of lactic acid to acrylic acid and studied the effect of potassium to catalytic

performance of catalyst.
1.2 Research objective

1.2.1 To study the effect of potassium on catalytic performance of H-beta
zeolite for dehydration of lactic acid to acrylic acid.
1.2.2 To study the effect of SiO,/AlL,O5 ratios of H-beta zeolite on the catalytic

performance of H-beta zeolite catalyst for dehydration of lactic acid to acrylic acid.
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1.3 Research scope

1.3.1 The H-beta zeolite was modified with potassium nitrate by incipient
wetness impregnation method with various SiO,/Al,O5 ratios.

1.3.2 The catalysts were characterized by

® Scanning electron microscopy (SEM) and energy x-ray spectroscopy

(EDX) for the morphology structure of catalysts.
® The X-ray diffraction (XRD) for crystalline phase of catalyst.

® The nitrogen physisorption for the specific surface areas, pore volume

and pore diameter of catalysts.

® Ammonia temperature programed desorption (NH5-TPD) for the acid
properties of catalysts.

® (Carbon dioxide temperature programed desorption (CO,-TPD) for the

base properties of catalysts.

® Thermal gravimetric and differential thermal analysis (TG-DTA) for the

coke deposition of catalyst.
1.3.3 The investigation of catalytic performance of modified H-beta zeolite
catalysts for dehydration of lactic acid to acrylic acid will be performed in these

conditions

Atmospheric pressure.

Vaporizer temperature 230 °C

Reaction temperature 340 °C

34% by volume lactic acid solution.
® 40 ml/min of gas flowrate balanced by nitrogen.
1.3.4 The compositions of reactants and products were analyzed by gas

chromatograph equipped with DB-WAX UL column and flame ionization detector (FID).



1.4 Research and Methodology

1.4.1 Part I: The effect of potassium loading on catalytic activity

Part I: Study effect of potassium loading on catalytic activig

"‘H (a) The preparation of catalyst

condition

The H-beta zeolite is modified with potassium nitrate (KNO5) with weight
percentage of potassium during the rang of 2-6 wt.% by incipient

wetness impregnation method and then calcined at 550 C for 6 hr. in air

— (b) The characterization of catalystw

T

[ I N, physisorptionﬂ

SEM/EDX ’

NH,-TPD ]

CO,-TPD ‘

(c) The evaluation of catalyst

Dehydration of lactic acid testing in fix-bed reactor at atmospheric

pressure and temperature 340 °C.

L

Analyze the composition by gas chromatograph. }

{ TGA Analysis l ,

—((d) Discussion of the result}

19
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1.4.2 Part IIl: The effect of SiO,/AlL,O; ratios of H-beta zeolite on catalytic activity

Part Il: Study effect of SiO,/Al,O; of H-beta zeolite on catalytic activitZ’

(a) The preparation of catalyst

L The H-beta zeolite with SiO,/Al,O5 ratio 40, 360 and 500

obtained commercially

—{(b) The characterization of catalystﬁ‘

N
{ N, physisorptionAU

LDH NH5-TPD —j
Lv CO,-TPD }

(c) The evaluation of catalyst

Dehydration of lactic acid testing in fix-bed reactor

at atmospheric pressure and temp 340 °C.

L’ Analyze the composition by gas chromatograph.

L—NTGA Analysis J

—|(d) Discussion of the reulﬂ
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CHAPTER Il
THEORY AND LITERATURE REVIEW

2.1 Reactant and Product
2.1.1 Lactic acid

Lactic acid or 2-hydroxypropanoic acid is an organic acid widely used in
industrial. The worldwide demand of lactic acid in 2007 was estimated to be 130,000
to 150,000 metric tons per year. The mostly of lactic acid is derived by fermentation
method of biomass material such as starch, cassava powder, sugarcane juice, glucose

etc. Lactic acid have two form are L (+) lactic acid and D (-) lactic acid isomer [6].

0 0

[l [l

C G
kW o S

HO C /'C OH
b OH HO
_H H.
N -~

H H H ™~ H

Isomer L(+) Isomer D(-)

Figure 2. 1 Structure of L (+) and D (-) isomers of the lactic acid [24].
The chemical and physical properties of lactic acid is shown that in Table 2.1

Table 2. 1 The chemical and physical properties of lactic acid [7].

Unit or Reported
Properties Condition Isomer Rang
Melting point °C LorD 52.7-53.0
Boiling point °C(at 1.87 kPa) LorD 103
Solid density g/mL (at 20 °C) - 1.33
Liquid density of aq. solution  ¢/mL (at 25°C) L or D 1.057
PK; LorD 3.79-3.86

The functional group of lactic acid contain hydroxyl and carboxylic groups that
can be converted to other chemicals such as acetaldehyde (AD), acrylic acid (AA),

poly(lactic acid) (PLA), 2, 3-pentanedione (2,3-PD) and propionic acid (PA) [7-9].
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2.1.2 Acrylic acid

Acrylic acid is an important raw material because it is used in a diverse range
of applications including construction, automotive, packaging, health and personal care
products such as diapers, detergents, surface coating, textile and inks [10]. The most
of acrylic acid is derived from the oxidation reaction of propylene that is petroleum

based. It is mixed with air and steam and reacted on a heterogeneous catalyst.

__» CHCHOHICH; —p CH;COCH; —p CH;COOH +CO,
a GHy ____, GCHg e
~4 CH,=CHCHO —¥» CH,=CHCOOH —» O,

CH,CHO + CO,
b. CHy __p CiHy - , CO,
A
[CHs...CH...CHO]%» CH,=CHCHO ¥ CH,=CHCOOH

Figure 2. 2 Oxidation reaction pathway of propylene to acrylic acid (a) Te/VPO and
(b) Te-P/NiMoO catalysts [25].

Table 2. 2 The chemical and physical properties of acrylic acid.

Chemical formula C3H40,

Molar mass 72.06 g¢/mole
Appearance clear, colorless liquid
Odor Acrid

Density 1.051 ¢/mL

Melting point 14 °C (57 °F; 287 K)
Boiling point 141 °C (286 °F; 414 K)
Solubility in water Miscible

Acidity (pKa) 4.25




23

2.2 Dehydration reaction of lactic acid to acrylic acid
2.2.1 Side reaction in the dehydration reaction of lactic acid
The dehydration of lactic acid to acrylic acid is accompanied with other product

that shown figure 2.3

CO + H2O
Decarbonylation i bt
—_——
Decarboxylation 3 Co, + H,
acetaldehyde
0

Condensation H3C)K‘-(\CH3 + CO, + Hy0
0 O

2,3-pentanedione
(o]
H;C Dehydration
\H‘KOH oG OH + H,0

OH acrylic acid
[H]
o]

Lactic acid

Reduction
> HgC

OH
propanic acid

Hydrogenation )\/OH
]
HsC

1,2-propanediol

Figure 2. 3 Main conversion pathways of lactic acid in the gas phase reaction [15].
The main side product in the dehydration of lactic acid to acrylic acid are
acetaldehyde, 2, 3-pentanedione and propionic acid. The acetaldehyde is derived from
decarbonylation reaction that is activated by Brgnsted acid site in catalyst on the
carboxylic group of the lactic acid molecule and decarboxylation reaction that is
enabled by the nucleophilic activation of the carboxylic group of the lactic acid
molecule. While, the 2, 3-pentanedione and propionic acid is by-product over basic

catalyst and at high pressure [26].

2.2.2 The mechanism on heterogeneous catalyst

The mechanism of lactic acid dehydration reaction on heterogeneous catalyst
start with the attraction of a-hydroxyl group in molecule of lactic acid by acid site on
surface catalyst and an attack on B-hydrogen by basic site to form cyclic transition
state with the C2 and C3 atoms of the lactic acid molecule and then loss of the a-

hydroxyl group and B-hydrogen via E2 elimination mechanism [27].
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Lactic acid

Acrylic acid
CH
) C1
Q3

02

Figure 2. 4 The mechanism of lactic acid dehydration to acrylic acid reaction on
modified NaY-zeolite catalyst [27].
2.2.3 The kinetic of lactic acid dehydration
A kinetic model (Table 2.3) which predicts the favorability of acrylic acid
formation at high temperatures, short contact times and low pressures over sodium
nitrate on silica catalyst.

Table 2. 3 the kinetic data of lactic acid dehydration [9].

Activation

Reaction Preexponential  energy

Reaction order factor (k;o) (kJ/mole)
Lactic acid —,  Acetaldehyde 1 9.7x10” s 115
Lactic acid —  2,3-pentanedione 2 6.5x10" 5! 110

Lactic acid . Acrylic acid 1 1.9x10' s 137
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2.3 Zeolite catalyst
2.3.1 Structures and definitions

Zeolites are aluminosilicates crystalline of aluminate (AlO4) and silicate (SiO,)
tetrahedral that linked through oxygen atoms. These result is macromolecule with a
structurally distinct three dimensional framework that containing channels and cavities
of molecular with dimensions [22, 28]. The general formula representing their structure
could be written as follows:

A™ ISI0,), . (AlO,) 1. 2H,0

y/m

From the general formula, A is a cation with the charge +m which balances the

positive charge due to negative charge of (AlO,) groups. The sum of x+y is the number
of tetrahedral in a unit cell of the particular zeolite and the ratio x/y is the Si to Al

ratio which is importance parameter for zeolite’s properties [28].

Zeolites M41S

106k KA Y VPI5

%

75 | Conventional 1

Porous Solids

(dN/N) /
S

Silica Gel Active

Charcoal
25 -

0 b— b —— — = ————rm
0.1 1 10 100 1000
PORE DIAMETER / nm

Figure 2. 5 Typical pore diameter distributions of porous solids [28].

The zeolite was used extensively in applications including ion exchangers,
adsorbents and catalysts such as cracking, hydrocracking and isomerization due to
their characteristic properties being high sure area, high reaction temperature due to
the thermal stability of zeolites, easy regeneration of the catalyst upon thermal
treatment and molecular dimensions of the pores. When compared the unique
features between zeolite and solid catalysts or catalyst supports result that their
strictly uniform pore diameters and pore widths in the order of molecular dimensions

and zeolites are typical microporous materials [29, 30].
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2.3.2 Beta zeolites catalysts

Beta zeolite (BEA) has been known since 1967 and showed high catalytic
activity. Its crystalline structure has been determined and shown that its void structure
is available. It has a total pore volume of around 0.2 ml/g. It is proposed that the pore
structure consists of channels of 12-membered rings interconnected by cages

constituted by the intersections of the channels.

Figure 2. 6 Structure of H-beta zeolite [31].

Beta zeolite has a substantial industrial importance. It has been successfully
used for acid catalyzed reactions in the petrochemical industry such as catalytic
cracking, aromatic and aliphatic alkylation because of its properties are high surface
area, high thermal stability and high acidity peculiar system [32, 33]. Moreover, it can
be easily adjustable acid-base properties [34].
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2.4 Deactivation of catalyst

Catalyst deactivation is the one of major problem of heterogeneous catalyst
because of it is a reason of decrease catalytic performance such as catalytic activity or
selectivity of catalyst. The commonly classes of deactivation are poisoning, sintering,
coking and fouling [35, 36].
2.4.1 Poisoning

Poisoning is the strong chemisorption of reactants, products or impurities on
active sites of catalyst. So it cause of the restructuring of the surface by the strongly
adsorbed poison, possibly causing dramatic changes in catalytic properties, the
adsorbed poison blocks access of adsorbed reactants to each other and finally

prevents or slows the surface diffusion of adsorbed reactants [36].

Figure 2. 7 The poisoning model during ethylene hydrogenation by sulfur atom at
metal surface [36].
2.4.2 Sintering
Sintering is the loss of catalytic surface area due to crystallite growth of the
catalytic phase or loss of support area due to support collapse that often involved
with thermally. Sintering processes generally occurred at high reaction temperatures

(e.g. >500°0) [35, 36].

Metal
Crystallite

B«

-—Ap -

Support

Figure 2. 8 Two sintering model due to growth of crystallite (A) atomic

migration or (B) crystallite migration [36].
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2.4.3 Fouling

Fouling is the deactivation that occurred from physical deposition of carbon
species onto surface catalyst such as deposits of carbon and coke in porous catalysts.
As a result, the activity of catalyst are loss due to the active site on surface catalysts
are blockaded. Coking is derived by decomposition or condensation of hydrocarbons
on surface catalyst and consists of polymerized heavy hydrocarbons that its chemical
structure are varied with type of reaction, catalyst and conditions [35, 36].

Carbon Support Particle

Metal
Crystallite

Figure 2. 9 The fouling model of a supported metal catalyst due to carbon

deposition [36].
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2.5 Literature review

The dehydration reaction of lactic acid to acrylic acid is also accompanied with
other products. The two main side products are acetaldehyde and 2, 3-pentanedione
whereas acetaldehyde is derived from the decarboxylation and decarbonylation while
2, 3-pentanedioneis derived from the condensation of lactic acid. To inhibit the
formation of acetaldehyde and 2, 3-pentanedioneis and improve the selectivity of

acrylic acid, various kinds of catalyst have been widely studied.

2.5.1 Suitable properties of catalyst for dehydration of lactic acid to acrylic acid.

Various types of catalyst were used to research for lactic acid dehydration
reaction such as sulphates [37], pyrophosphate [38], hydroxyapatite [39] and zeolite
catalysts including NaY zeolite [27, 40, 41], ZSM-5 zeolite [16, 20] and Beta zeolite [42,
43].

For the test of catalysts, sulphate catalysts that modified with various metals
(Ni, Zn, Mg, Ba, Ca and Na), resulting in the increase of medium acidity strength, can
increase selectivity of acrylic acid. The BaSO,4 catalyst exhibited highest catalyst
performances with 99.8% lactic acid conversion and 74.0% acrylic acid selectivity at
reaction temperature of 400 °C [37]. Meanwhile, pyrophosphate catalyst modified with
strontium metal demonstrated that the catalytic activity of catalyst depends on the
surface acidity. Strontium pyrophosphate catalyst exhibited 100% lactic acid
conversion and 72.2% acrylic acid selectivity at reaction temperature of 400 °C due to
a medium acidity [38]. It has been concern that the high reaction temperature can
cause the carbon deposition and decrease stability of carboxylic acid group of lactic
acid affecting to promote decarbonylation and decarboxylation reaction [20, 26]. The
hydroxyapatite catalyst with various Ca/P ratios can be used for this reaction at
temperature of 360 °C which was lower than the reaction temperature of sulphates
and pyrophosphate catalysts. In addition, the catalytic activity relates with the
acidity/basicity ratio on catalyst surface. The hydroxyapatite catalyst exhibited high
acrylic acid selectivity of 71%, however only 70% lactic acid conversion was obtained

[39].



30

Many types of zeolite were improved their acidity and basicity properties before
being used in this reaction. The modification of zeolite mostly used alkaline and alkali-
earth metal by impregnation and ion-exchange method such as NaY zeolite modified
with potassium salt [27], Na,HPO4/NaY zeolite [41], NaY zeolite modified with alkali-
earth metal [21], ZSM-5 and Beta zeolite modified alkaline metal [16, 20, 42, 43].
Especially, potassium (K) can improve the acid and base properties of zeolites affecting
to the inhibition of acetaldehyde formation from decarbonylation and decarboxylation
reaction and the promotion of the acrylic acid formation from lactic acid dehydration
reaction [16, 27]. For instance, the KI/NaY zeolite catalyst prepared via impregnation
method showed 97.6% lactic acid conversion and 67.9% acrylic acid selectivity at
reaction temperature of 325 °C [27], the K/ZSM-5 zeolite catalyst that prepared via
ion-exchange method show 95.21% lactic acid conversion and 76.47% acrylic acid
selectivity at reaction temperature 365 °C [20]. However, not only does the acrylic acid
selectivity depend on acid and base properties of catalyst, but also on integrity of
crystallinity structure of catalyst [16].

The treatment of zeolite catalyst with alkaline solution affects the crystallinity
structural collapse of zeolite due to the removal of Si atom or desilication. The degree
of crystallinity structural collapse of zeolite corresponds to FER > MOR > MFI >BEA
zeolite [44].

From the studies of all the above literature review, it has been found that the
suitable catalyst for the dehydration of lactic acid to acrylic acid reaction should have
good balance of both acidity and basicity as well as the integrity of catalyst structure.
The beta zeolite catalyst seems to be suitable to be used for lactic acid dehydration
reaction combined with improved acidity and basicity properties made via potassium

metal modification.
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2.5.2 Suitable reaction condition for dehydration of lactic acid to acrylic acid.

When the reaction temperature was increased from330 °C to 400 °C, the
conversion of lactic acid also increased as the lactic acid dehydration reaction is an
endothermic reaction. On the other hand, the acrylic acid selectivity was maximized
during the range of reaction temperatures of 330 °C to 370 °C, depending on type of
catalyst and other conditions [15, 16, 20]. Neither an excessively lower nor, higher
temperature is profitable to the formation of acrylic acid as the temperature lower
than 300 °C is beneficial to the formation of 2,3-pentandione [45]. At high temperature,
the stability of carboxylic acid group of lactic acid decreased, which favorably affected

decarboxylation and decarbonylation reaction to form acetaldehyde as byproduct [26].
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CHAPTER IlI
EXPERIMENTAL

This chapter involved the research experiments consisted of three section. First
section was preparation of catalyst prepared by incipient wetness impregnation
method. Second section was characterization of catalyst by X-Ray Diffraction (XRD)
Nitrogen physisorption Scanning electron microscopy (SEM) and energy x-ray
spectroscopy (EDX) Ammonium temperature programed desorption (NH;-TPD) Carbon
dioxide temperature programed desorption (CO,-TPD) and Thermal gravimetric and
differential thermal analysis (TG-DTA). The final section was dehydration of lactic acid
testing.

3.1 Preparation of catalyst
3.1.1 Chemicals

® H-peta zeolite obtained commercially with SiO,/Al,O5 ratios of 40, 360 and 500.
® Potassium nitrate (KNO5)

® Dejonized water.

3.1.2 The incipient wetness impregnation method preparation of catalysts.
Firstly, the purchased H-beta zeolites were dried to completely remove
moisture. Next, prepared KNO5; aqueous solution by dissolving KNO5 in a deionized
water with desired weight percentage of KNO;. Then drop the solution of KNO5; onto
H-beta zeolite that was calcined with volume of solution equal pore volume of H-beta
zeolite. The mixture was kept at room temperature for 5 h in hood. Finally, the
catalysts were dried at 110 °C overnight and calcined at 550 °C in air for 6 h to obtain
the modified H-beta zeolite catalysts (H-beta zeolite-x-y) where x and y represent the
SiO,/ALLO5 ratio of H-beta zeolites and the weight percentage of potassium in H-beta

zeolite, respectively.
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3.2 Characterization of Catalyst
3.2.1 X-Ray Diffraction (XRD).

X-ray diffraction (XRD) patterns of powder catalysts were measured by the
SIEMENS D5000 X-ray diffractometer with a Cu Kq radiation source. The XRD patterns

were collected with the 26 in range of 10-60 degree with rate of 2.5 degree/min.

3.2.2 Nitrogen physisorption (BET)

The specific surface areas, pore volume and pore diameter of catalysts were
determined by nitrogen gas adsorption-desorption technique at liquid nitrogen
temperature (-196 °C) with Micromeritics Chemisorb 2750 Pulse Chemisorption System
instrument. The specific surface area was calculated form the Brunauer-Emmett-Teller

(BET), while pore volume was evaluated from the t-plot method.

3.2.3 Scanning electron microscopy (SEM) and energy x-ray spectroscopy (EDX)
The morphology and elemental dispersion over the catalysts surface were

determined by scanning electron microscope (SEM) and energy X-ray spectroscopy

(EDX), respectively. The SEM model is JEOL mode JSM-5800LV and Link Isis Series 300

program was performed for EDX.

3.2.4 Ammonium temperature programed desorption (NH;-TPD)
The acid properties of catalysts were investigated by Ammonium temperature
programed desorption (NH;-TPD) technique by using Micromeritics Chemisorb 2750

Pulse Chemisorption System.

3.2.5 Carbon dioxide temperature programed desorption (CO,-TPD).
The base properties of catalysts were investisated by carbon dioxide
temperature programed desorption (CO,-TPD) technique by using Micromeritics

Chemisorb 2750 Pulse Chemisorption System.

3.2.6 Thermal gravimetric and differential thermal analysis (TG-DTA).

The coke deposition of catalyst was investigated by thermal gravimetric analysis
(TGA) and differential thermal analysis (DTA) technique under the temperature range
of 20-1000 °C with a heating rate of 10 °C /min in oxygen atmosphere.
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3.3 Dehydration of Lactic Acid Testing.
3.3.1 Chemicals and Reactant.

® | actic Acid Solution

® Nitrogen Gas.

3.3.2 Instrument and Apparatus.

Temperature
Controller
3-Way Plug
i Valve
Lactic Acid | Vent () 3-Way Join
Solution i

Relief Valve
Vent

Heater

Vaporizer Bubble

Flowmeter

E ]

Syringe

Pump Glass Reactor

3-Way Plug
Valve
oo
Pressure Ball Filter Flowmeter Check Valve
Controller Valve Sampling
Storage Gas

Figure 3. 1 Experimental set-up for reaction test.

Syringe pump: The syringe pump is used to inject lactic acid solution into the
vaporizer.

® Vaporizer: The vaporizer is an equipment to vaporize lactic acid solution from
liquid phase to vapor phase. It is operated at atmospheric pressure with
temperature 230 °C that it is higher than the boiling point of lactic acid of 218

°C. So, the lactic acid can be vaporized to vapor phase.

® Storage Gas: The nitrogen gas is a carrier gas for used to carry vapor of lactic

acid into the reactor

® Glass Reactor: The glass reactor is filled with catalyst for fixed-bed reactor
where the reaction takes place. It is made of glass tube with an inside diameter

of 9 mm.
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® Heater: The heater is used to heat the fixed-bed reactor tube. The temperature

of the fixed-bed reactor is controlled by temperature controller.

® Temperature controller: The temperature controller is an equipment that
used to control the temperature of the vaporizer and reactor. For the vaporizer,
the temperature is controlled at 230 °C, for the fixed-bed reactor, the

temperature is controlled at 340 °C.

® Sampling: The sample is collected at product sampling points to be analyzed
by gas chromatograph.

® Gas chromatography (GC): The gas chromatograph is used to investigate
conversion and selectivity of product. It is equipped with DB-WAX UL column

and flame ionization detector (FID).

Table 3. 1 Operating conditions of gas chromatographs

Gas Chromatograph Shimudzu, GC14-B
Detector FID
Column DB-WAX capillary
Carrier gas Nitrogen
Initial column temperature 230
Final column temperature 230
Detector temperature 230
Injector temperature 230
Time analyzed 10 min.
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3.3.3 Dehydration Reaction of Lactic Acid Procedure.

The dehydration reaction of lactic acid was carried out with continuous flow in
vertical fixed-bed reactor with inner diameter 9 mm and operated under atmospheric
pressure. In the experiment, 0.1 ¢ of a packed quartz wool and 0.02 ¢ of catalyst was
loaded into the reactor and then the reactor was packed in the center of a furnace
and heated. The firstly, the catalyst was preheated at the reaction temperature for 1
hour with nitrogen gas flow rate 40 mL/min under atmospheric pressure. Then, the
lactic acid solution was injected by syringe pump into the vaporizer and driven to
reactor by nitrogen gas with flow rate 40 mL/min. The reaction temperature was fixed
at 340 °C in each run. Finally, The product (gas phase) was injected into the gas
chromatograph with FID using DB-WAX UL column
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CHAPTER IV
RESULTS AND DICCUSSION

This chapter involved the results and discussion of research that consisted of
two section. First section explained the effect of potassium loading of potassium
nitrate (KNOs) on catalytic performance of H-beta zeolite catalyst for dehydration of
lactic acid to acrylic acid reaction via incipient wetness impregnation method. The final
section explained the effect of SiO,/ALL,O; ratios of H-beta zeolite modified with
potassium nitrate (KNO3) on catalytic performance for dehydration of lactic acid to

acrylic acid reaction.

4.1 The effect of potassium loading on catalytic activity

4.1.1 Characterization of Catalyst

4.1.1.1 Scanning electron microscopy (SEM) and energy x-ray spectroscopy (EDX)

The morphology and elemental composition over the catalysts surface were
determined by scanning electron microscope (SEM) and energy X-ray spectroscopy
(EDX), respectively. The SEM model is JEOL mode JSM-5800LV and Link Isis Series 300

program was performed for EDX.

Table 4. 1 The element composition of catalyst from energy X-ray spectroscopy

Catalysts Weight%
O Al Si K
H-beta Zeolite360-0wt%K 49.00 1.02 49.98 0.00
H-beta Zeolite360-2wt%K 47.54 1.02 48.42 3.02
H-beta Zeolite360-4wt%K 49.36 0.95 45.44 4.25
H-beta Zeolite360-6wt%K 46.72 1.43 4551 6.34

The element composition of all catalysts is shown in Table 4.1, the value of
potassium composition analyzed by energy X-ray spectroscopy (EDX) was more than
that calculated in every sample. The potassium composition from energy X-ray

spectroscopy (EDX) is potassium composition at surface catalyst only.
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Figure 4. 1 Potassium distribution on surface of modified H-beta zeolite360 catalysts:

(a) Potassium 2wt%K, (b) Potassium 4wt%K and (c) Potassium 6wt%K

The potassium distribution on surface of H-beta zeolite360 is shown in Fig. 4.1
indicating that potassium can be dispersed on surface of H-beta zeolite360 catalyst.
The scanning electron microscopy of H-beta zeolite360 and potassium modified H-
beta zeolite360 shown in Fig. 4.2 indicating that the morphology of crystalline has

spherical shape and the size of particle distribution is a narrow distribution.

0OH5.0kV 6 C-.‘m:m x10.0k°'SE

Figure 4. 2 SEM images of the H-beta zeolite360 and the modified H-beta zeolite360
catalysts: (a) H-beta zeolite360, (b) H-beta zeolite360-2wt%K, (c) H-beta zeolite360-
Awt%K and (d) H-beta zeolite360-6wt%K
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4.1.1.2 X-Ray Diffraction (XRD).

The X-ray diffraction (XRD) patterns of H-beta zeolite360 and potassium
modified H-beta zeolite360 catalysts were measured by the SIEMENS D5000 X-ray

diffractometer with a Cu Kq radiation source. The XRD patterns were collected with

the 26 in range of 10 to 70 degree with rate of 2.5 degree/min.

M\_\‘ H-beta Zeolite360-0Wt%K

H-beta Zeolite360-2wt%K

—
o

Intensity (a.u.)

H-beta Zeolite360-4wt%K

M - n LH-b eta Zeolite360-6wt%K

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
2 Theta (degree)
Figure 4. 3 The XRD pattern of H-beta zeolite and potassium modified H-beta zeolite

The XRD patterns of H-beta zeolite360 and potassium modified H-beta
zeolite360 are shown in Fig. 4.3. The characteristic peaks of H-beta zeolite catalyst
within the 26 range of 5-70 degree were 7.8, 16.5, 22.5, 25.3, 26.9, 29.5 and 43.5 degree
[46]. As shown in Fig. 4.3, all of the potassium modified H-beta zeolite catalyst except
H-beta zeolite360-6wt%K retain the characteristic peak of H-beta zeolite indicating that
they retain the basic structure of H-beta zeolite catalyst after loaded with potassium.
On the other hand the intensities of these peaks decrease with the increasing
potassium loading, indicating that potassium loading resulted in the crystallinity

structural collapse of H-beta zeolite catalysts [46].



40

4.1.1.3 Nitrogen physisorption

The nitrogen adsorption-desorption isotherm of H-beta zeolite360 and
potassium modified H-beta zeolite360 catalysts are shown in Fig. 4.4. The surface area

of catalysts was measured by N,-physisorption and the results are shown in Table 4.2.

H-beta zeolite 360-0wt%K]

H-beta zeolite360-2wt%K|

H-beta zeolite360-4wt%K

H-beta zeolite 360-6wt%K

Volume adsorbed (c:m3 / g.catalyst)
5

00 01 02 03 04 05 06 07 08 09 1.0
Relative pressure (P/P)

Figure 4. 4 The nitrogen adsorption-desorption isotherm of potassium modified

H-beta zeolite catalysts.

Table 4. 2 The physical properties of potassium modified H-beta zeolite catalysts.

Catalysts Surface area* Micropore Average pore
(m?/g) volume** (cm®/g)  size®™* (nm)
H-beta zeolite360 595 0.192 2.5
H-beta zeolite360-2wt9%K 333 0.103 33
H-beta zeolite360-4wt%K 152 0.047 3.7
H-beta zeolite360-6wt9%K 11 0.002 10.2

*The surface area was calculated by Brunauer-Emmett-Teller (BET) method.
**The micropore volume was evaluated by t-plot method.

***The average pore size was evaluated by adsorption average pore width (4V/A BET).
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As shown in Fig. 4.4, all of catalysts conformed to the nitrogen adsorption-
desorption isotherm type IV. The Hysteresis loop indicating that multiple rang of
physisorption isotherm that corresponding to the filling and emptying of mesopore of
surface catalysts with pore size during the range of 2 to 50 nm.

The surface area of catalysts were measured by N,-physisorption and the
results are shown in Table 4.2. the surface area and micropore volume of H-beta
zeolite360 catalyst and potassium modified H-beta zeolite360 catalysts decreased
from 595 to 11 m?/g and from 0.192 to 0.002 cm®/g respectively with the increasing
potassium loading due to pore of catalyst was filled by potassium oxide. On the other
hand, the average pore size of catalysts increased from 2.5 to 10.2 nm because of
potassium loading that resulted in the crystallinity structural collapse of H-beta zeolite

catalysts that discusses above.
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4.1.1.4 Ammonia temperature-programed desorption (NH5-TPD)

The acidity properties of surface catalyst was widely characterized by ammonia

temperature program (NHs-TPD). The NH5-TPD profile of H-beta zeolite catalyst and

potassium modified H-beta zeolite catalyst are shown in Fig. 4.5

TCD Signal (a.u.)

H-beta zeolite360-2wt%K

H-beta zeolite 360-4wt%K

H-beta zeolite 360-0wt%K

H-beta zeolite360-6wt%K

0 50 100 150 200 250 300 350 400 450 500 550 600 650

Temperature (°C)
Figure 4. 5 The NH5-TPD profile of H-beta zeolite and potassium modified H-beta

zeolite catalysts.

Table 4. 3 The acidity properties of H-beta zeolite catalyst and potassium modified

H-beta zeolite catalyst

Catalysts Acid strength Total acid
weak  medium & strong  (mmol NHs/g cat.)
H-beta Zeolite360 0.084 0.019 0.103
H-beta Zeolite360-2wt%K 0.040 0.010 0.050
H-beta Zeolite360-4wt%K 0.023 0.010 0.033
H-beta Zeolite360-6wWt%K 0.006 0.002 0.008
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The acid strength of catalyst related with the desorption temperature of
ammonia [47]. Furthermore, the amount of total acidity related with the total amount
ammonia desorption [48]. The desorption of ammonia during the temperature range
lower than 250 °C was ascribed to weak acidity site, while these of temperature range
upper than 250 °C were ascribed to medium and strong acidity site on surface catalyst
[49]. As shown in Fig. 4.5, the area of peak at 140 °C decreased with the increasing
potassium loading, indicating that the weak acidic site on surface catalysts was
decreased when increase potassium loading. Furthermore, at peak 360 °C that
corresponding to medium-strong acidic site property on surface of catalyst disappear
when increase potassium loading. These result, indicates that the potassium addition
of H-beta zeolite could not only decrease the acidity properties of H-beta zeolite, but
also transforms the acid strength from medium-strong acid site to weak acid site. The

acid properties of the catalysts were also summarized in Table 4.3
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4.1.1.5 Carbondioxide temperature-programed desorption (CO,-TPD)

The basicity properties of surface catalysts were characterized by carbondioxide
temperature program (CO,-TPD). The amount of total basicity related with the total
amount carbondioxide desorption. The CO,-TPD profile of H-beta zeolite catalyst and
potassium modified H-beta zeolite catalyst are shown in Fig. 4.6, while the data of TPD

of desorbed CO, is shown in Table 4.4

Table 4. 4 The basicity properties of H-beta zeolite catalyst and potassium modified

H-beta zeolite catalyst

Catalysts Total Base (umol CO,/g cat.)
H-beta Zeolite360 0.000
H-beta Zeolite360-2wt%K 4.213
H-beta Zeolite360-4wt%K 15.950
H-beta Zeolite360-6wt%K 1.840

H-beta zeolite 36 0-0wt%K

H-beta zealite360-2wt%K

TCD Signal (a.u.)

H-beta zeolite360-4wt%K
e~

S H-beta zeolite360-6wt%K

0 50 100 150 200 250 300 350 400 450 500 550 600 650

Temperature (°C)
Figure 4. 6 The CO,-TPD profile of H-beta zeolite and potassium modified H-beta

zeolite catalyst.
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As shown in Fig. 4.6, most of CO, was desorbed at temperature lower range
250 °C with maximum desorption peak at around 130 °C, indicating the weak basic site
on surface potassium modified H-beta zeolite catalyst. Furthermore, the intensity of
peak increased when the potassium loading are increased. This result, indicates that
potassium loading can increase the basicity properties of H-beta zeolite catalysts as
shown in Table 4.4, except H-beta zeolite360-6wt%K that intensity decrease due to
the crystallinity structure of H-beta zeolite catalyst with potassium loading of 6wt%K.
The structure collapsed detected by XRD indicates potassium oxide dislocate on

amorphous surface of silica and alumina [46].
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4.1.1.6 Thermal gravimetric and differential thermal analysis (TG-DTA).

The thermal analysis was used to study the carbon deposit of H-beta zeolite360
and potassium modified H-beta zeolite360 after being used in dehydration of lactic

acid to acrylic acid. The weight loss of catalysts related with the combustion of carbon

deposit.
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Figure 4. 7 The percent weight loss of potassium modified H-betazeolite360 catalysts

after running reaction at reaction temperature 340 °C for 3 hr.

Figure 4.7 shown thermal gravimetric analysis of H-beta zeolite and potassium
modified 2, 4 and 6 wt% on H-beta zeolite catalysts, the weight loss temperature of
H-beta zeolite360-0 wt%K between 170 °C and 340 °C, at 170 °C may be assigned to
the physically adsorbed water due to the mechanism reaction, water was generated.
Furthermore, at 340 °C corresponding to coke deposit. While increase potassium
loading 2, 4 and 6 wt%K had the same weight loss temperature was 340 °C except
potassium loading 6 wt%K shown weight loss temperature in rang of 200 °C to 420 °C
and at 730 °C that indicating, there were two kinds of coke deposit sites on the surface
[17]. Moreover, the weight loss of H-beta zeolite was decreased when modified with
potassium. These result demonstrated that potassium modification affect to decrease

of coke deposit.
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4.1.2 Dehydration of Lactic Acid Testing.

The activities of all the catalysts were tested in lactic acid dehydration reaction.
Firstly, the catalyst 0.1 g was packed in glass reactor and preheated at the reaction
temperature 340 °C for 1 hour with nitrogen gas flow rate 40 mL/min under
atmospheric pressure. Then, the lactic acid solution with 34%volume was injected into
the vaporizer with flowrate 1 mU/hr. and driven to reactor by nitrogen gas with flow
rate 40 mL/min. Finally, The product (gas phase) was injected into the gas

chromatograph with Flame lonized Detector using DB-WAX capillary column.

The lactic acid conversion and the products selectivity in dehydration of lactic

acid reaction at reaction time 120 minute are shown in Fig. 4.8 and Table 4.5

As shown in figure 4.8-4.12, when increase potassium loading 2, 4 and 6 wt%
on H-beta zeolite catalyst, all of catalysts shown 100% lactic acid conversion and
acrylic acid selectivity was about 0-43.8%. The H-beta zeolite360 catalyst with 4wt%
potassium loading exhibited highest acrylic acid selectivity. The H-beta zeolite catalyst
with 2-4 wt% potassium loading exhibited and elevation of acrylic acid and propionic
acid selectivity, concurrently with the decrease of undesired product ,acetaldehyde,
because potassium improve the acidity and basicity properties of catalyst surface. The
decrease of acidity property caused the inhibition decarbonylation and
decarboxylation reaction of lactic acid to acetaldehyde. At the same time, the
increased of basicity property cause dehydration of lactic acid to acrylic acid and

reduction of acrylic acid to propionic acid are generated [26]

These results, indicates potassium can promote the generation of acrylic acid
and suppress the formation of acetaldehyde [16]. Moreover, at 6 wt% potassium
loading, the selectivity of acrylic acid was decreased while selectivity of acetaldehyde
increased when compared with 4wt% potassium loading due to the decrease of
basicity property of catalyst surface that cause the increase of decarbonylation and
decarboxylation to acetaldehyde is increased and dehydration of lactic acid to acrylic

acid reaction is decreased.
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Figure 4. 8 The lactic acid conversion and products selectivity of H-beta zeolite and

potassium modified H-beta zeolite catalysts at reaction temperature 340 °C and

reaction time 120 minute. When AD, AA and PA are an acetaldehyde, acrylic acid and

a propionic acid respectively.

Table 4. 5 The catalytic performance of potassium modified catalysts °.

Catalysts. LA. Conversion Selectivity (%)
AD. PA AA
H-beta zeolite360-0wt%K 100 97.6 24 0.0
H-beta zeolite360-2wt%K 100 59.5 19.2 21.3
H-beta zeolite360-4wt%K 100 33.8 22.4 43.8
H-beta zeolite360-6wt%K 100 50.5 13.8 31.7

@ reaction time 120 min.
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Figure 4. 9 The lactic acid conversion of H-beta zeolite and potassium modified

H-beta zeolite catalysts at temperature 340 °C
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Figure 4. 10 The acrylic acid selectivity of H-beta zeolite and potassium modified
H-beta zeolite catalysts at temperature 340 °C, (A), (B), (C) and (D) were potassium
loading 0, 2, 4 and 6 wt%
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Figure 4. 12 The propionic acid selectivity of H-beta zeolite and potassium modified

H-beta zeolite catalysts at temperature 340 °C, (A), (B), (C) and (D) were potassium

loading 0, 2, 4 and 6 wt%



51

4.2 The effect of SiO,/AL,0O; ratio of H-beta zeolite to catalytic activity
4.2.1 Characterization of Catalyst

4.2.1.1 Scanning electron microscopy (SEM) and energy x-ray spectroscopy (EDX)

The morphology and elemental composition over the catalysts surface were
determined by scanning electron microscope (SEM) and energy X-ray spectroscopy
(EDX), respectively. The SEM model is JEOL mode JSM-5800LV and Link Isis Series 300

program was performed for EDX.

Table 4. 6 The element composition of modified H-beta zeolite catalysts with

potassium loading of 4 wt% from energy X-ray spectroscopy

Weight%
Catalysts
@) Al Si K
H-beta Zeolited0-dwt9%K 39.25 2.83 53.19 a.73
H-beta Zeolite360-4wt%K 49.36 0.95 45.44 4.25
H-beta Zeolite500-4wt%K 47.09 0.81 47.98 4.12

The element compositions of H-beta zeolite catalyst with SiO,/Al,O5 ratios of
40, 360 and 500 and 4wt% potassium loading are shown in Table 4.6, it has been found
that the values of potassium composition analyzed by energy X-ray spectroscopy (EDX)
were higher than these calculated for each sample. This may be due to the potassium
composition from energy X-ray spectroscopy (EDX) is potassium composition at surface

catalyst only.

Figure 4. 13 Potassium distribution on surface catalysts: (a) H-beta zeolited0-4wt%K,
(b) H-beta zeolite360-4wt%K and (c) H-beta zeolite500-4wt%K
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The potassium distribution on surface of H-beta zeolite with 4 wt% loading
potassium is presented in Fig. 4.13, it has been shown that potassium can be dispersed
on surface of H-beta zeolite catalyst. The scanning electron microscopy of potassium
modified H-beta zeolite with 4 wt% potassium loading is presented in Fig. 4.14,
indicating that the morphology of crystalline of all catalysts have spherical shape and

the particle size distribution is a narrow distribution.
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Figure 4. 14 The SEM images of all catalysts: (a) H-beta zeolited0-4wt%K, (b) H-beta
zeolite360-4wt%K and (c) H-beta zeolite500 dwt%K
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4.2.1.2 X-Ray Diffraction (XRD)

The X-ray diffraction (XRD) patterns of potassium modified H-beta zeolite
catalysts with 4wt% potassium loading were measured by the SIEMENS D5000 X-ray
diffractometer with a Cu Kq radiation source. The XRD patterns were collected with

the 26 in range of 10 to 70 degree with rate of 2.5 degree/min.
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Figure 4. 15 The XRD pattern of modified H-beta zeolite catalysts with potassium

loading 4 wt9%.

The X-ray diffraction (XRD) patterns of potassium modified H-beta zeolite
catalysts with 4wt% potassium loading are presented in Fig. 4.15, it has been shown
that the characteristic peaks of H-beta zeolite catalyst in the 26 range of 5-70 degree
were 7.8, 16.5, 22.5, 25.3, 26.9, 29.5 and 43.5 degree [46]. As shown in Fig. 4.15, all of
the H-beta zeolite catalysts with dwt% potassium loading except H-beta zeolite500-
Awt%K, retained the characteristic peaks of H-beta zeolite, indicating that they retained
the basic structure of H-beta zeolite catalyst. On the other hand, the intensities of
these peaks decreased when SiO,/AL,O; ratios of H-beta zeolite catalysts were

increased, indicating that the framework structure was partially destroyed with the
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increasing SiO,/Al,O5 ratios due to dealumination or desilication [44]. The framework
structure of H-beta zeolite was destroyed due to potassium affecting an increased
hydrolysis of Si-O-Al. Moreover, potassium oxide caused the decrease of thermal
stability of H-beta zeolite. The deterioration and collapse of the framework structure

of catalysts were formed during the calcination at high temperature, as shown in Fig.

4.16
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Figure 4. 16 The effect of potassium and temperature on framework structure of

H-beta zeolite500
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4.2.1.3 Nitrogen physisorption

The nitrogen adsorption-desorption isotherms of potassium modified H-beta
zeolite catalysts with 4wt% potassium loading are shown in Fig. 4.17 while the surface

area of catalysts were measured by N,-physisorption and the results are shown in

Table 4.7.
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Figure 4. 17 The nitrogen adsorption-desorption isotherm of modified H-beta zeolite

catalysts with potassium loading 4 wt%.

Table 4. 7 The physical properties of modified H-beta zeolite catalysts with potassium
loading 4 wt9%.

Catalyst Surface area* Micropore Average pore
(m?/g) volume** (cm>/g) size*** (nm)
H-beta zeolited0-4wt%K 320 0.111 2.6
H-beta zeolite360-4wt%K 152 0.047 3.7
H-beta zeolite500-4wt%K 28 0.002 5.0

*The surface area was calculated by Brunauer-Emmett-Teller (BET) method.

**The micropore volume was evaluated by t-plot method.

***The average pore size was evaluated by adsorption average pore width (4V/A BET).
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As shown in Fig. 4.17, when loading potassium 4 wt% on H-beta zeolite catalyst
with varying SiO,/AlL,O; ratios (40, 360 and 500), All the catalysts showed nitrogen
adsorption-desorption isotherm type IV. The hysteresis loop indicated the multiple
range of physisorption isotherm, associated with the filling and emptying of mesopore
of surface catalysts.

The surface areas of catalysts were measured by N,-physisorption and the
results are shown in Table 4.7, with the decreasing aluminum content in H-beta zeolite
catalysts or increasing SiO,/Al,O5 ratios, surface area and micropore volume of H-beta
zeolite catalysts were decreased from 320 to 28 m%/g and from 0.111 to 0.002 cm?/g
respectively, while the average pore size of catalysts was increased from 2.6 to 5.0 nm
due to the increase of SiO,/AlL,O5 ratios affecting an increase of dealumination that

caused the increase of destruction of framework structure of H-beta zeolite catalysts.
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4.2.1.4 Ammonia temperature-programmed desorption (NH5;-TPD)

The acid properties of catalyst are widely characterized by ammonia

temperature-programmed desorption (NHs-TPD). The NHs-TPD profiles of H-beta

zeolite catalyst and potassium modified H-beta zeolite catalyst are present in Fig. 4.18,

while acid properties of modified H-beta zeolite catalyst are shown in Table 4.8

TCD Signal (a.u.)

H-beta zeolite500-4wt%K

H-beta zeolite40-4wt%K
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Temperature (°C)
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Figure 4. 18 The NH3-TPD profile of modified H-beta zeolite catalysts with potassium

loading 4 wt9%.

Table 4. 8 The acidity properties of modified H-beta zeolite catalysts with potassium

loading 4 wt%.

Catalysts acid strength

weak

medium & strong

Total acid

(mmol NHs/g cat.)

H-beta Zeolited0-4wt%K  0.064
H-beta Zeolite360-4wt%K 0.023
H-beta Zeolite500-4wt%K 0.008

0.025
0.010
0.004

0.091
0.033
0.012
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The acid strength of catalyst relates with the desorption temperature of
ammonia [47]. Furthermore, the amount of total acidity relates with the total amount
ammonia desorption [48]. The desorption of ammonia within the range of temperature
lower than 250 °C was attributed to weak acid site and that within the range of
temperature higher than 250 °C was attributed to medium and strong acid site on
catalyst surface [49]. As shown in Fig. 4.18, with the increasing SiO,/Al,O5 ratios of 40,
360 and 500 of H-beta zeolite catalysts, the area of peak was decreased, indicating the
decrease of acid site on catalyst surface occurred when increasing SiO,/Al,O5 ratios
due to acid property of aluminum in H-beta zeolite catalysts. These results indicate
that the increasing SiO,/Al,O5 ratios affects the decreased of acid properties of H-beta

zeolite catalysts.
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4.2.1.5 Carbon dioxide temperature-programmed desorption (CO,-TPD)

The basic properties of catalyst are widely characterized by carbondioxide
temperature-programmed desorption (CO,-TPD). The amount of total basicity relates
with the total amount of carbondioxide desorption. The CO,-TPD profiles of H-beta
zeolite catalyst and potassium modified H-beta zeolite catalyst are shown in Fig. 4.19,

while the data of TPD of desorbed CO, is shown in Table 4.9

H-beta zeolite40-4wt%K
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w

H-beta zeolite500-4wt%K

0 50 100 150 200 250 300 350 400 450 500 550 600 650
Temperature (°C)
Figure 4. 19 The CO,-TPD profile of modified H-beta zeolite catalysts with potassium

loading 4 wt9%.

Table 4. 9 The basicity properties of modified H-beta zeolite catalysts with potassium

loading 4 wt%.

Catalysts Total Base (umol CO,/g cat.)
H-beta Zeolited0-dwt%K 7.574
H-beta Zeolite360-4wt%K 15.950

H-beta Zeolite500-4wt%K 2.297
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As shown in Fig. 4.19, when loading potassium 4 wt% on H-beta zeolite catalyst
with increasing SiO,/AlL,O5 ratios of 40, 360 and 500, most of adsorbed CO, was
desorbed at temperature lower 250 °C with maximum desorption peak at around 130
°C, indicating the weak basic site on surface of potassium modified H-beta zeolite
catalysts. Furthermore, the area of peak increased when increasing SiO,/Al,O5 ratios
from 40 to 360, indicating the increase of basic site of catalyst. On the other hand,
the area of peak decreased when increasing SiO,/Al,O; ratios from 360 to 500,
indicating the decrease of basic site of catalyst due to potassium addition of H-beta
zeolite catalysts, probable forming alkali metal-aluminosilicate with aluminum [46].
The decrease of aluminum content in H-beta zeolite affects the decreased interaction
between potassium and aluminum. These result caused the increased basicity
property of H-beta zeolite when increasing SiO,/AlL,O5 ratio from 40 to 360. As for the
decrease of catalyst basicity when increasing SiO,/Al,O5 ratios from 360 to 500 might
be attributed to destroy of the framework structure probably due to high SiO,/Al,O;
ratios of 500.
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4.2.1.6 Thermal gravimetric and differential thermal analysis (TG-DTA).

The thermal analysis was used to study the carbon deposit of potassium
modified H-beta zeolite catalysts with d4wt% potassium loading after being used in
dehydration of lactic acid to acrylic acid. The weight loss of catalysts relate with the

combustion of carbon deposit.

100 1 —— H-beta zeolited0-4wt%K
1 N N e H-beta zeolite360-4wt%K
96 ——— H-beta zeolite500-4wt%K
92
] N 87.80%
-~ 881 N @ TTe————————
S ]
= ] 87.19%
Ei 84 §
o ]
= 80 1
76
72 4
N 68.86%
e84 T
T T T T T T T T T T

0 100 200 300 400 500 600 700 800 900 1000
Temperature (°C)

Figure 4. 20 The percent weight loss of loading potassium 4 wt% on H-beta zeolite
catalyst with increase SiO,/Al,05 ratio 40, 360 and 500 after running reaction at

reaction temperature 340 °C for 3 hr.

Fig. 4.20 showed thermal gravimetric analysis of loading potassium 4 wt% on
H-beta zeolite catalyst with increasing SiO,/Al,O5 ratios of 40, 360 and 500 after running
lactic acid dehydration reaction at reaction temperature 340 °C for 3 hr. The weight
loss temperature of loading potassium 4wt% of H-beta zeolite with SiO,/Al,05 ratio 40
and 360 appeared during the range of 200 °C to 420 °C and total weight loss 17%.
While loading potassium 4wt% of H-beta zeolite with SiO,/Al,O5 ratio 500 exhibited
weight loss temperature during the range of 120 °C to 420 °C and total weight 32%.
The weight loss temperature shifted to lower temperature and increased total weight

loss indicate the increase of coke deposition of catalysts.
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4.2.2 Dehydration of Lactic Acid Testing.

The activity of all catalyst was tested in lactic acid dehydration reaction. Firstly,
the catalyst 0.1 ¢ was packed in glass reactor and preheated at the reaction
temperature 340 °C for 1 hour with nitrogen gas flow rate 40 mL/min under
atmospheric pressure. Then, the lactic acid solution 34%volume was injected into the
vaporizer with flowrate 1 ml/hr. and driven to reactor by nitrogen gas with flow rate
40 mL/min. Finally, The product (gas phase) was injected into the gas chromatograph

with Flame lonized Detector using DB-WAX capillary column.

The lactic acid conversion and the products selectivity in dehydration of lactic

acid reaction at reaction time 120 minute are shown in Fig. 4.21 and Table 4.10

As shown in Fig.4.21-4.25, with the increasing SiO,/AlL,O; ratios of 40, 360 and
500 on H-beta zeolite modified with 4wt% potassium loading, all of catalysts exhibit
100% lactic acid conversion and acrylic acid selectivity was about 0-43.8%. The
modification made with dwt% potassium loading of H-beta zeolite with SiO,/Al,05 ratio
360 catalyst exhibited highest acrylic acid selectivity. Whereas, the modification made
with dwt% potassium loading of H-beta zeolite with SiO,/AlL,O5 ratio 40 and 500
catalysts exhibited the same acrylic acid (13.2% and 12.7%) and acetaldehyde
selectivities (81.6 and 84.6%). Furthermore, the propionic acid selectivity of H-beta
zeolited0-dwt%K was more than that of H-beta zeolite500-4wt%K, corresponding to
the decrease of basic property of catalysts due to the acidity property of catalysts
were decreased and the basicity property of catalysts were increased when increasing
SiO,/ALL,0O5 ratio from 40 to 360. In addition, the decrease of acetaldehyde selectivity
and the increase of acrylic acid selectivity were also affected. While, increasing
SiO,/ALL0O5 ratio from 360 to 500, the basicity of catalysts were decreased due to
collapse of the framework structure of catalysts, affecting the decrease of acrylic acid

selectivity.

These results indicate that the different SiO,/Al,O5 ratios on H-beta zeolite

catalyst had an influence on the catalytic performance. The lower SiO,/Al,0O5 ratio, the
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higher acidic property. While the excessively high SiO,/A,O; ratio may cause the

collapse of framework structure of catalysts. So, the H-beta zeolite to be used on lactic

acid dehydration reaction should have suitable SiO,/Al,O5 ratio.
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Figure 4. 21 The lactic acid conversion and products selectivity of loading 4wt%K on

H-beta zeolite catalyst after run reaction temperature 340 °C and reaction time 120

minute. When AD, AA and PA are an acetaldehyde, acrylic acid and a propionic acid

respectively.

Table 4. 10 The catalytic performance of potassium modified catalysts °.

Catalysts. LA. Conversion Selectivity (%)
AD. PA AA
H-beta zeolited0-4wt%K 100 81.6 5.2 13.2
H-beta zeolite360-4wt%K 100 33.8 22.4 43.8
H-beta zeolite500-4wt%K 100 84.6 2.7 12.7

@ reaction time 120 min.
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Figure 4. 22 The lactic acid conversion of loading 4wt%K on H-beta zeolite catalysts

after run reaction temperature 340 °C and reaction time 120 minute.
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Figure 4. 23 The acrylic acid selectivity of loading 4wt%K on H-beta zeolite catalysts

after run reaction temperature 340 °C, when (A), (B) and (C) were SiO,/Al,05 ratio 40,
360 and 500 respectively.
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catalysts after run reaction temperature 340 °C, when (A), (B) and (C) were SiO,/Al,O;

35 1

Propionic acid selectivity (%)

Figure 4. 25 The propionic acid selectivity of loading 4wt%K on H-beta zeolite
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catalysts after run reaction temperature 340 °C, when (A), (B) and (C) were SiO,/Al,O;

ratio 40, 360 and 500 respectively.
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CHAPTER V
CONCLUSIONS

5.1 Conclusions

In this research, the effect of different potassium loading (2, 4 and 6 wt %) and
the effect of SiO,/AL,O5 ratios (40, 360 and 500) on H-beta zeolite catalysts were
studied. The modified H-beta zeolite catalyst with 4wt% potassium loading was
selected to study effect of SiO,/Al,O5 ratios on H-beta zeolite catalysts. The results
can be concluded as follows:

1. Potassium can improve the acidity and basicity properties of H-beta zeolite
catalysts and tends to promote the generation of acrylic acid and suppress the
formation of acetaldehyde.

2. The ratio of SiO,/ALL,O3; on H-beta zeolite catalysts affected the catalytic
performance. The catalysts with lower SiO,/Al,O5 ratio, contributing to more acidic
property caused the decrease of acrylic acid selectivity and increase of acetaldehyde
selectivity. The catalysts with very high SiO,/Al,O; ratio adversely affected the decrease
of acrylic acid selectivity, probably due to the structural collapse of catalyst
framework. In this study, the H-beta zeolite with SiO,/Al,O5 ratio of 360 exhibited the
highest catalytic performance when compared with H-beta zeolite catalysts having

SiO,/AlL,O5 ratios of 40 and 500.
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5.2 Recommendation

1. The difference synthesis method of catalysts should be affect to catalytic
performance of catalyst.

2. The calcination temperature of catalysts should be affect to crystallinity
structure of catalysts that should be effect to catalytic performance of catalyst.

3. The type of zeolite should be affect to catalytic performance of catalyst.
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APPENDIX A.
CALCULATION OF CATALYST PREPARATION

The weight percent of potassium loading on H-beta zeolite catalyst by incipient
wetness impregnation method can be calculated follow

1. Calculation of potassium loading

® A : Weight percent loading of potassium on H-beta zeolite catalyst
® B : The weight of H-beta zeolite catalyst

® \/: The pore volume (mL) per gram of H-beta zeolite catalyst

101.10 ¢/mole : The molecular weight of potassium nitrate
® 30.0983 g/mole : The molecular weight of potassium

® K : The potassium (K) that required

® Y : The potassium nitrate (KNOs) that required

The potassium that required for solute in deionized water volume BV ml

A ¢ of Potassium (K)
K= x B ¢ of H-beta zeolite

(100 - A) ¢ of H-beta zeolite

The potassium nitrate required for solute in deionized water volume BV ml

y A. B g of Potassium (K) ~ 101.10 g Potassium nitrate (KNO, )
= X
(100 - A) 39.0983 g Potassium (K)

2. Example: The potassium nitrate that required for H-beta zeolite40-6 wt. %K
® 6 weight percent loading of potassium on H-beta zeolite40 catalyst
® 2 ¢ of H-beta zeolited0 catalyst
® pore volume of H-beta zeolited0 have 0.8 mL/g

® The volume of deionized water that required is 1.6 mL

The potassium nitrate required for solute in deionized water volume 1.6 ml

6x2g(K) 10110 g (KNO,)
Y = X = 0.3301 g (KNO,)
(100 - 6) 39.0983 g (K)
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APPENDIX B.
CALCULATION OF THE ACID SITE OF CATALYST

The acid site on surface catalyst of H-beta zeolite that modified with potassium
were characterized by ammonia temperature program desorption (NH;-TPD) that can

be calculated from the NH3-TPD profile as the following step

1. Calibration curve between area and amount of ammonia

13
12

Y = 36.093 X
R R? = 0.9996

—

Mole of ammonia (umole)
N w M~ (9] (o] ~ [0 <N o] o

o—/—m—m——7 777
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Area

Figure B. 1 the calibration curve of ammonia from Micromeritics Chemisorp 2750

2. Given
® A the area NH3-TPD of profile of modified H-beta zeolite catalyst
® B :the amount of modified H-beta zeolite catalyst

® (: the acidity of catalyst in micromole NHj; per gram catalyst
The acidity of all catalysts can be calculated from

36.093 x A
The acidity of catalyst (C) = ——————— umole NH, /g catalyst

B
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APPENDIX C.
CALCULATION OF THE BASIC SITE OF CATALYST

The basic site on surface catalyst of H-beta zeolite that modified with
potassium were characterized by carbondioxide temperature program desorption (CO,-

TPD) that can be calculated from the CO,-TPD profile as the following step

1. Calibration curve between area and amount of carbondioxide
45

40
; Y =16.342 X
3% 3 R? = 0.9999

30
25
20

15

Mole of carbondioxide (umole)

10

5 -
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00 02 04 06 08 10 12 14 16 18 20 22 24 26
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Figure C. 1 the calibration curve of carbondioxide from Micromeritics Chemisorp
2750

2. Given
® A the area CO,-TPD of profile of modified H-beta zeolite catalyst
® B :the amount of modified H-beta zeolite catalyst

® ( : the basicity of catalyst in micromole CO, per gram catalyst

The basicity of all catalysts can be calculated from

16.342 x A
The acidity of catalyst = —————— umole CO, /g catalyst

B
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CALIBRATION CURVE OF REAGENT
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The composition of reactant and product in dehydration of lactic acid to acrylic

acid reaction over H-beta zeolite catalyst that was modified by potassium. The main

reactant is lactic acid, the main product is acrylic acid and the other product include

2, 3-pentanedione, acetaldehyde and propionic acid.

The component of reactant and product was analyzed by gas chromatography

Shimadzu model 14-B with flame ionization detector (FID) and DB-WAX Ul column.

The condition that was used in gas chromatography Shimadzu model 14-B.

The calibration curves exhibit area and mole of gas in x-axis and y-axis,

respectively. The curve of lactic acid, acrylic acid, acetaldehyde, propionic acid and

2,3-pentanedione are shown in Fig. D1 to D5.
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Figure D. 1 The calibration curve of lactic acid
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Figure D. 2 The calibration curve of acrylic acid
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Figure D. 3 The calibration curve of acetaldehyde
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Figure D. 4 The calibration curve of propionic acid
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Figure D. 5 The calibration curve of 2,3-pentanedione

79



80

APPENDIX E.
CALCULATION OF CONVERTION AND SELECTIVITY

The catalytic performance for the dehydration of lactic acid to acrylic acid was

evaluated in term of lactic acid conversion and acrylic acid selectivity.

1. Calculation of lactic acid conversion

The lactic acid conversion is defined as mole of lactic acid converted per mole

of lactic acid in feed as follow.

Area of lactic acid in feed - Area of lactic acid in product
Lactic acid convertion (%) = x 100
Area of lactic acid in feed

2. Calculation of products selectivity
The products selectivity are defined as mole of products generated per total
mole of product that generated that content acrylic acid, acetaldehyde, propionic acid
and 2,3-pentanedione as follow.
Mole of acrylic acid in product

Acrylic acid selectivity (%) = x 100
Total mole of products

Mole of acetaldehyde in product

Acetaldehyde selectivity (%) x 100

Total mole of products

Mole of propionic acid in product
x 100

Propionic acid selectivity (%)
Total mole of products

Mole of 2, 3 propanedione in product
2, 3-propanedione selectivity (%) = x 100
Total mole of products

Where the total mole of products are the summation of mole of acrylic acid,

acetaldehyde, propionic acid and 2, 3 propanedione, respectively.
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