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mee balt/silica fiber catalysts via

The aim of
electrospinning tect e optimum condition for fiber
electrospinning wa®# 2
kV and the tip t

diameter of the fi’

ucnt of 70wt%, voltage of 20
\ 1e optimum condition, the
W W48 nm, analyzed by SEM
technique. The coba’ ared by impregnation method

using cobalt acetate as % loading percentages (5, 10, 15

and 20wt% of metal 707 Jhg) slde=s silid Wiver catalysts were characterized

e ]
by SEM/EDS, BET, ThMUeee -2

d activity test for comparing to the

T
f"f--"'.#'.___!_._ A talV t.

conventional porous ca

The cata e .": ’ over the fiber and porous
catalysts were stue—= Upm, reaction temperature, and
cobalt contents. Tht l:\ perated temperature in CO hyarogenation was at 300°C, with
%CO convesgi I‘ﬁ & WV 35, higher than that of
porous cataﬂ:u}jch sﬂﬂmztlnﬁ lower than the porous
catalyst, indicated the fiber cataMsts was dendéed the water shift reaction by
D A BRI
effectqof cobalt loading showed that 10%Co/SiO, fiber catalyst was the best
catalyst for CO hydrogenation in this study.
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CHAPTER1
INTRODUCTION

1.1 Statement of problem

igaprice in the world market directly affects to

|
'@ | are importing from abroad. Now so
/ﬂ alternative energy which can be

Nowsday, the unstable of gas
our country. Because most of ci
many Thai researchers are
produce in our country . Synthetic fuel derived from
Fischer-Tropsch synthes: Sy is very interesting. FT'S was
directly converted coal sswhigher hydrocarbons [1]. The
cobalt-based catalysts wk N\ (s are very important and very
good for the attracte SR 0 " the directed conversion of
syngas in FTS. This m : X\ N gh selectivity for long chain
paraffins, and low activighi v v M \Ili“l. N Beside cobalt, some supports
such as SiO, were indispe textural properties of the cobalt
catalyst support effected to fi=s miivity and product selectivity. High
1 vas required [2]. Most of

Y ) some disadvantages. The

reducibility, high (e
available catalyst a ;'
condensation of prody S may ore. Jics br _ ' to the deactivated and the
pressure drop in catalyst‘S&to solve this p@lem using of electrospinning techniques

o SN HRTHBN S

This resfhrch can be divided, into two main experimental parts. The first part,

¢ a v .
we ha sﬂ@]tﬂlﬁMfﬁﬁﬂI? ﬂgj nngeedle size, the
tip to coglector distance, voltage valu€ and coball contenit in preparation of Co/SiO,

fiber catalysts by electrospinning technique and impregnation. The second part, we
have studied the performance of fibers catalyst impregnated with cobalt acetate for

Fischer-Tropsch synthesis.



1.2 Objective
1.
2.
3.

1.3 Scope of the research

The research proce

1.
2.

To prepare Co/Si0; fiber catalyst by electrospinning technique.
To find optimum condition for electrospinning technique.
To study the performance of fiber catalyst impregnated with cobalt

acetate for Fischer-Tropsch synthesis.

lows:
Literature T

Study of to atus in laboratory scale, and

preparati- Yerils for the experiment.

gasilica fiber by electrospinning

ber catalyst and operating

\ “her-Tropsch synthesis.

.:_’

!
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CHAPTER II

THEORY AND LITERATURE REVIEWS

2.1 Sol-gel process
Sol- gel process = - gained much notoriety in the

Ssahemistry produces a variety of

=2\

A
¥

glass and ceramic fields.c

inorganic networks frez sonomer precursors. Although

i
-
-

first discovered in the . gndicd since the early 1930s, a

renewed interest sur Y 5 lithic inorganic gels were

formed at low temper : @ %8 without a high temperature
ﬁ‘ 4 VF'{' i D‘ ! I'|I v.".l
melting process. Throug, D1 *ﬁ el il norganic oxide materials with

A
desirable properties of haflesz=

- -

ailcy, chemical durability, tailored

porosity, and thermal resistancg d at room temperatures, as opposed to

(o)A 2
the much higher iz o b fFipduction of conventional
inorganic glasses. &3 Y Jced glasses and ceramics
are derived from the Vi ous Hiawe ——Clated §ithe gel state, i.e., monoliths,

films, fibers, and monql d powders. y spec1f1c applications include optics,

protective anﬂ)fulg %Wﬁﬂﬁ@éﬁ ﬂn’}\ﬂ‘é‘.lamrg dielectric and

electronic coatiiks, high temperatu}e superconductors remforcement fibers, fillers,

a“d“%YW'lﬁ\‘lﬂ‘ifUNﬂﬂVl‘éﬂﬂEJ



PRECURSORS
CHEMISTRY SOLUTION
SOL AR
g *aa»,w 3 2
4 0
L
'!
Rt

)ler macromolecules
id

l\

ger processes [5].

=
Figure 2.1 Simp% L‘ﬂ
e :

2.1.1 Sol-gel chem = ;, y
Metal alkoxide :_!j ¥ #L icy react readily with water.

The reaction is calleu faydrolysis, because a hydroxy™on becomes attached to the

metal atom, asﬁ wﬁ@ﬁwﬁf‘w YN9

SI(OR 4 + 7/} 5 (Y J— >®&i(OH), + 4BDH

1RINTUNRINYNRY

0 partially hydrolyzed molecules can link together in a condensation

reaction (Eq. 2.2, 2.3).
(OR);Si-OH + HO-Si(OR)3 ---------- > (OR)3Si-O-Si(OR); + H,0  (2.2)

(OR)3Si-OR + HO-Si(OR);3 ---------- > (OR)3Si-O-Si(OR); + ROH (2.3)



The products can contain one or more metal atoms in the same molecule
depending on the relative hydrolysis and condensation reaction rates of the
component metal alkoxides. The more alkoxides present in the original mixture the
more complex can the polymerization become. Ultimately, the polymeric products
become insoluble due to cross-linking and gellation or precipitation results. The

complexity of a multicomponent ggfgm makes investigation of the reaction

[ |
mechanisms extremely diffict )erer give an excellent summary of

research in this field and ansive investigations on polymer

Electrospinning r &Y WVe1n an experimental setup was
outlined for the prod v Tl . . ctrostatic force. When used
to spin fibers this wa o frospinning. In other words,
electrospinning is a proc e - AN ugh an electrically charged jet
of polymer solution or pc g ;f, _ oWl is, investigations of the process
have been carried out by a nu__;r' . The electrospinning process, in its
simplest form consi>dyd o 4L tion, two electrodes and a

DC voltage supply &8 R )r drop from the tip of the

pipette was drawn int(flf fibe v —c 1 | jet was electrically charged

(=4

and the charge caused t]ge ibers to bend i Ry uch a way that every time the polymer

fiber looped, ﬁue&' 63 ﬂiﬂ%@ffw E’ ’Eluﬁfe'j as a web of fibers on

the surface of a%ounded target as s own in Flgure 2.2.

QW']Mﬂ‘ifUNWTJVlEﬂﬂEJ
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a. Suitable so 5 (=M o g the polymer.

g I Whuitable so that it evaporates
ority when it reaches the target
11%8n before it reaches the nanometer
range.
c. The visqO% il sffent must neither be too

large to preQ R Jhall o allow the polymer

solution to draf{ffreely Trom

i o ¥

d. The power syp should be quate to overcome the viscosity and

surfacﬂ u@’%%;&%@ NP FrFstain the jet from the

pipette. Y
a Wﬁpﬁﬁ:ﬂ ﬂg 11’1&,9%?%& (ﬁ)t be too small
tq create sparks between the electrodes but sh be Targe enough for the

solvent to evaporate in time for the fibers to form.

2.2.1 The electrospinning process parameters
2.2.1.1 Solution property
In order to carry out electrospinning, the polymer must first be in a liquid

form, either as molten polymer or as polymer solution. The property of the solution



plays a significant part in the electrospinning process and the resultant fiber
morphology. During the electrospinning process, the polymer solution will be drawn
from the tip of the needle. The electrical property of the solution, surface tension and
viscosity will determine the amount of stretching of the solution. The rate of
evaporation will also have an influence on the viscosity of the solution as it is being

stretched. The solubility of the po! r in the solvent not only determines the

viscosity of the solution but al /_Vner that can be mixed together.

2.2.1.2 Surface ter—
In electrospinninz s.solution must be high enough
to overcome the surfacs % solution jet accelerates from
the tip of the source 10 tk wiched while surface tension of
the solution may cad® . boplets. When droplets are
collected, a different _ is taking place rather than
electrospinning, where | W urface tension has also been
attributed to the formation g bez= = o) un fibers. Thus it is important to
understand the role of surface fg: 7 When a very small drop of water falls

Q g/ ioftshape. The liquid surface

through the air, thg )
property that causd R J.ce tension. For a liquid
molecule submerged "1 hin - —=unifo _ attractive forces exerted on
it be other liquid molecglg surroundlng .sHowever, for a liquid molecule at the

surface of theﬁn-uﬂ{a m HW@W ﬁ:’}ﬂ ‘ﬁquld molecules below

exert a greater YWtractive force than the gas molecules above. Thus the surface is in

B BN E RN (REOL:
by repulgive Tor Ifisions o ¢ interior of the

solution. The net effect of the pulling of all the surface liquid molecules causes the
liquid surface to contract thereby reducing the surface area. Therefore, for a droplet of

water, a spherical shape is the lowest surface area to volume ratio.

2.2.1.3 Viscosity
The viscosity of the solution has a profound effect on electrospinning and the

resultant fiber morphology. Generally, the viscosity of the solution is related to the



extent of polymer molecule chains entanglement within the solution. When the
viscosity of the solution is too low, electrospraying may occur and polymer particles
are formed instead of fibers. At lower viscosity where generally the polymer chain
entanglements are lower, there is a higher likelihood that beaded fibers are obtained
instead of smooth fibers. Therefore, factors that affect the viscosity of the solution

will also affect the electrospinning pragcgsg and the resultant fibers.

During the elect e . s=Slvent will evaporate as the
_ Mhen most of the solvents have
evaporated when the jet , (/] s fibers are formed. However,
if the rate of evaporatc Ay wsuch that the solution has not
evaporated sufficient; v NE L es the collector, fibers may
re deposited on the collector.
\ many factors:

. Vapor press:
. Boiling point ‘
Spel‘ ’

AN -
J Enth§ 28 Y Jont

Rate off{fat supps

J o

o Interactiog Etween solvent Wlecules and between solvent and solute

AREINENINEING

Qlrface tension of hqgld

QW’T‘MTTW‘NWVIEHGH

2.2.1.1.4 Conductivity

For electrospinning process to be initiated, the solution must gain
sufficient charges such that the repulsive forces within the solution are able to
overcome the surface tension of the solution. Subsequent stretching or drawing of the
electrospinning jet is also dependent on the ability of the solution to carry charges.

Generally, the electric conductivity of solvents is very low (typically between 107 to



10” ohm™ W) as they contain very few free ions, if any, which are responsible for the
electric conductivity of solution. The presence of acids, bases, salts and dissolved
carbon dioxide may increase the conductivity of the solvent. The electrical
conductivity of the solvent can be increased significantly through mixing chemically
non-interacting components. Substances that can be added to the solvent to increase

its conductivity includes mineral 3 mineral acids, carboxylic acids, some

complexes of acids with ami ' #ride and some tetraalkylammonium
salts. For organic acid sql: “addr } mall amount of water will also

greatly increase its condut to Pniz ¢ solvent molecules.

various external factg Y ) Ul it. This includes the voltage
pe of collector, diameter of
needle and distance bety, e - \ % ctor. These parameters have a
certain influence in the fit ¥ ne== = -‘I' they are less significant than the
solution parameters. 7

2.2.2.1 Volt§ 78 A )

The high volfife wiir e Ssary fljarges on the solution and
together with the externg ﬁctrio field, wi]“ipitiate the electrospinning process when

the electrostaﬂ%ﬁtﬁa IR VESW B Y Frsion o the solution.

Generally, botfhigh negative or p(?itive voltage of more than 6kV is able to cause
» =)

: e
ey WL NV TN TREL o
during j@ initiation. Depending ecdrate of the Solution, a higher voltage may

be required so that the Taylor Cone is stable. The columbic repulsive force in the jet
will then stretch the viscoelastic solution. If the applied voltage is higher, the greater
amount of charges will cause the jet to accelerate faster and more volume of solution
will be drawn from the tip of the needle. This may result in a smaller and less stable
Taylor Cone. When the drawing of the solution to the collection plate is faster than
the supply from the source, the Taylor Cone may recede into the needle. As both the

voltage supplied and the resultant electric field have an influence in the stretching and
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the acceleration of the jet, they will have an influence on the morphology of the fibers
obtained. In most cases, a higher voltage will lead to greater stretching of the solution
due to the greater columbic forces in the jet as well as the stronger electric field.
These have the effect of reducing the diameter of the fibers and also encourage faster
solvent evaporation to yield drier. When a solution of lower viscosity is used, a higher
scpgary jets during electrospinning. This has the
‘ W - voltage, the reduced acceleration of

flay 1% = flight time of the electrospinning

voltage may favor the formation of se
effect of reducing the fiber dia '

the jet and the weaker elect:=

jet which may favor the™ of tFer ihis case, a voltage close to the

critical voltage for ele/ i\

voltage, it was found th

s.obtain finer fibers. At a higher
_ b‘“'i_beads formation. It was also
reported that the shape ¢ » Maadle-like to spherical-like with
increasing voltage. G#¥cr jet due to higher voltage,
there should be less be cases as shown in Figure 2.3.
The increased in beads d : may be the result of increased
instability of the jet as (¥ Tezes 7 — >l into the syringe needle. In an

interesting observation, reportasrmt g0 voltage will increased the beads
o

d’ Al
5

density, which at (0¥ o3 (il join to form a thicker

diameter fiber.

Cal 3

100 WY BLO: ETD SE x i 3 ] Wk ETCY SE 11 104rn S000

Figure 2.3 Polycaprolactone fibers with [A] beads for electrospinning at a voltage of

6kV and [B] beadless fibers at 22kV [8].
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2.2.2.2 Feed rate

The feed rate will determine the amount of solution available for
electrospinning. For a given voltage, there is a corresponding feed rate if a stable
Taylor cone is to be maintained. When the feed rate is increased, there is a
corresponding increase in the fiber diameter or beads size as shown in Figure. 2.4
This is apparent as there is a greater gol'gme of solution that is drawn away from the

/ﬁ.ase in the diameter of the fiber due
S

/ which the solution is carried awa
L y

ISt #> a Nlmg increased in charges when

needle tip However, there is ays
tohigher federate. If the fees

by the electrospinning v

the feed rate is increased

. the

s increased in the stretching of

the solution which coun? ‘ , (W% increased volume.

T
g ] :
¥ Do ivid ]J Wil —_—
w0 kY -G000 ETD 200% SE 112 mm FEl auanta FEG 1019 Din ETD SU0YSSE 113amm FEI Quanta FEG

SN 113124 14 () 11 011 R
ARARINIUURIINYIA . s

takes a longer time to dry. As a result, the solvents in the deposited fibers may not

H g Det Mode S

have enough time to evaporate given the same flight time. The residual solvents may
cause the fibers to fuse together where they make contact forming webs. A lower

feedrate is more desirable as the solvent will have more time for evaporation.
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2.2.2.3 Temperature

The temperature of the solution has both the effect of increasing its
evaporation rate and reducing the viscosity of the polymer solution. When
polyurethane is electrospun at a higher temperature, the fibers produced have a more
uniform diameter. This may be due to the lower viscosity of the solution and greater

solubility of the polymer in the solyegfgwhich allows more even stretching of the

|
solution. With a lower visco '@ c forces are able to exert a greater

stretching force on the solu 1esulué ars of smaller diameter. Increased

polymer molecules mobir ingeas W\ture also allows the Columbic
force to stretch the solut moas where biological substances
such as enzymes and pr gnior electrospinning, the use of

high temperature may ca:

gsoactionality.

2.2.2.4 Diamet:

The internal dian; Wn cffect on the electrospinning

\ .
process. A smaller internal} tOMduce the clogging as well as the

amount of beads on the electr0° AT
= A Pl

to less exposure of {T¥ sg o g i trospinning. Decrease in

eduction in the clogging could be due
the internal diamete 2 RY"} reduction in the diameter

of the electrospun filf{fs. Wiicre e dropfl} at the tip of the orifice is

decreased, such as in the‘c e of a smaller | rnal diameter of the orifice, the surface

tension of theﬂ u ch % 1&’ ‘w Wﬁg’] ﬂlﬁaa a greater columbic

force is requir to cause jet 1n1'%at10n As a result, the acceleratlon of the jet

WG ) DML E VPR (1 DL i,
before lfqls c the ter of the oOrilice 1s all, it may not

be possible to extrude a droplet of solution at the tip of the orifice.

2.2.2.5 Distance between tip and collector

In several cases, the flight time as well as the electric field strength will affect
the electrospinning process and the resultant fibers. Varying the distance between the
tip and the collector will have a direct influence in both the flight time and the electric

field strength. For independent fibers to form, the electrospinning jet must be allowed
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time for most of the solvents to be evaporated. When the distance between the tip and
the collector is reduced, the jet will have a shorter distance to travel before it reaches
the collector plate. Moreover, the electric field strength will also increase at the same
time and this will increase the acceleration of the jet to the collector. As a result, there
may not have enough time for the solvents to evaporate when it hits the collector.

When the distance is too low, excesg gogvent may cause the fibers to merge where

they contact to form junctions s F ¢ and intra layer bonding as shown in

Figure 2.5. This interconn<® : srovide additional strength to the
¢ : — &

moa. fiber morphology.

distance may or may M ;

resultant scaffold. Depel - the Folusmme——vrty, the effect of varying the

V. 0
O O Wi S ?{' g 5 :
j‘igure 2.5 Nyﬁ\ u H!?JZ { ﬂ%ﬁ cWﬁ @ﬂ‘?cm deposition
istance [8]. q)

PIAIDIHANIINIIAL. ...

the needle tip and the collector. Decreasing the distance has the same effect as
increasing the voltage supplied and this will cause an increased in the field strength.
As mentioned earlier, if the field strength is too high, the increased instability of the
jet may encourage beads formation. The longer distance means that there is a longer
flight time for the solution to be stretched before it is deposited on the collector.
However, there are cases where at a longer distance, the fiber diameter increases. This

is due to the decrease in the electrostatic field strength resulting in less stretching of
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the fibers. When the distance is too large, no fibers are deposited on the collector.
Therefore, it seems that there is an optimal electrostatic field strength below which the

stretching of the solution will decrease resulting in increased fiber diameters.

2.2.3 Environment parameters

The effect of the electrospingigq jet surrounding is one area which is still

1

poorly investigated. Any in the surrounding and the polymer

solution may have an effez morphology High humidity for
example was found to camm MAGON Gy m—"'1c surface of the fibers. Since
electrospinning is influg ' S, ficld, any changes in the

electrospinning environ: Wasinning process.

The humidity o | 4 % O may have an influence in the
polymer solution duringgfl: 5| midity, it is likely that water
condenses on the surface o/ e £7= = - ;o nning is carried out under normal
atmosphere. As a result, thige ; influence on the fiber morphology
v swer, an increased in the

especially polyme 0

humidity during e BX )>s to form on the fiber
surfaces. The sizes offfiffe cirCure S with fff-reasing humidity until they
coalescence to form largg, , BON- -uniform sh structures as shown in Figure 2.6. The

depth of the ﬂeuﬂ;q % Elhw ﬁaw Hm"liﬂ ‘§determmed by atomic

force rmcrosco

QW']R\‘Iﬂ‘iflJﬁJﬂTJVIEﬂﬂEJ
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Figure 2.6 FESEM mic L -_ e Ao/ m A iysulfone/tetrahydrofuran fibers

electrospun under varying #undiaates <= b)® 1-38%, (c) 40-45%, (d) 50-29%,

(e) 60-72% [8].

-
-
i

P20 determine the rate of
evaporation of the so=#nt in the solution. At a very lc&® humidity, a volatile solvent

of the solvent

may dries very ﬁ i fh&va oration of @ solvent be faster than the removal

%Jdmg aw;ﬂ th§ Bl cli)spinning process may

only be carried out for a few minuteg before the nggdle tip is cloggggl
ARIAINITUNAINGINY
23 Flscﬂer—Tropsch process
Since the invention of the original process by the German researchers Franz
Fischer and Hans Tropsch, working at the Kaiser Wilhelm Institute in the 1920s,
many refinements and adjustments have been made, and the term
"Fischer-Tropsch" now applies to a wide variety of similar processes (Fischer-

Tropsch synthesis or Fischer-Tropsch chemistry) [10].
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The process was invented in petroleum-poor but coal-rich Germany in the
1920s, to produce liquid fuels. It was used by Germany and Japan during World War
IT to produce alternative fuels [11].

After the war, captured German scientists recruited in Operation Paperclip
continued to work on synthetic fuels in the United States in a United States Bureau of

Mines program initiated by gheg Synthetic Liquid Fuels Act. The

ical reaction in which carbon

/ d_hydrocarbons of various forms.

®ctants required for the Fischer-

Fischer-Tropsch process is
monoxide and hydrogen )
Several reactions are requ .
Tropsch catalysis.

The original Fisg ‘, : SsoMaa by the following
chemical equation: )

Fischer-Trops
(2n+1) H, + n CQ e \ (2.4)

Water gas shift reaction, ’E

H.0 + CO -§78 (2.5)

y
11

L

Synthesis gas forgl ion

ﬂUH’Jﬂﬂﬂiwmﬂ‘i

CH, + &d— %2 H, + CO (26)

IRSINIHTINNAE

a. Temperature 150-300°C (302-572°F).

b. Pressures 1-10 atm.

c. A variety of synthesis gas compositions can be used.

For Cobalt- based catalysts the optimal H,:CO ratio is around 1.8-2.1. Iron-
based catalysts promote the water-gas-shift reaction and thus can tolerate significantly
lower ratios. This reactivity can be important for synthesis gas derived from coal or

biomass which tend to have relatively low H,:CO ratios (<1).
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2.3.2 Primary reaction products

2.3.2.1 Low temperature Fischer-Tropsch reaction (< 250° C)

* Mainly normal paraffins (saturated, straight chain hydrocarbons - wax)

* Carbon number distribution determined by reaction condition, reactor
type, reactant partial pressures, and catalyst

* Small amounts of olefins, aloghals. acids — catalyst dependent

* Most suitable for die / lubricant product

2.3.2.2 High temir iscer—=s s—eaction (> 300°C)
« Very little hea g g ff W Neas yields
* Most suitabl AT (=l s ical product

2.3.3 Reaction paghh 50 s m synthesis
The Fischer-Trops! ; - : ol yMl-rization reaction, in which the
monomers are being produc__e gous reactants hydrogen and carbon
monoxide. Thus, al S il ' ient reactions [12].
1. g A
2. chai f{frow T8 1l

P - i¥

3. chain Zgou th termination esorptlon

ﬂUH’Jﬂﬂﬂiwmﬂ‘i

2.3.3.1 Alkyl mechanism

LYENUTIVET i) 1AL) et
growth the“proposed reaCtion pat fo echanis hain initiation

takes place via dissociative CO chemisortion, by which surface carbon and surface
oxygen is generated. Surface oxygen is removed from the surface by reaction with
adsorbed hydrogen yielding water or with adsorbed carbon monoxide yielding CO,.

Surface carbon is subsequently hydrogenated yielding in consecutive reaction CH,
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CH, and CHj surface species. The CHj; surface species is regarded as the chain
initiator, and the CH, surface species as the monomer in this reaction. Chain growth is
thought to take place by successive in corporation of the monomer, CH, surface
species. Product formation take place by either B-hydrogen abstraction or hydrogen
addition yielding a-olefins and n-paraffins as primary products. The surface species

involved in the alkyl-mechanism hay en found on the catalyst surface during the

A

Figure 2.7 Alkyl mechamsm [12].

AWAINIUNTIINEIAY

2.3.4.1 Temperature

An increase of temperature results in a shift toward products with a

lower carbon number on iron, ruthenium, and cobalt catalysts as shown as table 2.1.
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Table 2.1 Selectivity control in Fischer-Tropsch synthesis by process

conditions and catalyst modifications [12].

Chain Chain Olefin Alcohol Carbon Methane
Parameter length branching selectivity selectivity deposition selectivity
Temperature 4 it * 4 T T
Pressure 1 l * T £ l
H,/CO 4 T J; & d T
Conversion * * 1 T T
Space velocity . j° T ¥ 1

Alkali content
iron catalyst T

T l

reasing parameter: .. Complex

Nofe: Increase witht

relation: *.
2.3.4.2 Partia!
Most studies sh- : - ' NN N.fts to heavier products and to
more oxygenate with inc | 4 \ Wng Hy/CO ratios in the reactor
result in lighter hydr 504 1 W t. Increasing CO, pressures

2.3.4.3 Catalyst :
A Variely O ' - Tropsch process, but the

)

most common are tIT=#="

i) A
used, but tends to fava nethane formation (methanatio®=®|13].

zmﬂbummtmmw BN

Cobalt based catalysts are swfted to prodygg high yields of Jong chain alkanes

o QAARIRTUNBIINEARE o e

Tropsch%ynthesm from natural gas derived synthesis gas and have a good balance

fenium. Nickel can also be

between cost and stability. The water-gas shift activity of cobalt-based catalysts is low
and water is the main oxygen containing reaction product. Cobalt-based catalysts are
very suitable for wax formation in slurry bubble columns and can operate at high per
pass conversion. Cobalt catalysts for Fischer-Tropsch synthesis of liquid and waxy
paraffins from syngas were first discovered about 90 years ago. In the subsequent nine

decades, catalyst technology has advanced from a simple cobalt oxide on asbestos to
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sophisticated, high-activity, highly-optimized cobalt catalysts supported on carefully-
modified alumina, silica, or titania carriers and promoted with noble metals and basic
oxides. Catalyst design has evolved from trial and error art based on experimental
reactor tests of activity and selectivity to a scientific, nanoscale design founded on

activity-structure relationships and computerized theoretical models.

Important advances in cobalt cgf " /st design include:

a. Measurement of spe. site (turnover frequencies) based on

H, uptake.

b. Developmen ' . : == metal dispersion, extent of

, e.g. effects of preparation,

pretreat-ment, VY . 7‘ ' \ metal-support interactions,

NS ctivity and selectivity.

lel providing a quantitative

\ nlyst chemical and physical
properties.

e. Development of sta‘_bv 77 obalt catalysts with high selectivities

for liquid( fTycture relationships.

f. Optimizatig 2§ Y ) selectivity transport

model.  H}

¥

S HANUNINYINT

The tex@lral properties of t e support 1nﬂuence the catalytlc activity and

O wms UEAITML

dispersed Co catalysts requires strong interaction between the support and the Co
precursor, but in turn such strong interactions generally lower the reducibility of such
precursors. Different from silica tend to have a strong interaction with cobalt
precursor causing highly dispersed Co and limited reducibility [2]. Silica, as a
common support used in the catalysts of Fischer-Tropsch synthesis, has the

characteristics of a higher surface area, porosity, stability and weaker metal—support
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interaction than aluminum as support. However, the weak interaction between cobalt
and silica in silica-supported catalysts favors the reduction of cobalt precursor and
promotes agglomeration of supported cobalt particles, reducing the dispersion of
supported cobalt and the numbers of active sites [1].

Silica-supported cobalt catalysts in general exhibit high catalytic activities and

liquid/wax hydrocarbon selectivitiesg'p gFischer-Tropsch synthesis of commercial

significance. Several physica roperties of silica make it an ideal

/

Seeicduction of Co™ or Co™ to

support for Co Fischer-Troz hese include (1) its high surface

area which favors modera™ . ™ atively high loadings of cobalt,
and (2) its surface chea

CoO[22].
2.4 Catalyst charact

BET surface ares o, - %1% determination of surface area
of silica fiber. .
Scanning electron micr: ’;_ ed for determination of the diameter
of fiber and surface ) il £

Transmissiog & AX br determination of shape

. i
and sizes of metal par§ifes o

o UHANBN NN

X-ray dffraction (XRD) is used for determmatlon of the orlentatlon of a single
crysta wj ﬁ WHW&T‘? w Exjﬂl\rahijlze shape and
internal gress o rysta egl

2.4.3 Reducible properties
Temperature-programmed reduction (TPR) is used for determination of
characterization of metal oxides, mixed metal oxides, and metal oxides dispersed on a

support.
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2.5 Literature review

In 2003 , Koski et al. [15] studied the molecular weight of
polyvinylalcohol(PVA) and the solution concentration had a significant effect on the
structure of the electrospun polymer which were produced by electrospinning

technique. The solution was prepar

ranging from 9000 to 186,00

c ¥\, dissolving PVA with molecular weights
'@ water. After the PVA had dissolved

éﬂ A voltage of 30 kV was applied

ce of 102 mm from the needle

completely, the solution w2
to the solution, the colleC:
and the solution jet emez

PVA had a degree of h:

mallected on the aluminum foil.
swobtained on the collector was
examined by scanning e! ‘ e W snowed that the concentration
| A the molecular weight. The

W\ The fiber diameter increases

with MW and concentra il ;,V o\ entrations, the fibers exhibit a
L = 1
circular cross-section. Flat | er @ :h MW and concentrations.
J >

In 2003 , S™o

(PVA)/silica compdg 2
diameter of 200-400 i A sIicees et Silicafipntent (0, 22, 34, 40, 49 and

dgf the poly(vinyl alcohol)
Y ) by electrospinning in the

59wt%) with the molar cp@osmons of T :H3PO4:H,0 = 1:0.01:11, was prepared

by hydrolysis ﬂdu)ﬂo@e% H Mﬁpwmlﬂ ‘5 H3;PO, to TEOS with

strong stirring Allroom temperature. ‘After the above mixture reacted for 5 h, a certain

amou W lica gels, then
reacteﬁ jﬁgﬂw;T mml‘[? m ﬂ]ﬁﬂ of PVAJsilica
composites was contained in a plastic capillary. A voltage of 15-20 kV was applied to
the solution and a dense web of fibers was collected on the aluminium foil. The
obtained fiber mats were dried 12 h at 70°C under vacuum. The fiber mats were
characterized by IR, XRD, DSC, and TGA. The results indicated that PVA was
changed from semicrystalline to amorphous state because of the increase of silica

content. SEM photograph showed that junctions and bundles of the fiber mats

decreased or almost disappeared, and bead increased with increasing silica content.
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In 2003 , Guan et al. [17] prepared the PVA/cobalt acetate composite fibers
which was produced by sol-gel processing and electrospinning technique in the
diameter of 50-200 nm. PVA solution (about 10 wt.%) was prepared by dissolving
PVA powder in distilled water and heating at 80°C with stirring for 2 h, then cooling
to room temperature and stirring for 12 h. Then, 20.0 g PVA solution of 10 wt.% was
acetate (1.0 g Co(CH3COQ),-4H,0 and 2.0
' @ bath at 50°C for 5 h. The viscous
1 é tained in a plastic capillary. A
A se web of fibers was collected

- sicd initially 12 h at 70°C under

dropped slowly into the solution of ¢

g H,0), and the reaction pro
solution of PVA/cobalt acs
voltage of 20 kV was apir
on the aluminum foil. Tk
vacuum, and then calci- o, fibers were characterized by
SEM, FT-IR and WAXT, ‘ gy W alter calcining the crystalline
phase of Co3O4 app . depared fibers were largely
influenced by the calci:

In 2004 , Siddhesw, \ ind studied the PVA/zinc acetate
composite fibers which were, .:.:. —oel processing and electrospinning
technique in the digiM¥gta o s (fSput 10 wt%) was prepared

by PVA (Mn 80,0084 RY }lution of zinc acetate (1.5

g Zn(CH3COO0), .Hy(flind Z 5 Z peCactioffproceeded in a water bath at
600C for 5 h. And, thelgigvas contained ‘t},a plastic capillary. A voltage of 15 kV

was applied tcﬂe‘wﬂ@% ﬂswcﬁ O‘Wbﬂ fwlaﬁﬁcted on the aluminium

foil. The fibers@ere dried at 70°C t})r 8 h under vacuum and calcined at 700°C for 5
» -9 L7

oo A TR AN TR

showed ghat the fiber affer calCining the Crystalline“phase 01 ZnO"a red.

In 2007 , Lihong et al. [19] studied the modification of SiO, by various
organic groups such as methyltriethoxysilane (MTES), dimethyldiethoxysilane
(DMDES), and -chlorotrimethylsilane (TMCS), to change the surface silanol
concentration on the SiO; support before the impregnation of cobalt. MTES modified
S10, (CH3-S10,) was prepared by SiO, 10 g was preheated at 200°C for 12 h. Then

cooled to room temperature under vacuum, and then transferred into a 250 ml conical
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flask. After that 40 ml toluene and 5 ml MTES mixed in the conical flask and put into
an ultrasonic bath (50 kHz) for 2 h at ambient temperature. The sample was then
obtained by extracting with toluene in a Soxhlet extractor for 24 h and drying at 50°C
for 20 h under vacuum. The same method was used for the preparation of DMDES
modified SiO; ((CHj3),-Si0;) and TMCS modified SiO, ((CH3)3-SiO;) using and,
respectively. The Co catalysts (5 wt%
CH3-Si0O,, (CH3),-SiO,, and_|

alt loading) were prepared by impregnating

' . cthanol solutions of cobalt nitrate.

é at 600°C for 6 h. Co/SiO; catalyst
", R XRD, and TPR. Results
Sead the surface silanol (Si—OH)

The samples were dried af !
was used as a reference,
showed that the organic
concentration of the S: sweraction between cobalt and
silica, enhanced the redu, wand thus increased the catalytic
activity of Co cataly. . Voreover, SiO, modified by
different organic grou \ W oncentration because of the
steric hindrance, and th g & ) \C N"\ & with the decrease of surface

silanol concentration.

In 2008 , HiWhi g ity of small amount of TiO,
to silica/cobalt cati ;' ."':I' he titania-modified silica
supports were prepar (i by IICTpe pipregnffon. After impregnation, the
samples were dried at 39@ for 12 h, and tasn calcined at 673 K for 2 h. The loading

amount of Tlcﬂv%zﬁ' ﬁg Wﬁ Vs}ﬁt wrﬂr})ﬂ ‘ies of various catalysts

were charactefled by in-situ DRIFT XRD, TPR N> phy51sorpt10n and H,

RV ADN LR e 1D
passivatign’ with r—IrOpsch’ Synthest ditions were P

(total) = 1.0 MPa, T =513 K, CO/H, = 1/2, W/ F (CO+Hy+Ar) = 5 g cat h mol ™"
Results showed that the increasing in amounts of TiO; to silica-supported cobalt
catalysts, the increasing in the dispersion of cobalt and Co metallic surface area. The
addition of TiO; adjusted the interaction between cobalt and silica support quite well
to realize the favorite dispersion and reduction degree of supported cobalt, leading to

high catalytic activity in Fischer—Tropsch synthesis.
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In 2006 , Wan et al. [20] studied the effect of adding SiO, to a precipitated
iron-based Fischer—Tropsch synthesis (FTS) catalyst. Two catalysts were prepared by
co-precipitated and spray-dried method. A solution containing both Fe(NOs); and
Cu(NO3), with a weight ratio of 100Fe / 6Cu was precipitated at 80°C using Na,CO;

solution. After precipitation and filtration, the precipitate was divided into two parts:

one of them was added with K,CO»ye " tion and silica gel in amounts required to

obtain the desired weight rati )SSiOz. The other part of precipitate
was only added with tha / K>,CO5 solution to obtain an

dried and then was calcined at

Ssoaicved to obtain 20—40 mesh for

unsupported iron-based o
450 -C for 5 h. The calciz
reaction. These were s adsorption, H, differential
thermogravimetric anal 4.
TPD) and Mossbaue; |

260-C, 2.0MPa, H, /

, reduction/desorption (TPR /
b synthesis conditions were
I Incorporation of SiO, to
precipitated iron-based . ; significant influences on the
surface basicity, reduction] ; \ ors, as well as catalytic activity.
The changes in the catalytic p_l_ev

SiO; on the Fe / C

e primarily attributed to the effects of

di fCient degrees of H, and CO

adsorption and furtl{§ 2 B Jinces of the catalyst. S10,
stabilizes the iron oxif{}f crystares ey, faglftates the high dispersion of
Fe,O; and CuO and fu‘t r enhances thvontact between Fe,O; and CuO. The

enhanced Fe/ﬂ % H %% H%@ WMﬁxﬁon and promotes the

reduction of Fefh;—FeO,, while the transformatlon of FeO,—Fe is suppressed due to

ARSI NIRRT
interacti catalyst incOrporat as w ont etween Fe and K,

which weakens the surface basicity of the catalyst and severely suppresses the
carburization, resulting in the weak CO adsorption. In the FTS reaction, the FTS
activity is decreased by the addition of SiO; due to the weak carburization, whereas
SiO; could suppress carbon deposition and thus improves the catalyst stability. With
incorporation of SiO,, the hydrocarbon selectivity was strongly affected. The product

distribution shifts to the light hydrocarbons and the olefin selectivity in total product
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decreases on the catalyst due to the surface basicity weakened indirectly by the

addition of SiO,.

In 2006 , Song et al. [21] studied the effect of catalyst pore size on the
catalytic performance of silica supported cobalt Fischer—Tropsch catalysts. A series of

cobalt catalysts supported on silica wighgdifferent pore size were prepared by incipient

|
'@ rc impregnated with the appropriate
é . Finally, the catalyst precursor

wetness impregnation metho
Co(NO3),.6H,0 solution, tk
™ talysts contain 15 wt% cobalt.

Sse-l-TPR, H,-TPD, DRIFTS and

was calcined in air at 67

These were characterized.g
O, pulse reoxidation. T* {/ senditions were Hy/CO (mol%)
=2, T=503-C and P(tot / e sihe pore size of the support had
a significant influen . l' b, catalyst reducibility and
Fischer-Tropsch activ; \ the Co/SiO; to form larger
; lysts with different pore size
showed different CO adso gfice== = CL lysts with pore size of 6-10 nm
displayed higher Flscher—Tr 7 el higher Cs, selectivity, due to the
moderate particle si”¥ag 2 hfCotalysts.

Z Y

In 2009 , Ballfer al. i Colff}t supported on amorphous

3

aluminum phosphate (Cgo A AlPOy) catalUs were prepared by the impregnation

method usmgﬂ ﬂﬁq wbEl ‘q‘ﬁ w ﬂh"}sﬂo@t nitrate, acetate and

chloride to eluclate the activity of Flscher—Tropsch synthesis. Amorphous aluminum

AR AT AN
(NH@:i tarti ﬂ\ r1als solve efonized 400 mL of 0.5

M of Al nitrate solution and 350ml of 0.5M of (NH4),HPO, solution) and acidified
with nitric acid. A hydrogel was formed by adding 700ml of 10% solution of
ammonia to the acidified solutions of Al and P precursors until a pH of 8.0. After 1 h,
the contents were filtered and the hydrogel was washed with twice its volume of
distilled water. The hydrogel was dried at 110°C for 16 h and calcined at 500°C in air
for 0.5 h. The Fischer-Tropsch synthesis conditions were T = 220-240°C, P =
2.0MPa, SV (1 /kgcat/h) =2000 and Hy/ CO / CO,/ Ar (mol%) = 57.3 / 28.4/ 9.3/
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5.0. These were characterized by XRD, TPR, FT-IR and DRIFT, XPS, TEM and
Ramanand chemisorption analysis. The Co/AlPOj catalysts prepared from cobalt
nitrate precursor show higher CO conversion and Cg, selectivity than the catalysts
prepared from the corresponding precursors such as acetate and chloride due to the
facile reduction properties with a proper electronic state of reduced cobalt species and

large pore diameter with the diffugg

>pnhanced re-adsorption of o-olefins. The
# . der of CoN > CoA > CoCl catalyst.
with Co/Al,O3 catalyst. The

higher selectivity of Cs, was £
Interestingly, all Co/AlR

differences in the catalytic— — — 1POy catalysts were attributed

to the cobalt particle sizzs tronic states of cobalt species
which was enhanced th- N \.« olecule (linear- and bridged-
type CO species) and a w0 a facile diffusion of formed

hydrocarbons as well

AULINENINYINT
IR TN ININY
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CHAPTER III

EXPERIMENTAL

3.1 Materials
All Chemicals used in this expgri

ent were listed in table 3.1.

Source

Tetraethyl orthosilicate AR . luka
Hydrochloric acid 37 Cf® 4 WS SESCARLO ERBA

Ethanol 99.8% . [ wsAnalar Nor Mapur
Polyvinylpyrrolidon v 3 = I‘ . \ | ®ka

Cobalt(I) acetate (CH 0.4 22 AN Wiuka

Glycerol (CsHs05) 99548 P e AN Univar

Silica supports 5-10 mesh Fuji Silysia

Nitrogen gas (99.99% purlty) Praxair
Hydrogen gas (99 e v AT
Carbon monoxide V
Helium gas (99. 99%;

Standard synthesis gas 804 of CO 20% ofgH

e GHE A NINTHE PG

) Scientific

rlty) — axair

Standard syntHkis gas 100% of CO Praxair
- mq\‘mfa';uum'mma d
guments and equipments

3.2.1 Instruments and equipment for catalyst preparation
1. High voltage power supply
2. Syringe pump
3. Ultrasonic bath
4. Water bath
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. Hot plate
. Oven
. Mechanical stirrer and impeller

. Magnetic stirrer

O 0 9 O W

. Pipette 5 and 10 mL
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20. Needle (i
21. Crucible

Thermometer

-

A T ol g
3.2.2 Instr yi‘ AL ) acterization
1. BETj{Micronior—— 0)

2. Scannlg gectron mlcros e (SEM) (JOEL model JSM-6480LYV)

ﬂ%@l"ﬂeﬂﬁ%‘w@ﬂﬂﬁ

AX- -ray dlffractometgr (XRD) (Ph1hps model X’ Pert)

0 Wﬁﬁ“ﬁﬂ“‘i‘ﬁmﬂ‘m‘ﬁ’ﬂﬁ“fﬂﬂm "

6. Transmission electron microscope (TEM) (JEOL model JEM-1230)

3.2.3 Instruments and equipment for Fischer-Tropsch process
1. Fixed bed reactor
2. Tube furnace
3. Temperature controller

4. Mass flow rate
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5. Thermocouple

6. Gas Chromatograph (GC) (Shimadzu GC-2014)

3.3 Preparation and characterization of catalyst

3.3.1 Preparation of polymer solution

The polymer solution was prgngged from poly(vinyl-pyrolidone) (PVP) and
ethanol. The ratio of PVP:eth | #5. 1:5, 1.5:5, 2:5,2.5:5, 3:5, 4:5, 5:5,
6:5, and 7:5. PVP and etha= ie-m / > oiven ratios under stirring for 10
min [18].

A silica sol ‘wa g f# - : VR grinosilicate (TEOS), ethanol,
distillated water and : Y & ‘o C bI:H,O:HCI was 1:2:2:0.01.
i " A\ MAd conc.HCI and stirred for 5
min. Also added EtOH ajgle et W the solution on water bath at
55°C for 35 min. Finally s} = |
for 5 min [16].

ion into the solution and stirring

- — =
3.3.3 Electr{Z AX
In this researc, " parare- oD nnin echnique such a needle size

and polymer solution V\@r&studled The Qyameters were varied as follow: needle

size; 0.6 and (ﬂ 4 E}deﬁ)w(ﬁ LA Bve:EcoH rasio: 1020

30 40 50 60 afll 70wt%. TCD ang voltage were fixed at 15 cm and 15 kV. The

e AT TONTTEU RTINS
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Collector
Fibers
Samples \
il
Syringe pump
/ |
. . —n
—
High-voltom GND
Figur: NS apparatus.
3.3.4 The in ) £ 't W eMtrospinning process

neter and morphology were

1. The effec! A 4 mm)

2. The effect of y=s _ ad 25 kV)

3. TiONgf ’ | #fnd 20 cm)

4. Tl ;, Y] 0, 40, 50, 60 and 70 wt%
pvill}

Do fUHANYNTNYINT

The cotllt/silica was preparfd by 1mpregnat10n method. The prepared fibers

) BRI (PO MR (101
dried at for al € catalys s cal at or 2 h. All the

cobalt/silica catalysts contained 5, 10, 15 and 20 wt% cobalt.
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3.3.6 Characterization of fiber catalyst
3.3.6.1 BET surface area
BET surface area and N, adsorption at 60°K (The Micromeritics ASAP

2020) was used to determine surface area of silica fiber.

3.3.6.2 Scanning electg

‘ icroscope (SEM)
Scanning elec ‘ (SEM) was used to research
morphology and average_s For 1105 o Scanning electron microscope
(SEM) (JOEL model JS ). - ;-11 of fiber determined by EDS.

The size of fiber was det-; TR am.

won (TPR)

[P, was used to determine the
pat from room temperature to
. 30 min. After that was passed
N> to remove the adsorbed gtz 0y The reducing gas containing 5%
H, in N, was passed over the - ate 30 mL/min with the heating rate
of 3°C/min up to 6Q )

Dete§ 28 B Jduction of catalyst was

calculated as follows: :

AU H 'J NENT NI Fomrin o

Reductiofjdegree (%) = 100 x
ole of H> con ﬁlon calculated

A AINIUNNITIETR
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5%H, in 95%N,

600°C

3°CImin

100°C 30mi

10°Cimin

Figure 3. o O duction reaction.

X-ray diff g S ’ A ne the structure and crystallite

size of out The Philips mao Alds NS, )\ was used with Cu Ko, radiation.
| v ; = : |

The catalyst for XRD measurei : angle of 20 ranged from 20 from 70

degrees.

34 Fischer-Tropsch | '_": DCES
34.1 Reactlon p J)cedure

1. Pacﬁ u ﬁf?ﬂﬁﬂﬁﬁlﬂ ﬁrﬂﬁuddle of the fixed bed

quar qleacto

O} M1V PUN (o )11 R

and then switch into nitrogen gas (flow rate = 20 mL/min).
3. Set temperature of tube furnace at 260, 280 and 300°C.
4. Flowed CO/H; ratio 2:1 (flow rate = 15 mL/min).
5. After 10 min of the reaction, the produced gas was analyzed by gas

chromatography of which the optimum condition was shown in table 3.2.



Table 3.2 The optimum condition of gas chromatography.

34

Carrier gas He 99.999%
Column Unibead C
Injector temperature 120°C

Column temperature Temperature program

0°C 3min

Detector temperature

Detector // N \ sact detector (TCD)

Mass flow

controller | !
Mass flow i

controller

Rl It %Mﬂﬂiﬂﬂﬂ N3
ss iGN 7l SHRATNBAR Hor i

1 The effect of support (porous and fiber)
2. The effect of reaction temperature (260, 280 and 300°C)
3. The effect of Cobalt loading in catalyst (5, 10, 15 and 20 wt%)



CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Catalyst preparation

4.1.1 The effect of nee
The effect of needla

é was investigated by fixing the
collector distance and vor— ' fancs — pectively. The SEM results of
the electrospun fibers wez N M) (d) and (e) and 4.2 (a) (b) (c)
(d) (e) and (f), respectiv:

submicron after calcines

sat the fiber diameters were in
. The average diameter of
electrospun fiber wa larger the needle size, the
bigger the electrospun ing process with needle size

P ‘\l \ . .
0.4 mm was appropriate g5 00155 s © (LR Wl llest fiber with the balance on
V Z = v l’h . . . .
the voltage and surface ten N7 ,—_,- _ \ ' solution, in this experiment. The

average diameter of fibers ob size at 0.4 mm was 0.820 pm. As

shown in results, 1y fsing of surface tension of

droplets. For the saig 48 A Drce was required to cause
jet initiation. Results | : Icated tiaormm———rTo accedl iation of jet gave a long time

for solution to be stretcfied and elongatedghefore it was collected so the fiber was

i ﬂuﬂqwﬂwswawns
iﬂ"f FITHANANLGY, ...

collector distance, voltage and needle size at 15 cm, 15 kV and 0.4 mm, respectively.
The SEM results of the electrospun fibers were shown in figure 4.2(a) (b) (c) (d) (e)
and (f), respectively. The SEM results showed that the fiber diameters were in
submicron after calcined at 600°C for 2 h (Table 4.1). Electrospun fiber before and
after calcining have smooth surface area and the diameter of electrospun fiber after

calcining was smaller than before calcining. Due to the removal of PVP, the average
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diameter of electrospun fiber was depended on the PVP content [18]. The more PVP
content, the smaller the electrospun fiber diameter. The average diameter of fibers
using PVP content at 70 wt% was 0.448 um. When PVP content was more than 70
wt%, the electrospun fiber could not be prepared by electrospinning process because

PVP powder could not be soluble in ethanol.

ZPNLE\ A
R

=K

iy i

1,888 18mm BEZS 49 38 SEI

Figure 4.1 The SEM results of fibers calcined at 600°C for 2 h with various PVP
content, (a) 5 wt%, (b) 10 wt%, (c) 15 wt%, (d) 20 wt%, and (e) 25 wt%. The tip to

collector distance was 15 cm, voltage was 15 kV and needle size was 0.6 mm.
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R\
A

-1 Télg J;!EE
~ ' 4 4
' O “5§lf

1. 888 18mm BEES 11 38 SEI

A ’E :

—

5% »n Al
N T
O S ‘% X

-*" = ?4‘@!”

15kW 1. 888 S Rm =)= =] z8 5 15kU

h with various PVP

Figure 4.2 Tﬂsﬁlﬁm}m M?\ﬂ
content. (a) 25 ¢ %, (b) 30 wt%, (c \;vt o, (d) 50 wt%, (e wt%, and (f) 70 wt%.

Y RTRT S ATy e
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Table 4.1 The average diameter of fibers with various needle size and PVP

content, TCD = 15 cm and applied voltage = 15 kV.

Needle size (mm)

PVP:EtOH (wt. %) 0.6 0.4

Average diameter (um)

4.1.3 The efl¥% il |
The effect ;' ,":d vas investigated by fixing
the collector distance; cedle ment a > cm, 0.4 mm and 70 wt%,
respectively. The SEM el Its of the electe;pun fibers were shown in figure 4.3(a)

o 0 A4 FH RGN HAR Frsree woei

submicron aftefllcalcined at 600°C for 2 h (Table 4.2). The average diameter of

electrcau WW f] 1ng 15 and 25
kV. Duegfo the increasing in applied voltage, the amounts of charges were increased.

An increase of the columbic repulsive force in the jet, let to an increase of
acceleration and the drawing of the solution to the collection plate which was faster
than the supply from the source. Thus the Taylor cone may recede into the needle
resulting in smaller and less stable initiated jet. When the applied voltage was too

high, the acceleration of the fiber was increased. This reduction of the flight time of
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the electrospinning jet thus the fiber was large [8]. The distribution diameter of
electrospun fibers using voltages 15, 20 and 25 kV was shown in figure 4.4(a) (b) and
(c), respectively. The distribution diameter of fiber at 20 kV was only 400-600 nm
while the distribution diameter of fiber at 25 kV were found to be 400--800 and
>1000 nm.

1,886

Figure 4.3 The SEM results of fibers calcined at 600°C for 2 h with various voltages
(a) 15 kV, (b) 20 kV, and (c) 25 kV. Needle size was 0.4 mm, PVP content was 70

wt% and the tip to collector distance was 15 cm.
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30

Distribution 7
(%)

// l 1

U0 .h 800-1000 >1000
D )

NINYINT

1

200-400  400-600 600-800  800-1000 >1000

Diameter (nm)

Figure 4.4 Diameter distribution of fibers calcined at 600°C for 2 h at different
voltage. (a) 15 kV, (b) 20 kV, (c) 25 kV. Needle size was 0.4 mm, PVP content was

70 wt% and the tip to collector distance was 15 cm.
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4.1.4 The effect of the tip to collector distance (TCD)

The effect of the tip to collector distance on electrospun fiber was investigated
by fixing voltage, needle size and PVP content at 20 kV, 0.4 mm and 70 wt%,
respectively. The SEM results of the electrospun fibers were shown in figure 4.5(a)
and (b), respectively. The SEM results showed that the fiber diameters were in
submicron after calcined at 600°C %o 2 h (Table 4.2). The average diameter of

electrospun fiber using tip to & / cm was 0.448 pm that was smaller

. ctance between the tip and the

than using tip to collectgg
collector might have infli=— * and the electric field strength.
An increase of distancogs Ssscesults in an increment of in
diameter of fiber. Whe: o fibers were deposited on the
collector. At 20 cm digg & &ostatic field strength and the
decreasing in acceler v W\ d let to an increase size of

fiber [8]. In table 4.2, ' W ained by 20 cm and applied
: ector distance and voltage was
20 cm and 25 kV leadingfo ,.- M ctrostatic field strength and the
increasing in acceleration of th iR s us this reduced the flight time of the

electrospinning jet (o2

-
X
A
-

¥ |
]
LY .

AULINENINYINT
IR TN ININY
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i
Figure 4.5 The SEM #ljults Ot 000 Cifbr 2 h with various the tip to

collector distance (a) 15‘: (b) 20 cm. Ne size was 0.4 mm, PVP content was 70

e andvohaﬁ%ﬁ@ VIEWHW BInNT
QW'TR\‘Iﬂ‘ifUMﬂTJVIEﬂﬁEJ
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Table 4.2 The average diameter of fibers with various TCD = 15 and 20
cm and applied voltage = 15, 20 and 25 kV. Needle size = 0.4 mm and PVP

content = 70 wt%.

TCD (cm) Voltage (kV) Average diameter (mm)
15 15 0.468
15 0.448
15 0.674
20 0.625
20 0.601
20 1.180
The comparison 4 - LS | D&M silica and silica fiber was

W measured by BET method
Ty : A\ mathematic calculation from
the SEM photograph be s i 5 L, nalyzed by BET. Results were
shown in figure 4.7, the aq) 4; | operties of silica fiber could not
determined because silica fibesZZ e 4.3 showed the BET result that the
porous silica had tlad y sjlica fiber had the surface

area of 2.76m’/g. el !' '

]
LY .

Figure 4.6 dispMiyagd the adsorptig@ isotherm of mesoporous silica. The

wsomion LIS VBT HIVE) St by e captr

condensation og the adsorbate m‘mesopores of the silica sgli lid, described the

- QRRNTUHNTINGAA >



*Surface area = 2 / (S

calculation)

Quantity Adsorbed (cmg STP)

Table 4.3 The surface area of silica porous and silica fiber photograph.

—— silica-porous ™SSon

]
il
Q

2
IIH?\HI

h
&
[=]

—&— silica-porous - Des

]
=3

B
<}
=]

8

%)
a
(=]

]

|\||$||I\$HH?HH

o
o

BET result Silica Porous Silica Fiber
Surface area (mZ/g) 237.36 2.76
Pore volume (cm’/g) 1.01 N/A
Pore size (nm) N/A

o
=]

o

=}
o
b= HIITIII\
o
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e m imme == 3

o=

‘el ative Pressure (
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Isotherm Log Plot

—+— silica-fiber - Adsorption

0.35 —&— silica-fiber - Desorption

0.25

0.20

016——

Quantity Adsorbed (cm®¥/g STP)

010

0.05—

0.00—
0.05

0.5

J = .
Figure 4.7 The' N, % oletdi 2 'm Of silica fiber support.
4.1.4 The e -
v. uh' d
The effect of ¢ '_,j t # was investigated by varying

cobalt content at 5, A, 15 and 20 wt%. Fiber cati¥st was prepared by cobalt
impregnatio ﬁ ﬁ { s analyzed by SEM at
the 50,000 tmaﬂ ﬂﬁn sﬁifrilcﬁvh\in figure 4.8(a) (b) (c)
and (d), respectively. The SEM reslts were showaad that the surf@@® of Co/SiO, fiber
cataly@wﬁr&ﬁtﬁﬂeﬁm th:]lgenlgra a &ljea fibers. The
surface (} the higher cobalt content was rougher than the lower cobalt content. Results
were indicated that cobalt particles of the high cobalt content were larger than the low

cobalt content. Fifteen and twenty wt% cobalt content impregnated with silica fiber,

the clusters of cobalt particles were observed (figure 4.8 (¢) and (d)).
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Figure 4.8 The SEM res Jfs Ji % s '\ \ (a) 5 wt% (b) 10 wt% (c) 15
wt% (b) 20 wt%.

1seg=for calculation the element

-.:"l sts. Table 4.4 showed the

An energy diwgers

compositions of 5, £+ :

cobalt content from ti§ EL

I cobalt content required by
!

v i¥

the preparation. Results a’ndicated that the Rr}eparation of 5 and 10 wt% Co/SiO, had

actual contenﬂfﬁlﬂ ‘[vltﬁl » w ’PI : 5.00 and 7.20 wt%,
respectively. Tig higher c:)ggal’t contem and& wﬂ?SiOz only contains the
cobalt 8 ‘7‘, Tl lﬁﬁ ﬁg icron surface of
fibers aﬁgﬁeﬁdﬁmﬂ;ﬂj‘;}l t‘gj ZI EIel.
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Table 4.4 Elemental analysis characterization of Co/SiO; fiber catalysts.

Cobalt/silica fibers Wt% of cobalt
5 wt.% 5.00
10 wt.% 7.20
15 wt.% 8.68
20 wt.% 8.04

50 mm

Figure 4.9 @o=——"— -;',' fiber catalysts.
v AY

The transmiss®™fi electron microscope (TEM) s used for determination of

the surface m kﬁﬁaﬁ i{ )1 e support. The TEM
photograph oﬁ eﬂ:ﬁ EI ﬂN in figure 4.9. Cobalt
particles were sp erlcal shapes. The#inorphology ggpearance of filggr catalyst could be

e RRAMATRUAIINEIRNY
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)
=
@
=
D
-
=
—

(e)
(d)
(c)
(b)
(a)

59.01 68.01

5.01 14.01

Figure 4.10 The XR] , : , ahed at 600°C for 2 h. (a) 10
wt% Co/SiO; porous, | Codid.ad @. W% Co/SiO; fiber, (d) 15 wi%
Co/SiO; fiber, (¢) 20 wtadlh &

X-ray diffraction was esemesges pation of the structure and crystallite
E: ‘;‘,:f' ‘e‘ iy

size of catalyst. R{3lts il cffalyst with different cobalt

-

content calcined ati§ 2§

-
-

AX J10. The Co/SiO, catalyst
after calcinations hadfffie cODar— RTCosCIXRD peaks of Coz04 were
found at 31°, 37°, 45°, ) ;and 65 ° [24]. @e intensity of diffraction lines related to

C0304 crystaﬂew.ﬁ %%ﬂ%ﬁ%ﬁﬂfﬂ ﬁreased. The intensity

diffraction line§lbf 20 wt% Co/SiO%was highest because the high cobalt content had
=

. , . o/ e
the langy mﬁﬂlﬁ maum Tﬂtﬁqﬂwﬂ on silica fiber
leading ¢ intensity diffraction IiheS thcreased.
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4.1.5 The effect of reduction of Co/SiO; catalysts

200
=
.vd% 2N0
£
g (b)
=
S
=)
[~p]
- (@)
110 160 510 560 610 660
Figure 4.11 TPR profg® ol £ ¢ Co/SiO; porous catalyst (b)

Temperature-p! M W\astused for measurement of Hp

consumption. TPR profi 10, 'k‘-ﬁl -. Is catalysts compared with 10
re ‘r.ll(a) and (b), respectively. As

TPR profile of 10 wt% Co/SiO,

wt% Co/SiO; fiber cataly!
shown in figure 4.11(a), th

porous catalyst fouliem————— - ". Reduction peaks at 303

)

and 319 °C were oc ' : U—C0°).Reduction peak at

cobalt (II) silicate [25]. Stror®™*interaction between Co and

silica support ﬁﬂ ﬁ? 5’ gil}j gure peak. As shown in
figure 4.11(b)Jt lﬂm w ﬁ Co/Si0;, fiber catalyst
found reductlon peaks at 309 a#d 359°C wege occurred bga CosO4 reduction

@ RAAARIATHUAIIAENR Yoo 1

summarﬁed in table 4.5.

553°C were occurred J

mole of H, consumption measured
Reduction degree (%) = 100 x 4.1)
mole of H, consumption cyicutated

For 10wt% Co/SiO, fiber catalysts the percentage of cobalt reduction was
higher than 10wt% Co/Si0O; porous catalysts. The results indicated that fiber catalysts

could be reduced easily than porous catalysts.
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353

304 359 (c)

H, consumption
w
15
>
c

110 160 210 26 ' 510 560 610 660

Co/Si0,, (b) 10 wt% C= /18 W W0 wt% Co/SiOs.

TPR profiles « - cobalt contents (5-20wt %)

was shown in figure 4 : ly. As shown in figure 4.12

two reduction peaks of T "\l talyst were occurred by Co304
!

reduction (C0304—Co0O—( bb®® contents from 5 to 10wt%, let to

an increase of the intensity ofe= T

=T at high temperature because of the

amount of Co30y4 £ Reduction peaks at high

temperature were vig 48 ,lh‘ it particles were clusters.
The degree of reducti¢ _: Was CAlC o —— 10win‘ quation 4.1 and summarized
in table 4.5. An increase;b&obalt content ﬁgm 5 to 10 wt%, let to an increase of the

percentage ofﬂbu Hufgomn&l wﬁ% wg@ fc}aﬁe of the lower cobalt

content let to tfd small particle siz%reduction oi-(iobalt and the ‘i'r‘l’teraction between
the co@tﬁﬂiﬁm ?fwwqﬂ-ﬂcﬁﬁﬂeﬂ An increase of
cobalt cqutent to 15 and 20 wt%, let to an increase of the percentage of cobalt d to
29.76% and 32.57%, respectively. The higher cobalt content let to the large particle
size of cobalt cluster because the interaction between cobalt and silica support was

weaker than the low cobalt content [26].
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Table 4.5 The reduction degree of different catalysts calculated from TPR

results.
Metal loading Degree of Reduction (%)
5 wt% Co fiber 2.03
10 wt.% Co fiber 11.97
15 wt.% Co fiber 29.76
20 wt.% C 32.57
10 Wt. Ting 5 0.89
4.2 CO hydrogenatior

Overall reaction (2 4.2)
Water gas shift reaction y 4.3)
Synthesis gas formation 4.4)

4.2.1.1 The %88

The effect of .‘! pports O Coreonveision of wt% Co/S10, catalysts at

260°C, 280°C and 300°@ j&,CO hydrogengjon was shown in figure 4. 13(a) (b) and

i W PEITTIEIAYF: s s e

at temperature“260°C 280°C ar@ 300°C were 8.42%, 13 % and 19.75%,

QWA TUUN NI =

porous Qupporter. In contrast CO conversion using silica porous supporter at

temperature 260°C, 280°C and 300°C were 5.61%, 9.79% and 12.63%, respectively.

An increase of pore size of the supporter, let to a decrease of CO conversion [27].
Result implied that the fiber supporter had no pores thus the CO conversion using

silica fiber supporter was higher than using silica porous supporter.
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Figure 4.13 Effect of ~ of 10 wt%Co/Si0, catalysts
at (a) 260°C (b) 280°

g and time 3 h.

2%y 5 T1L/min, catalyst loading 0.2

4.2.1.2 The effec; . Wivity
The effect of supps |
260°C, 280°C and 300°C in C

of 10 wt% Co/SiO, catalysts at
CLo= 8 was shown in figure 4.14(a) (b) and
(c), respectively. -‘, <A W itusing silica fiber supporter

at temperature 26( ~:' .88%, respectively. CHy
v u

selectivity using silicf [ (ibcT— ; e th" using porous supporter. In
contrast CHy select1v1ty ‘usmg silica porous supporter at temperature 260°C, 280°C

and 300°C w ﬂﬁ%ﬁﬂﬁ:&]ﬂ‘ﬁm selectivity and CO
were similar e

conversion tre results indicated that the surface area of fiber
suppo im ﬁ’ id not have the
surfa qmjjﬁ mﬁmuﬂ::[ Iﬂ;j erystallites and
the high reducibility of cobalt particles. Therefore, the interaction between the cobalt

and silica support was weaker let to the easier and faster reaction.
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(c)
100 -
b 80 n
=
=
2 60 -
2 —o— fiber
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1SS
20 A
0 T 1
105 120
Figure 4.14 Effect of s / \ N s of 10 wt% Co/SiO; catalysts
at (a) 260°C (b) 280°C (o g\ z : NN .5 mL/min, catalyst loading 0.2

g and time 3 h.

4.2.1.3 The effec ' '
The effect of supp gfe ,» vl of 10 wt% Co/Si0O; catalysts at

260°C, 280°C and 300°C in CG ﬁ.,_...‘&

(c), respectively. A ¥g i it ysing silica fiber supporter

was shown in figure 4.15(a) (b) and

- =
at temperature 26 4§ ), 11.76% and 11.61%,

respectively. CO, sel(fifivity tsrrammmmmmmmmesth oo (il was lower than using silica

porous supporter. In q‘) ast CO, selewlty using silica porous supporter at

temperature ﬂ)u ﬂo’g ﬂcﬂswq \qum 57 32% and 13.54%,

respectively. Aflequation 4.2, CO %ydrogenatlon produced CH4 and H,O. H,O was

ARSI IUARANMINE
more sugface area to adsorb wat culés enoug by water gas

shift step thus CO; selectivity using silica fiber supporter was lower than using silica

porous supporter.
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Figure 4.15 Effect of SlP ort on CO, select1v1ty (%) of 10wt%Co/S10; catalysts at

(a) 260°C (b) ﬂ)ﬂﬂ%ﬁ% ﬁ\WtﬂW catalyst loading 0.2 g

and time 3 h (cqjtinue).

QWM\‘Iﬂ‘iﬂJMWl')WEﬂﬁH



57

100 ~
(c)

2z 80 i
= —e—fiber
§ 60 - —=s—porous
E;
S 40 -
&}
&Q 20 -

0 ,ﬁ | |

0 105 120
Figure 4.15 Effect o% o~ y - """1 & 10wt%Co/SiO, catalysts at

(a) 260°C (b) 280°C ¢ L /min, catalyst loading 0.2 g

and time 3 h.

Table 4.6 The 4 on the CO conversion, CH4

selectivity and CO; sele |

Temperature | % CO%o ""‘ﬁ L4 SClectivi % CO; selectivity
(°C) | porousgla ATl r | porous | fiber
260 *‘-—m : 2442 | 1477
280 yf.,- ~ f,; % | 1732 | 11.76
300 63 19.75 86 46 :J' 13.54 11.61

HUH'WIEWWW H’]ﬂ’i
QW'WR\‘Iﬂ‘iﬂJNWV)WEﬂﬁH
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4.2.2 The effect of reaction temperature.

The effect of reaction temperature on CO conversion, CHy selectivity and CO,
selectivity of 10 wt% Co/SiO, fiber catalysts at 260°C, 280°C and 300°C in CO
hydrogenation was shown in figure 4.16, 4.17 and 4.18, respectively. As shown in
figure 4.16 and 4.17, an increase of CO conversion and CHy4 selectivity, let to an

increase of reaction temperature. Aj °C reaction temperature, the highest CO

conversion and CHj selecti d and 88.39%, respectively. CO
hydrogenation was endothes #e® e ment of reaction temperature
' :— formation [26]. As shown in
figure 4.18, a decrease of . \ wacrease of reaction temperature.

As equation 4.2, CO h: _ Nk H,0. H,O was precursor of

water gas shift rea y S W ™ to increase the reaction

temperature caused pr; el A "% Whuilibrium. Therefore, carbon

100 -
= 80 -

£

z

S 60 -

=

[=]

(5]

o 40 -

0

S

S 20 A | R

0 T T T ‘ j T A T ] u
ARIANN U H A1 INE TR
q Time (min)
Figure 4.16 Comparison of the CO conversion (%) of 10 wt%Co/SiO, fiber catalysts

at 260°C, 280°C and 300°C and a feed flow rate 15 mL/min, catalyst loading 0.2 g and
time 3h.



59

100 ~

& 80+

=z

2 60 - —a—3000C

= ——2800C

é 10 —a—2600C

Q

R 20

0= . T 1
0 15 105 120

Figure 4.17 Comparis
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[\
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wt%Co/SiO, fiber catalysts
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——3000C
——2800C
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F,gur:ozmmm T URIINYARE i

at (a) 260°C (b) 280°C (c) 300°C and a feed flow rate 15 mL/min, catalyst loading 0.2
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4.2.3 The effect of Co content.

The effect of cobalt content on CO conversion, CHy selectivity and CO,
selectivity of 10 wt% Co/SiO, fiber catalysts at 260°C, 280°C and 300°C in CO
hydrogenation was shown in figure 4.19, 4.20 and 4.21, respectively. As shown in
figure 4.19, an increase of cobalt content from 5 to 10 wt%, let to an increase of CO
conversion from 10.43 to 19.75%. A%,
particles were small that the dj | ) particles was better than the high

lower cobalt content of silica fiber, cobalt

2lt and silica support was stronger

cobalt content. Thus the int
let to the more difficult I ontent. This indicated that the
CO conversion was incr2 Sseaf cobalt content to 15 and 20
wt%, let to a decrease o4 J I8 W8,560%. The large particles size
of cobalt cluster let to th ‘ A was decreased. Therefore, CO
conversion was decr £ Y B 1 i\ 4.21, an increase of cobalt
content, let to an incre . %) Mrease of CO, selectivity. An
increase of cobalt contergt gl Pl W crease of CHy, selectivity from
83.43 to 88.34% and a de(fasg o - b itMlrom 16.57 to 11.66%. The value
of CH4 and CO, selectivity A‘_,O o Co/SiO, fiber catalysts were quite
similar. This indicoy s

'm can be loaded§Z#

v fface diameter size of 0.448

AY Jiuse the EDS result was

described the low surfl{f- arca o peror disgflf-sion of cobalt particles.

per

AULINENINYINT
IR TN ININY
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catalysts varied Co cor; ronse 300°C, a feed flow rate 15
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Table 4.7 The e] M) on the CO conversion, CH,

selectivity and CO; selecti

% Co o Selectivity

) CcoO
A ’
5 . 16.57
10 *19.75 8834 ™ 11.66

20 QU

AN ITUNNINGAY
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4.3 An advantage and disadvantage of fiber catalyst
Advantage
1. A problem solving of the condensation of products to block pores catalyst was
deactivated and pressure drop.

2. The fiber catalyst could produce more methane in CO hydrogenation.

Disadvantage
1. Difficult fiber prepaS—g

- technique.
-_—
4.4 Comparison betweex
1. This thesis used enation but other thesis used
porous catalyst to
2. The main pr v TR K Wn®bheric pressure was CHy in
this thesis butj rog & ‘,L psis did not at atmospheric

pressure.

AULINENINYINT
IR TN ININY



CHAPTER V

CONCLUSION AND RECOMMENDATION

5.1 Conclusion
The Co/SiO; fiber catalyst was success with prepared by electrospinning with

impregnation. The diameters of elect n fibers after calcinations were decreased.

The average diameter of fibe s | ' gncedle size, the percentage of PVP

éﬂ The higher the needle size and

PVP content, The smalle : e (- — ®rospun fiber was obtained. The

content, the tip to collector

optimum condition of els /A% Weze at 0.4 mm, PVP content at
70wt%, voltage at 20 'y / | sfance at 15 cm. The average
diameter of the electros £ :':, ; AN W he surface area result (BET)
showed the porous ¢ | fiber was 2.76m*/g. The
surface area morpholc s rough because the cobalt
particles were dispersed g 1S \ . 1sters of cobalt particles were
observed at higher cobalt J# d,-‘,,;_,:'—. : \ micron surface of fibers did not
have the surface area enough_} i at high level. The crystallized phases
as studied by XR % il vfip observed. The element

composition was cig 8 R ks of TPR profile porous

catalyst found reductifif peaks o= 553 CflReduction peaks at 303 and

319°C were occurred ty 0304 reducti (CO3O4—>COO—>CO ).Reduction peak at

553°C were oﬂurﬂ H ’} ﬂlﬂa%a‘% wgﬂ ﬂ‘g}‘aks of TPR profile of

fiber catalyst flind reduction peags at 309 and 359°C were occurred by Co0304

reducta Wgﬂlﬁ(ﬁ—ﬂ m ﬂﬂ bﬂ ﬁlyst was higher
than theq)orous catalyst. An increase of the degree of reductio 1ber catalysts, let

to an increase of cobalt content. The higher cobalt content let to the large particle size
of cobalt cluster because the interaction between cobalt and silica support was weaker
than the low cobalt content. In CO hydrogenation, CO conversion and CHy4 selectivity

of the fiber catalyst was higher than the porous catalyst. In contrast CO, selectivity of
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the fiber catalyst was lower than the porous catalyst. CO hydrogenation produced CH4
and H>O. H,O was precursor of water gas shift reaction. The porous supporter was
more surface area to adsorb water molecules enough to react with CO by water gas
shift step thus CO; selectivity of the porous catalyst was higher than the fiber catalyst.
CO conversion of 10wt% Co/SiO, fiber catalyst was highest. The value of CH4 and

CO; selectivity of 15 and 20wt% O, fiber catalysts were quite similar. This

indicated that the silica suppay ' # - diameter size of 0.448 pm can be
DS result was described the low

surface area of fiber supnc" = spepsi : narticles. 10 wt% Co/SiO, fiber

catalyst was the best cat i s study.

For the future . Sk, (o N N N " ®ameter was produced using
electrospinning proces hed & needle and increasing PVP
content. For comparison g g * ' NoWared by impregnation method

with cobalt acetate with co gt ';,r,’; : : Woation.
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Appendix A
Calculation for preparation of 10wt% Co/SiO; fiber catalyst
10wt% Co/SiO, fiber catalyst was prepared by electrospinning (sol-gel), polymer

dilution technique and impregnation method.

1% step: electrospinning (sol-gel)

Density(g/cm’)
Silica (Si0) 2.20
EtOH 0.789
H,O 1.00
HCI 1.18
TEOS (purity 98%) 0.933

TEOS 1 mol =silica 1
Assume of silica7.5 g

Therefore, weight of TEOS

—
For sol-gel The mol§ 2§ AT D1

L

At TEOS = 0.1248 mol ‘a

Thus TEOS: Eﬂ{ﬂcﬂf}mﬂ ﬂﬁ‘ WE‘] q’ﬂ i

From mol = v8lume x density

Th“eﬁ%TW’"lﬁﬂfﬂ‘ifNﬂmAI NITRY

H,0 = 0.2494 mol =(0.2494 x 18)/1 mL
=14.56 mL
HCI = 1.2x107 mol = (1.2x107 x 36.46)/1.18 mL
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=0.04 mL

From mol = (10 x Density x purity x volume)/(1000 x MW)
Therefore, TEOS = 0.1248 mol = (10 x 0.933 x 0.98 x Volume)/(1000 x 208.33)
Volume =28.53 mL

2" step: polymer dilution
Swt% PVP/EtOH = EtOH 100.¢
Assum of EEOH=5¢g
Therefore, weight of PV

3" step: impregnation
TEOS(purity 98%)
density = 0.933 g/cm’);
The mol ratio of TEOS:E

formula = SiC8H2004 and

From  mol = volume x diitzr==

BB

At 1" step TEOS 0.1248 mol ==
Using TEOS 1 mol

—213 29

AUINININYINT

Calculate volufide of SiO; in TEOS

Atl“&wmaiﬂmumﬁ NYINY

TEOS 208.33 g = Si0, 60.09 g
Therefore, TEOS 213.29g = Si0, (60.09 x 213.29)/208.33 g

=510,61.52 ¢
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Calculate volume of SiO, in silica fiber and volume of cobalt (II) acetate Co
(CH3C0O0),.4H,0 for 10wt% Co/SiO,
Assume of fiber =0.05 g
Fiber 1 mol =TEOS 1 mol
From above TEOS 213.29¢g =Si0,61.52 ¢
Therefore, Fiber 213.29g =Si1 2 g
Fiber 0.05 g ‘

05)/213.29 g

Co (MW = 58.93 g/mol) T 1. (PO m—\/ — 249.09 ¢/mol)

Co 1 mol

N 249.00 ¢

N0 (249.09 x 0.0016)/58.93 g
po 4H,0 0.045 ¢

Therefore,

From above Co 0.0016 ¢

i ———— e -

Calculate volume of§ 2§ Y )
Co (MW =58.93 g/m(jijf and COvEmmmm—m——" M V- 249.09 g/mol)
Pore volume of silica ge]‘: 12 mL/g

Assumesﬂmﬁﬁﬂ'm&miw g1n3

10wt% Co/SiOfM silica gel 90 g + go 10g

TRTAND 5&3&?1'1’3 NYINY

=Co00.556 ¢
Co 1 mol = Co(CH3C0O0),.4H,0O 1 mol
Therefore, Co5893¢g = Co(CH3C00),.4H,0 249.09 g

From above Co00.556 g = Co(CH3C0O0),.4H,O (249.09 x 0.556)/58.93 ¢



72

= Co(CH3C0O0),.4H,0 235¢g

Pore volume of silica gel = 1.12 mL/g
Therefore, silica gel 1 g in volume of solution 1.12 mL
From above Assume silica gel =5 g

Thus, silica gel 5 g in volume of 5

"on (1.12x5)/1 mL

volume of solution

Calculate of the surfac™ -
Silica fiber produced bv.z aeaf 15 cm,voltage of 15 kV and
PVP content = 70wt%.

Average diameter (from 4 | e fore radius = 0.448/2 pm.

=0.224 pm.
Density of Si0, =2.1 ¢
Character of surface arec

Surface area of cylinder =

Volume of cylinder = nir’h (r 2520 AT
Thus, Surface area . A
From mol = volun'®®

Surface area/(volume’ 1en51ty) mr/g

AUIINENT 'a';w e

QW'WM%ENNﬂTmEﬂﬁEJ

Calculate reduction degree (%)

Catalyst: 10wt% Co/SiO; fiber catalyst

Flow rate of H, = 30 mL/min from 5% H, in N,

Therefore, Flow rate of H,=0.05 x 30 = 1.5 mL H, /min
At STP I mol =224 L =22400 mL
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Therefore, 22400 mL = 1 mol H, /min
1.5mL = (1 x 1.5)/ 22400 mol H; /min
= 0.000066964 mol H, /min
Assum area of H, before reduced = 104470 area/min
Mole of H, =0.000111607 mol

Area of H, after reduced

= ;) ’983.85 mol H,
F 2R5 x 0.00011 1607)/ 104470

26 mol H, (was usable to real)

Mole of Co
Mole of CoO
Mole of SiO,
CoO/Co

Co/ Si0,

CoO/ Si0,

10wt% Co/SiO; fib y R )
Thus, CoO +| | |
(CoO/ SIQZH (Si0,/ Si02) o3 0.1/ SlOz

mesore. AURFTNUN INYINT

Si0, =0. 087621

o W‘T SN T 19 "'L?ZI[?JW A

=0.012379/ 74.93 mol
=0.000165 mol H, (was usable to theory)

% reduction = mol H; (real)/ mol H; (theory) x 100
=0.000029896 / 0.000165 x 100
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=18.12 %

Calculatation of CO conversion, CHy4 selectivity and CO; selectivity of Fischer-
Tropsch reaction.
From PV = nRT

P = pressure (atm), V = volume ¢ mole (mol), R = constant and T =

temperature (K)

Assum Condition
Catalyst SSsediber catalyst
Weight of catalyst
Feed flow rate
Temperature
Temperature reaction |
Pressure

R (constant) L /mol K
Volume input (Vi,)
Mole input (nj,) 13 x 298)

Component (nj,) 7 wt%

- ﬂﬂﬂ?ﬂﬂﬂiﬁﬁﬂﬂﬁ“’“ 00002

CO = (32 x0 000613)/100 0.000196
QW'] mmmumwmwm

Volume out put (Vour) = 15 mL/min

Mole out put (noy) =(1x0.015)/(0.0820513 x 298)

=0.000613 mol/min



Area of synthesis gas (before reaction)

No. Area
H, Ar CO CO/Ar

1 9394.8 25250.3 157429.7 6.23
2 157711.8 6.50

erage 6.37

After reaction at 60 mi~
Temperature N
CO, CO/Ar
60°C 251.3 5.83

Therefore, % CO conversio

Area of standard gas

Average

75120.65

183)16.37 x 100 %

132730.05

538540.2

75



From PV = nRT

76

P = pressure (atm), V = volume (L), n = mole (mol), R = constant and T =

temperature (K)

n=PV/RT
Therefore, (nou)
Mole of CO = (159678.6 x 20)/12 305 =24.06 %
= ((24.06/10 2513 x 298) mol

= 0.000 140
Mole of CH; = (947. 70, ¥ =
= (02 L) mo!
= 0.000 4 \ \
Mole of CO, =(251.2

= 740 O '\ ™) mol

5 W0000003)) x 100

9% CHy selectivity = (0O

%CO, selectivity A AL J15)) x 100

| 16. 7

AULINENINYINT
IR TN ININY
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Appendix B

! Y
Figure B-1 Detei, 1n W by SemAfore program

F B

Figure B-2 Gas chromatography.



Temperature of reaction = 260°C

Data from the use of catalyst: 10wt% Co/ SiO; poro

Feed flow rate 15 mL/min, Weight of catalyst =

Table B-1 Determination of CO conversion and gas pro

78

Area std 15 75 90 105 120
H, 3961.3 3944.6 3999.6 3983.6 39114
Ar 26346.7 26976.8 26995.7 26914.8 26855.9
6(0) 132730.1 160313.5 160411.9 160414.9 159711.7 1593914
CH,4 75120.65 226.4 247.9 255.7 242.6 245
CO, 538540.2 162.2 104.5 119.7 106.5 113.5
Min 15 75 90 105 120
CcO 0.0001483 ::-.[ 0.0001476 0.0001484  0.0001483  0.0001482
Mole CH, 0.0000004 — e 0.0000004 0.0000004  0.0000004  0.0000004
CO, 0.0000002 O.F J 0002 0.0000001 0.000000 =+ 0.0000001 0.0000001  0.0000001  0.0000001
% CO conversion 4.44 6.68 6.81 6.79
% Selectivity CH,4 75.39 76.56 75.58
CO, 33.32 Y 35.10 5.71 28.81 22.72 24.61 23.44 24.42

AAINTUNAIINIAE
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Table B-2 Determination of CO conversion and gas proy
Data from the use of catalyst: 10wt% Co/ SiO; por

Temperature of reaction = 280°C

79

Area std 15 75 90 105 120
H, 39324 4001.1 3957 3941.3 3975.2
Ar 26074.7 26549.7 26444.6 26470.4 26368.3
CcO 147422.9 160473.2 160293.2 160257.1 160018.5 159730.9
CH, 82670.8 317.2 538.9 507.1 549.3 562.2
CO, 551982.35 208.4 142.8 126.0 97.1 157.3
Min 15 _ 75 90 105 120
CcoO 0.0001336 =g 7 u:'.l .0001334 0.0001334 0.0001332 0.0001329
Mole CH,4 0.0000005 . U7 0.0000008 0.0000008 0.0000008 0.0000008
CO, 0.0000002 0: ’ 00002 0.0000002 0.0000001 0.0000002 0.0000001 0.0000001 0.0000002
% CO conversion é89 9.55 9.77 9.59
% Selectivity CH, di 44 84.31 88.31 82.68
CO, 16.5&‘ 15.69 11.69 17.32
8

6L



Table B-3 Determination of CO conversion and gas pro
Data from the use of catalyst: 10wt% Co/ SiO; poro
Temperature of reaction = 300°C

Feed flow rate 15 mL/min, Weight of catalyst =

80

Area std 15 75 90 105 120
H, 4317.6 4126.5 4128.7 4109.1 4105.6
Ar 26134 26144.3 26073.9 26057.4 26082.9
co 1322134 1573689 160840.8 160517.3 160499.8 1603713
CH, 74733.35 1361 1360.6 1395.3 1400.6 1406.6
CO, 564777.3 348.5 331.3 330.8 339.8 332.8
Min 15 75 90 105 120

CO 00001460 T _—' ;- #).0001493 00001490  0.0001890  0.0001880

Mole CH, 0.0000022 00 B22m  0.0000022  0.0000023  0.0000023  0.0000023

CO, 00000004 03900004  0.0000004  0.0000004%F 00000004  0.0000004  0.0000004  0.0000004
% CO conversion 14.33 ﬁ 1220 & -~ £.47 12.41 12.37 12.52
% Selectivity CH, 85.51 7 . 9.13 86.44 86.17 86.46
CO, 1420 U 13 i¢14 1388 1380 , 13.56 13.83 13.54

o - g1ae

9
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Table B-4 Determination of CO conversion and gas product, 4N
Data from the use of catalyst: 10wt% Co/ SiO; fiber catag
Temperature of reaction = 260°C

Feed flow rate 15 mL/min, Weight of catalyst = 0.2
Standard gas composition: 20wt% CO, 20wt% CF%

81

Area std 15 90 105 120
H, 4042.7 4029.1 4021.1 3975.7
Ar 27848.3 27377.3 27364.6 27363 27282.2
CcoO 132730.1 160390.9 59678.6 160511.1 160452.5 160319.7

CH,4 75120.65 765.5 995.1 1046.4 947.2 1012.2

CO, 538540.2 288.1 251.3 209.6 197.1 199.6

Min 15 5 90 105 120
(6(0) 0.0001482 . ;, ::-.[ 11473 0.0001483 0.0001486 0.0001483
Mole CH,4 0.0000013 =1 = )U00016 0.0000017 0.0000015 0.0000017
CO, 0.0000003 O.OOOOF . 0.0000003 0.0000002 V000003 0.0000002 0.0000002 0.0000002
% CO conversion 9.55 7.93 7.92 7.99
% Selectivity CH, 79.21 87.74 87.33 85.11
CO, 20.79 Y 18.21 15.97‘. 12.12 14.98 12.26 12.67 14.89

ARA9NT

NANINYIAY
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Table B-5 Determination of CO conversion and gas prod

Data from the use of catalyst: 10wt% Co/ SiO; fiber ces

Temperature of reaction = 280°C

Feed flow rate 15 mL/min, Weight of catalyst = 0.2%¢
Standard gas composition: 20wt% CO, 20wt% CHzs

82

Area std 15 30 90 105 120
H, 3754.7 37739 N\ EE 3710.6 3767.6 3746.7
Ar 27967.5 27779.5 W 70s s 27578.1 27519.9 27509

CcO 147422.9 159644.1 159486.3 N 00033 159307.7 159615.7 159254.5
CH, 82670.8 1710.1 1817.7 2013.9 2068 2085.3 2146.9
CO, 551982.35 310.8 378.5 321.2 315.8 304.4 391.9
Min 15 30 ; : '*3 90 105 120

co 0.0001329 0000132 m o V0332 0.0001326  0.0001328  0.0001325

Mole CH, 0.0000025 0000002 * 00000027 00000031  0.080003  0.0000031  0.0000031  0.0000032

CO, 0.0000003 ' " fﬂqﬁ)ﬁ 0.0000004  0.0000003  0.0000004
% CO conversion 14.80 4 B8l @ 1378 13.43 13.6
% Selectivity CH, 88.02 ?6.51 86.04 ¢ 8811 . 8933 Q974 90.15 87.97
CO, 1 1.@ ' ; 9.85 12.03

8



Table B-6 Determination of CO conversion and gas product select
Data from the use of catalyst: 10wt% Co/ SiO; fiber catalyst ‘
Temperature of reaction = 300°C

Feed flow rate 15 mL/min, Weight of catalyst=0.2 g
Standard gas composition: 20wt% CO, 20wt% CH4 1088

83

Area std 15 30 90 105 120
H, 3819.1 3838.8 _ - 3823.5 3765.5 3804.4
Ar 27933.9 27930.1 / ‘ A 7 \ 28590.4 28532.7 27759.6 27729.3
60) 132213.4 157368.9 161196.7 “i 444 (= Yy 00840.8 160517.3 160499.8 160371.3
CH,4 74733.35 2305.5 2547.1 | ) \ 2630.8 2657 2709.9 2566.1
CO, 5647717.3 480.4 505.3 539.5 515.5 542.4 487.9
Min 15 30 [ A\ ._9 90 105 120
CcO 0.0001478 0.000147 7 ‘v"'f 1472 0.0001467 0.0001466  0.0001475
Mole CH, 0.0000038 0.0000042 U 100043 0.0000044 0.0000044  0.0000042
CO, 0.0000005 0.0000005 - 0.000005 0.0000006 .‘ 000006 0.0000006 0.0000006  0.0000005
% CO conversion 18.88 0 21.18 19.02 18.45
% Selectivity CH4 87.88 ‘ | @Dﬁ 88.62 88.31 88.83
CO, 12.12 11.34 ¢ 12. 02 11.95 11.38 11.69 11.17
q WENTWCUIIW] INYAY
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N . ; 84
Table B-7 Determination of CO conversion and gas product sg

Data from the use of catalyst: Swt% Co/ SiO; fiber cataly

Temperature of reaction = 300°C

Area std 15 : ‘ : 75 90 105 120
H, 3964.5 . I : A, S $922.6 39114 3910.1 3926
Ar 26386.8 26378.1 ‘ / L R W\ 26201.4 26159 26130.2 26139.3
CcO 138828.35 158331.4 158230. i< ) 157458.8 157134.3 157292.2 157406.9
CH,4 78990 1054.9 1219.1 ‘ 1346.9 1369.7 1384.6 1389.3
CO, 538540.2 328.2 345.3 370.5 354.2 333.9 363.6
Min 15 30 A _,’ 5 90 105 120
6(0) 0.0001399 0.000 V. Y ))1392 0.0001389 0.0001390 0.0001391
Mole CH,4 0.0000016 0.00000 ]‘ ' v 0000021 0.0000021 0.0000022 0.0000022
CO, 0.0000004 0.0000004 0.0000004 0.0000004 0.0000004 0.0000004 0.0000004 0.0000004
% CO conversion 10.61 ‘—ﬂ. s .4 10.52 10.33 10.29
% Selectivity CH,4 81.42 ! ﬂg 84.06 84.97 83.90
CO, 18'.5-?. _ 17.20 16.09 & 16.8 3, 16.79 @ .15.94 15.03 16.10
’ ‘
YRIANNIUHRTINIE TS
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Table B-8 Determination of CO conversion and gas product se!
Data from the use of catalyst: 15wt% Co/ SiO; fiber catalx

Temperature of reaction = 300°C

85

Area std 15 90 105 120
H, 3738.8 3832.9 38209 3841.9
Ar 27265.1 27780.9 27759.6 27729.3
CO 131221.85 155160.4 157317 157026.4 157143.7
CHy 74733.35 4081.1 3509.2 3403.1 3299.6
CO, 563951.25 678.1 660 638.2 642.6
Min 15 _ = L 90 105 120
CO 0.0001451 0.0001 v‘ ,"‘dd 0 0.0001471 0.0001468 0.0001469
Mole CH,4 0.0000067 0.000006‘ o .0‘ 061 0.0000058 0.0000056 0.0000054
CO, 0.0000007 0.0000008 0.0000008 0.0000007 0.0000007 0.0000007 0.0000007 0.0000007
% CO conversion 10.82 . ‘—ﬂ. Y, v - _ 11.26 11.36 11.19
% Selectivity CH,4 90.08 _ q 88.92 88.95 88.57
CO, 9.93.'l _ 10.87 11.03 & 10.54 = 1085 u1.(.)8 11.05 11.43
P ‘
YWIRNIUARTINETHE
9
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Table B-9 Determination of CO conversion and gas produg
Data from the use of catalyst: 20wt% Co/ SiO; fiber c: ‘
Temperature of reaction = 300°C

Feed flow rate 15 mL/min, Weight of catalyst = (

86

Area std 15 90 105 120
H, 37583 R721.9 3704.9 3697.1 3683.6
Ar 27663.2 28056.3 28019.7 279343 28029.8
co 1332438 157788 1577456 1575316 1576397 157501
CH, 75849.45 5716.2 60167 6757.4 6918.6 7064 71105
o, 522486.2 943.8 1032.6 1005.5 1037.6 1027.8
Min 5 _ Ly 90 105 120

co 00001453 0.(5% fX)1453  0.0001451 00001452 0.0001450

Mole CH, 0.0000092  0.00(T 0000109 0.0000112  0.0000114  0.0000115

o, 0.0000011 00000012 00000012  0.0000012  0.0000012  0.0000012  0.0000012  0.0000012
% CO conversion 8.70 ﬂ%‘ﬁ_vr—g%%‘%g la) ﬁ% 10.01 9.67 10.06
% Selectivity CH, 89.30 . 9 R J lod.og 90.46 90.37 90.50
o, 0o W 06 1028 10. 998 gy 9.54 9.63 9.50

ﬂﬁmﬂﬁﬂmﬁ

NnegTae
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