
CHAPTER II 
LITERATURE REVIEW

2.1 Basic Principles of Plasma

Plasma is an ionized gas, and is usually considered to be a distinct phase o f 
matter as depicted in Figure 2.1. “Ionized” means that at least one electron has been 
removed from a significant fraction o f the molecules. The free charges make the 
plasma electrically conductive so that it couples strongly to electromagnetic fields. 
This fourth state o f matter was first identified by Sir William Crookes in 1879 and 
dubbed "plasma" by Irving Langmuir in 1928 (http://www.en.wikipedia.org).

Figure 2.1 Phase o f  matter consists o f  solid, liquid, gas, and the forth state 
named “plasm a”.

Gaseous plasma consists o f negatively and positively charged particles 
in an otherwise neutral gas. The positively charged particles are m ostly cations, 
but the negatively charged particles can be either electrons or anions. The 
neutral species may be the mixture o f free radical species with stable neutral

http://www.en.wikipedia.org
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gases. Plasma possesses two important properties (Eliasson and K ogieschatz, 
1991).

1) Q u a si-n eu tra l p r o p e r ty
The total density o f negative charge carriers must be equal to the total 

density o f positive charge carriers due to low degree o f ionization.
2) In terac tion  w ith  e lec tro m a g n e tic  f ie ld s

Plasma can have some interactions upon applying an electromagnetic 
field due to the fact that they consist o f charged particles.

Normally, plasma can occur in all states (Nasser, 1971). Plasma in solid is 
called solid-state plasma while plasma generated in the liquid and gaseous states 
does not have any specific names. Only gaseous plasma is shortly called as “plasma”. 
There are many differences between plasmas and gases. Their differences include 
pressure, distributions o f charged-particle density in the entire plasma volume, and 
temperature.

2.1.1 Generation of Plasma
There are several means o f generating charged particles to produce 

plasmas, e.g. collisions between cosmic rays and gases in atmospheric layers. 
However, in the present study, an externally intense electric field is applied across 
metal electrodes to cause the reduction in its “potential barrier” and thus the energy 
that each electron requires for leaving the metal surface. The most interesting 
phenomenon on the metal surface under an extremely high electric field is that many 
electrons can leak from the surface despite its less kinetic energy to overcome the 
potential barriers. This phenomenon is known as “tunnel effect”. And then, the 
plasma is first generated by the collisions between the electrons emitted from the 
surface o f metal electrodes and the neutral molecules. This process o f  plasma 
generation is normally known as the “field” emission process.

The electrons liberated from the metal surface will immediately be 
accelerated to move corresponding to the direction o f the electric field, and then can 
collide with any neutral gaseous particles in their vicinity to form the ionized gases 
with an additional set o f electrons. Accordingly, these electrons can further move and 
collide with other species. As a result, a large quantity o f electrons, including the
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excited atoms and molecules, ions, and radicals, can be formed in the bulk o f the 
gases within a very short period o f time after the application o f  electric field has been 
started. Many active species can initiate the chemical reactions, leading to the 
production and destruction o f the chemical species (Kruapong, 2000). Table 2.1 
shows some important collision mechanisms.

The combined steps o f the field emission process among these plasma 
species and the collisions between the species and the electrode surfaces are referred 
to as “electric discharges” phenomena.

Table 2.1 C ollision mechanisms in the plasma (Nasser, 1971)

C ollision Reaction
Elastic Collision e' + A -----►  e' + A
Excitation e" + A -----►  e" + A*
Ionization e' + A -----*• 2e‘ + A +
Attachment e" + A -----►  A'
D issociative Attachment e + ร 2 -----►  B + B
Recombination e + ร 2+-----►  ร 2

Detachment e + ร 2 -----*■  2e + ร 2

Ion Recombination A' + B+ -----* AB
Charge Transfer A * +  B -----♦  A + B*
Electronic Decom position e + A B -----►  e + A + B
Atom ic Decom position A* + B2 -----* AB + B

Plasma is divided into two types. The first type is “thermal plasma” or 
“equilibrium plasma”. In this type, the temperature between gas and electron is 
approximately equal, which is close to thermodynamic thermal state 
(Hamdumrongsak, 2002). An essential condition for the formation o f this plasma is 
sufficiently high working pressure. An example o f this plasma is arc discharge.

The second type is “non-thermal plasma” or “non-equilibrium 
plasma”, which is characterized by low gas temperature and high electron 
temperature. Those typical energetic electrons may have energy ranged from 1 to 10
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eV, which corresponds to the temperature o f about 10,000 to 100,000 K (Rosacha e t  

a l ,  1993). This plasma can be classified into several types depending upon their 
generation mechanism, their pressure range, and the electrode geometry (Eliasson e t  

a l ,  1987). Examples o f this plasma are radio frequency discharge, microwave 
discharge, glow discharge, corona discharge, and dielectric-barrier discharge, where 
the latter will be used in this study.

2 .1 .1 .1  T h e r m a l  P l a s m a
Thermal plasma or “hot plasma” is close to thermodynamic 

equilibrium. It has a uniform temperature for all particles and a very high 
temperature in the discharge region. An essential condition for the formation of 
thermal plasma is a sufficiently high working pressure. The large number o f collision 
between particles leads to rapid redistribution o f energy so that equilibrium is 
reached. An example o f this plasma is arc discharge.

Thermal plasma technology offers a wide range o f 
advantages over other waste management solutions due to the very high temperatures 
it generates, changing the state o f wastes to destroy hazardous materials. It is also 
highly flexible and easy to control, with a low environmental impact o f its own. In 
addition, it enables the production o f a valuable vitrified slag that may be used in 
construction and other applications.

With thermal plasma treatment forming the core o f the 
process, the team is also seeking to develop and implement innovative pre- and post­
treatment processes to minimize the extent o f any secondary effluent streams.

2 . 1 .1 . 2  N o n - T h e r m a l  P l a s m a
Non-thermal plasma or “cold plasma”, in contrast, is far from 

thermodynamic equilibrium. Typically, electrons in this plasma have very much 
higher temperature than the heavy ions and neutral species particles. Its uses are 
based chiefly on the reactivity o f ions or radicals generated in the plasma for gas 
phase or surface reaction (Kroschwitz e t  a l . ,  1998). This group includes radio 
frequency, microwave, glow, dielectric-barrier, and corona discharges.

2 .1 .1 . 2 a  G e n e r a t i o n  o f  N o n - t h e r m a l  P l a s m a s
It is customary to divide non-thermal plasmas into 

distinctive groups depending on the mechanism used for their generation, their
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pressure range, or the electrode geometry. The most notable characteristics o f five 
non-thermal discharges are listed as follows (Eliasson and Kogieschatz, 1991), where 
the latter two are explained in detail due to its much more importance for chemical 
synthesis and conversion.

1) Glow discharge
2) Microwave discharge
3) Radio frequency discharge
4) Dielectric barrier discharge
5) Corona discharge

In Figure 2.2, the discharges are grouped according to their 
temporal behavior, pressure range, and appearance.

Non-stationary

Stationary

Homogeneous Inhomogeneous
Electrode Electrode

Low Pressure High Pressure

Figure 2.2 The various types o f discharge classified according to temporal behavior, 
pressure, and geometric electrode (Eliasson and Kogeischatz, 1991).

General Features of Dielectric Barrier Discharge:
Dielectric barrier discharges (DBD) comprise a specific class o f high-voltage, 

AC, and gaseous discharges that typically operate in the near-atmospheric pressure 
range. It has been shown that the corona-to-spark transition at high levels o f voltage 
is prevented in pulsed corona discharges by employing special nanosecond pulse
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po\yer supplies. An alternate approach to avoid formation o f sparks and current 
growth in the channels formed by streamers is to place a dielectric barrier in the 
discharge gap. This is the principle idea o f DBD. Sometimes dielectric barrier 
discharges are also called silent discharges because o f the absence o f sparks that are 
accompanied by local overheating, generation o f local shock waves, and noise.

An important advantage o f the dielectric barrier discharge is the simplicity o f  
its operation. It can be employed in strongly non-equilibrium conditions at 
atmospheric pressure and at reasonably high power levels, without using 
sophisticated pulse power supplies. These discharges are industrially applied as well 
in CO2 lasers, and as a UV-source in excimer lamps. DBD application for pollution 
control and surface treatment is quite promising, but the largest expected DBD  
applications are related to plasma panels for large-area flat television screens.

Important steps in understanding the physical nature o f the DBD were made 
by Bussin (1932) and Klemenc e t a l. (1937). Their work showed that this discharge 
occurs in a number o f individual tiny breakdown channels, which are now referred to 
as microdischarges and are intensively investigated for their relationship with 
streamers.

General Configuration and Parameters of Dielectric Barrier Discharges:
The defining feature o f DBD is the presence o f dielectric layers that make it 

impossible for charges generated in the gas to reach the conducting electrode 
surfaces. With each half-cycle o f  the driving oscillation, the voltage applied across 
the gas exceeds that required for breakdown, and the formation o f narrow discharge 
filaments initiates the conduction o f electrons toward the more positive electrode. As 
charge accumulates on the dielectric layer at the end o f filament, the voltage drop 
across the filament is reduced until it falls below the discharge-sustaining level, 
whereupon the discharge is extinguished. The low charge mobility on the dielectric 
not only contributes to this self-arresting o f filaments but also limits the lateral region, 
over which the gap voltage is diminished, thereby allowing parallel filaments to form 
in close proximity to one another. Thus, the entire gas-filled space between parallel 
electrodes can become, on average, uniformly covered by transient discharge 
filaments, each roughly 0.1 mm in diameter and lasting only about 10 ns.
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The dielectric barrier discharge gap usually includes one or more dielectric 
layers located in the current path between metal electrodes. Two specific DBD 
configurations, planar and cylindrical, are illustrated in Figure 2.3. Typical clearance 
in the discharge gap varies from 0.1 mm to several centimeters. Breakdown voltages 
o f these gaps with dielectric barriers are practically the same as those between metal 
electrodes. If the dielectric barrier discharge gap is a few millimeters, the required AC 
driving voltage with frequency o f 500 Hz to 500 kHz is typically about 10 k v  at 
atmospheric pressure.

Figure 2.3 Common dielectric barrier discharge configurations.

The dielectric barrier can be made from glass, quartz, ceramics, or other 
materials o f low dielectric loss and high breakdown strength. Then, a metal electrode 
coating can be applied to the dielectric barrier. The barrier-electrode combination also 
can be arranged in the opposite manner, e.g. metal electrodes can be coated by a 
dielectric. As an example, steel tubes coated by an enamel layer can be effectively 
used in the dielectric barrier discharge.

The dielectric is the key for the proper functioning o f the discharge. Once 
ionization occurs at a location in the discharge gap, the transported charge 
accumulates on the dielectric. The dielectric serves two functions: (1) it limits the 
amount o f charge transported by a single microdischarge and (2) it distributes the 
microdischarges over the entire electrode area.
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The DBD unique combination o f non-equilibrium and quasi-continuous 
behavior has provided the basis for a broad range o f applications and fundamental 
studies. Its use in industrial ozone reactors has generated interest in optimizing 
conditions for specific chemical reactions. To this end, experimental DBD studies 
have explored different gas mixtures, electrical characteristics, and 
geometries. Related work has focused on maximizing the ultraviolet radiation from 
excimer molecules produced in DBD. Several groups have modeled single-filament 
dynamics in order to account for many two- and three-body reactions involving 
electrons, ions, neutral atoms, and photons. These efforts have been moderately 
successful in explaining and predicting the chemical and radioactive properties o f 
various DBD systems. On another research front, it has been seen that the transverse 
spatial distribution o f discharge filaments in 2D parallel-plate DBD can take the form 
o f stable and large-scale patterns reminiscent o f those associated with magnetic 
domains or Rayleigh-Bénard convection. These patterns have been modeled with 
some success using methods that apply generally to pattern formation in nonlinear 
dynamical systems. Thus, the dynamic interactions between filaments, as well as the 
chemical and electronic interactions within filaments, have proven interesting. The 
schematic for dielectric barrier discharge reactor is shown in Figure 2.4.

Figure 2.4 Schematic for dielectric barrier discharge reactor.
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Corona Discharge: One type o f discharge, which can operate at both 
extremely low and high pressure. This type o f discharge is generally constructed with 
inhomogeneous electrode geometries; e.g. a pointed electrode and a plane electrode 
(or pin and plate), as shown in Figure 2.5. The discharge generated by this kind o f  
electrode is called corona discharge.

Electrode Electrode

Discharge
volume-

Power Supply

Figure 2.5 The corona discharge generated by inhomogeneous electrodes.

Types of Corona Discharge:
Corona discharges exist in several forms, depending on the polarity o f the 

field and the electrode geometrical configurations.
a) P o s i t iv e  C o r o n a

For positive corona in the pin-plate electrode configuration, there is a 
corona inception voltage, which depends on the radius o f the point and the gap 
spacing. Discharges start with burst pulse corona, and when the voltage is increased, 
streamers are produced, leading to the typical corona phenomenon named streamer 
corona followed by glow corona. By increasing the voltage further, breakdown 
occurs, and a spark bridges the gap, as depicted in Figure 2.6. Unlike Hermstein’s 
positive sheath (Herrnstein, 1960) or Hermstein’s glow, the positive streamer corona 
is a discharge confined to a narrow channel, which originates at the electrode. It 
produces an unsteady current (because the streamer is repetitive), is quite noisy, and 
is the direct precursor to a spark.
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Figure 2.6 S ch em a tic  o f  v a rio u s  fo rm s o f  c o ro n a  d isc h a rg e  d e p e n d in g  u p o n  ap p lied  
v o lta g e  at c o n s ta n t e le c tro d e  g eo m e tric a l co n fig u ra tio n  (C h a n g , 1991).

P o s itiv e  c o ro n a  d ep en d s  m o re  o n  p h o to io n iz a tio n  fo r its  p ro p a g a tio n . T h e  
p o s itiv e  s tream er, fo r ex am p le , m a y  ad v an ce  a t as  m u c h  as o n e  p e rc e n t o f  th e  sp e e d  
o f  lig h t. In  e ith e r  case , th e  u ltra v io le t p h o to n  flux  fro m  io n -e le c tro n  re c o m b in a tio n  is 
q u ite  la rge  (C h an g , 1991).

b) N ega tive  Corona
F o r  n e g a tiv e  c o ro n a  in  th e  sam e g eo m e try , o n c e  v o lta g e  is  in c re a se d , th e  

so -c a lle d  T ric h e l p u lse s  a re  g en e ra ted . S h o rt cu rren t p u lse  o r p u ls e le s s  c o ro n a  is 
o b se rv e d  w ith  a  fre q u e n c y  p ro p o rtio n a l to  th e  ap p lied  v o lta g e , an d  a lso  d e p e n d s  on  
th e  rad iu s  o f  th e  p o in t. A s th e  v o ltag e  is in c re a se d  fu rth e r, a  g lo w  d e v e lo p s  b e fo re  
c o m p le te  b re a k d o w n  occu rs .

N e g a tiv e  co ro n a  g en e ra lly  p ro p a g a te s  b y  im p a c t io n iz a tio n  o f  th e  g a s  
m o le c u le s , w h ic h  is in  s lig h tly  d iffe re n t m a n n e r  fro m  p o s it iv e  co ro n a . D u e  to  sp ace - 
c h a rg e  p h e n o m e n a  in  th e  n e ig h b o rh o o d  o f  th e  p o in t, th e  n e g a tiv e  c o ro n a  is  less 
s e n s itiv e  to  th e  ra d iu s  o f  cu rv a tu re  o f  the  p o in t th an  th e  p o s itiv e  co ro n a . I t  is  th e  sm all



13

ra d iu s  o f  cu rv a tu re  o f  th e  p o in t th a t lead s to  th e  h ig h  fie ld s  n e c e ssa ry  fo r io n iz in g  th e  
n e u tra l m o lecu les . T h e  fie ld  d ro p s  rap id ly  a s  o n e  m o v e  aw ay  fro m  th e  p o in t to w ard  
th e  o th e r e lec tro d e . It is v e ry  im p o rtan t th a t  th e  ap p lied  v o lta g e  is n o t to o  h ig h ; 
o th e rw ise  th e  c o ro n a  m ig h t b rid g e  th e  gap , p ro d u c e  a  sp ark , an d  fin a lly  b re a k  d ow n . 
In  th is  sense , th e  c o ro n a  d isch a rg e  c a n  be  c o n s id e re d  a  p a rtia l b reak d o w n .

T h e  c h a ra c te r is tic  o f  c o ro n a  d isc h a rg e  is th a t th e  g e n e ra te d -p la sm a  v o lu m e  
e x c ite d  is n ea rly  sm a lle r  th an  th e  to ta l d isch a rg e  v o lu m e . T h is  te n d s  to  be  n o t su itab le  
fo r la rg e  q u an titie s  o f  ch em ica l sp ec ie s  p ro d u c tio n . T h ere  a re , h o w e v e r, a p p lic a tio n s  
w h e re  o n ly  v e ry  sm all c o n c e n tra tio n s  o f  ex c ite d  o r ch a rg ed  sp e c ie s  a re  n eed ed . T h e  
o u ts ta n d in g  ex a m p le  is  e le c tro s ta tic  p re c ip ita to rs , w h ich  a re  o p e ra te d  a t in d u s tr ia l 
s c a le s  fo r c o lle c tin g  th e  p a rtic u la te  e m iss io n s  in  th e  u tility , s te e l, p a p e r 
m a n u fa c tu r in g , and  c e m e n t and  o re -p ro c ess in g  in d u stries .

2 .1 .1.2b Initia tion  o f  C hem ical Reactions in N on-T herm al P lasm a
F o r in itia tio n  o f  ch em ica l re a c tio n s  in  n o n -th e rm a l p la sm a , 

th e  e n e rg y  is v e ry  o f te n  tra n s fe rred  so le ly  b y  th e  e lec tro n s . F irs tly , th e  a c c e le ra te d  
e le c tro n s  a re  c rea ted  b y  d isch a rg e  m ech an ism . S eco n d ly , su ch  e le c tro n s  c o llid e  w ith  
n e u tra l gas an d  e x c ite  th e m  to  h ig h e r  en erg y  sta te . F in a lly , th e  e x c ite d  g as  m o le c u le s  
c an  e ith e r  d is so c ia te  o r  in itia te  to  th e  n e w  ch em ica l sp ec ies  b e c a u se  o f  th e ir  h ig h  
e n e rg y  lev e l. T h e  sa m e  can  a lso  b e  ap p lied  to  ions. F o r ex am p le , th e  re a c tio n  
sc h e m a tic  is d e m o n s tra te d  b e lo w  (M c Q u a rrie  et a l., 1987).

e ' +  A  — ►  A * +  e"
A * +  B — >  C +  D 

w h e re  A , B  a re  reac tan t.
c, D  are  p ro d u c t.
A * is th e  ex c ited  re a c tan t m a rk e d  b y  an  a s te risk  (*).

N o rm a lly , th is  re a c tio n  A  +  B — +  D  m a y  o n ly  ta k e  p lace  
a t h ig h  te m p e ra tu re s , b u t in  th is  case , th e  p ro d u c t c  an d  D  can  ta k e  p lace  a t a  lo w er 
te m p e ra tu re  in d u ced  b y  n o n -th e rm a l p la sm a .

B es id e s  tra n s fe rr in g  en e rg y  to  g as  m o le c u le s  v ia  fa s t 
e le c tro n s  and  ions, p h o to n  can  a lso  in v o lv e  w ith  in itia tin g  th e  n e w  ch e m ic a l sp e c ie s  i f  
it is  e n e rg e tic  en o u g h . T h e  p h o to n  is  tak en  p lace  b y  e m ittin g  e n e rg y  o f  ex c ited  
m o le c u le s  to  lo w er s ta te . T h e  c h a ra c te ris tic s  o f  e le c tro n  an d  p h o to n  a re  q u ite  d iffe ren t.
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2.2 Applications of Non-Thermal Plasma in Chemical Synthesis

T h e  n o n -th e rm a l p la sm a  h as  b een  w id e ly  u sed  in  m an y  in d u s tr ia l 
a p p lic a tio n s . T h e  firs t u se  o f  ch e m ic a l sy n th es is  v ia  s ilen t d isc h a rg e  is  o zo n e  
g en e ra tio n  b y  S iem en  (H o rv a th , 1980). U n d e r  se le c tiv e  e x p e rim e n ta l c o n d itio n s , 
o rg an ic  p la sm a  c h e m is try  can  b e  a  v a lu ab le  sy n th e tic  m e th o d . M ain  a rea s  o f  
a p p lic a tio n s  a re  the  g e n e ra tio n  o f  re a c tiv e  sp ec ie s , iso m e riz a tio n s , e lim in a tio n s , 
c y c liz a tio n s , c o n d e n sa tio n s , and  m u ltis te p  reac tio n s  (S u h r, 1983).

F o r  th e  in d u s tr ia l p ro d u c tio n  o f  ep o x id es , e th y len e  o x id e , w h ic h  is  the  
m o s t im p o rta n t ep o x id e  in  in d u stria l p ro cesse s , is m a d e  by  c o n v e n tio n a l m e th o d s  
u s in g  ca ta ly s ts . T h ere  a re  a lso  so m e  s tu d ies  o n  p la sm a  o rg an ic  sy n th ese s , su c h  as 
o x id a tio n s  o f  a ro m a tic , liq u id  h y d ro ca rb o n s , and  o le fin s  u s in g  o x y g e n  p la sm a  
(P a tin o  et a l ,  1995; S u h r et a l ,  1984; S u h r et al., 1988; T ezu k a  a n d  Y a jim a , 1995). 
F u rth e rm o re , th e  se le c tiv ity  o f  p ro d u c t fo rm a tio n  is fa r su p e rio r  to  p la sm a  o x id a tio n s  
in  th e  gas p h a se , m a k in g  th e se  te c h n iq u e s  a ttra c tiv e  fo r  p re p a ra tiv e  c h e m is try  (S u h r 
e t a l ,  1984).

T h e  p re v io u s  s tu d ie s  o n  p la sm a  o x id a tio n  a t low  p re s su re  su g g e s te d  th a t 
th e  m o s t im p o rta n t sp e c ie s  in  th e  p la sm a  p a rtia l o x id a tio n  w as 0 ( 3P ) (P a tin o  et a l ,  
1996; P a tin o  et a l ,  1995; S u h r et a l ,  1988; S u h r, 1983; P a tin o  et a l ,  1999; a n d  S u g a  
an d  S ek ig u ch i, 2 0 0 5 ). T h e  fo llo w in g  re a c tio n  w as p ro p o se d  fo r th e  e p o x id a tio n  o f  
the  ca rb o n  d o u b le  bond :

=  c ^  +  0 ( 3P ) ------------- ►  <

In  ad d itio n , J e o n g  et a l  (2 0 0 0 ) re p o rte d  th a t  th e  c o n c e n tra tio n  o f  0 ( 3P ) 
d e c re a sed  s ig n ific a n tly  w ith  in c rea s in g  th e  d is tan ce  b e tw e e n  th e  t ip  and  th e  tu b e  in  
d isc h a rg e  re a c to r , w h ic h  is  in  g o o d  acco rd an ce  w ith  S u g a  an d  S e k ig u c h i’s 
ex p e rim en ts .

In  re c e n t w o rk , th e re  h av e  b e e n  th e  e x te n s iv e  a ttem p ts  to  o x id ize  c a rb o n  
d o u b le  b o n d  in to  e p o x id e  b y  ex p o s in g  a  liq u id  1 -d e c e n e  to  a tm o sp h e ric  p re ssu re  
g lo w  p la sm a  (A P G P ), w h e re  o x y g e n  d ilu te d  w ith  a rg o n  w as u se d  a s  a  p la s m a  gas. 
T h e  re su lts  sh o w e d  th a t th e  y ie ld s  o f  all p ro d u c ts  (1 ,2 -e p o x y d e c a n e , 1-d e c a n a l, 1-
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n o n a n a l, an d  2 -d e c a n o n e )  in c rea sed  lin e a r ly  w ith  in c re a s in g  re a c tio n  tim e  and  
sh o rte n in g  d is ta n c e  b e tw e e n  th e  tip  o f  th e  tu b e  an d  th e  liq u id  su rface , an d  th e  
e p o x id e  co u ld  b e  o b ta in e d  w ith  th e  h ig h e s t y ie ld  (S u g a  an d  S ek ig u ch i, 2 0 0 5 ).

2.3 Catalytic Plasma Processing

T h e  p la sm a  p ro p e rtie s  can  be in flu e n c e d  b y  c a ta ly s ts  in  p la sm a  zone . T h e  
c a ta ly s ts  can  a lso  ch an g e  th e  re a c tio n  p ro d u c ts  d u e  to  th e  c o n d u c tiv e  su rface s , w h ic h  
le a d  to  su rfa c e  reac tio n . W h ile  th e  c a ta ly s t p ro p e rtie s  c an  a lso  b e  in flu e n c e d  b y  
p la sm a  b e c a u se  it p ro v id e s  th e  h e a tin g  o f  c a ta ly s ts , re su ltin g  in  d e so rb in g  o f  su rface  
sp e c ie s  (K rau s , 2 0 0 1 ). T h e  sy n e rg ism  b e tw e e n  c a ta ly s ts  an d  p la sm a  is  a ch ie v e d  i f  
th is  co m b in a tio n  can  im p ro v e  re a c tan t co n v e rs io n  o r  h ig h e r  se le c tiv ity  to  th e  d esired  
p ro d u c ts  as  c o m p a re d  to  th e  so le  p la sm a  o r c a ta ly s t te ch n iq u e .

T h e  c o m b in a tio n  o f  c a ta ly s is  an d  n o n -th e rm a l p la sm a  te n d s  to  o ffe r  a  
n u m b e r  o f  a d v a n ta g e s  o v e r  th e  co n v e n tio n a l c a ta ly tic  p ro cesse s . O n e  o f  th e m  is lo w  
o p e ra tio n a l te m p e ra tu re  c lo se  to  ro o m  te m p e ra tu re  a t n e a r  o r  s lig h tly  h ig h e r  th a n  
a tm o sp h e ric  p re ssu re  as  d e sc rib e d  ab o v e . T h is  im p lie s  c o m p a ra tiv e ly  lo w e r en e rg y  
c o n su m p tio n  u se d  fo r a c tiv a tin g  ca ta ly s ts . M o re o v e r, th e  ca ta ly tic  p ro b le m s  a t h ig h  
te m p e ra tu re  o p e ra tio n , i.e . c a ta ly s t d e a c tiv a tio n , c a ta ly s t re g e n e ra tio n , an d  c a ta ly s t 
re p la c e m en t, co u ld  be  e lim in a te d . H o w ev e r, th e y  o ften  p ro v id e  le ss  s e le c tiv ity  fo r  a  
d e s ire d  p ro d u c t th a n  th e  c a ta ly s is  te c h n iq u e  (P ie tru sz k a  et al., 2 0 0 4 ).

T h e  g a s  te m p e ra tu re  is th e  m o st im p o rta n t fa c to r  in d ic a tin g  th e  o c c u rre n ce  
o f  th e  ca ta ly tic  reac tio n . M o re o v e r , a t lo w  te m p e ra tu re  w h e re  th e  c a ta ly s ts  w e re  n o t 
a c tiv e , th e  p la sm a  in f lu e n c e  w as o b se rv ed . A t th e  h ig h e r  te m p e ra tu re , th e  ca ta ly s ts  
b e c a m e  ac tiv e . T h u s, th e  ca ta ly tic  p la sm a  e ffe c t w as  s till  o b se rv e d  (L iu  et a l., 1997; 
an d  P ie tru sz k a  et al., 2 0 0 4 ). A s re p o rte d  b y  H e in tz e  et al. (2 0 0 4 ), th e y  in v e s tig a te d  
th e  c o m b in e d  D B D  an d  N i/a -A f tO i  in  th e  p a rtia l o x id a tio n  o f  m e th an e . T h e  re su lts  
w e re  re p o rte d  th a t  at lo w e r  te m p e ra tu re s , th is  c o m b in e d  c a ta ly s t-p la sm a  h ad  no  
in f lu e n c e  o n  th e  c o n v e rs io n  and  p ro d u c t se le c tiv ity . A t th e se  te m p e ra tu re s , th e  
p la s m a  sh o w ed  th e  d o m in a n t ro le . A t th e  h ig h e r  te m p e ra tu re s , h o w e v e r , th e  c a ta ly s t 
p ro m o te d  th e  o x id a tio n  o f  C O  to  C O 2 .
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M a lik  an d  M alik  (1 9 9 9 )  in v e s tig a te d  c o m b in e d  sy s te m  o f  c o ld  p la sm a  and  
a  c a ta ly s t fo r  v o c  d e c o m p o s itio n . T h ey  fo u n d  th a t th e  a d d itio n  o f  a  su ita b le  ca ta ly s t, 
p a r tic u la r ly  su p p o rte d  n o b le  m e ta l ca ta ly s ts , su ch  as p la tin u m , p a lla d iu m , rh o d iu m  
an d  ru th e n iu m , co u ld  ac tiv a te  C H 4 a t re la tiv e ly  lo w  te m p e ra tu re s  w ith  fa s te r  ra te s  
an d  co u ld  fu r th e r  im p ro v e  th e  e ff ic ien cy , as  w ell as  th e  se le c tiv ity  fo r  th e  d esired  
p ro d u c ts . N o b le  m e ta l e le c tro d e s  sh o w ed  th e  b e st re su lts  fo r  th e  c o n v e rs io n  o f  C H 4 

to  C 2 h y d ro c a rb o n s  in  a  p u lsed  co ro n a  d isc h a rg e  w ith  th e  fo llo w in g  o rd e r: p la tin u m  
>  p a lla d iu m  >  co p p er.

S u ttiru a n g w o n g  (1 9 9 9 ) s tu d ied  th e  co n v e rs io n  o f  m e th a n e  fo r  p artia l 
o x id a tio n  o f  m e th a n e  (P O M ) in a  p a c k e d -b e d  re a c to r u n d e r A C  c o ro n a  d isc h a rg e  
w ith o u t and  w ith  C u /Z n O  ca ta ly s t. F o r re a c tio n  w ith o u t c a ta ly s t, it w as  fo u n d  th a t th e  
n o n -c a ta ly tic  sy s te m  g av e  m u c h  h ig h e r  CFI4 co n v e rs io n  th a n  th e  c a ta ly tic  sy s tem , 
an d  p ro d u c ts  m a in ly  c o n s is te d  o f  c 2 h y d ro ca rb o n s . M e th a n e  co n v e rs io n  a n d  p ro d u c t 
se le c tiv ity  in c re a se d  w ith  d e c re a s in g  to ta l f lo w  ra te  an d  in c re a s in g  a p p lie d  v o ltag e . 
F o r  re a c tio n  w ith  ca ta ly s t, it gav e  th e  fe a s ib ility  o f  m e th a n e  c o n v e rs io n  at 
a tm o sp h e ric  c o n d itio n s , b u t th e  am o u n t o f  m e th a n o l p ro d u c e d  w a s  s till low . 
S y n th e s is  g as  w a s  a lso  fo u n d  in  th e  p ro d u c t s tream .

V iriy a s ir ip o n g k u l (2 0 0 0 ) in v e s tig a te d  th e  o x id a tiv e  c o u p lin g  o f  m e th a n e  to  
p ro d u c e  h ig h e r  h y d ro c a rb o n s  by  u s in g  A C  e le c tr ic  d isc h a rg e  w ith o u t an d  w ith  zeo lite  
c a ta ly s t at a m b ie n t co n d itio n . F o r  sy s tem  w ith  ca ta ly s t, th e  p re se n c e  o f  P t/K L  zeo lite  
e n h a n c e d  th e  o x y g e n  co n v e rs io n  and  th e  se le c tiv ity  fo r  e th y len e . M o reo v e r, 
h y d ro g e n  an d  c a rb o n  m o n o x id e  w e re  th e  m a in  p ro d u c ts . F o r  sy s tem  w ith o u t c a ta ly s t, 
it w as  fo u n d  th a t m e th an e , o x y g en , and  e th a n e  c o n v e rs io n s , as w e ll as y ie ld s  o f  C 2 

h y d ro c a rb o n s  (e th y le n e  an d  ac e ty le n e ), in c re a se d  w ith  in c re a s in g  ap p lie d  v o lta g e  an d  
d e c re a s in g  e ith e r  fre q u e n c y  o r  to ta l f lo w  ra te .

S ak trak o o l (2 0 0 3 ) d e v e lo p e d  a  c o m b in e d  p la sm a  an d  p h o to c a ta ly tic  sy s tem  
fo r o x id a tio n  o f  e th y le n e  as a  m o d e l o f  v o c  rem o v a l. H ig h e r  a p p lie d  v o lta g e  and  
s ta g e  n u m b e r  o f  p la sm a  re a c to rs  en h a n c e d  C 2 H 4 c o n v e rs io n  an d  C 0 2 se lec tiv ity , 
w h ic h  w ere  in  c o n tra s t w ith  th e  e ffe c ts  o f  h ig h e r  in p u t fre q u e n c y  an d  feed  f lo w  ra te . 
T h e  c o m m erc ia l T i 0 2 (D e g u ssa  P 2 5 ), T i 0 2, an d  l% P t /T i0 2  p re p a re d  b y  so l-g e l 
m e th o d  w ere  u se d  as  p h o to c a ta ly s ts . T h e  p re se n c e  o f  a ll s tu d ied  p h o to c a ta ly s ts  
in c re a se d  th e  C 2H 4 an d  O 2 co n v e rs io n s , as  w e ll as  C O 2 se le c tiv ity , in  th e  fo llo w in g
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o rd e r: l% P t/T i0 2  >  T iC >2 >  D e g u ssa  P 25 . T h e  sy n e rg is tic  e f fe c t  o f  p h o to c a ta ly s ts  
p re se n te d  in  the  p la sm a  reac to r w a s  re su lte d  fro m  th e  a c tiv a tio n  o f  TiC >2 b y  th e  u v  
lig h t g en e ra ted  fro m  th e  p lasm a.

T a n su w an  (2 0 0 7 ) s tu d ied  th e  e p o x id a tio n  o f  e th y len e  in  a  lo w -te m p e ra tu re  
c o ro n a  d isch a rg e  sy s te m  in  th e  p re se n c e  o f  d iffe re n t c a ta ly s ts , in c lu d in g  A g /lo w - 
s u r fa c e -a re a (L S A )a -A l2 0 3 , A g /h ig h -su rfa c e -a re a (H S A )y -A l2 0 3 , A u -A g /(H S A )y - 
A I2 O 3 , an d  Au/TiC>2 . T h e  re su lts  sh o w ed  th a t A g /(L S A )a -A l2 0 3  o ffe red  th e  h ig h e s t 
s e le c tiv ity  fo r e th y le n e  o x id e , as w e ll as th e  lo w e s t se le c tiv itie s  fo r  c a rb o n  m o n o x id e  
a n d  c a rb o n  d io x id e . T h e  se le c tiv ity  fo r e th y le n e  o x id e  in c re a se d  w ith  in c re a s in g  
a p p lie d  v o ltag e , b u t re m a in e d  u n c h a n g e d  w h e n  fre q u e n c y  w a s  v a r ie d  w ith in  3 00  to  
5 0 0  H z , an d  e v e n tu a lly  d e c re a sed  w ith  th e  fre q u e n c y  o v e r  500  H z. T h e  o p tim u m  A g  
lo a d in g  on  (L S A )a -A l 2 0 3  w as fo u n d  to  b e  12.5 w t.%  w ith  e th y le n e  o x id e  se le c tiv ity  
o f  1 2 .9 8 %  at in p u t v o lta g e  and  fre q u e n c y  o f  15 kV  an d  500  H z, re sp e c tiv e ly .

S u w a n n a b a rt (2 0 0 8 ) s tu d ie d  th e  e p o x id a tio n  o f  e th y le n e  in  a  d ie lec tr ic  
b a rr ie r  d isc h a rg e  (D B D ) sy stem  to  find  th e  o p tim u m  o p e ra tin g  c o n d itio n s . T h e  
re su lts  sh o w ed  th e  h ig h e s t e th y le n e  o x id e  y ie ld  o f  5 .6 2 %  w as o b ta in e d  w h e n  an  in p u t 
fre q u e n c y  o f  500  H z  a n d  an  a p p lie d  v o ltag e  o f  19 kV  w ere  u se d , w ith  a n  O2/C2H4 

m o la r  ra tio  o f  1/1, a  fe e d  f lo w  ra te  o f  50 c m 3/m in , an d  an  e le c tro d e  g ap  d is ta n c e  o f  
10 m m . W h en  c o m p a rin g  w ith  th e  co ro n a  d isc h a rg e  sy stem  w ith  0 .2  w t.%  A u - 12.5 
w t.% A g /( lo w -su rfa c e -a re a )a -A l2 0 3  c a ta ly s t e x h ib itin g  c o m p a ra tiv e  g o o d  e p o x id a tio n  
p e rfo rm a n c e , th e  D B D  sy stem  s till  p ro v id e d  th e  b e tte r  p e rfo rm a n c e  in  te rm s  o f  C2H4 

c o n v e rs io n , C2H4O y ie ld , an d  p o w e r  c o n su m p tio n  p e r  C2H4O m o le c u le  p ro d u c e d .

2.4 Catalysts Used in Epoxidation of Ethylene

E th y len e  c a n  b e  ca ta ly tic a lly  c o n v e rte d  in to  e th y le n e  o x id e  w ith  h ig h  
se le c tiv ity  o v e r su p p o rte d  s ilv e r c a ta ly s ts . T h e  firs t c o m m e rc ia l e th y le n e  o x id e  
p ro d u c tio n  can  b e  tra c e d  to  L e f o r f  ร p ro cess  in  1937 (S a tte rf ie ld , 1991). T y p ic a lly , a  
u n iq u e  su p p o rt fo r s ilv e r  c a ta ly s ts  is a lp h a -a lu m in a  (0C-AI2O3). L o w -su rfa c e -a re a  
(L S A ) OC-AI2O3, p o sse ss in g  th e  su rface  a re a  le ss  th a n  1 m 2 /g , w as  c o m m e rc ia lly  
w id e ly  u se d  as s ilv e r  c a ta ly s t su p p o rt. U n fo rtu n a te ly , th is  su p p o r t sh o w ed  p o o r  s ilv e r
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d isp e rs io n , w h ic h  p ro v id e d  re la tiv e ly  low  y ie ld  o f  e th y le n e  o x id e  (M a ta r  et a l ,  
1989). In te re s tin g ly , th e  a d d itio n  o f  few  p p m s o f  ch lo rid e  to  g a se o u s  re a c ta n t as 
m o d e ra to r  in  th e  fo rm  o f  c h lo r in e -c o n ta in in g  h y d ro c a rb o n  sp ec ie s , su ch  as 
d ic h lo ro e th a n e  (C 2H 4C I2) and  v in y l ch lo rid e  (C 2 H 3CI), h a s  b een  re p o rte d  to  
s ig n if ic a n tly  in c rea se  th e  se le c tiv ity  fo r e th y len e  o x id e  by  1 5 -20% , b u t at th e  sam e 
tim e , d e c rea se  th e  ra te s  o f  e th y le n e  o x id e  and  ca rb o n  d io x id e  fo rm a tio n  (L a w  et a i ,  
1942; C am p b e ll et at., 1984; T an  et a l ,  1986; an d  Y eu n g  et a l ,  1998). T h e  
m e c h a n ism  o f  ch lo rid e  m o d e ra to r  is  still in  q u e s tio n  th a t it h a s  b e e n  a ttr ib u te d  to  
g eo m e tric  (C am p b e ll et a l., 1984; C am p b e ll et al., 1985; and  C a m p b e ll et a l., 1986), 
e le c tro n ic  (T an  et al., 1986; an d  L a m b e rt et al., 2 0 0 3 ), o r  b o th  e ffec ts . M o re o v e r, 
so m e  p re v io u s  re se a rc h  fo u n d  th a t th e  a lk a li and  tra n s itio n  m e ta ls , such  a s  C s and  
C u , a lso  p ro v id e d  th e  im p ro v e m e n t o f  se lec tiv ity  fo r  e th y le n e  o x id e  (Iw ak u ra , 1985; 
and  B h a s in , 1988). R e c e n tly , it w a s  c o n firm e d  th a t c o p p e r-s ilv e r  b im e ta llic  c a ta ly s ts  
co u ld  o ffe r  se lec tiv ity  im p ro v e m e n t co m p ared  w ith  bare  s ilv e r  c a ta ly s ts  in  th e  
e th y le n e  e p o x id a tio n  (Ja n k o w ia k  a n d  B a rteau , 2 0 0 5 ).

T h e  ro le  o f  c e s iu m  w as p ro p o se d  th a t th e  p re se n c e  o f  c e s iu m  co u ld  
red u c e  th e  ac id ic  s ite s  o n  th e  su p p o rt, re su ltin g  in  su p p re ss in g  th e  iso m e riz a tio n  o f  
e th y le n e  o x id e  to  a c e ta ld eh y d e  (M ao  and  V an n ice , 1995; an d  E p lin g  et al., 1997). A t 
th e  sam e  tim e , c e s iu m  co u ld  h o w e v e r  p ro m o te  th e  d ire c t co m b u s tio n . T h e  
m e c h a n ism  w as th a t c e s iu m  co u ld  p ro v id e  th e  a d d itio n a l e le c tro n  to  s ilv e r  la ttice , 
tra n s fe rr in g  to  ad so rb e d  o x y g en . F in a lly , th e  ad so rb e d  o x y g e n  p o sse s se d  e x cess  
h ig h ly  e le c tro n  d en sity , b e n e fitin g  th e  to ta l o x id a tio n  o f  e th y len e . M o re o v e r , c e s iu m  
a d d itio n  co u ld  d e c re a se  th e  c o n c e n tra tio n  o f  n u c le o p h ilic  o x y g en , w h ic h  is 
re sp o n s ib le  fo r  c a rb o n  d io x id e  fo rm a tio n  (G o n c h a ro v a  et al., 1995). T h e re fo re , in  th e  
p re se n c e  o f  c e s iu m  ad d ed , th e  se le c tiv ity  fo r e th y le n e  o x id e  is  e n h a n c e d  b y  th e  
su p p re ss io n  o f  th e  ra te  o f  e th y le n e  o x id e  o x id a tio n , re su ltin g  in  th e  d e c re a se  in  th e  
ra te  o f  d ire c t c o m b u s tio n . It, h o w e v e r, h as  b een  in v e s tig a te d  fo r  ad d in g  c e s iu m  in 
h ig h -su rfa c e -a re a (H S A ) (X-AI2O 3 th a t se lec tiv ity  fo r  e th y le n e  o x id e  w a s  n o t 
e n h a n c e d , b u t th e  tu rn o v e r  f re q u e n c y  o f  e th y le n e  o x id a tio n , as  w e ll as th e  ra te s  o f  
e th y le n e  o x id e  an d  a c e ta ld eh y d e  o x id a tio n , w ere  in c re a se d  (M ao  an d  V an n ice , 
1995).
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In  a  p re v io u s  w o rk  (R o jlu e c h a i et a l ,  2 0 0 6 ), th e  n o m in a l lw t.%  A u /T i0 2  

c a ta ly s t p ro v id e d  th e  h ig h e s t se lec tiv ity  fo r  e th y len e  o x id e  w ith  re la tiv e ly  lo w  
e th y len e  c o n v e rs io n . M o re o v e r , th e  c a ta ly tic  a c tiv ity  o f  A u  c a ta ly s ts  w as  fo u n d  
d ep en d in g  u p o n  th e  s ize  o f  A u  p a rtic le s  an d  a lso  c a ta ly s t p re p a ra tio n  m e th o d s. 
H o w e v e r, e th y le n e  c o n v e rs io n  o b ta in ed  fro m  th e  fo llo w in g  c a ta ly s ts , A g /(H S A )y - 
A I2 O 3 , A u /T iC h , an d  b im e ta llic  A u -A g /(H S A )y -A l2 0 3 , co u ld  n o t b e  d e te c te d  at an y  
te m p e ra tu re  b e lo w  493  K . E v en  th o u g h  th e  reac tio n  te m p e ra tu re  w a s  ra ise d  u p  to  543 
K , e th y len e  co n v e rs io n  w a s  still lo w  at 1 -4% . C o n seq u en tly , th is  lim ita tio n  re su lts  in  
h ig h  en e rg y  c o n su m p tio n  fo r c a ta ly s t a c tiv a tio n  a t h ig h  te m p e ra tu re , w h ic h  is a 
d isa d v a n ta g e  fo r in d u s tr ia l ap p lica tio n . T h e  n o n -tra d itio n a l c a ta ly s is  te c h n iq u e  is, 
th e re fo re , ex p e c te d  to  o v e rc o m e  th is  c o n s tra in t. O n e  o f  p o te n tia l te c h n iq u e s  is  to  
c o m b in e  th e  se lec tiv e  tra d itio n a l c a ta ly s is  a n d  n o n -th e rm a l p la sm a .

W ith  th e  ro le s  o f  g o ld  in  e th y len e  e p o x id a tio n , th e re  a re  re la tiv e ly  
co n fu se d  p o in ts  o f  v ie w  fo r e x is tin g  lite ra tu re s  as fo llo w s . T h e  e ffe c ts  o f  a llo y in g  
s ilv e r  w ith  g o ld  o n  th e  o x y g e n  a d so rp tio n  p ro p e rtie s  o f  A g  o v e r  a  se t o f  15 w t.%  
b im e ta llic  A g -A u /a -A l2 0 3  w ere  s tu d ied  (K o n d a rie s  an d  V e ry k io s , 1996). T h e  re su lts  
sh o w e d  th a t th e  p re se n c e  o f  A u  in flu en ced  th e  p o p u la tio n  an d  th e  a c tiv a tio n  en e rg y  
o f  a d so rb ed  o x y g e n  sp ec ie s . E sp ec ia lly , w h e n  A u  c o n te n t in c re a se d , th e  m o le c u la r  
o x y g e n  w as m o re  fa v o ra b le  in  a d so rp tio n  o n  A g  th a n  a to m ic  o x y g en , w h ich  
in d ic a te d  b y  its  lo w er a c tiv a tio n  en e rg y  o f  ad so rp tio n . B ased  on  m o le c u la r  o x y g e n  
th e o ry , th is  ad so rb e d  sp e c ie  ex h ib ited  th e  v ita l ro le  fo r  e th y le n e  o x id e  fo rm a tio n , 
w h e re a s  a to m ic  o x y g e n  w a s  c o n s id e re d  to  be  an  u n se le c tiv e  o x id a n t fo r  p a rtia l 
o x id a tio n  (K ilty  et al., 1973). W h ile  o th e r  re se a rch  g ro u p  re p o rte d  in  th e  d iffe re n t 
w a y  th a t  th e  se le c tiv ity  fo r  e th y le n e  o x id e  w as o b se rv e d  a t c o n s ta n t v a lu e  u p  to  
a p p ro x im a te ly  10 w t.%  A u  co n te n t o n  th e  su rface  a n d  d e c re a se d  c o n tin u o u s ly  at 
h ig h e r  A u  c o n te n ts  (T o rie s  and  V e rik io s , 1987). O n  th e  o th e r h a n d , G e e n e n  et al. 
(1 9 8 2 )  re p o rte d  th a t a t th e  h ig h  A u  lo a d in g , th e  se le c tiv ity  fo r  e th y len e  o x id e  
d e c re a sed  a n d  ra p id ly  d ro p p e d  to  zero , w h ic h  w as m o re  ra p id ly  d ro p p e d  th a n  T o rie s  
a n d  V e r ik io s ’ e x p e rim e n ts . T h e  d isc re p a n c ie s  m ig h t o r ig in a te  fro m  th e  v a rio u s  
a llo y in g  c a ta ly s t p re p a ra tio n  te ch n iq u es  (T o rie s  an d  V e rik io s , 1987). In  a  p re v io u s  
s tu d y  (R o jlu ech a i et a l ,  2 0 0 6 ), th e  e ffe c t o f  a llo y in g  A g  w ith  A u  su p p o rte d  on
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(H S A ) Y -A I2O 3 o n  th e  ac tiv ity  w a s  in v e s tig a te d . It h a d  b e e n  fo u n d  th a t a d d itio n  o f  
sm a ll am o u n t o f  A u  can  c rea te  th e  A u -A g  b im e ta llic  c a ta ly s t, w h ic h  e n h a n c e d  th e  
e th y le n e  ep o x id a tio n , w h e rea s  a t h ig h e r  A u  lo ad in g , th e  A u -A g  a llo y  can  ta k e  p lace , 
le ad in g  to  c o m p le te  co m b u stio n . F o r th is  s tu d y , th e  o p tim u m  A g  to  A u  ra tio  w as 
13.18 to  0 .63 w t.%  a t te m p e ra tu re  ra n g e  o f  5 1 0 -5 2 0  K . T h e  e th y le n e  c o n v e rs io n  an d  
se lec tiv ity  fo r  e th y le n e  o x id e  w e re  en h a n c e d  a ttr ib u tin g  to  th e  e x is te n c e  o f  th e  
b im e ta llic  A u -A g , w h ic h  in c re a se d  th e  n ew  fa v o ra b le  m o le c u la r  o x y g e n  s ite s .

A s  m e n tio n e d  ab o u t th e  p o o rly  d isp e rse d  s ilv e r  o n  (L S A ) CC-AI2 O 3 , th a t is 
w h y  m a n y  re se a rch e rs  a tte m p t to  d e te rm in e  o th e r  a lte rn a tiv e  su p p o rts  to  p ro v id e  th e  
b e tte r  d isp e rse d  s ilv e r an d  to  e n h an ce  th e  a c tiv ity  o f  th e  e th y le n e  e p o x id a tio n . 
S ey ed m o n ir  et al., (1 9 8 9 ) s tu d ied  th e  a c tiv ity  an d  se le c tiv ity  fo r  e th y le n e  o x id e  o v e r 
w e ll-d isp e rse d  Ag/SiC>2 , A g /r |-A l2 0 3 , an d  A g /T iC >2 in  th e  p re se n c e  an d  a b se n c e  o f  
C 2 H 4C I2 (E D C ) co m p ared  w ith  th o se  o f  p o o rly  d isp e rse d  A g /a -A F C E - In  th e  
p re se n c e  o f  0 .5  p p m  E D C , th e  w e ll-d isp e rse d  c a ta ly s t e x h ib ite d  th e  se le c tiv ity  fo r 
e th y le n e  o x id e  le ss  th a n  th e  p o o rly  d isp e rse d  ca ta ly s t, e x c e p t A g /S i0 2 , d u e  to  th e  
p re se n c e  o f  se c o n d a ry  o x id a tio n  re a c tio n  o c c u rr in g  o n  th e se  re a c tiv e  su p p o rts . In  
co n tra s t, th e  e th y len e  o x id e  se le c tiv itie s  o f  17 an d  5 5 %  w e re  o b ta in e d  o v e r  4 .4  and
7 .6  n m  A g c ry s ta llite s  o n  S i 0 2, re sp e c tiv e ly , c o m p a re d  w ith  2 3 %  o v e r  1 p m  A g  
c ry s ta llite s  on  (X-AI2 O 3 in  th e  ab se n c e  o f  E D C  an d  C O 2 a t 523 K.

D u e  to  w e ll-d isp e rse d  s ilv e r  o v e r (H S A ) (X-AI2O 3 su p p o rt (a p p ro x im a te ly  
7 8 -1 0 4  m 2 /g ), it h a s  a lso  b een  u se d  as  su p p o rt fo r e th y le n e  e p o x id a tio n , b u t it w as  
p o o r  su p p o rt fo r  th is  re a c tio n , a n d  o n ly  c o m p le te  o x id a tio n  w a s  o b ta in e d . T h e  
ab se n c e  o f  e th y le n e  o x id e  w as in d u c e d  b y  th is  su p p o rt c o n ta in in g  a  c e r ta in  a m o u n t o f  
a c id ity , le ad in g  to  se co n d a ry  o x id a tio n  o f  e th y le n e  o x id e , o x id a tio n  o f  e th y le n e , an d  
iso m e riz a tio n  o f  e th y le n e  o x id e  to  a c e ta ld eh y d e  (M ao  an d  V a n n ic e , 1995).

TiC>2 a lso  h as  so m e sp ec ia l p ro p e rtie s , w h ic h  a re  b e lie v e d  to  e n h a n c e  th e  
c a ta ly tic  a c tiv ity  o f  e th y le n e  o x id a tio n  reac tio n . It h a s  b e e n  k n o w n  th a t  ti ta n iu m  
d io x id e  e x h ib its  a  s tro n g  m e ta l-su p p o rt in te ra c tio n  e ffe c t w ith  g ro u p  V III  n o b le  
m e ta ls  an d  p o sse s se s  th e  ab ility  fo r  o x y g e n  m ig ra tio n  fro m  re d u c e d  su p p o rt p a r tic le s  
o n to  th e  su rface s  o f  th e  m e ta llic  p a rtic le s  o f  th e  c a ta ly s ts , w h ic h , in  tu rn , p ro m o te s  
o x id a tiv e  re a c tio n s  (H o lg ad o  et al., 1998). H o w ev e r, i t  w a s  re p o rte d  th a t  s ilv e r
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su p p o rted  o n  T i 0 2 s h o w e d  zero  e th y le n e  o x id e  s e le c t iv ity  d u e  to  th e  iso m e r iz a t io n  o f
e th y le n e  o x id e  to  a c e ta ld e h y d e  o n  th e  su p p ort f o l lo w e d  b y  th e  c o m p le te  c o m b u s t io n
(S e y e d m o n ir  et a l ,  1 9 8 9 ; Y o n g  et al., 1 9 9 1 ).
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