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CHAPTER II 

LITERATURE REVIEWS

In 1964, zeo lite  Y w as first synthesized by Breck. Since then, the investigation  
o f  its p roperties w as undertaken in m any laboratories. Som e o f  the m ore p rom inen t 
studies and the m odified  zeolite for m ethane coupling reaction  w ere sum m arized  
below.

2.1 Reviewed Papers

In th is section, special atten tion  o f  related  papers devoted  d irectly  to the non- 
ox idative  m ethane coupling over m etal catalysts. H ow ever, the o ther po in ts w hich  
related  to th is reaction  are also m entioned  so tha t all in form ation can  contribu te and 
lead to som e in teresting  subjects concerned in th is thesis. The non-ox idative  m ethane 
coupling consists o f  tw o-step  reactions. The first reaction  w as m ethane decom position  
and the o ther w as hydrogenation. The investigation  o f  non-ox idative  m ethane 
coupling can separate into tw o periods w hich depends on the tem peratu re  o f  tw o-step  
reactions.

In the first period  the researchers found tha t at a tem perature be tw een  177-527 
° c  m ethane w as decom posed  but the hydrogenation  can occur at 27-127°C

K oerts e t al. (1992) reported  that the d irect conversion o f  m ethane to h igher 
hydrocarbons w ithou t using oxygen over transition  m etals w hich  w ere supported  on 
silica (SiC>2) by w etness im pregnation  m ethod. It required tw o steps u nder d ifferen t 
conditions. The first reaction  step w as m ethane decom position. It took  p lace a t 427 
°c . In a second reaction  step a particu lar surface carbonaceous in term ediate  p roduced  
hydrocarbons upon hydrogenation  at 100°c. T hey observed that ru then ium  (R u) and 
cobalt (C o) catalysts w ere m ore selective tow ard  higher hydrocarbon form ation  than  
rhodium  (R h), irid ium  (Ir), p latinum  (Pt) and n ickel (Ni).



6

K oranne e t al. (1992) studied about the effect o f  m ethane d ecom position  
tem perature, carbon coverage, m ethane partial pressure and m ultip le  reac tion  cycles 
on  a direct conversion  o f  m ethane to h igher hydrocarbons v ia  an oxygen  free (low - 
tem perature route), tw o-step  route. T hey used 3% silica-supported  R u  cata lyst at 
tem peratures o f  m ethane decom position  betw een 127-527°c to p roduce  surface 
carbonaceous species fo llow ed by dehydrogenation  o f  these species to h igher 
hydrocarbons betw een  77-107°C . For the effect o f  m ethane d ecom position  
tem perature they found that ethane yield  and ethane selectiv ity  (defined  as m oles o f  
ethane/site) increased  in itially  w ith  an increase in the tem pera tu re  o f  m ethane 
decom position  from  277 to 452°c. A  further increase in the reaction  tem pera tu re  led 
to a decrease in the  ethane yield. In the part o f  m ethane conversion , it increased  
m onotonically  w ith  tem perature. They also found that m ethane conversion , e thane 
selectiv ity  and ethane yield  w ere a function  o f  surface carbon coverage. A t a m ethane 
decom position  tem perature  o f  452°c, the ethane selectivity  and the  e thane y ie ld  
in itially  increased w ith  an increase in the carbon coverage w ith  a m ax im u m  at around  
40%  coverage. A fter that increase in the carbon coverage led to a d rop  in  the e thane 
selectiv ity  and the ethane yield, the m ethane conversion decreased w ith  an increase in 
the carbon  coverage. W hen increase the partial pressure o f  m ethane partia l p ressu re  
the m ethane conversion  decreased. Furtherm ore they investigated  effec t o f  m u ltip le  
reaction  cycle. It w as found that at 427°c, after approxim ately  th ree  cycles w ithou t 
in term ediate  hydrogenation , the ethane yield  and the m ethane conversion  decreased.

In the second period the researcher found a tem perature w hich  bo th  steps can  
take place. The details o f  th is period  are describe below.

Solym osi e t al. (1992) observed a com parative study on the  ac tiva tion  and 
reactions o f  C H 4 on supported  m etals. They used  silica support w ith  Pt, Pd, R h, Ir and 
R u as catalysts. T hese catalysts w ere p repared  by a w etness im pregnation  m ethod . 
T hey reported  that d issociation  o f  m ethane w as readily m easurable  at 200-400°C . 
R ate o f  in itial decom position  at 2 5 0 °c  w as the highest on R h /S i02, bu t it d ropped  to a 
low  value w ith in  a short contact tim e. O n P d/S iÛ 2 ethylene also appeared  am ong  the 
reaction  products. The largest initial am ount o f  ethane w as fo rm ed  on P t/S i02 .
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M oreover, m ethane flow  rate had a m uch greater effect. The am ount o f  ethane and 
ethylene w as increased at h igher flow  rate. A ll these catalysts w ere exposed  to CH 4 at 
250°c for only a short tim e (1-2 m in), C2-C 5 hydrocarbons w ere also produced in 
addition  to C H 4. W hen the exposure  tim e w as extended to 10 m in, the absolute and 
relation  am ounts o f  C H 4 w ere greatly increased and h igher hydrocarbons were 
detected. T hey concluded  that the m ost active catalyst, as regarded the production  o f 
C 2 hydro-carbons, w as P t fo llow ed by Ru, Rh, Ir and Pd. In the case o f  m ethane 
decom position  the activ ity  sequence is Ru, Rh, Ir, Pd and Pt.

B elgude e t al. (1992) concluded  that Pt, R u and Co w ere all able to  chem isorb 
C H 4 on low  tem perature. T hey explained that under flow ing m ethane the desorbed 
hydrogen w as continuously  rem oved and the m etallic surfaces becam e increasingly 
covered w ith  C H X species. A fter m ethane flow  follow ed by hydrogen flush  caused 
C H 4 to  release as w ell as h igher hydrocarbons ranging from  C 2 to C 7. O n th is research 
they found that the largest am ounts o f  products w ere obtained at about 250, 160 and 
275°c for Pt, R u  and Co respectively. F actors w hich  strongly influenced the 
conversion  o f  the adsorbed  C H 4 and the d istribu tion  o f  products w ere flow  rates o f  
CH 4 and H 2.

The direct conversion  o f  m ethane to h igher alkanes by p latinum  loaded 
zeolites w as investigated  by M ielczarski e t al. (1993). They used  5 w t%  P t/H Y  and 
5w t%  P t/H X  as catalyst in  their w ork. The p latinum  w as loaded  onto the zeolite  by 
the inc ip ien t w etness im pregnation  m ethod. T em perature o f  tw o steps m ethane 
adsorp tion  and hydrogenation  reaction  w as the range from  200 to 350°c. T hey found 
that for the P t/H X  to tal p roduction  o f  C 2+ alkanes resulting  from  a reaction  increases 
w ith  tem perature. In the  case o f  P t/H Y  the total am ount o f  converted  m ethane 
increased up to 275°c and  decreased slightly beyond that tem perature. Furtherm ore 
they observed that the to ta l p roduction  o f  C 2+ and the yields o f  the d ifferen t products 
w ere influenced by the duration  o f  the exposure to m ethane. A t 250°c o f  the 
tem perature reaction  on the P t/H X  w hen they increased the exposure duration  tim e 
higher am ount o f  m ethane could  adsorp and resulted  in h igher production  o f  alkanes. 
N evertheless w hen the duration  o f  the exposure w as longer than 90 sec, the am ount o f
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hom ologous m ethane becam e alm ost constant. In the case o f  P t/H Y , it show ed a 
sim ilar behav iour bu t the only d ifference w as that the am ount o f  converted  m ethane 
w hich  reached  a constan t value after a shorter exposure (60 sec instead o f  90 sec in 
the case o f  Pt/H X ). For an application  o f  successive cycles after 14 successive cycles 
at 250°c P t/H X  lest 6.5 %  o f  its in itial efficiency. T he deactivation  w as m uch m ore 
severe at h igher tem peratures since the schem e num ber o f  cycles resu lted  in a decrease 
o f  the p roduction  by about 50%  at 300°c.

W ang e t al. (1993) reported  the m ethane conversion  over H ZSM -5, 
M o/H Z SM -5, Z n/H ZSM -5 and M o/N aZ SM -5 that w ere p repared  by im pregnation  
m ethod, under non-oxid izing  conditions. The results show ed tha t benzene w as the 
only hydrocarbon  product at h igh tem perature  (700°C). The cataly tic activ ity  o f  ZSM - 
5 w as greatly  im proved by incorporating  a m etal cation  (M o or Zn). T he M o/H Z SM -5 
catalyst exhib ited  the best activ ity  because it w as stable for th is  reaction  and the 
m ethane conversion  w as highest (7.2% ).

G uczi e t al. (1994) observed m echanism  o f  the decom position  process o f  Pt- 
Co b im etallic  particles in supercage o f  N aY  zeolites. The process w as sum m arized  by 
the fo llow ing three steps. Step one, during reduction  o f  the  exchanged  sam ples after 
calcination, b im etallic  particles w ere form ed that consist o f  Pt° and C o0. Pt atom s 
segregated to the surface o f  the partic les and w ere stab ilized  by pro tons that produced 
during the reduction. Step tw o, after the  second oxidation , the C o2+ ions form ed and 
then  segregated  to the ou term ost surface o f  the m etal particles. Subsequently  they 
detached from  the surface and m igrated  to the sodality  and hexagonal cages. Step 
three ; C o2+ ions w hich  located in the hexagonal or sodality  cages, they cannot be fully 
reduced. So they concluded that during the decom position  o f  the P t-C o b im etallic  
particles located  in the supercage o f  N aY  zeolite the less reducib le  com ponen t (C o2+) 
m igrates in the sodality  and/or hexagonal cages thereby p reventing  the P t m igration  to 
the external surface.



9

P areja  e t al. (1994) investigated  the increasing  o f  the  yield  in m ethane 
hom ologation  through an iso therm al tw o-reaction  sequence at 250 °c on 6.3 w t%  
Pt/SiCh- T heir experim ent w ere perform ed in a stirred  batch  reactor at atm ospheric 
pressure. From  this research  they found that C 5-C 8 alkanes represented  m ore than 
59%  o f  the converted  m ethane. A s the duration  o f  m ethane exposure  increased from  1 
to 5 and 16 m in respectively , they reported  that at the 5 m in  exposure as w ell as the 1 
m in one, only traces o f  C7 and Cs w ere observable, Ü4 + w ere low er than in  the case o f  
the 16 m in  exposure and C2 -C4 w ere the m ost abundant alkanes.

G uczi e t al. (1996) studied  the m ethane activation  and coupling o f  the CH X 
species form ed from  m ethane into h igher hydrocarbons over N aY , P t/N aY , C o/N aY , 
C o-P t/N aY  and C o-P t/A fiC f catalysts. T hese catalysts w ere prepared  by ion  exchange 
o f  zeo lite  Y. They reported  that the C o-P t/N aY  and C o-P t/A l203 show ed 
exceptionally  h igh yields, the adsorbed C H X species and high selectiv ity  in the 
form ation  o f  C 2+ hydrocarbons (83.6 and 9 2 .6 %  , respectively), than  the others. The 
reaction  w as taken  in tw o steps, the first step w as chem isorp tion  at 250°c and the 
o ther w as hydrogenation  at the sam e tem perature. The best catalyst appears to be 
w hen cobalt and platinum  w ere com bined  inside the zeo lite  cage therefore  cobalt 
alone w as an  excellent F ischer-T ropsch  catalyst to form  h igher hydrocarbons and 
m ethane w as easily  activated on p latinum . The am ount o f  C H X on C o-P t/N aY  was 
h igher than  C o-P t/A l203.

C hen e t al. (1996) studied  the influence o f  m odifica tion  o f  M o/H Z SM -5 
catalyst by Pt on m ethane non-oxidative  transform ation  to ethylene and arom atics 
under the conditions o f  700°c, 1 atm  and GFISV o f  m ethane o f  1400 m l/(g  cat h). 
T hey found that the addition  o f  Pt to M o/H ZSM -5 w hich  w as p repared  by the 
im pregnation  m ethod enhanced  the catalyst stability  and reduced the carbon 
deposition  on the catalyst. T hey suggested that the coke on the P t-M o/H Z SM -5 
catalyst could easily be ox id ized  (at a m uch low er tem perature) as com pared to that on 
the unm odified  M o/H Z SM -5 catalyst. They found that the  addition  o f  Pt to 
M o/H Z SM -5 did no t im proved the selectiv ity  o f  ethane and benzene.
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Structure and catalytic activity o f  C o-based b im etallic  system s in zeo lite  Y at 
low  tem peratu re  m ethane activation w as studied by G uczi e t al. (1997). They 
investigated  non-oxidative  m ethane coupling reaction over C o/N aY , C o-Pt/N aY , 
R u/N aY  and C o-R u/N aY  catalysts. T hese catalysts w ere prepared by ion  exchange 
m ethod. O n the ir research they found that the yield  and the selectiv ity  o f  C2+ 
increased by addition  o f  P t to Co in N aY . Since the sam ple w as reduced, the 
b im etallic  partic les leaving Pt particles in the supercage w hereas C o2+ ions m igrated 
into the hexagonal and sodality cages that could not been reduced. For C o-R u system s 
5R u/N aY  and C o-R u/N aY  w hen sam ples w ere calcined in oxygen instead o f  treating 
them  in  H e, R u partic les m igrated  to the external surface and form  large particles. 
H ence, w hen  the sam ple w as decom posed in helium  the yield  w as low  bu t C2+ 
selectiv ity  on both  catalysts w ere over 85 %. On the contrary, w hen  the sam ples w ere 
treated  w ith  oxygen the yield w as h igher bu t the selectivity in C 2+ w as low er.

X ie  e t al. (1997) investigated the arom atization  o f  m ethane over M o/H Z SM -5 
zeolites w ithou t using  oxidants. A ll o f  C atalysts w ere prepared by im pregnating. 
T hey observed tha t the m ethane conversion show ed a m axim um  at about 2-3%  M o 
loading. It increased  w ith  increasing pressure under low er reaction  pressures (<200 
kPa). Furtherm ore, the selectivity  and the conversion o f  m ethane to arom atics over 
2%  M o/H Z SM -5 decreased w ith  increasing space velocity  o f  m ethane and calcination  
tem perature. O n the P t/H Z SM -5, N i/H ZSM -5 and M o/N aZ SM -5 catalysts the 
selectiv ity  to ethylene w as m uch m ore than the selectivity to arom atics. In contrast, on 
the M o/H Z SM -5 catalyst arom atics w as m ain  product.
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2.2 Some comments on the previous work

From  all o f  the above review s, the transition  m etal catalysts for non-oxidative 
m ethane coupling are Pt, Co, Ru, N i, Rh, Re, M o, Zn and Ir. They are supported  on 
ZSM -5, SiC>2, A I 2 O 3 and zeolite Y. The non-oxidative m ethane coupling has two 
steps reaction, the first step is m ethane chem isorption and the other step is 
hydrogenation, both  steps w ere carried out at tem peratures betw een 200 and 500 °c. 
Those reactions w ere operated at atm ospheric pressure and gas hourly  space velocity 
(G H SV ) in the region o f  4960-6200 h '1. There are very few  papers related to this 
reaction over m etal/N aY  support catalyst.

A ccordingly, this thesis interests in other point beyond the above review s 
w hich are investigation  o f  non-oxidative m ethane coupling over Pt, Co, R u supported 
Y type zeolite. The non-oxidative m ethane coupling reaction w as executed  under the 
follow ing conditions; atm ospheric pressure, tem perature 200-400 °c, gas hourly  space 
velocity  (G H SV ) 4960-6200 h '1. This thesis study the effects o f  Y  type zeolite form , 
N aY  form  and H Y  form. Furtherm ore, the preparation m ethod o f  m etal catalysts w et 
im pregnation  and ion exchange, w ere investigated.
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