
C H A P T E R  V  
C O N C L U S IO N S  A N D  R E C O M M E N D A T IO N S

5.1 C o n c lu sio n s

โท this study, the adsorbents used for desulfurization w ere  prepared by ion 
exchanging  N aX  and N a Y  zeo lites with N i2+ and C u+ cations u sin g  tw o  different 
techniques: liquid phase ion exchange (LPIE) and solid  state ion exch an ge (STIE). 
Our results have show n that up to 73.52% o f  total N a f in N aX  and 68.23% o f  total 
N a + in N aY  zeo lite  can be replaced by N i2+ by LPIE technique. T he am ount o f  m etal 
load ing w a s varied by changing the solution:adsorbent ratio (ร :A ), w hich  w a s found  
to go  up w ith increasing the ร:A  ratio in the ion -exch an ge process. The optim um  
tem perature for ach iev in g  sufficient amount o f  m etal loading by this technique on  
N aX  and N a Y  w as found to be 4 5 ° c  and 1 3 5 ° c , respectively . A s com pared w ith  
LPIE, STIE technique achieved markedly higher m etal load ings corresponding w ith  
100%  ion-exchanged  degree.

A dsorption experim ents w ere subsequently perform ed both by a batch reactor 
and fixed-bed  reactor at ambient conditions. The exchanged adsorbents, including  
the original zeo lite , w ere evaluated for their e ffic ien cy  in rem ovin g  refractory sulfur 
com pound s - 3-m ethylth iophene (3M T) and benzoth ioph en e (B T ) - in both binary 
and ternary system s o f  isooctane and benzene (or toluene) as sim ulated transportation  
fuels. From  the static adsorptions o f  these tw o  sulfur com pounds, all the isotherm s 
w ere found to be w e ll-fitted  w ith  Langm uir isotherm  m odel. Thus, the Langm uir 
param eters (Qmax and b ) could be determ ined. The sulfur adsorption capacity  
increased in the order NiY (LPIE at 135°C) < NÎ-13X (LPIE at 45°C) < NiY (ST IE ) 
for both organic sulfur com pounds. M oreover, in com parison w ith  original zeo lite , 
the metal ion-exchanged  zeo lites show ed better sulfur adsorption capacity. This  
clearly illustrated the form ing o f  71-complexation betw een  sulfur com pounds and 
Ni2+, sin ce Na+ ions cou ld  not create 71-complexation bonds. B etw een  the tw o  types  
o f  sulfur com pounds, B T  show ed higher strength o f  adsorption for all types o f  
zeo lites. T he com parison betw een the adsorption capacity o f  sulfur com pound s in 
isooctan e and b en zene revealed that the rem oval rate and the overall sulfur uptake
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capacity o f  the adsorbent w ere sign ifican tly  reduced w hen  b en zen e w as used, w hich  
can be attributed to the com p etitive 71-complexation form ing w ith  the adsorbent 
b etw een  arom atic (b en zen e) and sulfur com pounds. W ith respect to ternary system s, 
the results a lso  registered a drastic reduction in the adsorption capacity  
(approxim ately 73 .4% o f  3M T  and 58.2%  o f  B T ) w ith increasing arom atic content 
(up to 3% and 6% o f  benzene). F inally, T he equilibrium  capacity under dynam ic  
conditions for 3-M T  adsorption increased in the order o f  N aY  <  N iY  < N i x  < N aX  <  
C u(1)Y; w h ile  the se lectiv ity  factor for 3-M T  over to luene exhib ited  the trend N aY  <  
N iY  <  N aX  <  N i x  <  Cu(I)Y. In addition, the pre-adsorbed w ater w as found to be 
detrim ental to  the 7t-com plexation bonding betw een  adsorbent and sulfur com pounds  
by adsorption w ith  zeolite .

5 .2  R e c o m m en d a tio n s

On the basic  o f  primary results, stud ies o f  the in flu en ce o f  o lefin , a lso 'th e  
in flu en ce o f  desorption and particle s ize  (the pellet and crystal) s h o u ld . be  
investigated . In addition, for applying to industry purpose w ith the objective o f  
sign ifican tly  reducing the operation cost, the tests w ith  real transportation fuels, and 
the regeneration com bined a continuous testing o f  adsorbent recovery are also  
recom m ended.

In order to im prove the se lectiv ity  o f  sulfur com pound s and reduce the  
hindrance o f  arom atic hydrocarbon on the desulfurization process, the effect o f  
prom oted 71-com plexation adsorbent (C e3+, A g +, C o2+) should be studied. B esid es, 
d eveloped  k inetic  m odel o f  sulfur rem oval from  the liquid phase may be pursued.
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