
CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

In this study, the adsorbents used for desulfurization were prepared by 
impregnation of activated carbon and alumina with Cu+ and Ni2+. Direct 
impregnation by using CuCl in acetronitrile solution was found to be unsuitable due 
to the stability and low solubility of Cu+. Impregnation was therefore performed with 
an aqueous solution of CuCl2 following by a reduction step of CuCb into CuCl using 
H2. For Ni2+, an aqueous solution of NiCl2 was used. A suitable feed flow rate and 
granulometry of the adsorbent was found to be 0.4 cm Vmin and 100 to 400 pm, 
while the optimum temperature was 60°C and 90°c for Ni2+ and Cu+ impregnated on 
the adsorbent, respectively. The adsorption capacities at the sulfur breakthrough 
followed the order non-impregnated macroporous alumina < CuVmacroporous 
alumina < non-impregnated mesoporous alumina < Cu+/mesoporous alumina < 
Ni2+/macroporous alumina < Ni2+/mesoporous alumina < Cu+/AC < non-impregnated
AC. Ni2+/ and Cu+/ mesoporous alumina showed a higher breakthrough capacity of 
dibenzothiophene than 4,6-dimethyldibenzothiophene. A comparison of the 
breakthrough capacities of 4,6-dimethyldibenzothiophene, between Ni2+ and Cu+ 
impregnated on mesoporous alumina, showed higher adsorption capacity with Ni2+ 
impregnated on mesoporous alumina than with Cu+ impregnated alumina. In 
presence of polyaromatic compounds, the breakthrough capacities of 
dibenzothiophene were less than the system without polyaromatic compounds for 
both Ni2+ and Cu+ impregnated on mesoporous alumina, due to a competition 
between dibenzothiophene and polyaromatic compounds. The selectivity followed 
the order dibenzothiophene ~ phenanthrene > naphthalene. In presence of nitrogen 
compounds, the breakthrough capacities of dibenzothiophene were less than for the 
system without nitrogen compounds for both Ni2+ and Cu+ impregnated on 
mesoporous alumina, due to the stronger interaction between the metal and nitrogen 
atom. The selectivities followed the order acridine > carbazole > dibenzothiophene.
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5.2 Recommendations

T hese results sh ow  an interesting effect o f  the Cu+ and N i2+ toward the 
adsorption o f  d ibenzoth iophene and 4 ,6-d im eth yld ib en zoth iop h en e. In order to try to  
im prove the capacity  and the k inetics o f  adsorption, several other param eters have to 
be studied.

A  variation o f  am ounts o f  m etal load ing on the adsorbents shou ld  be studied  
to observe th is e ffec t on the sulfur adsorption capacities. D ifferen t types o f  
im pregnation such as dry and w et im pregnation shou ld  be studied. S in ce the 
activated carbon cannot be w ettable by water, ethanol is used  instead o f  water. But 
C u C b  can a little bit d isso lve  in ethanol. Thus the activated carbon is im pregnated  
for several tim es. From this reason, it is not good  for an econ om ica l point o f  v iew . 
Thus the Other adsorbents preparations should  be investigated.

Characterization o f  the adsorbents w ith  other techn iqu es, to study w ith  m ore  
detail the m etal d ispersion, should  be perform ed. Therm al desorption  o f  probe 
m olecu le  by therm ogravim etry (TPR equipm ents) cou ld  be perform ed, w ith  a 
com parison  w ith  the non-im pregnated solid s. X -ray d iffraction  techn iqu es cou ld  a lso  
be used  to characterize the deposit on the surface o f  the solid s.

D u e to the strong interactions betw een  the m etal on the adsorbents and 
sulfur or nitrogen atom  in sulfur or n itrogen com p oun d s, the k in etics o f  the 
adsorption is lo w . The adsorption temperature is a key param eter that can m od ify  the 
k in etics o f  adsorption. Thus a variation o f  adsorption tem perature should  b e studied.
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