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Chai)ter 41 - INTRODUCTION

This chapter covers the background of the upgrading of heavy oil in cracking process, the coke
deposition on a various catalysts and the characterization of the deposited coke. The‘n, the scope of
this thesis is described.

The demand for middle distillate is increasing steadily and the demand for BTX is expected to
grow through the coming years. Therefore, the upgrading of heavy oils becomes more and more im-
portant in supplying fuel and petrochemical feeds. However, the upgrading processes are suffering
from thé coke formation. Therefore, it is necessary to understand the mode of coke formation over
catalyst. The work that will be presented in this thesis is dealing with such objectives.

The present work consists mainly of two parts; the first is about the upgrading of Orinoco tar
to valuable ‘chemicals such as BTX and the second part describes the characterization of the coke

deposit produced in cracking of Orinoco tar and model compounds.

Chapter 2 CATALYTIC HYDROCRACKING OF ORINOCO TAR OVER USY-ZEOLITE
In this chapter, the catalytic hydrocracking of Orinoco tar over USY- zeolite was studied using
a high pressure fixed bed reactor to produce chemical feedstocks like BTX and oils. The effects of
reaction temperature and the catalyst on the product distribution were examined. The main results
and the conclusions obtained are summarized as follows.
This catalyst was found to be effective in increasing the yield of BTX from Orinoco tar. The
yield of BTX about 19.4 wt % was achieved at 500 °C, as shown in Fig. 1. On the contrary, the yield of
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Fig. 1. Effect of temperature on the yield of BTX.

cracking reactions of n-hexane, benzene
and naphthalene were carried out in the

subsequent chapters. -

Chapter 3 CATALYTIC CRACKING OF BENZENE OVER USY-ZEOLITE AND
CHARACTERIZATION OF COKE

In this _éhapter, coke formation from catalytic cracking of benzene over USY zeolite was stud-
ied using a fixed-bed reactor at a different cracking temperature ranging from 500 to 800 °C under
He or Hy. The coke was extracted from the zeolite matrix by HF/HCI treatment. The effects of tem-
perature, carrier gas, pressure on the structure of the coked zeolite and the extracted (liberated) coke
were investigated. Nitrogen adsorption at —196 °C, SEM observation and elemental analysis were
employed to characterize the coked zeolites as well as the liberated cokes. The principal results ob-
tained in chapter 3 are as follows.

In He, a large amount of coke was deposited and the surface area of the catalyst decreased to
a large extent. It was speculated that the coke was deposited mainly on the internal surface of zeolite
catalyst. In Hy, the extensive coking was observed at 800 °C, but the decrease of the surface area of
catalyst was not so much. The surface area and the morphology of the coke produced in Hg atmo-

sphere was quite different from those obtained in He. It was concluded that the coke was deposited



mainly on the external surface of zeolite at high temperature. The effect of metal components found
in Orinoco tar was examined on the cracking of benzene. It was found that the metals have little

effect on the coking behavior under the present conditions.

Chapter 4 CATALYTIC CRACKING OF n-HEXANE AND NAPHTHALENE OVER USY-
ZEOLITE AND CHARACTERIZATION OF COKE

In this chapter, the effect of the feedstocks on coke formation over the zeolite catalyst was
studied. In addition to Orinoco tar and benzene, the cracking reactions of n-hexane and naphthalene
were investigated. Naphthalene was used to check the effect of molecular size and n-hexane was used
to check the difference in coke formation between the paraffin chain and aromatic ring. The coked
zeolite and the liberated coke were characterized in the same manner as in Chapter 3 and these
results from different hydrocarbons were compared each other. The following conclusions were ob-
tained.

The coking characteristics in He of three hydrocarbons were not so different. The morphology
of liberated coke was quite similar to those of corresponding coked zeolite and fresh zeolite, and thus
it was concluded that the coke was deposited mainly in the zeolite channels. In Hg, the result for
naphthalene cracking was somewhat different from others, but as a whole the effect of the type of
feedstocks was rather small. Therefore. the information obtained in such model reactions can be

applied to designing the reaction of Orinoco tar.

Chapter 5 CONCLUSIONS

This chapter describes the general conclusions of this thesis. From the results in Chapter 2,
USY-zeolite was found to be effective in increasing the yield of BTX from hydrocracking of Orinoco
tar. A high yield of BTX of 19.4 wt% was achieved at 500°C. The relationship between the deactiva-
tion and the amount of the coke was not straightforward. From the results observed in the model
reactions (Chapters 3 and 4), it was concluded that the coke formation behavior was essentially the
same for different feedstocks, but it was quite different between catalytic cracking in He and in Hog.
In inert atmosphere, most of the coke was deposited in the catalyst pore, while in Ho, the coke forma-
tion was less abundant. Therefore, it would be possible to use zeolite catalyst as a hydrocracking
catalyst if one can find the optimum reaction condition where the amount of the coke is small and its
location is limited only on the external surface. Under such conditions, the USY-zeolite would keep

its activity even some coke were deposited on its surface.
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