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METHOD AND APPARATUS FOR CATALYTIC CRACKING

TECHNICAL FIELD

[01] The subject matter described herein, in general, relates to cracking of feedstock

and, in particular, relates to catalytic crabking of feedstock.

BACKGROUND

[02] Generally, crude oil is refined in refineries to yield products, such as gaéoline, :
diesel, and liquified petroleum gas (LPG), along with some other by-products. Such by-products
| include considerable amounts of heavy residues, which have to be upgraded to meet
environmental legislations. The heavy residues can be used as feedstock in processes sﬁch as
catalytic cracking, in which the heavy residues are contacted with a catalyst to obtain an
additional yield of cracking products. |
[03] However, these heavy residues generally include contaminants, such as carbon
residue, metal impurities, and basic nitrogen and sulphur compounds. These contaminants can
adversely affect the catalytic cracking of the heavy residues. For example, the carbon residue
may form carbonaceous deposits on the catalyst and thus reduce catalyst activity during
processing of the feedstock. Further, certain metal impurities such as Nickel and Vanadium
present in the heavy residues may accumulate on the catalyst and may lead to subsequent
deactivation of the catalyst and undesirable hydrogen and coke formation.
[04] ~ Conventionally, during the catalytic cracking of heavy residues, the contaminants * -
in the heavy residues are first separated from the feedstock to protect the catalyst‘ from the
contaminants. The separation may be achieved using various techniques, such as residue hydro-
demetallation, residue desulphurization and metal passivation. However, these techniques require
additional secondary processes, thus adding to the cost of processing the heavy residues. Further,
techniques such as metal passivation require frequent changes in operating conditions of the
catalytic cracking apparatus, which may render the operation of the apparatus ineffective in
terms of cost.
[05] ~ In addition to the above mentioned techniques, techniques such as contaminant

adsorption are also used conventionally. Such techniques employ a mixture of catalyst and
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adsorbent, in which the adsorbent removes the contaminants from the catalyst. Further, these
fechniques use physically separable mixtures of the catalyst and the adsorbent so that the
adsorbent and the catalyst can be separated from each other by physical techniques, for example,
under the effect of grévitationaI force (under fluidization conditions) or by using magnetic force,
after the completion of the catalytic cracking. However, in such techniques, physical broperties,
for example, particle size and density, of the catalyst and the adsorbent have to be appropriately
selected so that they may be separated easily. Hence, these teéhniques are limited by the physical

properties of the adsorbent and the catalyst, and are usually economically unviable.
SUMMARY

[06] The subject matter described herein is directed to methods and apparatus for
catalytic cracking of feedstock. | /
[07] According to an embodiment of the present subject matter, an apparatus for
catalytic cracking of feedstock includes a first channel and a sepafator-reactor vessel. A
feedstock is treated with an adsorbent in the first channel t(_)'produce a treated intermediate. The
first channél terminates in an adsorbent separating region of the separator-reactor vessel. The
adsorbent separating region is provided to remove the adsorbent from the treated intermediate.
The separator-reactor vessel further includes a second channel to contact the treated intermediate
with a catalyst. On contact with the catalyst, the treated intermediate is converted to a cracking
yield in the second channel. The second channel terminates in a catalyst separating region of the
separator-reactor vessel. The catalyst separating region is provided to remove the catalyst from
the cracking yield. The adsorbent separating region and the catalyst separating region are
separated by a physical partition disposed in the separator-reactor vessel between the adsorbent
separating region and the catalyst separating region.

[08] The described methods and apparatus achieve a removal of the contaminants from
the feedstock stream and generation of cracking yield. Further, the catalyst contacts the treated
intermediate after the removal of the contaminants and hence; the contamination of the catalyst is
substantially reduced. Consequently, catalyst addition rate is reduced, which considerably
reduces the cost of operation. The overall performance of the catalyst is also enhanced. Further,

the method facilitates separate regeneration of the adsorbent and the catalyst. Hence, the physical
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properties of the catalyst and the adsorbent, such as particle size, particle density, and
fluidization characteristics, can be selected independent of each other, which renders the methods
‘and apparatus effective in terms of cost. |

[09] ‘ These and other features, aspects, and advantages of the present subjecf matter
will be better understood with reference to the following description and appended claims. This
summary is provided to introduce a selection of concepts in a simplified form. This summary is
not intended to identify key features or essential features of the claimed subjéct rhatter, nor is it

intended to be used to limit the scope of the claimed subject matter.
BRIEF DESCRIPTION OF DRAWINGS

[10] The above and other features, aspects, and advantages of the subject matter will
be better understood with regard to the following description, appended claims, and
accompanying drawings where:

[11] Fig. 1 illustrates an exemplary apparatus for catalytic cracking of feedstock,
according to an embodiment of the present subject matter. ‘

[12] Fig. 2 illustrates an exemplary method for catalytic cracking of feedstock,

according to an implementation of the present subject matter.
DETAILED DESCRIPTION

[13] Apparatus and method(s) for catalytic cracking of heavy feedstock are described
herein. The feedstock may be a heavy hydrocarbon obtained, for example, after refining of crude
oils. The feedstock may also include, for example, residual oils from a vacuum tower, residual
oils from an atmospheric tower, and heavy vacuum gas oils. Such feedstock may have
contaminants, for example, carbon residue, Nitrogen and Sulphur compounds, and metal
impurities, such as Nickel, Vanadium, and Sodium. To increase refinery margins and to meet -
environmental legislations, the feedstock is processed using processes such as catalytic cracking.
In such processes, the feedstock is processed in the presence of a catalyst, under predetermined

conditions of temperature, to obtain a cracking yield, for example, light hydrocarbon products.
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However, the contaminants present in the feedstock have a detrimental effect on the catalyst, and
in turn, on the efficiency of the process employed for cracking the feedstock. |

[14] , According to an embodiment of the present subject ‘matter, an adsorbent is
employed to remove the impurities-from the feedstock before the feedstock is treated with a
catalyst. In said implementation, the feedstock is contacted with an adsorbent to substantially
remove the contaminants from the feedstock. Further, the temperature of the feedstock-adsorbent
mixture is maintained so that the feedstock undergoes thermal cracking to produce intermediate
products. The adsorbent having the contaminants adsorbed thereon is interchangeably referred to
as spent adsorbent hereinafter, and the intermediate products obtained after removal of the
contaminants ahd thermaj cracking are interchangeably referred to as treated intermediateb
hereinafter. Further, the treated intermediate, substantially free from the contaminants, is
separ;ted from the spent adsorbent and the spent adsorbent is sent for regeneration. _

[15] The treated intermediate, on the other hand, is brought in contact with a catalyst.
The treated intermediate is catalytically converted into cracking yield, suéh as light olefins,
Ethylene, Propylene, Butylenes and high octane gasoline, and liqﬁeﬁed petroleum gas (LPG).
During the conversion of the treated intermediate, the catalyst may get contaminated with |
wastes, such as coke, which may lead to deactivation of the catalyst. Such a deactivated catalyst

contaminated with wastes is interchangeably referred to as spent catalyst hereinafter. The spent
catalyst is separated from the cracking yield and is regenerated. _

[16] - = Since, the removal of the contaminants from the feedstock by the adsorbent is

achieved before the catalytic crackiﬁg of the treated intermediate by the catalyst, the effect of the
contaminants on fhe catalyst is substantially less. Hence, the life of the catalyst is enhanced, and

the catalyst addition rate and the cost of operation are considerably reduced. Further, since the

spent adsorbent and the Speﬁt catalyst are regenerated separately, the method is independent of
the physical properties of the catalyét and the adsorbent, such as particle size, particle density,
and fluidization, and is, hence, effective in terms of cost.

[17] . Fig. 1 illustrates an exemplary apparatus 100 to achieve catalytic crécking of
feedstock, in accordance with an embodiment of the 'present subject matter. The feedstock may

be for example, residual oils from a vacuum tower, residual oils from an atmospheric tower, and

heavy vacuum gas oils. The feedstock may have contaminants, such as carbon residue, metal

impurities including Vanadium, Nickel, Sodium, etc., and compounds of Nitrogen, Sulphur, etc.
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In one example, the feedstock has carbon residue in excess of 5% by weight and metal impurities
~ in excess of 10 parts per million (ppm).

[18] The apparatus 100 may include a first channel 102 and a separator-reactor vessel
104. In an embodiment, the first channel 102 is'an upflow reactor, also referred to as a riser
reactor. In said embodiment, the first channel 102 is connected to a feedstock input 106 to supply
the feedstock to the first channel 102. The feedstock may be supplied along with a heated gas,
such as steam, to preheat the feedstock and to assist in partial vaporization of the feedstock. In an
impleémentation, the heated gas is about 10-50% of the weight of the feedstock.

[19] Further, a first standpipe 108 is connected to the first channel 102. In an
implementation, the first standpipe 108 supplies an adsorbent to the first ‘channel 102. The
adsorbent may include Alumina, Silica-Alumina, Silica-Magnesia, kaolin clay, etc., or a mixture
thereof. The-adsorbent may further include, for example, V-trap material or an inactive catalyst.
The adsorbent may exhibit acidic or noﬁ-aCidic properties. Further, the adsorbent may be
provided as microspheres, such that a large surface area is available for the adsofption of the
contaminants in the feedstock. In an implementation, the surface area of the adsorbent particles is
about 60 square metres per gram (m”/gm).

[20] The first channel 102 is further supplied with a lifting medium from a lifting
medium input 110. The lifting medium fluidizes the adsorbent at the bottom of the first channel
102 till the feedstock is supplied through the feedstock input 106. Thereafter, the adsorbent
particles are lifted mainly by the feedstock vapors. In an implementation, steam is used as the
lifting medium. However, other gases, such as fuel gas,. Ethane, Propane, Nitrogen, or light
naphtha, can also be used as the lifting medium. The lifting medium may also assist in further
vapourization of the feedstock. The lifting medium maintains a superficial velocity of the
adsorbent in a range of about 2 metres per second to about 5 metres per second in the bottom of
the first channel 102 before feedstock is introduced. In an implementation, the superficial
~ velocity of the vapor is maintained in such a way that a residence time of the adsorbent in the
first channel 102 is in a range of about 1 to 5 seconds. In another implementation, the residence
firhe of the adsorbent can be maintained in a range of about 2 to 3 seconds.

[21] The ads’orbént introduced in the first channel 102 is .typically at a high
temperature. As the feedstock contacts the adsorbent in the first channel 102, the feedstock gets

vaporized. The vaporization of the feedstock increases the volumetric flow rate of the feedstock,
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which facilitates the feedstock-adsorbent mixture to proceed further along the first channel 102.
Further, as the temperature of the feedstock in the first channel 102 increases on contacting the
“adsorbent, thermal cracking of the feedstock takes place in the first channel 102. In an
implementation, the thermal cracking of the feedstock breaks heavy molecules of the feedstock
into smaller molecules, which are capable of passing through the narrow pores of a catalyét.
. Further, in the ﬁrstvchannel 102, the adsorbent removes the contaminants, such as carbon residue,
metal impurities; and Nitrogen and Sulphur compounds, present in the feedstock. Hence, the
treatment of the feedstock with the adsorbent in the first channel 102 results in a treéted
intermediate, which is substantially free from the contaminants and is composed of smaller
molecules. Along with the treated intermediate, the adsorbent with the contaminants adsorbed
thereon is also obtained from the first channel 102. Such an adsorbent which is obtained after
adsorption of contaminants is referred to as spent adsorbent hereinafter. The treated intermediate
and the spent adsorbent are directed further along the first channel 102 to the séparator-reactor
vessel 104.
[22] The separator-reactor vessel 104 includes an adsorbent separating region 112, a
second channel 114 and a cafalyst'separating region 116. In one implementation, the spent
adsorbent is removed from the treated intermediate in the adsorbent separating region 112. The
treated intermediate is then contacted with a catalyst in the second channel 114 where the treated
intermediatc; undergoes catalytic cracking to produce a cracking yield. In the process of catalytic
cracking, the catalyst loses its activity and a substantially inactive catalyst is obtained at the end
of the catalytic cracking process. Thé substantially inactivated catalyst is referred t6 as spent
catalyst hereinafter. The cracking yield is then separated from the spent catalyst in the catalyst
separating region 116. |
[23] According to an aspect of the present subject matter, the adsorbent separating
region 112 of the separator-reactor vessel 104 may include a quenching medium input (not
showﬁ in the figure). In an embodiment, the quenching medium input is provided at an outlet of
the first channel 102. The quenching medium input supplies a quenching medium, such as steam,
to reduce the temperature of the treated intermediate and to prevent further thermal cracking of
the treated intermediate, for example, at the outlet of the first channel 102 in the adsorbent
separating region 112. In an implementation, the quenching medium maintains a temperature of

the outlet of the first channel 102 within a range of about 500°C to 550°C. As a result, the
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temperature of the treated intermediate is also maintained within this temperature range. Further,
the temperature of the outlet of the first channel 102 may also be maintained by controlling the

amount of adsorbent fed into the first channel 102.

[24] Maintaining the temperature of the treated intermediate in the range of 500°C to

© 550°C at the outlet of the first channel 102 also helps in achieving a desired catalyst to feedstock

ratio in the second channel 114 that is higher than what can be conventionally maintained. This

is beeause, in the second channel 114, the treated intermediate is contacted with a catalyst, which

is at a high temperature. As a result, the temperature of the treated intermediate increases in the

second channel 114. However, to achieve effective catalytic cracking, the temperature of the

second channel 114 has to be maintained within a desired temperature range of about 550°C to

650°C. At higher temperatures, the coke formation on the catalyst increases, which adversely

- influences the catalytic cracking process. |

[25] Generally, the catalyst to feedstock ratio in the second channel 114 has to be

reduced so that the temperature of the second channel 114 can be maintained within the desired

range to achieve effective catélytic craeking of the feedstock. Howetler by maintaining the

temperature of the treated intermediate in the range of 500 °C to 550 °C using quenchmg, the

temperature of the second channel 114 can be maintained within the desired range even at a

higher catalyst to feedstock ratio. Thus overall efficiency of cracking can be increased.

[26] Further, a desired ratio of the adsorbent to the feedstock in the first channel 102

has to be maintained to achieve effective thermal cracking of the feedstock in the first channel

102. The high temperature adsorbent that enters the first channel 102 may disrupt the thermal

cracking process. The temperature of the adsorbent is maintained within desired limits by -
providing a regenerator cooler at an adsorbent regenerator as will be explained later.

[27] Further, the first channel 102 terminates in an adsorbent separating device 118 in

the adsorbent separating region 112. In an implementation, the adsorbent separating device 118

may be an inertial separator, for example, a cyclone separator or a baffle plate separator. The

adsorbent separating device 118 separates the treated intermediate from the spent adsorbent. The

spent adsorbent flows through the adsorbent separating device 118 and towarcis an adsorbent

stripping zone 120 of the adsorbent separating region 112. ' )
[28] In an embodiment, the adsorbent stripping zone 120 is provided at a bottom

region of the adsorbent separating region 112 of the separator-reactor vessel 104. In other
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embodiments, the adsorbent stripping zone 120 may be provided at any appropriate elevation of
the separator-reactor vessel 104. The adsorbent stripping zone 120 is supplied by a stripping |
medium, for example, steam, Nitrogen, or an inert gas, through an adsorbent stripping medium
input 122 illustrated by an arrow in the figure. In an implementation, about 2 to 5 tonnes of the
stripping medium ie provided per 1000 tonnes of the spent adsorbent. - _

[29] In the adsorbent stripping zone 120, the vapours of the treated intermediate
entrained with the adserbent particles are removed by the stripping medium. The spent
adsorbent, substantially free from the treated intermediate, flows through a second standpipe
124. On the other hand, the vapours of the treated intermediate separated at the adsorbent
- separating device 118, and then at the adsorbent stripping zone 120 are directed'through an
overhead duct 126, and into the second channel 114. In said embodiment, the second channel
114 is a down-flow reactor. }

[30] - According to an aspect of the present subject matter, inside the second channel
114, a uniform velocity distribution of the catalyst and the treated intermediate is obtained across
a cross-section of the second channel 114. The uniform velocity distribution of the treated
intermediate and the catalyst minimizes any side reactions, and hence minimizes formation of
undesirable coke and dry gas in the second channel 114. Further, the second channel 114 is
connected to a third standpipe 128 and is supplied with the catalyst through the third standpipe
128. The catalyst may include large pore zeolites; such as Y-zeolites; medium pore zeolites, such
as ZSM-5 and ZSM-11; shape selective zeolite, such as ZSM-5; rare earth exchanged Y zeolite;
Ultra stable Y zeolite; matrix zeolites; etc. Further, the catalyst may be amorphous or crystalline,
and may be provided in the form of microspheres such that large surface area is exposed for
reaction with .the treated intermediate. Further, the small molecules present in the treated
intermediate are capable of passing through the pores of the catalyst in order to achieve effective
cracking.

[31] The mixture of the treated intermediate and the catalyst is directed towards the
second channel 114. The cracking of the treated intermediate is achieved in the second channel |
114 to obtain a cracking yield, and the catalyst gets consumed due to contamination by wastes,
such as coke. The cracking yield may include gasoline, light olefins, such as Ethylene, Propylene

and Butylene, liquefied petroleum gas (LPG), etc.
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[32] Further, in an implementation, the residence time of the catalyst in the second
channel 114 is abouf 1 to 5. seconds. In another implementation, the residence time of the catalyst
in the second channel 114 is about 2 to 3 seconds. Further, in an implementation, the outlet of the
second channel 114 is maintained in a temperature range of about 550°C to 650°C to achieve
effective cracking of the treated intermediate. This is done, for exafnple, by maintaining a
catalyst to feedstock ratio in the second channel 114 within a range of about 3:1 to 1.5:1 by
- weight.

[33] After the catalytic cracking, the cracking yield and the spent catalyst are carried
further along the second channel 114 and into the catalyst separating region 116. In said
embodiment, the catalyst separating iegion 116 includes a catalyst separating device 132 and a
catalyst stripping zone 134. The catalyst separating device 132 may be similar to the adsorbent
separating device 118. The spent catalyst is substantially removed from the cracking yield in the
catalyst separating device ‘132, and the spent catalyst is directed towards the catalyst stripping
zone 134 at a bottom of the catalyst separating region 116. The catalyst stripping zone 134 may,
however, be provided at any appropriate elevation of the separator-reactor vessel 104. The
catalyst stripping zone 134 is connected to a- catalyst stripping medium inpnt 136, illustrated by
an arrow, and supplied with the stripping medium through thé catalyst stripping medium input
136. In an implementation, about 2 to 5 tonnes of the stripping medium is provided per 1000
tonnes of the spent catalyst.

[34] In the catalyst stripping zone 134, any residual vapours of the cracking yield
entrained with the spent catalyst zire reinoved, and the spent catalyst flows out from the catalyst
separating region 116 of the separator-reactor vessel 104 through a fourth standpipe 138. The
flow of the spent catalyst through the fourth standpipe 138 is regulated using a valve 140. The
cracking yield is directed from the catalyst separating region 116 towards a fractionator (not |
shown in the figure) through a channel 142, '

[35] According to said embodiment of the present subject matter, the separator-reactor
vessel 104 is provided with a physical partition 144. The physical partition 144 is disposed
between the adsorbent separating region 112 from those of the catalyst separating region 116
separates the processes of the adsorbent separating region 112 from those of the catalyst
separating region 116. The physical partition 144, hence, provides for a physically separate '

processing of the spent adsorbent and the spent catalyst. With such separate processing, the

9
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particle size of the adsorbent aﬁd the catalyst can be selected independent from each other. Such
a separate processing of the adsorbent and the catalyst also prevents the catalyst from being
exposed to a high concentration of contaminants, such as carbon residue and metal impurities
that are present in the feedstock and adsorbed by the adsorbent, thereby enhancing the life of the
catalyst. From the separator-reactor vessel 104, the spent catalyst is directed into a third channel
146 through the fourth standpipe 138.
[36] The apparatus 100 funhef provides for regeneration of the spent adsorbent and the
spent catalyst. To this end, the apparatus 100 includes an adsorbent regenerator 148 and a
éatalyst regenerator 150. ‘
[37] In an embodiment, the adsorbent regenerator 148 receives the spent adsorbent,
freé from entrained vapours of the treated intermediate, from the separ.ato'r-reactor vessel 104
through the second standpipe 124. In said embodiment, the second standpipe 124 is provided
with a valve 152 to regulate the flow of the spent adsorbent to the adsorbent regenerator 148. The
spent adsorbent enters the adsorbent regenerator 148 and rests on a grid 154. Further, the
adsorbent regenerator 148 is connected to a regenerating medium input 156. The regenerating .
medium input 156 supplies a regenerating medium, such as air or an Oxygen rich gas, to the
adsorbent regenerator 148. In said embodiment, the regenerating medium input 156 terminates in
the grid 154 of the adsorbent regenerator. 148. The grid 154 forms a resting plane for the spent
adsorbent as the regenerating medium is forced through the regenerating medium input 156. The
grid 154 provides a greater surface for the adsorbent particles to be éxposed to the regenerating
medium, so that the regeneration of the adsorbent is achieved in large amounts.
[38] In an implementation, the adsorbent regenerator 148 is operated in a partial
* combustion mode. In this mode of operation, the adsorbent regenerator 148 is operated under
controlled flow of regenerating medium in dense bed fluidization regime. In one example, the
adsorbent regenerator 148 is maintained below a temperature of about 700°C in the partial
combustion mode. In another example, the adsorbent regenerator 148 is maintained below a
_ température of about 680°C. The temperature of the adsorbent regenerator 148 is maintained to
maintain a desirable amount of carbonaceous deposit on the adsorbent. Usually, at higher
concentration of carbbnaceous deposits on the adsorbent, the ability of the adsorbent to trap the
- impurities present in the feedstock improves. Although there is no maximum limit on the amount

of carbonaceous deposits on the adsorbent, however, due to practical reasons, the amount of

10
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carbonaceous deposits on the adsorbent within a range of about 0.3 to 2% by weight. In an
embodiment, the adsorbent regenerator 148 may include a regenerator cooler (not shown in the
figure) to maintgiﬁ the temperature of the adsorbent regenerator 148, for example, when the
feedstock has carbon residue in excess of 10% by weight, which causes a high concentration of
the carbon residue to be adsorbed onto the adsorbent.

[39] In another implementation, the adsdrbent regenerator 148 may operate in a full
combustion mode. In said implementation, the adsorbent regenerator 148 is operated by
subplying excess amount of regenerating medium and the spent adsorbent is regenerated by full
combustion of the contaminants therein. |

[40] In yet another implementation, the adsorbent regenerator 148 may operate in a
gasification mode. Gasification is a chemical process used to convert a solid material such as the
carbonaceous deposits into synthesis gas. In this mode of operation, the adsorbent regenerator
148 is operated at a temperature of about 750°C to 850°C. In said implementation, the spent
adsorbent is regenerated in presence of an Oxygen-containing gas and steam to pr'o.ducev
Hydrogen, Carbon monoxide and Carbon dioxide. The steam reacts with the Carbon monoxide
through the Water gas shift reaction. The metal 'impurities adsorbed on the spent adsorbent may
act as catalyst for the Water gas shift reaction. The Hydrogen gas can be recovered at the
downstream of the adsorbent regenerator 148 from the synthesis gas. The reaction is represented

by the following chemical equation: .
CO+H20<——>CO2 +H2 —AHg98 = 41.2kJ/mol

[41] Further, the adsorbent regenérator 148 includes a combustion product separating
device 158, such as a cyclone separator or a baffle plate separator, to separate the adsorbent from
the by-products, for example, combustion gases or products of gasification, in the adsorbent
regenerator 148. The adsorbent is directed towards the first channel 102 through the first
standpipe 108 for further treating the feedstock. The first standpipe 108 is provided with a valve
160 to regulate the amount of adsorbent supplied to the first channel 102. In an implementation,
a ratio of the adsorbenf to feedstock in the first channel 102 is maintained within a range of about
3:1 to about 15:1 by weight by regulating the flow of the adsorbent to the first channel 102 using
the valve 160. Further the valve 160 also helps to maintain the outlet temperature of the riser
within the temperature range of about 500°C to 550°C by controlling the adsorbent flow to the -
first channel 102 through the first standpipe 108.

11
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[42] Further, the catalyst regenerator 150 receives the spent catalyst through the third
channel 146. In said embodiment, the third channel 146.is an upflow-type channel. The third
channel 146 employs a lifting medium, such as air, to direct the spent catalyst, coming from the
separator-reactor vessel 104, to the catalyst regenerator 146. In an implementation, the spént
catalyst undergoes a partial regeneration in the third channel 146 as a portion of the contaminants
in the spent catalyst burn when they contact the Oxygen present in the lifting medium. The spent
catalyst, partially regenerated in the third channel 146, flows towards a grid 162 of the catalyst
regenerator 150 and undergoes. complete regeneration. The grid 162 is supplied with a
regenerating medium, such as an Oxygen rich gas, through a regenerating medium input 164 to
achieve complete combustion of the wastes in the catalyst. The grid 162 provides a large area to
expose the spent catalyst for complete regeneration. Since, the contaminants in the feedstock are
deﬂosited on the adsorbent particles in the first channel 102, the coke lay down on the catalyst is
substantially less. Therefore, the temperature of the catalyst regenerator 150 can be maintained
within about 730°C without using a catalyst cooler.
[43] " In another implementation, the contaminants in the spent catalyst undergo a
partial combustion in the catalyst regenerator 150, that is, the catalyst regenerator 150 is operated
in a partial combustion mode. In said ifnplementation, a temperature of the catalyst regenerator
' 150 is maintained below about 700°C by controlling excess Oxygen in combustion products.
[44] Further, a mixture of the regenerated catalysf and combustion products, for
example, exhaust gasesvand ash, enters a combustion product separation device 166 of the
catalyst rege_:nerator 150. The combustion product separation device 166 separates the spent
catalyst from the combustion products. In an embodiment, the combustion product separation
device 166 of the catalyst regenerator 150 is similar to the combustion product separating deviée
158 of the adsorbent regenerator 148. |
[45] The catalyst is supplied to the second channel 114 through the third standpipe
128, which is provided with a valve 168 to regulate the supply of the catalyst for cracking the
treated intermediate. Further, the supply of the catalyst to the second channel 114 is regulated
using the valve 168 in such a way that the catalyst to feedstock ratio of about 3:1 to 15:1 by
weight is achieved. As mentioned earlier, the temperature of the outlet of the first channel 102
maintained by the‘quenching medium also helps in achieving the desired catalyst to feedstock

ratio.
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[46] It may be understood that the valves 140, ’152, 160 and 168 may or may not be
implemented as similarly configured valves.

[47] According to an aspect of the present subject matter, a gas purge (not shown in
the figure) is provided in the first standpipe 108, the second standpipe 124, the third standpipe
128, and the fourth standpipe 138 to keep the adsorbent and the catalyst flowing and, hence,
obtain an adsorbent stream and a catalyst stream. ‘

[48] Fig. 2 illustrates an exemplary method for catalytic cracking of feedstock,
according to an implementation of the present subject matter. |

[49] The order in which the method is illustrated in Fig. 2 is not intended to be
construed as a limitation, and any number of the described method blocks can be combined in
any order to implement the method, or an alternative method. Additionally, individual blocks
may be deleted from the method without departing from the spirit and scope of the subject matter
described herein. ‘ '

[50] Referring to Fig. 2, at block 202, an adsorbent is mixed with a feedstock. In an
implementation, the feedstock is first mixed with a heated gas, for example, steam or an inert gas
to assist in vaporization of the feedstock. In said implementation, the amount of heated gas in the
mixture is about 10% toabout 50% by weight; The heated gas and the feedstock form a flowing
feedstock stream. The feedstock stream may be inducted into a channel, such as the first channel
102, throﬁgh an input channel, such as the feedstock input 106. In an implementation, the first
channel 102 is an upflow reactor. Further, the adsorbent is iﬁducted into the first channel 102
through a standpipe, such as the first standpipe 10.8; A gas purge may be provided in the first
standpipe 108 to obtain a flowing stream of the adsorbent. Furthermore, in an implementation, a
particle size of the adsorbent is about 20 to 500 microns (um), and a particle density of the
adsorbent is about 1300 to l3000 kilogram per cubic metre (kg/m3); In another implementation,
the particle size of the adsorbent is about 20 to 200 microns (um), and the particle density of the
adsorbent is about 1300 to 1600 kilogram per cubic metre (kg/m*). In yet another
‘implementatibn, the particle size of the adsorbent is about 20 to 170 microns (um), and the
particle density of the adsorbent is about 1300 to 1400 kilogram per cubic metre (kg/m3 ).

[51] On mixing with the adsorbent, the feechStolck may be fully vapourized and the
’ conteiminants, such as carbon residue, metal impurities, and Nitrogen and Sulphuf compounds, in

the feedstock get adsorbed on the adsorbent and are removed from the feedstock in the first
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channel 102. Further on contacting the adsorbent, the temperature of the feedstock increases and
thermal cracking of ‘the feedstock takes place. As the feedstock undergoes thermal cracking,
heavy molecules of the feedstock are broken down into small molecules, which are capable of
passing through small pores. Subsequent to the adsorption of the contaminants and the thérrnal
cracking of the 'feedstock, a treated intermediate is obtaine.d, which is composed from small
molecules and is substantially free from the contaminants. The adsorbent ge_fs spent in removing
the contaminants from the feedstock, and is also referred to as spent adsorbent. In an
implementation, the outlet temperature of the first channel 102 is maintained withih a
~ temperature range of about 500°C to 550°C by controlling the flow of adsorbent to the first
channel 102 through a valve, such as the valve 160. Further, the outlet temperature of the first
channel 102 may be maintained by providing a quenching medium, for example, steam',' at an
outlet of the first channel 102. S
[52] At block 204, the treated intermediate obtained at block 202 is separated from the
’spent adsorbent. In an implementation, the separation is achieved in a region, such as the
adsorbent separating region 112, of a vessel, such as the separator-reactor vessel 104. The treated
intermediate is separated from the spent adsorbent in a device, such as the adsorbent separating
“device 118, in the adsorbent separating region 112.
[53] The spent adsorbent may include residual vapours of the treated intermediate
entrained with it. These residual vapours are separated in a stripping zone, such as the adsorbent
stripping zone 120, of the adsorbent separating region 112 of the separator-reactor vessel 104.
The separation o_f the treated intermediate from the spent adsorbent is facilitated by a stripping
medium, for example, steam or an inert gas, which is supplied to the stripping zone aé a counter
current through an input channel, such as the adsorbent stripping medium input 122,
[54] At block 206, the stream of the treated intermediate is contacted with a catalyst to
achieve cracking of the treated intermediate. The catalyst may be a porous cataiyst and the small
molecules present in the treated intermediate are capable of passing through the pores of the
catalyst to achieve effective cracking of the treated intermediate. In an implementatioh, the
catalyst from a channel, such as the third standpipe 128, is directed into a channel, such as the
second channel 114. In an implementation, the second channel 114 is a down-flow reactor. A gas
- purge may be provided in the third standpipe 128 0 provide.a ﬂowing stream of the catalyst. The

cracking of the treated intermediate in the presence of the catalyst may occur in the second
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channel 114. In said implementation, an outlet of the second channel 114 is maintained at a
temperature within a range of about 550°C to 650°C. Further, in said implementation, a particle
size of the catalyst is about 20 to 200 microns and a particle density of the catalyst is about 1200
to 1800 kilogram per cubic metre (kg/m3), In another iniplementation, the particle size of the
catalyst is about 20 to 170 microns and the particle density of the catalyst is about 1300 to 1600
kilogram per cubic metre (kg/m>). ‘In yet another implementation, the particle size of the catalyst
is about 20 to 100 microns and the particle density of the catalyst is about 1300 to 1400 kilogram
per cubic metre (kg/mS). According to an aspect, an average particle size of the catalysf is of
about 70 microns. Furthermore, the average particle size and the particle density of the catalyst
are selected independent of the average particle size and the particle density of the adsorbent. In
an implementation, the average particle size of the adsorbent is substantially same as the average
particle size of the catalyst.

[55] On cracking of the treated intermediate, a cracking yield including gasoline; light
olefins, such as Ethylene, Propylene and Butylene, liquefied petroleum gas '(LPG), etc., is
" obtained. The catalyst, on the other hand, is spent and deactivated because of its contamination
by wastes, such as coke, during the cracking of the treated intermediate.

[56] At block 208, the cracking yield is segregated from the spent catalyst‘. In an
implementation, the cracking yield is segregated from the spent catalyst in a fegion, such as the
catalyst separating region 116 of the separator-reactor vessel 104. The catalyst separating region
116 may include a separating device, such as the catalyst separating device 132, to séparate the
spent catalyst from the cracking yield. Furthér, the catalyst separating region. 116 may also
include a stripping zone, such as the cataiyst stripping zone 134, to remove any residual vapdurs
of the cracking yield entrained with the spent catalyst particles. The stripping zone may be
supplied with a counter current of a stripping medium, such as steam, through a catalyst stripping
medium input 136 to separate the entrained residual vapours of the craéking yield from the spent
catalyst. . | |

[57] ' At block 210, the cracking yield segregated from the spent catalyst is processed
further to separate the various products, such as gasoline, light olefins and liquefied pefroleum
gas (LPG). In an implementation, the cracking yield is processed in a fractionator to separate the

various products.
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[58] At block 212, the spent adsorbent is regenerated. For exarnple, the - spent
adsorbent is regenerated in a regenerator, such as the adsorbent regenerator 148, in the presence
of a regenerating medium, such as an Oxygen rich gas, through a channel, for example, the
regenerating medium input 156. In said implementation, the regeneration of the spent adsorbent
‘is achieved by combustion of the contaminants on the adsorbent. In said implementation, the
regeneration of the spent adsorbent is achieved by maintaining a temperature below about a
temperature of 700°C. Further, amount of coke on the adsorbent after regeneration is limited to
about 0.3 to 2% by weight. The adsorbent is again sent back to be contacted with the
contaminated feedstock at block 202. /

[59] At block 214, the spent catalyst is regenerated for further use. In an
implementation, the spent catalyst is regenerated in a regenerator, such as the catalyst
regenerator 150, in the presence of a regenerating medium, such as an Oxygen rich gas, thron'gh
a channel, for example, the regenerating medium input 164. In said implementation, the spent -
catalyst may be regenerated by combustion of wastes, such as coke, in the catalyst in the
presence of the regenerating medium. Further, the regenerated catalyst has about 0.05 to 0.1% of
coke by weight. The regenerated catalyst, also referred to as fresh catalyst, is again contacted
with the treated intermediate to achieve cracking of the treated intermediate at block 206.

[60] According to an implementation of the present subject matter, the separation of
the treated intermediate at block 204, the ccntacting of the treated intermediate with the catalyst
at block 206, and the segregation of the catalyst from the cracking yield at block 208, are
achleved inside a single vessel, such as the separator-reactor vessel (104).

[61] The described subject matter and its equivalent thereof have many advantages
including those which are described below. Since, the removal of the contaminants from the
feedstock and the cracking of the treated intermediate are achieved separately, the catalyst is not
exposed to a high concentration of contaminants, such as carbon residue and metal impurities, in
the feedstock. As a result, the life of the catalyst is enhanced, and the catalyst addition rate and
the cost of operation are considerably reduced. Tne overall performance of the catalyst is also
enhanced Further, since the catalyst is contacted with a treated intermediate, no catalyst cooler is
requlred to maintain the temperature in a catalyst regenerator below the prescribed limit. Since,
the contaminants in the feedstock are deposited on the adsorbent particles before the treated

intermediate obtained by the thermal cracking of feedstock contacts the catalyst, the coke lay
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down on the catalyst is sﬁbstanﬁally less. Therefore, the temperature of the catalyst regenerator
150 can be maintained within the required range of temperature without a catalyst cooler.

[62] Furthermore, since the spent adsorbent and the spent cétalyst are also regenerated
separately, the method is independent of the physical properties of the catalyst and the adsorbent,
such as particle size, particle density, and fluidization, and is, hence, effective in terms of cost.
Additionally, the adsorbent coming to the adsorbent regenerator 148 can be withdrawn from the
adsorbent regenerator 148. Such an adsorbent may be laden with high concentration of metals,
for example, about 50,000 parts per million of metals including Nickel, Vanadium, etc. These
high value metals can be extracted from the adsorbent, before the regenerating medium is
provided for the regeneration of the adsorbent. _

[63] Although the present subject matter has been described in considerable detail with
reference to certain preferred embodiments thereof, other embodiments are possible. As such, the
spirit and scope of the appended claims should not be limited to the description of the preferred

embodiments contained therein.
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Claims:

1. An apparatus'(100) comprising:
a first channel (102), wherein a feedstock 1s treated with an adsorbent in the first
channel (102) to obtain a treated intermediate; and
. a separator-reactor véssel (104) comprising,
an adsorbent separating region (112) to remove thé adsorbent from the
treated intermediate, wherein the first channel (102) terminates in the adsorbent
separating region (112);
a second channel (114) connected to | the adsorbent separating regidn
(112), wherein the treated intermediate is contacted with a catalyst in the second
channel (1 14) to produce a cracking yleld
“a catalyst separating region (1 16) to remove the catalyst from the cracking
yield, wherein the second channel (114) terminates in the catalyst separating
region (116); and | ,‘
a physical partition (144) disposed between the adsorbent separatingA
reglon (112) and the catalyst separating region (116) to separate the adsorbent
separating region (112) and the catalyst separating region (116).
2. The apparatus (100) as claimed in claim 1, wherein the adsorbent separating region (112)
compfises:
’ an adsorbent separating devicé (118) to separate the treated intermediate from the
adsorbent; and
an adsorbent stripping zone (120) to separate the adsorbent from residual treated
intermediate in the adsorbent. l |
3. The apparatus (100) as claimed in claim 1, wherein thé catalyst separating region (116)
comprises:

a catalyst separating device (132) to separate the cracking yield from the catalyst;

and
a catalyst stripping zone (134) to separate the catalyst from residual cracking yield
in the catalyst. | ‘
4, The apparatus (100) as claimed in claim 1, wherein the second channel (114) is a down-
flow reactor.
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5. The apparatus (100) as claimed in claim 1, wherein an aVerage particle size of the
adsorbent is substantially same as an average particle size of the catalyst. '

6. The apparatus (100) as claimed in claim 1, wherein a residence time of the adsorbent in
the first channel (102) is about 2 to 5 seconds.

7. . The apparatus (100) as claimed in claim 1, wherein a residence time of the catalyst in the
second channel (114) is about 2 to 3 seconds. |

8. The apparatus (100) as claimed in claim 1, wherein an outlet of the first channel (102) is
maintained in a temperature range of about 500°C to 550°C.

9. The apparatus (100) as claimed in claim 1, wherein an outlet of the second channel (114)
is maintained in a temperature range of about 550°C to 650°C.

10. The apparatus (100) as claimed in claim 1, wherein a ratio of the adsorbent to feedstock
in the first channel (102) ranges from about 3:1 to about 15:1 by weight.

11.  The apparatus (100) as claimed in claim 1, wherein a ratio of the catalyst to feedstock in
the second channel (114) ranges from about 3:1 to about 15:1 by weight.

12. The apparatus (100) as claimed in cléim 1, further comprising an adsorbent regenerator
(148) to regenerate the adsorbent, wherein the adsorbent regenerator (148) comprises a grid
(154) and at least one regenerating medium input (156) to provide a regenerating medium to
regenerate the adsorbent.

13. The apparatus (100) as claimed in claim 12, wherein the adsorbent regenerator (148) is
operated in a partial combustion mode below a temperature of about 680°C.

14.  The apparatus (100) as claimed in claim 12, wherein the adsorbent regenerator (148) is
operated in a full combustion mode. v

15.  The apparatus (100) as claimed in claim 12, wherein the adsorbent regenerator (148) is
operated in a gasification mode at a temperature of about 750°C to 850°C.

16. Thé apparatus (100) as claimed in claim 1, further comprising a catalyst regenerator (150)
to regenerate the catalyst, wherein the catalyst regeneratovr (150) cbmprises a grid (162) and at
least one regenerating medium input (164) to provide a régenerating medium to regenerate the
catalyst. |
17.  The apparatus (100) as claimed in claim 16, wherein the catalyst regenerator (150) is

maintained below a temperature of about 700°C.
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18. A method (200) comprising: |
mixing a feedstock stream with an adsorbent flow in an upflow reactor (102) to
remove contaminants from the feedstock stream by an adsorbent in the adsorbent flow
and to thermally crack a feedstock in the feedstoék stream to produce a treated
intermediate;
separating the treated intermediate from the adsorbent in an adsorbent separating .
region (112) to form a treated intermediate stream;
contacting the treated intermediate stream with a catalyst flow in a down-flow
reactor (114) to catalytically crack the treated intermediate in the treated intermediate
stream in presence of a catalyst in the catalyst flow to produce a cracking yield; and
segregating the catalyst from the cracking yield in a catalyst separating region
(116); | |
wherein the separating, the contacting, and the segregating are achieved in a -
single separator-reactor vessel (104). '
: 19. The method (200) as claimed in claim 18, wherein the separating the treated intermediate
stream further comprises removing residual feedstock from the adsorbent. |
20.  The method (200) as claimed in claim 18, wherein the separating the cracking yield
further comprises removing residual cracking yield from the cafalyst.
21.  The method (200) as claimed in claim 19 or 20, wherein the removing comprises

- providing a counter current of a stripping medium.
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