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The invention relates to a method for the recovery of 
energy from the spent hot gases from the regenerator of 
a catalytic cracking unit, from which gases the ?uidized 
catalyst mass to be regenerated has been removed with 
the aid of one or more separators. 

It is known to recover the useful energy from the com 
bustion gases from a ?uidized cracking catalyst regenera 
tion system, since these exit gases, from which the catalyst 
particles have been removed, contain a quantity of com 
bustible components, such as can-hon monoxide, and are, 
moreover, at a fairly high temperature and at a pressure 
of several‘ atmospheres. However, these exit gases are 
not capable of normal, self-sustained combustion when 
mixed with supplemental air because the concentration 
of carbon monoxide is too low. 
US. Patent 2,307,672 discloses a method of the above 

mentioned type, in which the combustion gases are further 
burnt by means of a combustion catalyst and the resultant 
heated gases are used to drive a gas turbine connected 
to an air compressor. 

According to US. Patent 2,853,455, the gases are fur 
ther burnt in a combustion chamber, into which fuel gases 
and supplemental air are also introduced, in order to 
maintain combustion. The combustion gases then pass 
through a heat exchanger, where'steam is generated, and 
are subsequently led through an economizer before being 
discharged via the stack. 
The object of the present invention is to provide a 

method of the type mentioned in the preamble, which 
method has certain important advantages over the pre 
viously known systems, such as case of control and a 
favorable energy balance. 

This object is attained according to the invention by us 
ing a method- wherein the exit gases from a catalyst re 
generator are led in to a high~pressure steam boiler (i.e., 
to a super-charged boiler wherein the gases are at super 
atmospheric pressure), in which boiler they are burnt 
under pressure, supplemental fuel and air being added, 
after which the combustion gases are discharged from the 
boiler, the outlet temperature of which is controlled, are 
expanded in at least one gas turbine/ compressor unit, the 
compressor(s) supplying both the combustion air for the 
regenerator and the combustion air for the boiler. 

Since, according to the invention, the boiler in which 
the gases are further burnt is arranged ahead of the gas 
turbine(s) and therefore operates under elevated. pressure 
on the heat delivery side, this makes it possible to supply 
high-pressure steam, i.e., steam at approximately 50 at 
mospheres, with a very satisfactory yield, which steam can 
be expanded in turbines to a lower but yet moderately 
high pressure, e.g., approximately 18 atmospheres, and 
subsequently delivered to the re?nery’s steam system. 
The latter pressure is the same as the normal pressure 
of the steam system in re?neries, while, moreover, the 
partial expansion in the turbines provides su?icient en 
ergy to drive the gas compressors of the cracking unit. 
The exit gases from the steam boiler can then drive one 

or more turbines; the outlet temperature of these gases 
must, of course, be controlled and it is therefore necessary 
to provide a suitable temperature-control system. A par 
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2. 
ticular advantage of the invention is that this control can 
be realized in a very simple manner. 

According to a feature of the invention, the outlet tem 
perature of the exit gases from the boiler is preferably 
controlled with the aid of a control device which controls 
the supply of fuel to a combustion apparatus arranged 
‘after the heat~transfer section‘in the boiler, as a function 
of the outlet temperature measured in the gas outlet of 
the boiler. 

If, therefore, the temperature of the exit gases is too 
low, the combustion apparatus on the outlet side of the 
boiler comes into operation and insures that the desired 
temperature level is reached without the heat-transfer in 
the boiler itself being affected. It is also possible to 
have the said- control operate in such a way that the 
combustion apparatus is permanently in operation, but 
is controllable between given maximum and minimum 
heat-output levels. The air control for this combustion 
apparatus may be effected in a known manner, with the 
aid of one of the known fuel-air control systems, but in 
principle it may also be eifected directly with the aid of 
the above-mentioned fuel-supply control device. , 

If, during operation, the temperature of the exit gases 
from the boiler becomes and remains too high, even on 
minimum level or with the combustion apparatus discon 
nected, the said control device can also, according to the 
invention, control the supply of cooling water to a water 
injection apparatus provided in the boiler after the tube 
bundle, this control operating likewise as a function of 
the outlet temperature of the combustion gases from the 
boiler. 

In the turbine or turbines in which the combustion gases 
then expand, sui?cient mechanical energy is generated 
to drive one or more compressors, supplying both the air 
for the regenerator and the supplemental air for the boiler. 
The quantity of air supplied to the regenerator is pref 

erably controlled with the aid of a flow controller operat 
ing ‘a valve in a by-pass line connected to the air line to 
the boiler. The pressure in the regenerator can be con 
trolled by means of a pressure controller operating a valve 
in a by-pass line associated with the gas turbines. How 
ever, these speci?c arrangements are optional. 
The invention also relates to an apparatus suitable for 

carrying out the method discussed above. The apparatus 
according to the invention is characterized by the com 
bination of a centrifugal dust separator connected to the 
regenerator combustion gas outlet, a steam boiler with 
a first combustion chamber, provided with an inlet for 
air and exit gas from the dust separator and an auxiliary 
combustion device near the said gas inlet, a heat-transfer 
section, provided with (a) tube bundle(s) for steam gen~ 
eration, and a second combustion chamber, provided with 
a combustion device, a water-injection apparatus and an 
outlet for combustion gases, and a number of turbine/ 
compressor units, with the turbine inlet connected to the 
gas outlet of the boiler. 
The invention will now be described in greater detail 

with reference to the drawing, the single view of which 
shows diagrammatically an apparatus according to the in— 
vent-ion. 

Referring to the drawing, 1 is the regenerator, repre 
sented as a vessel wherein fine spent catalyst particles, 
coated with carbonaceous matter are maintained as a 
fluidized bed F. Such catalyst may be introduced con 
tinuously at la and discharged at 15. The vessel contains 
at the top a number of cyclones 2, 3, connected in series 
and having dip legs immersed in the bed, in which cy 
clones the catalyst particles being regenerated are sepa 
rated from the combustion or exit gases which rise from 
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the top of the bed F. These gases are led off via a line 4 
and preferably passed through a supplemental cyclone 5, 
in which these gases are freed from the smallest solid 
catalyst particles. The ditference between cyclones 2 and 
3 on the one hand and 5 on the other is that the particles 
separated off in the ?rst two cyclones are returned to the 
process, whereas the particles separated off in the last 
cyclone are removed since they are not suitable for fur 
ther use in the unit. As these particles are too ?ne to 
be retained in the bed F, they would simply continue cir 
culating through the cyclones without participating in the 
process, which would represent a useless overloading of 
the cyclones. The last cyclone 5 has rather the task of 
purifying the combustion gases sut?ciently to ensure that 
when, in a later stage, these gases are expanded in gas 
turbines, they do not contain too many harmful solids 
or components which could impair the turbine blades by 
erosion or otherwise. It will be understood that in a 
practical embodiment the cyclone 5 could comprise a bat 
tery of small cyclones connected to operate in parallel. 
The puri?ed combustion gases, which still contain a quan 
tity of combustible components, such as carbon monoxide, 
are led to a boiler 7 via a line 6. This boiler includes a 
?rst combustion chamber 8, a heat-transfer section 9, 
and a second combustion chamber 10. 
The combustion gases are supplied to the ?rst combus 

tion chamber via inlet 11. An air supply line 12 enters 
the combustion chamber near the same spot to mix sup 
plemental air with the entering gas. This chamber is 
also provided with an auxiliary combustion apparatus 13, 
?tted with a line 14 for the supply of auxiliary fuel at a 
rate determined by a valve 14a, and an air supply line 
15 having a valve 15a for controlling the air ?ow rate. 

' The heat-transfer section 9 of the boiler contains one 
or more tube bundles, connected on the inlet side to a 
water supply line 16 and on the outlet side of a steam 
outlet line 17. The second combustion chamber 10 is 
provided with a combustion apparatus 18, a water-injec 
tion apparatus 19 and a combustion gas outlet 20. The 
combustion apparatus has a fuel supply line 21, pro 
vided with a control valve 22, which is equipped with a 
valve operator 22a, operated by a controller 23. This 
controller likewise operates a valve-operator 24a con 
nected to a control valve 24 in the water supply line 25 
of the water injection apparatus. 
The controller 23 is connected to a temperature-sens 

ing element 23a in the gas outlet line 20 and acts respon 
sively to the temperature of the emerging gas. Depend 
ing on the deviation of the measured temperature from 
the set value for the temperature of the exit gases, which 
set value can be set into the controller 23, the controller 
emits control signals so as to maintain the gas tempera 
ture as constant as possible. Thus, the fuel valve 22 is 
opened or closed, or opened further or closed further, in 
accordance with the known methods of control engineer 
ing. This is also the case with the operation of the valve 
24, which is opened further or is opened as the gas tem 
perature becomes higher than the desired value, when 
the valve 22 is in its minimum position or in its closed 
position. 
The air supply line 26 for the combustion apparatus 

18 is controlled by a valve 26a having a valve operator 
26b, which operates in any known or suitable way. For 
example, it may be operated as a function of the fuel 
supply, either by means of a fuel-air control system, or 
directly by means of the controller 23. 
The outlet 20 is connected to a supply line 27 for a ?rst 

turbine/compressor unit 29, 30 and to a supply line 28 
for a second turbine/ compressor unit 31, 32. The turbine 
29 is provided with an outlet line 33 and the turbine 31 
with an outlet line 34. These outlet lines are connected, 
together with a by-pass line 35, to a common gas outlet 
line 36. 
An economizer 37 is advantageously ?tted in this line 
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4 
36 to preheat the steam boiler feed water. The heated 
water is led via a line 38 to the water inlet 16 of the 
boiler. After passing through the economizer the spent 
gases are led to the stack via line 39. 
The turbine/compressor unit 31, 32 delivers com 

pressed air into a line 40, which line splits into two" 
branches 41 and 42. The branch 41 is connected to an 
air distributor 45 Within the regenerator 1 and supplies 
air to maintain the catalyst ?uidized and provide oxygen 
to burn carbonaceous deposits on the catalyst. The 
other branch 42 is a by-pass line, ?tted with a valve 43. 
This valve is actuated by a valve operator 43a, which is 
operated by a ?ow controller 44 having as its input a 
signal of the measured rate of air ?ow to the regenerator, 
For example, the branch 41 may include a flow measur= 
ing element 44a, such as an ori?ce meter. The controller‘ 
44 has an adjustable set point and controls the quantity 
of air supplied to the regenerator at a level determined 
by said set point by adjusting the distribution of the total 
quantity of air from line 40 between the branches 41 and 
42. 
The branch 42 is connected to an air line 46, through 

which combustion air, supplied mainly by the compressor 
30, ?ows to the boiler. This line 46 is therefore con 
nected to the air supply lines 12, 15 and 26. 

If more air is eventually supplied to the line 46 than 
is required for the process, the surplus is led off, for ex 
ample via a vent line 47 and control valve 48 to the unit 
stack. in general, there should be a surplus of air, pref~ 
erably reasonably small, in order to permit good process 
control. 
The pressure in the regenerator is controlled with the 

aid of a pressure controller 49. This controller receives 
a pressure signal from a pressure-sensitive cell 50 in the 
regenerator and emits a control signal to operate a valve 
operator 51a. The latter actuates a valve 51 ?tted in 
the by-pass line 35 of the turbines 29 and 31. It will be 
clear that the further the valve 51 is opened, the more 
gas will pass through the by-pass line 35 at the expense 
of the gas stream passing through the lines 27 and 28, and 
that as a result the turbines will supply less energy. Con 
sequently, the air supply from the compressors will be 
affected, resulting in a lower pressure in the regenerator. 
The pressure controller 49 acts responsively to this meas 
ured pressure in the regenerator and insures that the 
position of the valve 51 is adjusted as a function of the 
di?’erence between the measured value for the pressure 
and the desired value set, in accordance with the known 
methods of control engineering. 
The controller 49 may also be connected to operate 

a valve operator 52a which actuates a valve 52 in a 
vent‘line 53 in addition to (or instead of) being con 
nected to the valve operator 51a. The setting of the 
valve 52 affects the pressure in the air system, and hence 
the pressure in the regenerator. 
As already stated, the plant discussed above is shown 

only diagrammatically in the drawing. It will be clear 
that certain designs for or a special arrangement of at 
least several elements are mentioned only by way of ex 
ample. Thus, for example, it is not essential for the ap 
paratus for separating gas and catalyst particles to take 
the form of cyclones. Each gas turbine/compressor unit 
may of course take the form of a series of units connected 
in parallel. The boiler may also be duplicated, as may 
other elements of the apparatus, as is often the case in 
commercial plants in order to guarantee continuous op 
eration. In addition, the drawing does not give any indi 
cations about the relative dimensions of the various parts. 
The entire instrumentation, including the control appara 
tus, has been left undiscussed, insofar as it is not of 
particular interest for the present invention. 
We claim as our invention: 
1. A method for the recovery of energy from hot exit 
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gases from the regenerator ‘of a catalytic cracking unit 
which comprises: 

(a) maintaining a bed of ?nely divided cracking‘ cata 
lyst bearing carbonaceous matter as a ?uidized bed 
Within a con?ned regenerator by passing regenera 
tion air at superatmospheric pressure upwardly 
through the bed and burning said carbonaceous mat 
ter, thereby producing hot exit gas which contains 
a small amount of carbon monoxide, 

(b) separating the catalyst from said exit gas Without 
substantial reduction in temperature or pressure, 

(c) ?owing the residual exit gas at‘ substantially said 
superatmospheric pressure to a high-pressure steam 
boiler, therein burning the said carbon monoxide by 
adding supplemental air and auxiliary fuel, trans 
ferring heat from the resulting hot gas to heat 
transfer elements of the boiler, and discharging said 
gas at substantially said superatmospheric pressure 
from the boiler, 

(d) controlling the temperature of said discharged gas 
independently of the combustion within said boiler by 

(l) measuring the temperature of the gas charged 
to the turbine-compressor set in step (e) hereof, 

(2) burning additional fuel and thereby heating 
said gas after transferring heat to said heat 
transfer elements, and 

(3) controlling the amount of additional fuel 
burnt in accordance with said measured tem 
perature, 

(e) expanding the gas, after said temperature control, 
in at least one gas turbine-compressor set and com 
pressing air thereby, and 

(f) supplying at least some of the compressed air to 
said regenerator as regeneration air. 

2. A method as de?ned in claim 1, wherein said step 
(d) further includes the step of injecting a coolant into 
said gas after transferring heat to said heat-transfer ele 
ments when said measured temperature is too high. 

3. Apparatus for the recovery of energy from hot exit 
gases from the regenerator of a catalytic cracking unit, 
which comprises: 

(a) a regenerator vessel having means for charging 
and discharging catalyst particles, an inlet for re 
generation air, and an outlet for hot exit gas, said 
vessel being constructed to con?ne air under super 
.atmospheric pressure, 

(b) means for separating catalyst from the exit gas 
without substantial reduction in the temperature or 
pressure of the gas, 

(c) a high-pressure boiler containing boiler tubes and 
including an inlet and an outlet, arranged for the 
flow of gas in heat exchange relation with said tubes, 
including a burner and means for supplying fuel to 
the burner at a rate in accordance with the said 
measured temperature, said boiler further comprising 

(1) burner means including a supply means for 
auxiliary fuel, and means for admitting supple 
mental air, both situated ahead of the boiler 
tubes, 

(2) means for measuring the temperature of the 
gas discharged from the boiler, and 

(3) means situated after said boiler tubes for con 
trolling the temperature of the discharged gas 
in accordance with the measured temperature, 

(d) at least one turbine-compressor set connected to 
expand said discharged gas after control of the tem 
perature thereof, said set having an air intake con 
nected to the compressor thereof, and 

(e) a duct connected to the discharge of said com 
pressor for feeding compressed air to the regenerator 
as regeneration air. 

4-. Apparatus as de?ned in claim 3 wherein said means 
for controlling the temperature of the gas further in 
cludes means for injecting a coolant into said gas and 
means for controlling the injection of said coolant in ac~ 
cordance with the said measured temperature. 
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5. A method for the recovery of energy from hot exit 

gases from the regenerator of a catalytic cracking unit 
which comprises: 

(a) maintaining a bed of ?nely divided cracking cata 
lyst bearing carbonaceous matter as a fluidized bed 
within a con?ned regenerator by passing regenera 
tion air at superatmo's‘phe'ric pressure upwardly 
through the bed and burningsaid carbonaceous mat 
ter, thereby producing hot exit gas which contains 
a small amount of carbon monoxide, 

(b) separating the catalyst from said exit gas without 
substantial reduction in temperature or pressure, 

(c) ?owing the residual exit gas at substantially said 
superatmospheric pressure to a high-pressure steam 
boiler, therein burning the said carbon monoxide by 
adding supplemental air and auxiliary fuel, transfer 
ring heat from the resulting hot gas to heat-transfer 
elements of the boiler, and discharging said gas at 
substantially said superatmospheric pressure from 
the boiler, 

(d) controlling the temperature of said discharged gas 
independently of the combustion within said boiler by 

( l) measuring the temperature of the gas charged 
to the turbine-compressor set in step (e) hereof, 

(2) burning additional fuel and thereby heating 
said gas after transferring heat to said heat 
transfer elements, and 

(3) controlling the amount of additional fuel 
burnt in accordance 'Wlth said measured tem 
perature, 

(e) expanding the gas, after said temperature control, 
in at least one gas turbine-compressor set and com 
pressing air thereby, 

(f) supplying at least some of the compressed air to 
said regenerator as regeneration air, 

(g) measuring the pressure within the regenerator, and 
(h) by-passing around the turbine-compressor set a 

variable portion of the gas discharged from the boiler 
in accordance with the measured pressure. 

6. Apparatus for the recovery of energy from hot exit 
gases from the regenerator of a catalytic cracking unit 
which comprises: 

(a) a regenerator vessel having means for charging 
and discharging catalyst particles, an inlet for re 
generation air, and an outlet for hot exit gas, said 
vessel being constructed to con?ne air under super 
atmospheric pressure, 

(b) means for separating catalyst from the exit gas 
without substantial reduction in the temperature or 
pressure of the gas, 

(c) a high-pressure boiler containing boiler tubes and 
including an inlet and an outlet, arran ed for the 
flow of gas in heat exchange relation with said tubes, 
including a burner and means for supplying fuel to 
the burner at a rate in accordance with the said 
measured temperature, said boiler further comprising 

(1) burner means including a supply means for 
auxiliary fuel, and means for admitting supple 
mental air, both situated ahead of the boiler 
tubes, 

(2) means for measuring the temperature of the 
gas discharged from the boiler, and 

( 3) means situated after said boiler tubes for con 
trolling the temperature of the discharged gas 
in accordance with the measured temperature, 

(d) at least one turbine-compressor set connected to 
expand said discharged gas after control of the tem 
perature thereof, said set having an air intake con 
nected to the compressor thereof, 

(e) a duct connected to the discharge of said com 
pressor for feeding compressed air to the regenerator 
as regeneration air, 

(f) means for measuring the pressure within the 
regenerator, 
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(g) means for lay-passing around said turbine-com 
pressor set a part of said gas discharged from the 
boiler, including ?ow-control means, and 

(h) means for operating said ?ow-control means in 
accordance with the measured pressure. 
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