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‘This invention concerns a novel technique for operating
a catalytic cracking operation. The invention is of par-
ticular application to the catalytic cracking of feed stock
centaining metals which contaminate the cracking cata-
lyst. - In accordance with this invention, a control tech-
nique is provided by which the process can be conducted
so as to alleviate difficulties caused by catalyst con-
tamination.

One of the principal refining operations in commercial
use at this time concerns the catalytic cracking of gas
oil fractions of a petroleum oil. Until relatively recently,
gas cil distiilate fraction employed as a catalytic
ng fezd stock was a fraction boiling in the relatively
boiling range of about 500° to 800°. However,
order to szcure greater yields of cracked products and
reduce the portien of the petroleum oil constituting the
idual portion higher beiling than gas oil, there has
been a great deal of incentive for extending catalytic
cracking to higher boiling feed stocks. Toward this
end, the end point of the gas oil fraction subjected to
catalytic cracking has risen to greater than 900° F.
Difficulties have been encountered in attempting to crack
gas oils of this character including a substantial por-
ticn boiling above about 900° F. It has heretofore
been appreciated that one of the difficulties involved in
cracking such feed stocks is the presence of metal con-
taminants in the feed stocks. These metal contaminants
include nickel, vanadium and iron compounds which are
particularly deleterious. High beiling fractions for
catalytic cracking have also been produced by deasphalt-
ing, and deasphzited oils thus produced are alse very
high in such metal contaminants.

The metal compounds are inherently and wnavoid-
ably carried over into the high boiling gas oils when
including preducts boiling above about 9G0° F., be-
~canse of enirainment and volatility of metal compounds
in hish temperature fractionators and because of the
solubility of metal compounds in deasphalted oil pro-
duced from deasphalting higher boiling fractions. Heavy
gas oils derived from typical crude oils will contain about
15 to 20 pounds of metal contaminants per 1000 barrels.
When segtegating heaver beiling g2s oils or when deriving
such ocils from particular crude cils, contaminant concen-
rraticns 2s high as 56 pounds per 1000 barrels may be
enconntered. The presence of these metal contaminants
in the catalytic cracking zone apparentiy causes poiscaing
cf the catalyst, adversely affecting the conversions ob-
tained, product distribution, and catalvst life.

While atiempts are being made with some degres
of success to reduce the concentration of metal contami-
naiits in a catalytic cracking feed stock, this objective has
not yei been completely met. As a consequence, the
need exists for a technique or process by which heavy gas
oils containing more than about 3 to 4 pounds per 1600
barrels of metal contaminants can be satisfactorily cata-
ytically cracked. The present invention is concerned
with a technique for overcoming plant upsets caused by

the

10

30

45

50

55

60

70

contamination of the catalysi. In providing this objec-
tive, the present invention makes it possible to process
heavy gas oils having somewhat higher concentrations of
metal contaminants while aileviating the difficulties nor-
mally encountered. In this connection, the present process
eliminates the economic waste ordinarily occurring in
a catalytic cracking plant which encounters operating
difficulties due to metal contamination of the cracking
catalyst.

In order to fully illustrate the nature of the present
invention, the invention will be described with specific
reference to a finidized catalytic cracking process. The
general nature and a specific flow plan for such a crack-
ing process is illustrated in the accompanying drawing.

Referring to the drawing, a hydrocarbon fraction boil-
ing in the gas oil beiling range is introduced into a
fluidized solids catalytic reactor 2@ by means of line 21.
This stream is mixed with fluidized solids catalyst which
is introduced into zone 28 by means of line 22 through
a distributing head 224. Temperature and pressure con-
ditions as well as gas velocities and catalyst holdup are
adjusted in zone 2§ to secure the desired conversion of
the relatively high boiling hydrocarbon constituents to
lower boeiling constituents. Spent catalyst is removed
from zone 28 by means of line 23 and passed into a
fluidized solids regeneration zone 24, Air or other oxy-
gen containing gas is introduced into zone 24 by means of
lines 25 and 26. Temperature and pressure conditions
in regeneration zone 24 and catalyst holdup are adjusted
to secure the desired burning of the catalyst and to
regenerate the same. Regenerated catalyst is removed
from zone 24 by means of line 22 and recycled to re-
action zone 28. Combustion gases are passed through
suitable cyclones 28 positioned in the top of or above
regeneration zone 24 and are removed overhead by means
of line 29. Cracked products are removed overhead
from reaction zone 28 through cyclones 4@ and 41, and
are introduced into a fractionation zone, not shown,
through line 42. ’ .

‘The fividized solids technique for cracking hydrocar-
bons comprises a reaction zone and a regeneration zome,
employed in conjunction with a fractionation zone. The
reactor and the catalyst regenerator are or may be ar-
ranged at approximately an even level. The operation
of the reaction zone and the regeneration zone is conven-
tional, which preferably is as follows:

An overflow pan is provided in the regeneration zone
at the desired catalyst level. The catalyst overflows into
a withdrawal line which preferably has the form of a
U-shaped seal leg connecting the regeneration zone with
the reaction zone. The feed stream introduced is usually
preheated to a temperature in the range from about 500°
t0 650° F. in exchangers in heat exchange with regenerator
flue gases which are removed overhead from the regen-
eration zone, or with cracked products. The heated feed
stream is withdrawn from the exchangers and introduced
into the reactor. The seal leg is usually sufficiently below
the point of feed oil injection to prevent oil vapors from
backing into the regenerator in case of normal surges.
Since there is no restriction in the overflow line from the
regenerator, satisfactory catalyst flow will occur as leng
as the catalyst level in the reactor is slightly below the
catalyst level in the regenerator when the vessels are
maintained at about the same pressure.  Spent catalyst
from the reactor flows through a second U-shaped seal
leg from the bottom of the reactor into the bottom of the
regenerator. ‘The rate of catalyst flow is controlled by
injecting some of the air into the catalyst transfer line
to the regenerator.

The pressure in the regenerator may be controlled at
the desired level by a throttle valve in the overhead line
from the regenerator. Thus, the pressure in the regen-
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erator may be controlled at any desired level by a throttle -

valve which may be operated, if desired, by a differential
pressure controller. If the pressure differential between
the two vessels is maintained at a minimum, the seal legs
will prevént gases from passing from one vessel into.the
other in the évent that- the catalyst ﬂow in the legs should
cease.

The reactor and the regenerator may be designed for
high - velocity operation involving linear. superficial .gas
velocities of from about 2.5 to 4 feet per second. How-
ever, the superficial velocity ‘of the upflowing gases may
vary from about 1-5 and higher. -Catalyst losses are
minimized and substantially prevented in the reactor by
the use of multiple stages of cyclone separators. The
regeneration zone is provided with cyclone separators.
These cyclone separators usually include 2 to 3.or more
stages.

Distributing grids may ‘be employed in the reactlon
and regeneration zones. Operating temperatures- and
pressures-may vary appreciably depending upon the feed
stocks: being processed and upon the proaucts desired.
Operating temperatures are, for example, in the range
from about 800° to 1000° F., preferably about 850° to
950° F, in the reaction zone. 'Elevated pressures may
-be employed, -but in general, pressures below 100 pounds

per square inch gauge are utilized. - Pressures generally

in the range from 1 to 30 pounds per square inch gauge
are preferred. . A catalyst hold-up corresponding ' to a
space velocity -of -1 to 20 weights per hour of feed per
weight of. catalyst is utilized. - A preferred ratio is 2 to
4, Catalyst:to:oil ratios of about 3 to 10, preferably
about 6 to 8 by weight are used.

The catalytic material used in the fluidized catalyst
cracking operation are conventional cracking catalysts.
These catalysts are oxides of metals of groups II, III,
IV and V of the periodic table. A preferred catalyst
‘comprises: silica-alumina wherein the weight percent of
the alumina is in the range from about 5 to 20%. An-
other preferred catalyst comprises silica-magnesium where
the weight percent of the magnesia is.about 5% to 20%.
These catalysts may also contain a third constituent, as
for example, ThOz, WQ;3, MoO;, BeO, Biy0;, CdO, UD;,
B203, SHOQ, Fezog, V205, MI]O Cran, Ca0, TIO MgO
and Ce;O3 present in the concentration from 0.05% .to
0.5%.

The size -of the- catalyst pamcles is usually below about
200 microns. Usually at least 50% of the catalyst has.a
micron size in the range from abent 20-80. Under these
conditions with the superficial velocities as given, a
fluidized bed is maintained where in the lower section of
the reactor, a -dense catalyst phase exsts while in the
upper- area of the reactora disperse phase exists.

- The process of this invention is the outcome of basic
research work directed 4o the: general problem of catalyst
-contamination in ‘a catalytic cracking process of the na-
ture described. In studying this. problem, a variety of
feed ‘stocks. were subjected to catalytic cracking in pilet
plant facilities so.as to. determine the full consequences
of metal contamination of the feed stock. - All operating
variables were meticillously- controlled and -determined.
This -entailed, for éxample, compléte  analysis of the
cracking catalyst so as to identify ‘and trace any signifi-
cant - correlations among all. of .the process parameters
involved -in the catalytic cracking operation.

This exhaustive study unearthed certain unexpected and
surprising facts relating to catalytic cracking with metal
contaminated .cracking catalysts. . For one thing, -it was
discovered: that of the metal contaminants normally
preserit in a catalytic cracking feed- stock, nickel is par-
ticularly effective in causing abnormal vields of hydrogen.
It-was .established that the amount of hydrogen produc-
tion varies logarithmically with the nickel contamination
of the cracking catalyst. = Identification .of this fact ex-
plains the mechanisi by which difficulties are frequently
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encountered when catalytic cracking feed stocks contain - -

metal contaminants.

Thus one of the problems that -frequently is en-
countered in such a case is that normal operation of
the catalync cracking process is upset by - production
of excessive hydrogen. . From the  relationship ' identi-
fied, it is apparent that since the hydrogen -produced
varies Jogarithmically with: the metal contamination of
the ‘catalyst, a snowballing effect can résult in more
and more production -of hydrogen. - This occurs since
formaticn of excess hydrogen be yond normal propor-
tions is inherently accompanied by -additional carbon
formation which increases the carbon burning require-
ment and, in turn, results ‘in increased carbon om re-
generated catalyst as will be described subsequently. - In-
creased carbon on- regenerated catalyst results in forma-
tion of more hydrogen and thus the situation becomes
progressively worse. Such .increased hydrogen: produc-
tion causes a number of operatmo problems.  Excess
hydrogen preduction can increase the velocity in. the
catalytic cracking reactor to such an extent that catalyst
entrainment " becomes excessive . and- limits the-opera-
tion. Again the excess hydrogen produced may cause
flooding .of the product fractionator or ‘exceed -the’
capdcity of gas handling facilities. In .other cases; the
gravity of light gases from the catalytic cracking unit -
may change sufficiently due to excess hydrogen -that
centrifugal gas compressors will fail to -operate.

It is. one ‘of the specific objects of this invention :to
minimize the problem of excess hydrogen production
in catalytic .cracking and to provide -a means for most
economically - preventing ‘the .difficulties referred to.

It is appareat from what has been said- thai.the
problems due to metal contamination of cracking catalyst
could ‘be eliminated by replacing the. contaminated
catalyst with fresh catalyst or by reducing the concentra-
tion of metal contaminants on the catalyst. However,
there is no practical or economic method of accomplish--
ing -these solutions. Thus in a typical commercial
catalytic -cracking plant - thé catalyst inventory “in :the
cracking .operation may constitute about 500 tons. It is
clearly impossible to discard this quantity of catalyst
or even to replace enough of it to drop materially-the
average weight of metal contaminants present in less than
several . days operations at normal catalyst replacement
rates.” Again there is-no means knowsa -for: removing
metal contaminants from .the cracking catalyst after these
contaminants are deposited ‘on .the catalyst: - The present
invention serves to solve this dilemma by establishing a
control process for maintaining operation with contami-
nated catalyst while avoiding the serious operanonal up-
sets referred to.

In the basic study of the catalytic crackmg referred to,
one of the correlations which was established showed

5. that the amount of hydrogen production with. the same

feed stock at the same conversion level and with all other
variables maintained constant was also.a function of the
carbon content of the regenerated catalyst. Under these
conditions, it was found that the amount of hydrogen
produced during catalytic cracking at constant nickel con-
centration on the catalyst varied in proportion to the
amount of carbon on the catalyst. - As a result of this
discovery a fundamental relationship exists expressing
the occurrence of hydrogen production as a function of
both nickel contamination of the catalyst and the carbon
content of the catalyst. This relationship can be mathe-
matically expressed by the following formula: )

logyg H==19.4(Ni)4-0.798 log,; C--constant

where H is the hydrogen index, Ni is the weight percent
of nickel on the catalyst, and C is the weight percent.of
carbon on regenmerated catalyst. The hydrogen index
referred to is an arbitrary index used to. express the
relative hydrogen production. * Thus, the hydrogen index
can be defined at the ratio of hydrogen production with
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a contaminated catalyst to the hydrogen production from
an uncontaminated catalyst at the same conversion level.
The constant in the equation identified is a value which
is set by the particular catalytic cracking apparatus em-
ployed, the feed stock processed and the catalytic crack-
ing conversion. :

From the fundamental relationship expressed by the
equation set forth, it is unexpectedly apparent that the
amount of hydrogen production in a catalytic cracking
process is a function of both the carbon content and the
nickel conient of the cracking catalyst. It is this dis-
covery and the unexpected relationship between hydrogen
production and nickel and carbon content of the catalyst
which provides the basis for the process of this invention.

In order to appreciate the control process embodying
this invention, a graph can be drawn plotting hydrogen
production logarithmically against the nickel content of
a particular cracking catalyst. At any given value of
carbon on the catalyst, a substantially linear plot of data
is attainable. By drawing similar plots for different pro-
portions of carbon on the catalyst, a family ef curves
is obtained. In this family it is apparent that for a
given amount of hydrogen production with a catalyst
having a particular nickel content a substantially de-
creased hydrogen production is obtainable by reducing
the carbon content of the catalyst. In other words, it
becomes possible to correct operating conditions in a
catalytic cracking operation due to metal contaminated
catalyst by adjusting these conditions so as to reduce the
carbon content of the catalyst. Since, as pointed out,
it is practically impossible to change the amount of
metal contamination, it becomes practical to achieve pre-
cisely the same result by changing the carbon content of
the catalyst which can be practically accomplished.

In accordance with this invention, therefore, a catalytic
cracking control precess is provided in which variation in
the carbon content of regenerated catalyst is deliberately
employed for the first time. In order to appreciate the
practical significance of this control process, let it be as-
sumed that a commercial cracking plant is operating at
a capacity of 40,000 barrels per day processing a feed
stock boiling in the range of about 500° to 1600° F. and
containing about 0.15 pound of nickel per 1000 barrels.
Successful operation of this plant can be maintained nor-
mally making about 40-60 s. ¢. f. of hydrogen per bar-
rel of feed in operating at a carbon content on regen-
erated catalyst of about 0.8 wt. percent. In this con-
nection, it must be appreciated that a commercial cat-
alytic cracking plant is ordinarily coatroclled so as to
maintain a substantially constant carbon on catalyst
value. The precise magnitude of carbon content on the
catalyst may vary from plant to plant within the range of
about 0.3 wt. percent to 1.0 wt. percent but at any one
plant operation has heretofore been carried out by main-
taining a particular fixed carbon content at all times.
This is carried out by frequent catalyst analysis and also
by controlling the amount of oxygen in the flue gas.
Thus operaticn will be carried out with reference to the
flue gas analysis so that a particular and constant value
of oxygen is maintained chosen from the range of about
0.2% to 1%. Operating in this manner, the typical
plant referred to in this example will continue to operate
well under stable conditions at 0.8 wt. percent carbon on
regenerated catalyst until the metal contamination of the
catalyst builds up to a value of about 0.014 wt. percent.
At this time excessive hydrogen production will begin to
cccur and plant operating difficulties will be encountered.
As indicated formerly, a variety of operating difficulties
due to the excessive hydrogen production will result creat-
ing the necessity of cutting off cracking feed to the crack-
ing operation so as to overcome the excessive amounts
of hydrogen produced. Heretofore a cutback in the feed
rate has been the only practical way to continne operation
when excessive hydrogen production is encountered.

In accordance with this invention, however, when ex-
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W
cessive hydrogen production is encountered, this is over-
come by reducing the carbon content of the catalyst. As
pointed ouf, it has never been appreciated formerly that
control of the carbon content of the regenerated catalyst
can be a critical control variable, The process of this
invention is, therefore, uniquely characterized by this
feature. Thus, as peinted out formerly, reducing the
carbon content of the catalyst will serve to completely off-
set increased hydrogen production caused by the unavoid-
able nickel contamination of the catalyst.

In order to lower the carbon content of the regenerated
catalyst a variety of operating expedients may be em-
ployed. Whatever is done to successfully reduce the car-
bon content is indicated by and can be followed by the
increase in oxygen content of the flue gas. It can, there-
fore, be said that the operating conditions are varied so
as to increase the proportion of oxygen present in the
flus gas of the catalytic cracking regenerator. The par-
ticular steps by which this is accomplished are a matter
of choice on the part of the operator, chosen with regard
to the particular plant facilities and limitations. Thus,
for example, carbon on the catalyst can be reduced by
employing more air in the regenerator. Again the hold-
up of the catalyst in the regenerator can be increased re-
sulting in more carbon being burned from the catalyst.
Again the catalyst inventory in the catalytic cracking
reaction zone can be decreased so that conversion is
dropped, having the ultimate effect of reducing the carbon
coatent of the catalyst. These and other ‘operating ex-

cdients such as reducing reaction temperature can be
used in order to reduce the amount of carbon on the
cataiyst, in order to increase the amount of oxygen in
the flue gas of the regenerator, and thus to provide the
ultimate function of overcoming the effects of nickel con-
centration of the catalyst.

By deliberately varying the catalytic cracking condi-
tions so as to decrease the carbon content of the regen-
erated catalyst, it is thus possible to avoid the basic prob-
lem of excess hydrogen production due to nickel con-
tamination of the catalyst. By this process serious plant
upssts are avoided and satisfactory maintenance can be
continued. It is apparent, therefore, that this process is
of great practical and economic value.

The equation set forth formerly; namely,

log;p H==15.4(Ni) 4-0.798 log;; C--constant

can be directly used in using the control process of this
inventicn. For example, for a unit operating under con-
ditions of 50% conversion to 430° F. and lighter prod-
ucts, 0.005 weight percent of nickel on catalyst, 0.8 weight
percent carbon on regenerated catalyst, and 40 s. ¢. £./bbl.
of hydrogen production, the hydrogen index for the unit
under consideration as calculated from the above equa-
tion is 5.55. The constant for the equation, determined
experimentally, is 0.724. From experience on this unit,
it was found that hydrogen production becomes a limit-
ing factor at a rate of 60 s. c. £./bbl. corresponding to a
hydrogen index of 8.3. Assume that the nickel content
of the catalyst starts to increase as a result of increased
nickel content of the feed stock. The weight percent
nicke] on the catalyst at which the unit will be limited
by hydrogen production when the carbon on regenerated
catalyst is 0.8 weight percent. From the above equation:

logio 8.3=19.4(Ni)--0.798 log, 0.8--0.724
0.919=19.4(MNi) + (0.798) (—0.097) --0.724

_ 0.919—0.72440.077
- 194

Thus as the nickel increases from 0.005 to 0.014 weight
percent on catalyst at constant 0.8 weight percent carbon
on regenerated catalyst, the hydrogen production will in-
crease from 40 s. c. £./bbl. of feed to 60 s. c. f./bbl. of
feed. At this point if the nickel continues to increase,
the carbon on regenerated catalyst must be decreased
to maintain the hydrogen at 60 s. c. £./bbl. of feed. From

Ni

=0.014 weight percent nickel
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the aforementioned equation, it is seen that the nickel-
carbon on regenerated catalyst relationship above 0.014
weight percent nickel must be as follows:

C (Weight

. o ‘ percent on

Ni. (weight percent on catalyst) regenerated

- - catalyst)

0.014. 0.80
0.020- o 0.57
0.025 0.44
0030 oo e e e m e 0.33

In summary- the sequence of operatlons would be as.fol-
lows:-

Ni mkel weight .percent on .
catal yst _____________________ 0.005{ 0.014 | 0.020 | 0.025 ] 0.30
Carbon, weéight pércent on re- - ) -
generated catalyst__________. C 0.8, 0.8 0.57 0.44 ] 0.33
Hj, s.'c. £./bbl. of feed .| 40 60 60 60 60

It will be seen-from this data that the problem of ex-
cess hydrogen production is completely met by lowering
the. carbon: content .of the regenerated catalyst from a
value of 0.8 weight percent to 0.33 weight percent. This
is achieved even though the nickel content of the catalyst
continued to. increase during the: operationa] change and
- is achieved while preventing the snowballing effect of ex-’
cess. hydrogen production.

‘What.is claimed is:

1. A process for- overcommg the deleterious effect.of
nickel catalyst contamination. in the fluidized catalytic
cracking of a nickel:contaminated hydrocarbon feed stock
containing a substantial portion. of compounents boiling
above 900> F. which comprises conducting said fluidized

catalytic cracking during a first period of operation while -

maintaining a substantially constant amount, within the
‘range of about 0.3.to 1 weight percent, of carbon on the
catalyst to-thereby provide for the production of not more
than a predetermined maximum amount of hydrogen and
thereafter reducing the. amount of carbon on the catalyst
to successively lower levels. as the amount of nickel dé-
posited. on. the catalyst by: the. feed stock is increased, to
thereby prevent excess hydrogen production due to nickel
contamination of the said catalyst.
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2. The process defined by claim 1 in which the carbon
content of the catalyst is controlled in‘accordance with
the equatlon

logm H=— 19. 4(N1) +-0.798 logm C+-constant

where H'is the hydrogen index, Ni is the weight percent
of nickel on the catalyst, and C is the weight percent .of
carbon on regenerated catalyst.

3. Tn the fluidized catalytic cracking of a nickel-con-
taminatéd petroleum hydrocarbon feed stock containing
2 substantiai portion of components boiling below 900°
F. wherein said feed stock is contacted with a regenerated
crackmg catalyst containing -an initially constant amount
of carbon within the range of about 0.3 to 1 weight
percent to provide for .a predetermined reaction equilib-
brium and for -the production of not more than a

- predetermined amount of hydrogen, the improved method

20

40

45

of operation which comprises progressively reducing the
carbon-on-catalyst value as the nickel content of said
catalyst increases by an amount sufficient.to permit the
production of not more than said predetermined maxi-
mum amount of hydrogen.

4. The process of claim 3 in which the said carbon-
on-catalyst value is reduced by supplying additional air to
the regenerator. '

5. The progcess of claim 3 in which the said carbon-on-
catalyst value is reduced by increasing the hold-up tlme )
of the catalyst in the regenerator.
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