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‘This mmvention 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-
- mgue 1§ provided by which the preccess can be conducted
sO as to alleviate difficuliies caused by catalyst con-
tamination.

Cne of the principal refining operations in commercial
use at this time concerns the catalytic cracking of gas
oii fractions of a petroleum oil. Until relatively recently,
ine gas cil distiilate fraction employed as a catalvtic
cracking fezd stock was a fraction boiling in the relatively
iow boiling range of about 500° to 800°. However,
in order to sscure greater yields of cracked preducts and
reduce the porticn of the petroleum oil constituting the
sidual portion higher boiling than gas oil, there has

cen a great deal ef 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 olls of this character including a substantial por-
ticn boiling above about 90G° 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
inciude nickel, vanadium and iron compounds which are
particularly deleterious. High boiling fractions for
catalytic cracking have also been produced by deasphalt-
ing, and deasphalted oils thus produced are alss very
nigh in such metal centaminants.

[ ™

The metal compounds are inherently and wunavoid-

v carried over into the high boiling gas oils when
including preoducts boiling above about 900° F., be-
-canse of entrainment and volatility of metal compounds
m hich temperature fractionators and because of the
solubility of metal compounds in deasphalted of1 pro-
~duced from deasphalting higher boiling fractions. Heavy
gas oils derived from typical crude oils will contain about
14 to 20 pounds of metal contaminants per 1000 barrels.
Y/hen segregating heaver beiling g2s oils or when deriving
sucn cis from particular crude ¢ils, contaminant concen-
crations as high as 50 pounds per 1000 barrels may be
cacountered. The presence of these metal contaminants
in the catalytic cracking zone asparentiy catses DOISCNInE
¢t the catalyst, adversely affecting the conversions ob-
taimned, preduct distribution, and catalvst life. |

While attempts are being made with some degres
Gt success to reduce the concentration of metal contami-
naiits 1n a catalytic cracking feed stock, this gbjective has
noi yei been completely met. As a consequence, the
veed exists for a technique or process by which heavy gas
oils containing more than about 3 tc 4 pounds per 1000
barrels of metal contaminants can be satisfactorily cata-
Iytically cracked. The present invention is concerned

with a technique for overcoming plant upsets caused by
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contamination of the catalyst. In providing this objec-
tive, the present invention makes it possible to process
heavy gas oils having scmewheat 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 meial contamination of the cracking
catalyst.

In order to fully illustrate the nature of the present
imvention, the invention will be described with specific
reterence to a fHuidized catalyiic cracking process. The
genera] nature and a specific flow plan for such a crack-
g process is illustrated in the accompanying drawing.

Referring to the drawing, a hydrocarbon fraction boii-
ing in the gas c¢il boiling range is introduced into a
fluidized solids catalytic reactor 20 by means of line 21.
This stream is mixed with fluidized solids catalyst which
18 introduced into zonme 2§ 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 boiling 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
1n regeneration zone 24 and catalyst holdup are adjusted
to secure the desired burning of the catalyst and to
regencrate the same. 'Regenerated catalyst is removed
from zone 24 by means of line 22 and recycled to re-
action zcone 29. Combustion gasss are passed through
suitable cyclones 28 positioned in the top of or above
regeneration zone 24 and are removed overhead by means
of lime 29. Cracked products are removed overhead
from reaction zone 29 through cyclones 40 and 41, and
are introcduced into a fractionation zone, not showan,
through line 42. o .

The fiuidized solids technique for cracking hydrocar-
bons comprises a reaction zone and a regeneration zone,
employed in conjuaction with g 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
tJ-shaped secal 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°
to 650° F. 1n 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 1s 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 ncrmal surges.
Since there is no restriction in the overfiow line from the
regenerator, satisfactory catalyst flow will occur as long
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 destred level by a throttle valve in the overhead line
from the regenerator. Thus, the pressure in the regen-




3.'

erator may be controlled at any desired level by_ia':" throttle
‘valve which may be operated, if desired, by a differential
If the pressure. differential between

- pressure controller.
‘the two vessels 1s maintained at a minimum, the seal leﬂs

will prevent gases from passing from one vessel into the
other i in the: event that. the catalyst ﬂew in the legs shm;lld.:

cease.

' 12,.*350,437

- The reactor and the regenerater mey be des1gned fer

| _h1,,h velocity operation involving linear. superficial -gas

~ velocities of frem 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:

minimized and substantially prevented in the reactor by
~ the use of multiple stages of cyclone separators.
regeneration zone is provided with cyclone separators.

stages.

and regeneration. zones.

- pressures -may vary. apprecmbly depending upon the feed.

Dlstributnig gnds may be empleyed in the reaetlen'.

Operating temperatures- and =~
20

10

Catalyst losses are -
The .
15
These _cyclone separaters usually ulelude 2 to 3.or more

~ progressively worse.

stocks being processed and upon the preaucts desired. -

Operating temperatures are, for example, In the range
from about 800° to 1000° F
- 950° F. in_ the reaction zone.

Dreferably about 850° to

"Elevated pressures may -
be: empleyed ‘but in general, pressures below 100 pounds -
per square inch gauge are utilized. Pressures generally

- in the range from 1 to 30 pound‘s,per square inch gauge

are preferred. = A catalyst hold-up correspending to a -

spage velocity -of -1 to 20 weights per hour of feed per

weight of catalyst is utilized. A preferred. 1'3.1210 is 2. to
referably_

4, Catalyst to- oil ratios of about 3 to 10,
about 6 to 8 by Welght are used.

The eatelytle material used in the ﬂlndlzed catalyst_
cracking eperanon are eenventmnal cracking catalysts.

- These catalysts are oxides of metals of groups II, III,
IV and V. of the periodic table.

~comprises: silica-alumina wherein the weight percent of
. the alumina is in the range from about 5 to 20%.

A preferred eatalyst |
An-

35

other preferred catalyst cemprlses sﬂma—-magnesmm where

~ the weight percent of the magnesia is about 5% to 20%.
These catalysts may also contain a third constituent, as

40

fOI_' eXample, ThOZ: WQ3: M0035 BEO Y Blzog, Cdo UO:}: s
B,0s, SnOj, Fe;03, V3035, MnO, Crz0;, Ca0, TIO, Mgl

and CeyO3 present in the cencentratlon frem 0 05% to'

0.5%.

""--'-l--r

200 m1crens Usuelly- at leaet 50% ef the catalyst has a

- micron size in the range from about 20-80. Under these

" conditions with the superficial velocities as given, a

""111d12ed b...d is memtamed Where in the lower seetlen of

—————

_ upper area. of the reacter a dlsperse phase exists.

o0

The process of this invention is the outcome of basic

_research work dlrected to-the: general problem of catalyst

-contamination in a- catalytic cracking process of the na- -
~ ture described. In studying ‘this. problem, a varlety cf -
feed stocks were- sub;ected to catalytic crae‘(mg mn pilot

~ plant fac:thtles so.as to. determine the full consequences
.of metal centammatwn of the feed stock. All eperatmg

' variables were meticulously- controlled and determined.
- 'This ‘entailed, for example, - cemplete analysis of the

-cracking catalyst SO as to 1de11t1fy and trace any SIgIlIﬁ

Co

~amount of carbon on the catalyst.

cant- correlatiens ameng all. of . the Process parameters -

- - involved ‘in the catalytic cracking operation.

- This exhaustwe study unearthed certain une@ected and

surprlsmg facts relating to catalytic cracking with. metal
For one thing, -it was
discovered - that of the metal contaminants nermally'

contamirnated - cracking catalysts.

- present in a catalytic cracking feed stock, nickel is par-
ticularly effective in causing- abriormal 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 th1s fact ex-
-plems the mechamsm by whmh dlﬁculues are frequenﬂy

5

rates. _ 10 _ = -
metal contaminants from .the cracking catalyst after these -
‘The present

4

B eneountered when ca.talyuc creckmg feed stecks contam P

- metal contaminants.
Thus one of the preblems that frequemly is en-

~countered in such a case is that normal eperetlen of |
the. catalytic craekmg process is upset by production .. -
~ of excessive hydrogen. -

Frem the relationship identi- -
fied, 1t is apparent that since. the hydrogen produced
varies- Jogarithmically. with the metal contamination of -
the catalyst, a snewbalhng effect can ‘reésult in more
and more production of hydrogen. This occurs - since

femr:trcn cof excess hydrogen beyond normal propor- -

tions is mherenﬂy accompanied by - ‘additional carbon
formation which increases the carbon burning reqmre-_

ment and, in turn, results in increased carbon on re--

generated cetalyst as will be described sabsequenﬂy In--

- creased carbon on- regenerated: catalyst results in ferma-!]’
tion of more hydrogen and thus the situation becomes =
Such increased hydrogen produc-

tion causes a- number -of 1::+;[:>ereu;r.r:r problems. - Excess

‘hydrogen production can increase the VEIOCH‘_V in: the - -
catalytic- cracking reactor to such an extent that catalyst

entrainment becemes  excessive - -and - limits the - opera-
‘tion.
-.ﬂt}DdlIlﬂ' Of the

Again the excess hydrog en produced may cause
product

capacity of gas handling facilities, In other cases; the '

gravity of light gases from the catalytic cracking unit
may - change sufficiently due to excess. hydregen that_f_;._.
_cenmfuﬂal gas’ compressors will fail to eperate

‘It is one of the specific objects of this invention to

minimize the problem of excess. hvdregen production

in catalytic .cracking and to provide a means for most

_economleally preventing the  difficulties referred to. |
1t is apparent from what has been: said - that the :
preblerm due to metal contamination of cracking eatalyst- -
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. )
catalytic - cracking plam the catalyst mventcry msthe

Thus in a typical .commercial

cracking .operation may constitute about 500 tons. It is

clearly rmp0531b1e to discard this quantity cf ea,ter}fst o

or even to replace enough of it to drop matena]ly the
average. ‘wewht of metal contaminants present in less than
several days eperatlens at normal catalyst replacerﬂent .
Again there is no means knowa for removing

contaminants are deposited on the eatalyst
invention serves to solve this dilemma by estabhshmg
control process for maintaining eperatlen with contami-
nated catalyst while avoiding the sermus eperatlonal up---
sets referred to. | -
In the basic study ef the catalytlc 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 proportleﬂ to the
“As a result of this
discovery a fundamental relationship exists expressmg :
the cccurrence of hydregen production as a function of

5 both nickel contamination of the catalyst and the carbon .=

content of the catalyst. This relationship can be mathe-
maucally e‘(pressed by the fellewmg formula:

Iﬁglg T‘I 19 4(NI)TG 798

where H is the hydrogen index, Ni is the weight pereent o
of nickel on the catalyst, and C is the weight percent.of -
carbon on regenerated catalyst. The ‘hydrogen index
referred to is an arbitrary index used to. express .the

legm C—;—eonutant

relative hydrogen production. Thus, the hydrogen index
can bu deﬁned at the ratio’ ef hydmgen produetlen Wlth |

fractionator or e;rc...,ed ‘the
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5 . .
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
1s set by the particular catalytic cracking apparatus em-
ployed, the feed stock processed and the catalytic crack-
INg CONversion. -

From the fundamental reiationship expressed by the
equation set forth, it is unexpectedly apparent that the
amount of hydrogen production in a catalytic cracking
process 1s a function of both the carbon content and the
nickel content of the cracking catalyst. It 1s 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
18 attainabie. By drawing similar plots for different pro-
portions of carbon on the catalyst, a family of 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 1s obtainable by reducing
the carbon content of the catalyst. In other words, it
becomes possible to correct operating conditions in a
catailytic cracking operation due to metal contaminated
catalyst by adjusting these conditions so as fo reduce the
carbon content of the catalyst. Since, as pointed out,
it 1s practically impossivle 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 process 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 1n the range of about 500° to 1G00° F. and
containing about (.15 pound of nickel per 1000 barrels.
~uccessful operation of this plant can be maintained nor-
mally making about 40-60 s. c. 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 i1s ordinarily controlled 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 1s carried out by frequent catalyst analysis and also
by centrolling the amount of oxygen in the flue gas.
‘Thus gperaticn will be carried out with reference to the
flue gos analysis so that a particular and constant value
of oxygen is maintained chosen from the range of about
U.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 nyvdrogen produced. Herectofore a cutback in the feed
rate has been the only practical way to continue operation
when excessive hydrogen production is encountered.

in accordance with this invention, however, when ex-
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cessive hydrogen production is encountered, this is over-
come by reducing the carbon content of the catalyst, As
pointed out, 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 1s, therefore, uniquely characterized by this
feature. Thus, as pointed 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-
tore, be said that the operating conditions are varied so
as to Increase the proportion of oxygen present in the
flue 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 hoid-
up of the catalyst in the regenerator can be increased re-
sulting in more carbon being burned from the catalyst.
Agamn 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 1t 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
uitimate 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
upsets are avoilded 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,

logig H=19.4(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. ¢. £./5bl.
of hydrogen preduction, 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 2 limit-
ing factor at a rate of 60 s. ¢. £./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
nickel on the catalyst at which the unit will be limited
by hydrogen production when the carben on regenerated
catalyst 1s 0.8 weight percent. From the above equation:

lﬂ'glg 83=19£(N1) -+0.798% log_m 08—]—0.72‘1
0.219=19.4(M1) +- (0.798) (—0.097) +-0.724

 0.919—0.7244-0.077
- 19.4

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 1rom 40 s. c. £./bbl. of feed to 60 s. c. £./bbl. of
iced. 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



~ the afcrementmned equanon 1t is seen that the nrckel-
carbon on regenerated catalyst. relatrenshrp abcve 0. 014

o welght percent nlckel must be as fellews

| 1 C (Weight

o o Co e percent on

- Ni. (weight percent on catalyst) . recenerated

o T catalyst)

0,014 _ o e ————————— 0. &0
0. 020 o e e L e ———————— 0. 57
00 o e e e o e e e ot e e 2 e m (.44
0030 0. 33

"In summary the sequence ef eperatlens WDUld be as. fel- -
| | | 15

Jlows:

Nickel, weight .percent on{ . N
CatalYSt - oo 0.005] 0.014 | 0.020f 0.025 ¢ 0.20

.Garben weight percent en Ie- T o - .
generated catalyst__..__.._. i 0&). 0.8} 057 0.44] 0.3

Hg,s C. f[bbl effeed_..___--._ 401~ €0 .. 60 ﬁUI . 60

It will be seen from this data that the problem of ex-

2,850_,437 ':
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2. The process defined by claim 1 in which the carbon

- content of the catalyet 1S centrolled 1n accordance wrth -
'the equatmn - |

logm H._. 19 4(N1) —I—O 798 logm C+c0nstant

| 'Where H ls the hydrogen rndex Ni is the welght percent-_' .; : :;
- of nickel on the catalyst, and C is the Werght percent of
- carbon on regenerated catalyst.

3, In the fluidized catalytic cracklng of a mckel -con-

| tamlnated petroleum hydrocarbon feed stock containing - :

a substantial portion of cemponents borhntr below 900°

_'  F. wherein said feed stock is contacted with a regenerated
- crackmg catalyet containing an inpitially 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

| prede*ermrned amount of hydregen the improved method

20

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 dunng the operational change and
" is achieved while preventmg the snewbalhng eﬁect of ex—-"

- CESS: hydregen prcductlcn
“What is claimed is:

1. A process for: cvercemrng the deleterlcus effect of

n1eke1 catalyst contamination in the fluidized catalytlc

 cracking of a nickel-contaminated hydrocarbon feed stock
_containing a substantial. pGI"[IOIl of components boiling =

“above 900 F. which comprises conducting said fluidized.
catalytrc cracamg during:a first period of operation while -
a substantially constant amount, within the -

| mamtarnmg

)
]|

range of about 0.3 to 1 weight percent, of carbon on the =

catalyst to-thereby. prmrrde for the production of not more
- than a predetermined maximum. amount of hydrogen and
- thereafter reducing the. amount of carbon on the catalyst

4f)

to successively lower levels. as the amount of nickel de- -
posited. on: the catalyst by: the. feed stock is increased, to

thereby prevent excess hydrogen prcductlon due to nickel =
| 45

| contannnatmn of the said catalyst,

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 predeterrnlned maxr-- B
- mum amount of hydrogen -

‘4. The process of claim 3 111 Wthh the satd carb0n~ -

: nn-catalyst value is rchced by supplylng addltlnnal air te'
7 _the regenerator.

5. The precess of clann 3 in which the said carbon-on-

- catalyst value is reduced by increasing the hold-up tlrne

ef the catalyst in the regenerator |
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