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ABSTRACT

Through the application of statistical modeling
(regression equation) to some commercial and pilot plant
data, a linear model was developed for predicting the
products and their properties when a feedstock is cata-

lytically cracked at specific severity.

The model developed in this report can be used by
everybody to study the effect that the operating condi-
tions (severity) and the properties of the feedstock have

on the yields and on their properties.

The basic goal to obtain a simple model that gives
average values for the products and their properties was

accomplished.
All the computer programs presented in the appen-

dixes were written in Fortran IV, and run in the PDP-10

of the Colorado School of Mines, under the Monitor 503-B.
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INTRODUCTION

Catalytic cracking is the most important and widely
used refinery process for converting heavy oils into more
valuable gasoline and lighter products with almost
1,000,000 tons of oil processed per day in the United
States. Originally cracking was accomplished thermally,
but the catalytic process has almost completely replaced
thermal cracking because more gasoline having a higher
octane and less heavy o0ils and unsaturated gases are
produced. |

The fluid catalytic cracker (FCCU) is the major unit
used for converting heavier fractions to gasoline. A
fluidized bed of catalyst is used to convert gas oils to
gasoline, light oiefins, and LPG. In a FCCU, paraffin and
naphthene molecules form either coke or concentrate in the
unconverted material known as cycle oils. The catalyst
continually circulates between the reactor and a regener-—
ator where the coke is burned off. Gasoline from the FCCU
is high in olefin content, which results in high sensi-
tivity and a good response to the addition of lead; but
the storage qualities are poor. The gasoline will also
contain a reasonably high concentration of aromatics,

resulting from single-ring and double-ring compounds that
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have_had the side chain removed by cracking. The
catalyst also promotes isomerization of paraffins for
octane improvement.

Despite its importance, there is not a published
model capable of predicting the average products and
their average properties when a feedstock is processed
in a fluidized bed with zeolitic catalysts (molecular
sieve).

The best approach would be to develop é correlation
as a function of operating conditions and properties of
the feedstock, but because of the lack of complete
operating data, these correlations have been developed
as a function of conversion and feed properties.

This model can be used for preliminary evaluation
of feedstocks and in preliminary design of FCC cracking
units.,

This model can be used with models of other refinery
units developed in this school to optimize the whole
refinery. _

Although the data used in this work are commercial
and pilot plant data, the model will not match completely
with all the commercial units and catalysts, but it gives

average values.
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BACKGROUND

Catalytic cracking is a regenerative heterogeneous
catélytic process, involving the use of a -olecular sieve
.cracking catalyst to produce lighter components, basic-
ally gasoline, from heavy feedstocks.

It is perhaps the most complex prdcess in the modern
petroleum industry; not only because of the broad compos-
ition of the feedstock, but also because of the many

reactions occurring which have not been determined exactly.
Kinetics

The products out of catalytic cracking are the
result of both primary and secondary reactions. Primary
reactions are designated as those involving the initial
carbon-carbon bond scission and the inmediate neutral-
ization of the carbonium ion. The results of the primary

reactions can be represented as follow:

Paraffins ». Paraffins+olefin

Alkyl naph%henes —————n Naphthene+olefin

Alkyl aromatic e Aromatic+olefin
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A carbonium ion results from the addition of a
proton to an olefin, and it is the reaction that ini-
tiates the chain reactions in catalytic cracking. The
large carbonium ipns formed.are decomposed according to
the beta rule (carbon-carbon bond scission takes place
at the carbon in the position beta to the carbonium ions
and olefins) to form small carbonium ions and olefins.
The smell carbonium ions propagate the chain reaction by
transferring a hydrogen ion from an n—Paraffin to form a
small paraffin molecule and a new large carbonium ion.

For an example of a typical n-paraffin hydrocarbon
cracking reaction, we may look at the following sequence

for n-octane (where R=CH3 CHp CHp CHp CHy - ).

Step 1. MNild thermel-cracking initiation

reaction

Step 2. Proton shift
o

R-CH=CHp +H,0 + | Al-0-Si
)
+ 9 -
R-CH-CHg + | HO- Al- 0-Si
0

Step 3. Beta scission

+ +
R- CH - CHz —aCH3CHp=CHo+CH »CHp CHp CH3
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\
Step 4. Rearrangement toward more stable
structure. The order of carbcnium ion

stability is tertiary>secondary>prim%§y.

+ + 3
CHCH p CHp CHz = CH3CH CH CH3 =2CH; CH-CHp z—

GH3
CH3'$ - CH3

Step 5. Hydrogen-ion transfer

GH3 +
CH-C-CH3+CgH|g ——~i~CaHio+ CHz C HCH R

Thus another large carbonium is formed, and the chain is

ready to repeat itself.

Cracking of Paraffins. The catalytic cracking of para-

ffins is characterized by (1) high production of C3 and
C, hydrocarbons in the cracked gases, (2) reaction rates
and products determined by size and structure of
paraffins and (3) isomerization to branched structures
and aromatic hydrocarbons formation, resulting from
secondary reactions involving olefins. 1In respect to
reaction rates, the more pronounced the effect of the
catalyst is, the greater the number of carbon atoms in
the molecule with no appreciable effect until the number

of carbon atoms is at least six.
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Olefin Cracking. The catalytic cracking rates of olefinic

hydrocarbons are much higher than those of the corres-

ponding paraffins. The main reactions are:

1. Carbon-carbon bond scission,
2. Isomerization,
3. Polymerization, and

4, Saturation, aromatization, and carbon
formation.

Olefin isomerization followed by saturation and
aromatization are responsible for the high octane number

and lead susceptibility of catalytically cracked gasolines.

Cracking of Naphthenic Hydrocarbons. The most important
cracking reaction of naphthenes in the presence of silica-
alumina is dehydrogenation to aromatics. There is also
carbon-carbon bond scission in both the ring and attached
side chains, but at temperatures below 1000 °F thé
dehydrogenation reaction is considerably greater. Dehy-
drogenation is very extensive for CQ and larger naphthenes
and a high-octane gasoline results. The non-ring liquid
products and cracked gases resulting from naphthenic
hydrocarbon cracking are more saturated than those

resulting from cracking paraffins.
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Cracking of Aromatics. Aromatic rings are stable under

the conditions of catalytic cracking, just as they are
under thermal-cracking conditions. However, long alkyl
chains are reactive. The predominant primary reaction of
alkyl chains is scission from the aromatic ring to yield
olefins. Little benzene is formed, inasmuch as the

methyl group is tightly held.
Process

Description. The charge is mixed with the hot regenerated

catalyst entering the single riser. Cracking proceeds as
catalyst and vapors flow upward to the reactor, where the
reaction is completed. Products are disengaged from the
catalyst in a cyclone separator and pass to the main
fractionator, where they are separated into fractions.
When it is necessary, an amount of cycle gas o0il is re-
turned to the riser as recycle.

Spent catalyst'from the reactor is discharged down-
ward to the regenerator, where the coke is burned off.
The regenerated catalyst returned to the riser to com-
plete the catalyst circuit. Flue gas leaves the regen-

erator to CO-boiler (Figure 1).
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Feedstocks. Typical feedstocks to fluid catalytic crack-

ing units are virgin and c. cker gas oil fractions, in-
cluding atmospheric and vacuum distillates, coker gas oils,
and deasphalted oils.

Range of properties for cat cracker feedstocks are:

°API 20 - 40
ASTM Distillation

10% 500 - 700 °F
Q0% 800 - 1000°F
K 1005 - 1205

Catalyst. Commercial cracking catalysts can be divided
into three classes: (1) acid-treated natural alumino-
silicates, (2) amorphous synthetic silica-alumina com—
binations, and (3) crystalling synthetic silica-alumina
catalyst called zeolites or molecuvlar sieves.

Actually, around 95% of the FCC units use molecular

sieve, due to the following advantages:

1. Higher activity,
2. Higher gasoline yields at a given conversion,
3. Gasolines produced ccntain a larger per-

centage of paraffinic and aromatic hydro-
carbons,
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4, Lower coke yield (and therefore usually a
larger throughput at a given conversion
level) , ’

5. Increased iso-butane production, and

6. The ability to go to higher conversions
per pass without overcracking.
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Table 1.
TYPICAL FCCU CATALYST PROPERTIES.
MCLECULAR SIEVE TYPE
Fresh Equilibrium Catalyst
Catalyst Catalyst Fines

Micro-activity: V%4 conv. 87 84 -
Chemical analysis, Wt.%

Silica (Si 05) 57.3 - —_—

Alumina (ALy03) 38.6 34.5 —

Sodium oxide (Na,0) 17 .13 -

Iron (Fe) .09 .21 ——
Physical properties

Apparent bulk

density: Gm./cc .55 .70 —_

Pore volume: cc/gm. .55 .48 -
Particle size analysis, Wt.%

0 - 20 microns 2 0 55

0 = 40 microns 15 9 90

0 - 80 microns 63 77 100
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Fresh Equilibrivm
Catalyst Catalyst

Particle size analysis,

Wt.% (cont.)
0 - 105 microns 88 —
O - 14¢ microns S8 -

avg. particle size 65 62

Catalyst
Fines

12
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Operating Variables

In addition to the nature of the charge stock, the
ma jor operating variables for the fluid catalytic crack-
ing unit affecting the conversion and product distri-
bution are the cracking temperature, catalyst-to-oil
ratio, space velocity, catalyst type and activity,

recycle ratio, and pressure,

Temperature. Increasing temperature increases all the

reaction rates but not in the same proportion. An in-
crease 1in temperature and holding the other operating
variables constant result in an increase in conversion.
However, for a given conversion, gasoline yields are
reduced at higher temperatures because of side reactions.
Because a large proportion of a virgin or coker ges
yields at high temperatures is obtainable, without a
loss in gasoline yield by operating at short contact
times. There is a small increase in octane number with

temperature.

Catalyst-to-0il ratio. Increasing catalyst-to-oil
ratios shortens the time required for the catalyst to
pass through the reactor and thereby reduces the extent

of its deactivation from coke production. At a given



ER 1426 4 14

conversion and temperature coke yields are somewhat
higher at higher C/0 ratios. However, Hengstebeck (1959,
p. 165) says:

If the higher ratios are used to raise the

temperature of reaction, the effect of the

higher temperature may more than counter-

balance the C/0 effect and coke yields may

be reduced. '

An increase in C/0 ratio holding all the other

operating variables constant increases the conversion.

Space Velocity. Changing space velocity merely changes

the severity of the cracking treatment without changing
reaction-rate constants.
An increase in space veldcity decreases the conver-

sion without affecting the product distribution.

Catalyst. Although most of the FCCU units are using
molecular sieves as catalysts, there are different types
of molecular sieves which have different selectivities
and are uséd to get different products. This work is
based on rolecuvlar-sieve catalysts for maximum gasoline
production.

Figure 2 shows the big difference between the old

silica-alumina catalyst and the new molecular-sieve.

Catalyst Activity. As the activity of the catalyst declin-

es, the conversion also declines unles other reaction
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variables are changed to compensate for the activity
change. In any commercial unit, the activity of the
catalyst approaches a constant value, which depends

on the rate of deactivation and the rate at which fresh
catalyst is sdded. However,sometimes the cataiyst is
deliberately discarded so that more fresh catalyst can
be added to increase activity and thus to improve yields,
or to increase capacity. The catalyst activity is a
function of the coke concentration bn it, which depends
upon how cleanly it is regenerated, and on how much

coke is deposited per cycle.

Recycle ratio. With the o0ld catalyst (silica-alumina)

recycle ratio was a highly important operating variable,
because it was responsible for higher conversion. However,
because of the high activity of the new catalyst (molecular
sieve),it.is no longer so important a variable. In fact,

there are many units having once-through operations.

Pressure. fressure is not a very important variable because
most of the units work in fhe 10-30 PSIG range. Although

it has little effect on conversion,an increase in pres-
sure reduces the unsaturation,of the products and the
octane quality of the gasoline with an increase in the

production of coke.
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Feedstocks. The verformance of feedstocks depend upon

boiling range, distribufion of hydro-carbon types, the
concentration of sulfur and nitrogen, Conradson carbon,
‘and metal content.

At constant conversion, gasoline and coke yields
increase with boiling range, whereas the yields of dry
gas, butanes, and buteénes decreases;

The more naphéhenié the feed; the higher is the
yield of gasoline.

In general, sulfur, nitrogen, Conradson carbon,
and metals reduce the gasoline capacity of the unit
because of the faster deactivation of the catalyst and

changes in selectivity.

Products. Distinctive feétures of the products from
catalytic cracking are the high octane quality of the
gasoline product, the high unsaturation of the C3's and
C4's cuts, and the low concentration of n-C4 on the bu-
tanes. Other features of importance are the low sulfur
content of the gasoline (relative to the. charge stock),
its high sensitivity to TEL addition, and the suitability
of the light cycle gas o0il as a component of distillate

fuel.
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The FCCU unit is very important for alkylation and
polymerization because it produces olefins and i-butane.
The unsaturetion depends upon the opsrating condition.
Low conversion and high-boiling feed favor unsaturation;

high temperature and low pressure algso favor unsaturation.



ER 1426 ' 19

LINEAR MODEL

Catalytic cracking with molecular-sieve catalyst is a
highly competitive process, and there are not many complete
data published; in fact, all the articles in the literature
are incomplete concerning at least one operating condition
or property of the feed or the products. For this reason,
it was impossible to develop correlations as a function of
the basic operating variables.

However, just as conversion represents the overall
effect of all the operating variables in the process, all
correlations are related to conversion, which is defined
as the volume percent of the feed that is converted 1o
materials lighter than the light cycle gas 0il as separated
on the main fractionating column.

The overall effect of feed composition can be repres-
ented by two factors: the characterization factor and API
gravity, which account for mean boiling point and composition
in terms of aromatics, naphthenes, paraffins, and olefins-of
the feedstock.

The simplified model has these as basic independent
vériébles: conversion, characterization factor,and gravity
of the feed. .

From the information given in fhe background section,

the products of a catcracker can be classified as:
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Fuel gas
Propane
Propylene
i-butane
n-butane
Butylene

C% - gasoline
Gas o0ils

Coke

S0 our basic dependeht variables are:

Weight Percent Fuel gas
Volume " Propane
Volume " Propylene
Volume " i-butane
Volume " n-butane
Volume " Butylene
Volume " C% - gasoline
Weight " Coke

Volume " Gas oils

°APT Gas oils

Research octane number of C% gasoline, clear.

The next step was to look for commercial and pilot
plant information in the literature and in the refi-
neries that have all the dependent and independent
variables needed for our correlation. Twenty-nine

complete data points were obtained from these articles
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and used to develop the simplified model,
The range of the independent variables used is pre-
sented in table 2, |
Because there were more than two independent varia-
bles, the approach was the use of statistical modeling
through least-square-regression analysis.
, The following should be kept iﬁ mind ét this point:
a) The statistical relationships are no more accurate
than the data used to form them.
b) The primary objetive in the determining of a re—
gression eguation from plant operating data is to
have the equation in its simplest form and still
retain a significant correlation.
¢) A general rule of thumb often used in statistical
modeling is that ten times more data points should be
taken than there are independent variables (4). The
set of data used in this study obeys this rule closely.
d) Thevregressioh equation has & better £it if it is
obtained over a wide range of the independent variables.
e) The goodness of the regression can be checked by
different statistical techniqgues: coefficient of mult-
iple correlation, standard error of‘estimated, F test,

and coefficient of multiple determination.
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Table 2

INDEPENDENT VARTABLES RANGE

FEED PROPERTIES:

Mean boiling point °F 645-795
OaPI 20-28
K 11.4 - 12.1

CONVERSION 55. = 85.

22
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Although there are an infinite number of regression
equations, the purpose is to develop regression equations
that are simple and give good agreement with data obtained
from commercial units.

Logically the simplest one is hyper-planes, or lin-
ear relationship among the basic dependent variables and
the basic independeﬁt variables.

For the arrival at these regression eguations, the
program STO001.SAV (7001,5) was used. This program was
written by C. R. Baer (1970), who states:

This program determines the hyper—p1ane of

best fit in the sense of least square de-

viations. The step-wise procedure has the

advantage that a variable once deemed sig-

nificant may, at a later stage of the re-

gresgsion, be found to be insignificant and

taken out of the regression. Once the re-

grescion is complete, a further test of

significance is made on the coefficients

that have been determined. If the stan-

dard error of a coefficient is larger than

the magnitude of the coefficient, then the

coefficient is judged insignificant and the

variable is taken out of regression.

The most important statistical information that the
program gives, and the shortest and easiest to check, is
the multiple correlation coefficient which measures the
amount of variation in the dependent variable that is ex-
rlained by the regression equation..

The program also gives the coefficient of multiple
determination which is the squaré of the multiple correlat-
ion coefficient, the standard error of estimated, and F

test values.
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Initially, the developed correlation for all fhe
dependent variables was a function of the basic indepen-
dent ones (OAPI,K, conversion). However, some of these
correlations showed a very low multiple-correlation co-
efficient which meant a non-acceptable correlation. As
volume percent of gasoline is closely related to all
the products, gasoline was used as a fourth independent
variable for those correlations and the multiple-correla-
tion coefficient was high enough to be acceptable.

The complete set of regression equations which
represents the linear model for the fluid catalytic
cracking unit is presented in Table 3; the program that

uses these equations FCCU,F4 is presented in Appendix 2.
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COMPARISON OF RESULTS

The comparison of results of this model and commer-
cial operating plants is done in two ways.

a) Complcte comparison with one commercial
unit,.

b) Trend comparison with some graphical
correlation.

For (a), Atlantic Richfield Company supplyed comple-
te informétion about its unit # 853, Orthoflow B design,
constructéd in 1854. This unit operates at moderate
cbnvérsion because of the refinery configuration. This
communicétion is presented in Appendix 3.

Table 4 presents the comparison of results between
this commercial unit and the model.

As can be seen there are some differences. These
were expected for this unit becauvuse most of the data are
from units.working at conversion levels higher than this.

As 95% of the plants'operate,at conversion levels
higher than 65%, these data were determined at unusual
operating conditions.

Although there are some differences, the agreement

is considered satisfactory.



ER 1426 ' 07

For the graphical comparison, the information used
was provided by M.A.Proche (C. S. M.,October 13, 1970)
and by Dr. J. H. Gary.

The graphical comparison is presented in Figures 3
to 8., and except for very low conversion (50 - 55), the
error is less than 3%.

However, it must be remenbered that the values given
by these correlations are expected values for the fluid
catalytic.process and are not going to match completely
with the results of all the units, or of all the cata-

lysts.
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Gasoline

Coke, Wt.%
Puel gas, Wt.%
Propane
Propylene
i-Butane
n~-Butane
Butylene

Gas oils, CAPI

RON Clear

Table 4.

COMFARISOW OF RESULTS

Volume %
Commercial FCCU.Fy
43.8 46.39
7.2 5.67
2.3 2.24
2.3 1.50
4.4 4.42
5.7 3.98
1.4 1.18
4.0 4.09
—— 20.75.
9l1l.5 92.44
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DISCUSSION OF RESULTS

From the linear model, can be developed some relation-.
ships that show that they agree with the theoretical infor-
mation,

In the background section, it was stated (p.17):

At constant conversion, gasoline and coke

yields increase with boiling range, whereas

the yields of dry gas, butanes, and butenes

decrease. The more naphthenic the feed, the

higher is the yield of gasoline.

The less aromatic is a feedétock, the higher the
characterization factor, the boiling point. An increase
in K factor means an increase in naphthenes and paraf-
fins content.

Also, an increase in conversion produces an increase

in gasoline, coke, 02, 03, 04, and a decrease in cycle

gas oils.

Gasoline. The model shows that gasoline is incresed
with an increase in conversion, character-

jzation factor (boiling range), or CAPI.

Coke. Coke increagses with K, conversion and dec-

reases with CAPI.
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Fuel gas. Fuel gas increases with an increase in conversion

and characterization factor.

Butanes. Butanes increase with conversion and OAPI, and

decrease with KQ

Propanes. Propanes increase with conversion and OAPI,

and decrease with K.

The general predictions of +the model are in

agreement with the theoretical predictions.
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CONCLUSIONS

The deveioped linear model is able to give good
values in accordance with average values obtained from
already existing plants, regérding yields and their pro-
perties when the conversion and some simple information
~about the feedstock are given. It will not give exact
results for each process, catalyst, and feedstock, but
it will give average values and show the trends of the

process.

This model can be used to evaluate a given feedstock
without costly and time-consuming pilot-plant runs. It
is also a good tool for preliminary design and for guick

estimates of efficiency.

One large area of investigation on catalytic crack-
ing is to correlate the operating variables with conversion
variables &hich coupled with this model will give a more

general trend of informatién about the process.

Unfortunately for the author, it was completely im-
possible to get enough information to develop this cor-

relation.
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-
\

The big advantage of this model is its simplicity.
Practically everybody with a slide rule or a desk cal-
culator can estimate the yields and their properties when
a given feedstock is processed at some severity.

This model will have a maximum deviation of 3%, when

redicting gasoline volume percent, and less than one
o }

roint when predicting octane number,
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API®

API

APICO

BUTY

Ci, Cp, C3, C4
c/0

Coke

FUG

GASO

iBUT

nBUT
PROP
PROPY
RONC
T
WHSV

39

NOTATICON

API Gravity

American Petroleum Institute
API Gravity totasl cycle gas oil.
Volume percent of Butylene
Methané, Ethane, Propane, Butane
Catalyst to oil ratio

Weight prercent of Coke

Weight percent of fuel gas
Volume percent of Gasoline
Volume percent of iso-Butane
Characterization factor

Volume percent of n-Butane
Volume percent of Propane
Volume percent of Propylene
Resegrch octane number clear
TemperatureF

Wieight hourly space velocity
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APPENDIX 1

INFORVNATION AND PRINT-OUT
OF STO001.SAV (7001,5)
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R FIP

{3:10:001

*¥BUTY« F4/Ne«BUTY«F 4
*tC

«RUN STO001C£7001,51)
[3:10:401
*¥5=BUTYF4 6=TTY:$

CORRE @OF BUTY WITH CONVs»SPGR,K,GASO

’

N@. @QF INDEPENDENT VARIABLES 4
NUMBER OF @+ SERVATIONS 29
PRELIMINARY ANALYSIS QF DATA

STANDARD DEVIATIGNS AND MEANS

AN

VAR N@. VAR NAME DEV
1 CoNV 8.29929
2 SPGR 2.23177
3 K 0.20284
4 GASQ 6+ 47531
) BUTY 1.81238

CORRELATION CQEFFICIENTS

CONV VS SFGR 0.25853
CNV VS K 0.10582
CONV VS GASO 0.85595
CONV vS BUTY 0.61278
SFGR VS K 0.42675
SPGR VS GASO 0+ 64097
SPGR VS  BUTY -0.21781
K VS GASQ 0. 41869

K - VS BUTY =0. 498 42
GASQ - VS BUTY Ue 19469

MEAN

69.04138
25. 46896
11.76034

53.889 €5
670172

43
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NUMBER @F INDFEFENDENT
VARIABLES IN KFGKESSION 4

DEGREES OF FREEDOM 24

CaEFFICIENTS OF THE REGRESSION EGUATION

VAR N@. VAR NAME COEFFICIENT STD EKROR
1 CONV 0. 43031 0.05421
2 SPGR 0.35586 0+11755
3 K - 1. 64330 0.88 488
4 GASO ~0.47464 0.089 41
CONSTANT TERM 12.83336
COEFFICIENT @F MULTIPLE DETERMINATION 0.87352
MULTIPLE CORRELATION COEFFICIENT 0.93462
STANDARD ERRGR @F ESTIMATE 0. 69620
F TEST 41443770

END @F FILE ON DSK

(20A4)
_AST FORTRAN 1-0 AT USER LBC 000143

EXECUTION TIME: 1.18 SECe.
T TAL ELAPSED TIME: 3 MIN. 11.60 SEC.
V@ EXECUTION ERRORS DETECTED

XIT

44

T TEST

7.93835

3.02737
1.85710

5. 30847
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APPENDIX 2

LINEAR-MODEL PROGRAM FCCU.F4
(PROGRAM AND PRINT-OQUT)

45
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~ LOGIN

JAB 8 CSM 26-03 5S503.05 TTY16
#2700,324747

FASSWARD:

FURP@SE: CR700

0251

08-NAV-7110

«R PIP
(2:52:061

*tC

«TYFE FCCU.F 4
[2:52: 601

DIMENSI@N C@NV(SO);API(SO),K(50),GA5®(50),C@KE(50):
1PREPY(S0)>BUTY(S0)»IBUT(50)>NBUT(50),APIG(50),»PKAFP(S5S0).,

1FUGCS0)» CYAL(S0)>APICACS0)»RANCCSO) ’ : ’ .
REAL K> IBUT>NBUT

READC 45, 10)N

10 FORMAT(I2)

'READ(4,20):(C@NV(J):API(J):K(J),J 1,0N)

20 FORMAT(6F)

1

D@ 30 J=1.N -

GASO(J)=+57928%CONV(JI+1. 01847*API(J)+4 9 439*%K(JI-€9.9915
COKEC(JI=e27T79%CONV(J) =« 40431*%API(J) +2.98 444%K(J) -
1.27853%GASO(J)-23.03631
PROPY(J)=.11616%CONV(JI)+.05698*xAFI(J)~2.39198*%K(J)+24.5418
BUTY(J):-43031*CGNV(J)+-35586*API(J)-l.6433*K(J)—-47464*GASG(J)+12

«83336

6017

30

40

IBUT(J)=.11221%CONV(JI=-1.72428%¥K(J)+1T7.81464
NBUT(J) =4 13662%¥CONV(J)+. 10009*%API(J)=«16557%GASOCJII~1.46747

PROF(J)=0 15898*CONV(JI +« 12438%AP1(J) = 67541%K(J) =01 €24%GASAC(JI+4.8 -

FUG(J)=.31038%CANV(I)+., 75638*K(J)-.3214*GAS@(J) 9-77564
CYBL(J>=100.=-CONV(J) :

APICA(J)==+24316%CONV(JI)+1.+ 4522%AFI (J)

RANC(J)=55¢57022+54 128 64%kK(J) -« 9852 4%API(T)

CANTINUE

WRITE(5’AO):(CGNV(J):API(J),K(J):FAQG(J):
1COKECI) » PROPY (J) > BUTY(J)» IBUT(J) sNBUTCJ) > FROF(J)»

1FUGCJ) > CYBLC )L APICBCU) s RANC(II »J=15N)

FORMATC * CONVERSIAN='FS.2/' AFI FEEDSTACK='FS«e2/°*' K FEED
1STOCK="F5.2/"' GASOLINE(VAL.Z)="FS.2/' COKE : '
2CWEIGHTZ)="F5.2/"' PROPYLENEC(VOLZ)='F5.2/' BUTYLENE(
3VALZ)='FS.2/'IBUTANEC(VAL.Z)="FS.2/"* NBUTANECVOL.%Z)="FS.2
17" FROPANECVOLZ)='F5.2/7°
1 FUEL GASCWEIGHTZ)='FS5.2 _

5/' CYCLE GAS @GILS(V@AL.Z)='F5.2/' API CYCLEGASQILS='FS.2/
1' RON GASOLINE (CLEAR)='F6e2///7/7/777)

STOFP

END
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EXE FCCU.F 4
[2:56216¢]
FORTRAN: FCCU.F4
LOADING

LOADER 6K CARE
EXECUTION
*TTY:~TTY S

02
S8e/24e/11e8/75¢/273/11:6/

CONVERSION=58.00

AF1 FEEDST@CK=24.00

K FEEDSTACK=11.80
GASOLINECVOL« %) =464+ 39
COKE(WEIGHTZ)= 5.67
PROPYLENECV@ALZ)= 4. 42
BUTYLENECVOLZ)= 4.09
BUTANECVOL. %)= 3.98
NBUTANECVOL. %)= 1.18
FROPANE(VOLZ)= 1.50 .

FUEL GASC(WEIGHTZ)= 2.24
CYCLE GAS QILS(VOAL.%)>=42.00
AP1 CYCLEGASQILS=20.75

RON GASOLINE (CLEAR)= 92. 44

CONVEKRSION=75.00

API FEEDSTQCK=27.30

K FEEDST@CK=11.60
GASOLINEC(VOL.7%)=58.61
COKE(WEIGHTZ)= 5.06
FROAPYLENECVALZ)= 7.06
EUTYLENECVALZ)= T.11

BUTANE(VOL.Z%Z)= 623
NBUTANEC(V2L.Z)= 1.81
PROPANE(VALZ)= 2.77
FUEL GAS(WFIGHTZ%)= 3. 44

CYCLE GAS QILS(VAL.Z)>=25.00
APl CYCLEGASOILS=21.4t

RON GAS@GLINE (CLFAK)= 88.17

47
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APPENDIX 3

COMNERCIAL INFORMATION
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September 9, 1971

Mr. Jaime X. Coello
C.P.R, Department
Colorado School of Mines
Golden, Colorado 80401

Dear Sir:

As requested in your letter of July 26, 1971, the
attached Tables summarize the yields, operating
conditions, feed stock quality etc., which are
typical of the FCCU process at our Philadelphia
Refinery. This unit (#853) is an M. W. Kellogg
Orthoflow B design, constructed in 1954. Our
refinery configuration is such that it is desire-
able to operate the FCCU at moderate conversion
levels (55-60% vol. FF). While desireous of
taking advantage of the improved product distri-
bution characteristics of the zeolitic cracking
catalysts, we have limited our use to those of
moderate activity to permit the desired performance.

Very truly yours,

it A

Freékﬁ. Kopf

Attachments
RCH:nmr
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TABLE T

Typical FCCU Yields & Properties

Coke

Cy & Lighter
Propylene

Propane

Butylene

Iso-Butane

Normal Butane
C5-430° (Cat Naphtha)
Cat FOM

Cycle Stock (800° EP)

Clarified 0il

Cat Naphtha Octane, CFRR Occ

o

Clarified 0il Gravity, "API

9/9/71
T.S.

% Wt. FF

7.2

36.4

25.6

13.0

% Vol.

1.4
43‘8
25.5

12.5

FF

50
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TABLE IT
Typical Oéerating Conditions

Fresh Feed Rate, BPD 40,000
Recycle Rate, % Vol. FF 12
Conversion, % Vol. FF 58
Air Rate, CFM 90, 000
Reactor Temperature, °F 920
Reactor Catalyst Invéntory, Tons 125
Total Catalyst Inventory, Tons 525
Regenerator Temperature, °F 1,200
Regenerated Catalyst Carbon Content, % Wt. 0.35
Flue Gas C02/CO Ratio 1.05

Excess oxygen 0.2

Equilibrium Catalyst Quality

Microactivity (Davison) 72
Surface Area, M2/gm 80
Pore Volume, cc/gm 0.40
Vanadium, ppm 1,100
Nickel, ppm 225
% <40 Microns 6
Average Particle Size 68
9/9/71

T.S.

51
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TABLE IIT

Typical F

resh Feed Quality

Gravity, °API
Sulfur Content, % Wt.
D-1160 Distillation

Overpoint

10%

50%

90%

Endpoint
Carbon Residue, % Wt.
Total Nitrogen, % Wt.
Refractive Index (80°C)
Pour Point, °F
Vanadium Content, ppm

Nickel Content, ppm

9/9/71
T.S.

24.0

1.0

445
625

780

80
0.8

~ 0.2
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