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Recycle Strategies and MIDAS®-300 for Maximizing FCC Light Cycle Oil
By Ruizhong Hu, Hongbo Ma, Larry Langan, Wu-Cheng Cheng, David Hunt
Grace Davison Refining Technologies
To take full advantage of the increased value of FCC light cycle oil relative to
gasoline, the refiner should optimize product cutpoints, operating conditions
and FCC catalyst technology. Strategies to maximize LCO include proper FCC
catalyst selection and defining optimum conditions for recycle of heavy cycle
oils. Davison Circulating Riser Pilot Plant Studies reveal the optimum recycle
stream compositions and rates taking into consideration the complete FCC
product slate and the unit operating constraints.

Distillate Pool Maximization by Exploiting the use of Opportunity
Feedstocks Such as LCO and Syncrude
By Brian Watkins and Charles Olsen
Advanced Refining Technologies
The use of opportunity feedstocks in the FCC feed such as LCO, diesel
streams from Hydroprocessing Units and feeds from Synthetic Crudes has
helped refiners to maximize their diesel pool in light of increasing ULSD
demands. We highlight differences in feed reactivity for various feed compo-
nents considering the discrete chemical composition. We also explore the
impact of various Hydrotreating Catalysts and operating conditions on diesel
production.

Characterization and Catalytic Cracking of Synthetic Crude Feedstocks
By Michael Ziebarth and Rosann Schiller
Grace Davison Refining Technologies
There will be a dramatic increase in the production of synthetic crude from oil
sands in the coming years. This paper explores the effect of these feedstocks
on the FCC operation in terms of catalyst selection and FCC product slate.
We present laboratory development work as well as commercial experience.

Factors Influencing ULSD Product Color
By Greg Rosinski, Charles Olsen and Brian Watkins
Advanced Refining Technologies
Product Color of petroleum products such as kerosene, jet fuel, diesel fuel and
lube oils is a concern. Unit cycle length can be shortened due to product
color degradation. In this paper we identify components that contribute to
color degradation and report on the effects of feedstocks, chemical composi-
tion, operating conditions (EOR temperatures), product cut points and catalyst
selection on ULSD color.
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aximizing FCC light cycle oil
(LCO) yield to take advantage
of high diesel prices relative

to gasoline requires re-optimization of
product cut point, operating condi-
tions and catalyst technology. It is well
known that the LCO-to-gasoline ratio
can be increased through lowering
conversion by adjusting FCCU operat-
ing conditions and decreasing cata-
lyst activity.[1,11] The drawback of this
approach is the increase in bottoms
yield. Recycle is often required to fully
maximize LCO while maintaining bot-
toms yield consistent with a traditional
maximum gasoline operation.

This article is a general discussion of
strategies to maximize LCO in the
FCCU. We will present laboratory

results which quantify the effects of
various recycle streams. A resid
feedstock was cracked over a low
Z/M MIDAS® catalyst in Grace
Davison’s circulating riser pilot plant
(DCR). The product bottoms was
distilled to five recycle fractions
(650-750˚F, 650-800˚F, 650-850˚F,
650˚F+ and 750˚F+), blended back
at various levels with the original
feedstock and cracked over a
MIDAS® catalyst in the ACE unit.
Laboratory testing results were
used to model a commercial opera-
tion to demonstrate the yield advan-
tage of selecting the appropriate
recycle stream, recycle ratio and
catalyst technology.

Recycle Strategies
and MIDAS®-300
for Maximizing
FCC Light Cycle Oil
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Figure 1
LCO and Bottoms vs. Conversion

1.0 Introduction

The Energy Information Administra-
tion (EIA) expects higher diesel
prices relative to gasoline to contin-
ue through 2010. An average diesel
price of 2.27 $/gallon is expected in
2009, increasing to an average 2.54
$/gallon in 2010. Gasoline is
expected to be an average 1.87
$/gallon in 2009, reaching an aver-
age 2.18 $/gallon in 2010.[2]

New Corporate Average Fuel
Economy (CAFE) standards are
also expected to increase diesel
demand relative to gasoline in
upcoming years. This new standard
requires auto manufacturers to
boost fuel mileage to 35 mpg by
2020 and applies to all passenger
automobiles, including light trucks.
To meet this challenging new stan-
dard, more efficient vehicles pow-
ered by hybrid and diesel engines
are expected.

Refiners are increasing the produc-
tion of LCO from their FCCU’s to
take advantage of the significantly
higher value of diesel relative to
gasoline. Figure 1 shows how LCO
and bottoms shift versus conversion

for a high and low zeolite/matrix ratio
catalyst. LCO, like gasoline, is an
intermediate product increasing with
conversion at very low conversion lev-
els, eventually reaching an over-crack-
ing point. Past the over-cracking
point, LCO yield declines with increas-
ing conversion. This high conversion
regime represents the traditional

FCCU operating point. A low Z/M
catalyst generally produces higher
LCO at the expense of bottoms for a
given conversion levels, as suggest-
ed by Figure 1.

Refiners tend to focus on the follow-
ing strategies to maximize FCC LCO
production:

1. Reduced gasoline end point
a. Increased gasoline end

point
b. Higher LCO endpoint

2. Operating conditions
a. Lower reactor temperature
b. Higher feed temperature
c. Lower equilibrium catalyst

activity

3. Feedstock
a. Removal of diesel range

material from the FCC feed-
stock

b. FCC feed hydrotreating sev-
erity optimization

c. Residual feedstock optimiza-
tion

4. Catalyst Optimization
a. Increasing bottoms conver-

sion
b. Lower zeolite to matrix

surface area
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High Z/M Low Z/M

Conversion, wt.% 54 58 68 75
Rx Exit Temp, ˚F 950 950 971 970
Regenerator Temp, ˚F 1350 1350 1270 1270
Feed Temp, ˚F 701 574 700 299
C/O Ratio 4.3 5.0 5.9 9.4
Dry Gas, wt.% 2.0 1.9 2.6 2.2
LPG, wt.% 8.2 8.9 11.4 13.3
Gasoline, wt.% 38.4 42.0 48.0 51.9
LCO, wt.% 22.2 21.7 19.2 16.7
Bottoms, wt.% 24.0 20.0 12.8 8.6
Coke, wt.% 5.2 5.3 5.9 7.1

Boiling Point Distribution of 650˚F+ Bottoms
650-700˚F 5.3 4.8 3.5 2.5
700-750˚F 4.8 4.2 2.9 2.0
750-800˚F 4.3 3.6 2.2 1.4
800-850˚F 3.6 2.9 1.6 1.1
850-900˚F 2.5 2.0 1.2 0.7
900-950˚F 1.6 1.2 0.8 0.5
950˚F+ 1.9 1.4 0.8 0.4
650-750˚F 10.1 6.3 4.4
650-800˚F 14.4 12.6 8.5 5.9
650-850˚F 18.0 15.5 10.1 6.9
650˚F+ 24.0 20.0 12.9 8.6
750˚F+ 13.9 11.0 6.5 4.1

9.0

Table I
DCR Runs to Generate Recycle Feedstock
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c. Maintaining C3+ liquid yield
and gasoline octane

5. Recycle streams
a. Heavy Cycle Oil (HCO) or

bottoms

Reducing gasoline end point is a
simple and effective way to increase
LCO production. The LCO flash
point specification and main frac-
tionator salting often determine how
low a refiner can reduce the LCO ini-
tial boiling point (reduce the gaso-
line end point). The LCO end point
should be increased within the max-
imum main fractionator bottoms
temperature, slurry exchanger foul-
ing and diesel hydrotreater con-
straints.

Maximizing LCO in the FCCU at
reduced conversion without produc-
ing incremental bottoms oil is the
true challenge. Shifts in operating
conditions to reduce conversion
increase LCO, but also increase bot-
toms oil yield, as seen in Figure 1.
In order to produce increased LCO
without producing incremental bot-
toms, refiners will often reformulate
their FCC catalyst to a lower activity
with lower zeolite-to-matrix for
improved bottoms conversion and to
minimize LCO over-cracking.

Recycle is eventually required to
minimize bottoms production as the
refinery reduces conversion to
reach an optimal LCO yield, as sug-

gested by Figure 1. Almost all FCC
units operated with large recycle
streams prior to the introduction of
zeolite catalyst in the 1960’s and
1970’s. However, since the 1970’s,
recycle was generally removed from
FCC’s as the catalyst and equipment
technology improved and the FCC
operated at high conversion and fee-
drates to produce gasoline, C4’s and
C3’s. As a result, our industry has lim-
ited recent experience with these
recycle streams and their effect on
FCC products and coke.

To better understand these recycle
effects with the state-of-the-art maxi-
mum bottoms cracking catalyst
MIDAS®, Grace has conducted a
series of riser pilot plant (Davison
Circulating Riser or DCR), ACE, and
computer simulation studies.

2.0 Experiments

2.1. DCR Pilot Plant Runs and
Preparation of Recycle Streams

A commercially available MIDAS® cat-
alyst was deactivated, without Ni or V,
at 1465°F for 20 hours, using the
Advanced Cyclic Propylene Steam
protocol described by Wallenstein.[3]

After deactivation, the catalyst had 94
m2/g zeolite surface area, 83 m2/g
matrix surface area, and a unit cell
size of 24.30Å. The deactivated cata-
lyst was charged in our DCR pilot
plant[4], where cracking of a resid

feedstock was conducted.
Reaction severity was varied by
adjusting the temperature set points
of riser top, regenerator, and feed
pre-heat. We obtained four bal-
anced runs with conversion levels of
54, 58, 68, and 75 wt.%. The DCR
conditions and product yields are
listed in Table I. The C4- products
were analyzed by gas chromato-
graph, while C5+ liquid products
(syncrude) were analyzed by simu-
lated distillation and expressed as
gasoline (C5-430˚F), LCO (430-
650˚F) and bottoms (650˚F+), as
shown in Table I. The detailed boil-
ing point distribution of the bottoms
fraction is also provided in Table I.
These results provide the amount of
hydrocarbon in a given boiling
range when an ideal distillation is
achieved. These results were used
as a basis to determine the maxi-
mum quantity of each recycle
stream.

C5+ liquid products from each DCR
run was first separated by atmos-
pheric distillation on a modified
Hempel still (ASTM D295) to obtain
the 650˚F+ fraction. Each 650˚F+
fraction was further separated by
vacuum distillation (ASTM 1160) to
obtain the desired boiling fractions.
The properties of the various boiling
fractions are shown in Figures 2 and
3.

2.2. ACE of Recycle Blends

To simulate HCO and bottoms recy-
cle, we prepared feed samples by
blending various boiling range frac-
tions back into the starting resid
feedstock. These feed blends, listed
in Table II, can be separated into
two groups. One group consists of
recycle fractions with various boiling
ranges obtained at 54 wt.% conver-
sion, while the other group consists
of recycles with one boiling range,
650˚F-750˚F, but obtained at various
conversion levels from the DCR
runs. The percentage of recycle in
each blend was selected based on
simulated distillation listed in Table I
and the strategy to keep the recycle
fraction low enough so that one can
use two-pass cracking to simulate

Conversion, wt.% Recycle Stream, ˚F Blend Ratio wt.% Original Feed wt.% ˚API
100.0 20.60

54 650-750 8.3 91.7 20.42
54 650-750 6.3 93.7 20.39
54 650-800 11.7 88.3 20.37
54 650-800 9.7 90.3 20.38
54 650-850 13.4 86.6 20.29
54 650-850 11.4 88.6 20.30
54 650+ 14.7 85.3 19.83
54 750+ 7.1 92.9 19.87
58 650-750 91.7 20.29
58 650-750 6.3 93.7 20.29
68 7.3 92.7 19.95
68 650-750 5.3 94.7 20.03
75 650-750 5.4 94.6 19.72
75 650-750 3.4 96.6 19.93

8.3

650-750

Table II
Combined Feeds Used in ACE Study
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steady state operation. The steady
state approximation will be dis-
cussed further in the Data Analysis
section below. The HCO streams
were blended at two recycle ratios
to demonstrate the sensitivity and
reproducibility of yield changes due
to recycle.

The ACE runs[5] were conducted using
the same laboratory deactivated
MIDAS® catalyst as above and the
same commercial FCC resid feed as
the base feedstock. All ACE runs
were conducted at a reactor tempera-
ture of 950˚F using the same amount
of feed of 1.5g and a constant feed

delivery rate of 3.0g per minute. In
order to achieve desired conver-
sion, catalyst to oil ratio was varied
by changing the amount of catalyst
charged in the reactor in each run.
As in the above DCR study, gas and
liquid products were analyzed by

Figure 2
Properties of Recycle Feedstocks Obtained from DCR Run at 54% Conversion
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Figure 3
Properties of 650-750˚F Recycle Fraction Obtained from DCR Runs
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roduct color is a common con-
cern for refiners with a number
of petroleum products includ-

ing kerosene, jet fuel, diesel fuel and
lube base oils. With the introduction of
ultra low sulfur diesel (ULSD) the issue
of diesel product color has become
more of an issue as the typical ULSD
unit cycle length may now be limited
by color degradation of the product.
Refiners have been uncertain about
end of run (EOR) reactor outlet tem-
peratures with expectations in the
range of 710-760°F. The typical ULSD
unit has a deactivation rate in the
range of 2-3°F/month so an increase
in EOR temperature of 10-20°F has a
significant impact on a refiner’s plan-
ning and economics.

Figure 1 summarizes data from a com-
mercial ULSD unit using ART cata-
lysts. The data shows that in this case

the product color exceeded 2.5
ASTM, the pipeline color specifica-
tion for diesel, at a reactor outlet
temperature above 730°F. The feed
to this unit contained 30% LCO and
it was operated at 1.0 LHSV and
850 psig inlet pressure.

It is well known that the color of distil-
late products is affected by the reac-
tion conditions in the hydrotreater,
especially temperature and hydrogen
partial pressure. As (outlet) tempera-
ture increases and/or hydrogen par-
tial pressure decreases, the product
color degrades. It is also generally
accepted that the species responsi-
ble for color formation in distillates are
polynuclear aromatic (PNA) mole-
cules. Some of these PNA’s are
green/blue and fluorescent in color
which is apparent even at very low
concentrations of these species.
Certain nitrogen (and other polar)
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