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1. Introduction 

As a critical catalytic conversion unit, a hydrocracker can provide refiners flexibility in balancing 
supply and demand of gasoline and dieselãdelivering significant economic benefit without 
incurring major capital investment.  While the typical two-to-four (2 to 4) year hydrocracking 
catalyst cycles enable refiners to plan for long-term seasonal variations, short-term product 
demand volatility challenges and adds complexity to the hydrocracker catalyst selection process. 

Flexible hydrocrackers swing between gasoline and distillate modes by adjusting process 
operating parameters such as conversion, liquid recycle rate, and product cut points.  The 
flexibility also requires the design of a tailored cracking catalyst system. 

Criterion Catalysts & Technologies, LP and Zeolyst International, LP (Criterion/Zeolyst) work as a 
team with refiners to select and design catalyst systems that drive conversion while supporting 
the swing between gasoline and distillate modes.  The approach focuses on the cycle objectives, 
technical requirements, and economics in order to improve hydrocracker flexibility.  Inputs 
include feeds to be processed, product cut points, conversion levels targeted, product yields, 
product qualities, desired catalyst life, unit constraints, hydrogen quality and availability, supply 
and demand information, plus economics.  The designed options for pre-treat and cracking 
catalyst systems target different degrees of flexibility and performance.  

Using customer business models and proprietary kinetic models, Criterion/Zeolyst and the 
customer refinery team collaborate in evaluating options for optimum conversion levels, desired 
yields, and product cut points for flexibility and economic benefits over the full cycle.  Additional 
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evaluations include consideration of retrofitting existing reactor internals with Shell Global 
Solutionsç1 state-of-the-art reactor internals to improve liquid distribution for maximum catalyst 
utilization and to reduce radial delta temperatures throughout the cycle, assuring the catalyst 
system reliability and performance. [1, 2, 3] 

As described in this paper, the collaboration of Deer Park Refining Company (DPRC), Shell 
Global Solutions, and Criterion/Zeolyst (collectively, the team) resulted in improving unit 
profitability during the 2007 cycle for the DPRC hydrocracker.  The combination of the catalyst 
system, the new reactor internals, and operating strategy enabled DPRC to expand operating 
window and to generate additional operating profit of tens of millions of dollars while flexibly 
adjusting to the variable market demand for gasoline and diesel.  The results substantiate ready 
solutions to the dual challenges of more stringent environmental regulations and the changing 
pattern of market driven product demand. 

2. Catalyst Selection 

The hydrocracking unit at DPRC has single stage reactors in a series flow configuration.  It 
converts heavy straight run gasoil (SRHGO) and light cycle oil (LCO) into more valuable 
products.  The 2007 cycle objectives of the DPRC hydrocracker were to increase unit throughput 
against a gas-making constraint and to have a flexible catalyst system enabling maximization of 
naphtha or diesel production based on market demands.   

To meet the cycle objectives, the team worked together to develop technical solutions for the 
DPRC hydrocracking unit to improve unit and refinery profitability.  Besides the base feed case, 
the team also investigated different feed cases, such as processing more VGO feed to increase 
diesel production or shifting more VGO feed from the hydrocracker to the FCC unit to increase 
refinery gasoline production and process additional LCO feed generated from the FCC unit in 
the hydrocracker, depending on the market demand.  Since the unit was mainly constrained by 
the gas handling capability and pre-treat catalyst cycle life, the team also evaluated different 
options to reduce gas-make and improve pre-treat catalyst life to expand the unit operating 
window.  The detailed catalyst system selection process for the pre-treat and cracking catalysts is 
analyzed in the following section. 

a. Pre-Treat Catalyst System 

In the previous cycle, the catalyst cycle life for the DPRC hydrocracker was limited by the 
pre-treat catalyst life.  Figure 1 shows how the unit had to process less difficult feeds 
(Feeds containing higher percentage of 650ºF minus material) by the middle of the cycle.  
The refinery had to reduce throughput in the last part of the cycle in order to meet 

                                                           
1 Shell Global Solutions is a network of independent technology companies in the Shell Group.  In this publication the 
expression 'Shell Global Solutions' is sometimes used for convenience where reference is made to these companies in 
general, or where no useful purpose is served by identifying a particular company.   
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Figure 1 shows the percent of 650ºF minus in the combined feed and fresh feed rate in the 
previous cycle.  Percent of 650ºF minus and fresh feed rate are on the Y axis and days on 
stream is on the X axis.  Toward the middle of the cycle,(point A) the unit had to increase the 
percentage of 650ºF minus material and toward the end of the cycle (point B) the unit had to 
reduce feed rate in order to meet the targeted cycle life. 

required nitrogen slip and to reach the targeted catalyst cycle life.  The pre-treat catalyst 
cycle life was limited by the bed peak temperature as shown in Figure 2.  It can be seen 
that bed axial delta temperature decreased as the bed peak temperature increased 
toward end of the run, showing hydrogenation reaction rate was not increased by 
increasing bed temperature.  This is an indication of the reaction being controlled by 
equilibrium.  

 

 

 

 

 

 

Figure 1 â Combined Feed Rate and Percent (%) 650ºF Minus in the Previous Cycle 
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Figure 2 shows bed peak temperature and bed dT in one of the pre-treat bed of the Deer Park 
hydrocracker in the previous cycle.  Bed dT and bed peak temperature are on the Y axis and 
days on stream is on the X axis.  It is observed that bed dT decreased as the peak temperature 
increased toward end of the run. 

 
Figure 2 â Bed Peak Temperature and Bed dT in One (1) of the Pre-Treat Bed in the Previous Cycle  

   

 

 

 

 

The peak temperature and denitrification limitations are a result of aromatic saturation 
equilibrium.  This can be explained as follows:  Nitrogen is present in hydrocracker feeds 
as heteroatoms in poly-ring aromatic compounds.  Adjacent aromatic rings must be 
saturated before these nitrogen molecules can be converted into ammonia and removed.  
Figure 3 shows one example of how aromatic saturation (ASAT) conversion is affected by 
temperature and LHSV at constant hydrogen partial pressure [4].  Percent saturation is on 
the Y axis and temperature is on the X axis.  In the low temperature region, LHSV has a 
big effect on saturation, showing that the reaction rate is controlled by kinetics.  In this 
region, for a given LHSV, an increase in reactor temperature increases aromatic 
saturation conversion and denitrification activity.  It can also be seen that in the high 
temperature region, as temperature increases, the effect o f LHSV is reduced.  Eventually 
it has no effect, indicating that the reaction rate is controlled by ASAT equilibrium.  For 
the example in Figure 3, aromatic saturation equilibrium becomes the rate-limiting step at 
a reaction temperature of around 720°F for a LHSV of four (4) or 700°F for a LHSV of 
two (2).  These temperatures are much lower than the maximum allowable operating 
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Figure 3 shows how aromatic saturation (ASAT) conversion is affected by temperature and 
LHSV at constant hydrogen partial pressure.  Percent aromatic saturation is on the Y axis, and 
temperature is on the X axis.  In the low temperature region, LHSV has a big effect on 
saturation, showing that the reaction rate is controlled by kinetics (kinetic region).  In this 
region, for a given LHSV, an increase in reactor temperature increases aromatic saturation 
conversion and denitrification activity.  It can also be seen that in the high temperature region, 
as temperature increases, the effect of LHSV is reduced and eventually it has no effect, 
indicating that the reaction rate is controlled by ASAT equilibrium (equilibrium region). 

temperature of the reactor.  Therefore, breaking this ASAT equilibrium barrier is an 
important element of getting the most performance from the hydrocracking unit. 

 

Figure 3 - Aromatic Saturation Kinetics: LHSV Effect (at Constant H2pp) 

   

 

 

 

 

 

 

One (1) way to extend the pre-treat catalyst cycle life is to remove the species generated 
from the aromatic saturation reaction and to shift the reaction toward higher conversion. 
Criterion/Zeolyst customers have access to special pre-treat catalyst systems to move the 
pre-treat catalyst operating temperature closer to the metallurgical temperature limit of 
the hydrocracker while maintaining the required HDN activity of the pre-treat catalyst 
system.  These hydrocracker pre-treat catalyst systems are stacked beds of state-of-the-art 
alumina hydrotreating catalyst like CENTINEL Gold, ASCENT, or CENTERA®, combined 
with tailored amorphous silica alumina (ASA) catalysts like Z-503, Z-513, and Z-2513 
as shown in Figure 4  (pre-treat catalyst portfolio).   
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Figure 4 â Criterion Hydrocracker Pre-Treat Catalyst Portfolio  

The tailored ASA catalysts are nitrogen-tolerant cracking catalysts with enhanced acidity 
compared to a conventional hydrotreating catalyst, and they have the power to break open 
saturated ring-compounds.  Ring opening is irreversible, so it breaks through the aromatic 
saturation equilibrium barrier and significantly increases the rate of hydrodenitrification at 
temperatures above the normal ASAT equilibrium barrier.  The DPRC Hydrocracker Cycle 
Optimization Team designed a stacked bed system in the 2007 cycle to maximize the pre-treat 
bed operating temperature window for their hydrocracker.  Figure 5 shows examples of different 
customers that are using this technology successfully at different optimum levels of the ASA 
catalysts in the stacked system.  Each hydrocracker has its optimum stacked bed system and 
Criterion/Zeolyst works with each customer to determine it.  From the different options designed 
and evaluated, the team ofDPRC, Criterion/Zeolyst, and Shell Global Solutions selected a 
hydrocracking pre-treat catalyst stack system of CENTINEL Gold DN-3300 and ASA Z-503. 
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Figure 5 shows Zeolyst ASA catalyst in hydrocracking pre-treaters commercial loading.  The 
volume percent of Zeolyst ASA is on the Y axis and type of hydrocracker is on the X axis.  

 

Figure 5 â Zeolyst ASA volume in Hydrocracking Pre-Treaters Commercial Loading  
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Figure 6 shows the peak temperature and dT of one (1) of the pre-treat beds in the Deer Park 
hydrocracker optimized with the stacked hydrotreating/ASA catalyst system.  The 
hydrocracker was able to operate at 7ºF higher peak temperature in the 2007 cycle compared 
to previous cycle while maintaining healthy delta temperatures in the bed.   

 

 

Figure 6 shows the peak temperature and bed dT of one of pre-treat bed in the DPRC 
hydrocracker in the 2007 cycle.  With the optimized stacked bed catalyst system, this 
bed was operated at 7ºF higher peak temperature at end of run compared to the 
previous cycle.  The delta temperature in this bed was healthy throughout the full cycle.  
In the previous cycle, this bed DT went down as the peak temperature reached the ASAT 
equilibrium (Figure 2). 

 

 

Figure 6 â DPRC Hydrocracker Pre-treat Bed Peak Temperature and Bed dT  
(One (1) of the Pre-Treated Beds Loaded with the Stacked Catalyst System in 2007 Cycle) 
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Figure 7 shows the percent of 650ºF minus material in the combined feed and fresh feed rate in 
the 2007 cycle.  Percent of 650ºF minus and fresh feed rate are on the Y axis and days on stream 
are on the X axis.  The plot shows that the feed rate and feed quality were well maintained 
throughout the entire 2007 cycle as opposed to the previous cycle shown in Figure 1. 

 

 

Figure 7 shows how the DPRChydrocracker feed rate and feed qualities were well 
maintained throughout the entire 2007 cycle, as opposed to the previous cycle 
performance shown in Figure 1.  The stacked bed system extended the pre-treat catalyst 
cycle life and allowed the hydrocracker to operate at higher feed rate while processing 
more difficult feed.  This created significant economic benefit for the refinery.   

 

 
 

Figure 7 â Combined Feed Rate and Percent (%) 650ºF Minus in the 2007 Cycle 

 

 


