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In the current challenging economic climate, refiners must squeeze all they can out of 
their existing assets.  The ULSD unit has proven to be a versatile asset, demonstrating 
ability to maximize diesel volume when margins are favorable, and flexibility to alter 
operations when the opportunities shift.  However, many ULSD units are still activity 
constrained, requiring higher performance catalysts to unlock the full potential of the 
unit.  To overcome these constraints, Criterion continues to innovate catalysts designed 
to extract additional unit performance and unlock the full ULSD potential across a wide 
range of ULSD operations. 
 
This paper discusses how Criterionôs successful ULSD catalyst innovation, the new 
CENTERA® high performance ULSD catalyst technology, is the key to generating 
greater unit performance and relieving unit ULSD constraints.  When combined with 
customized catalyst system design, CENTERA® consistently generates step-change 
ULSD performance. 
 
These solutions can generate opportunities to improve overall refinery economics by 
leveraging this critical ULSD asset, providing flexibility to upgrade heavier feeds to 
make more diesel, to maximize LCO into the diesel pool, and to offer capability to 
process more difficult crudes or run longer cycles. 
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Introduction 
 
While global economies begin to show signs of recovery, refinery margins have continued 
to challenge even the shrewdest planners and schedulers in our industry.  As 
global/regional margins and demands fluctuate, and as capital and operational budgets 
decline, the global drive towards clean fuels remains resolute, requiring refiners to extract 
the most from their existing units.  The ULSD unit in particular, which has grown from a 
peripherally-important unit a decade ago to a key component in the refinery profitability 
equation today, can offer real economic opportunities, provided it is not activity constrained. 
 
Over the last 5 years, the versatile DHT unit has played a greater role in enabling the 
refinery to capitalize on changing economic drivers, which have included the following: 
 

¶ Increased Heavy/Sour Crude Processing 

¶ Increased Bottoms Conversion 

¶ Conversion to Ultra-Clean Fuels Quality (e.g. ULSD) 

¶ Increased Distillates Product Demand 
 
In todayôs dynamic environment, it has become important to have any and all of the above 
capabilities readily available.  Flexibility with feed and product slates has now become one 
of the most important process capabilities of a ULSD unit.  Providing maximum 
activity/performance is key to help deliver this desired flexibility and gain more from the 
ULSD assets. 
 
Through focused R&D innovation driven by these challenges, Criterion developed 
CENTERA

®
 ULSD catalyst.  When used alone or in a custom catalyst system, CENTERA

®
 

catalysts can provide a substantial increase in activity which can be used to relieve unit 
constraints and deliver the flexibility and reliability a refinery needs to be more competitive 
in the most challenging of economic times.      
 

CENTERA Catalyst Technology - Foundations and Fundamental Story 
 

Foundations 

Criterion Catalysts & Technologies has provided significant gains to refiners with past 
catalyst technological advances including the CENTINEL and ASCENT product families.  
Building upon these commercially proven products, and from years of in-depth research on 
the fundamental structure of active sites, Criterion has now met the current challenges with 
the development and release of the innovative CENTERA technology.  In numerous refining 
applications including ULSD production, hydrocracker pre-treating (HCPT), and fluid cat 
cracker pre-treating (FCCPT), the CENTERA family of products has been shown to provide 
significant increases in activity and stability, enabling refinery specific objectives, and 
increasing unit capabilities to provide additional flexibility without sacrificing reliability.   

CENTERA high performance catalyst technology is also a key to relieving unit constraints.  
When combined with customized catalyst system design these solutions can provide the 
flexibility to process heavier feeds, increase lower margin cracked feedstocks such as LCO 
or Visbreaker Gasoil blending into the diesel pool, and/or extend unit cycle length.  
Leveraging this critical ULSD asset in these ways can improve overall refinery economics. 
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Fundamental Story 

CENTERA technology builds on a strong foundation using some of the best elements of 
Criterionôs commercially proven catalyst technologies.  Combining the catalyst technology of 
CENTINEL (1st Generation), CENTINEL Gold (2

nd
 Generation), and ASCENT technologies 

with other Criterion advancements, CENTERA further increases performance by utilizing 
new innovations in active site design and manufacturing technology.  Figure 1 depicts a 
progression in HDS activity improvement, and provides a general indication of the 
magnitude of improvement seen with the newer generation technologies described. 

 

Figure 1 ï Diesel HDS Activity of Various Criterion Catalyst Technology Platforms 

This foundation combines improvements of the catalyst support with advancements in Type 
II active phases.  Further development in the manufacture of Type II technology catalysts 
generate gains in both initial kinetic activity and in Enhanced Retention of Activity (ERA), 
resulting in a new product family with the following characteristics: 

¶ Increased active site dispersion:  Improved support technology leading to 
better dispersion of MoS2 crystallites in the active catalyst 

¶ Maximum sulfidation: Advanced manufacturing technology leading to the 
highest possible degree of sulfidation, forming ideal Type II active sites 

¶ Optimized assembly of active sites:  Optimized decoration of MoS2 edges 
with promoter metals leading to increased catalytic activity 

These conclusions are based on detailed characterization of active catalysts using 
advanced analytical techniques, some of which are described below.  In developing top-tier 
catalyst technologies, Criterion applies molecular active site analysis and characterization 
as a framework for continued technological advances.  
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Further Increases in MoS2 Particle Dispersion 

Catalyst performance is a function of many parameters, one of which is metal particle 
interactions with the alumina support.  TEM (Transmission Electron Microscopy) 
measurements and imagery can allow for detailed observation of catalyst active metals 
particle formations and their dispersion on the alumina support.  This observation and 
measurement capability provides the ability to further develop and improve both catalyst 
formulations and manufacturing protocols, which were fundamental to the successful 
innovation achieved through CENTERA technology. 

During the CENTERA development program, a TEM protocol specifically developed for 
catalyst characterization, provided many digital images and measurements for each 
preparation.  The images enabled Criterionôs precision for metal site analysis.  

In the R&D development of CENTERA, Criterion detailed the quantification of active metals 
site dispersion by observing the MoS2 crystal slab lengths.  Measurements of the slab 
lengths and the degree of stacking (layers) of the slabs were performed by examining 
hundreds of individual slabs per sample.  Further, the degree of stacking was determined by 
counting the number of layers in each individual supported particle of MoS2. 

Figure 2 provides a typical TEM image of the CENTERA NiMo DN-3630 along with a 
graphical representation of stacked slabs in the dimensions reported.  Evaluation of the 
image shows that the sample consists of supported (75%) and unsupported (25%) domains, 
each having particle sizes around 35Å.  The average degree of stacking is 1.5 for the 
supported particles and 2.1 for the unsupported particles.  An estimation of the particle size 
based on additional EXAFS analysis (see Fig 3), identified diameters around 25 Å, which 
indicate that the range given in the figure (25-35 Å) is a representative characterization of 
the improvement seen with the CENTERA technology when compared with past catalyst 
generations.  Thus, the double layered particle displayed in Figure 2 is thus a realistic 
description of the typical structure of sulfided DN-3630. 

Figure 2 - MoS2 Dispersion ï CENTERA Shows Improved Dispersion 
Compared with Prior Generation Catalysts 

MoS2 Dispersion of Criterion Catalysts
Centera exceeds Centinel Gold MoS2 dispersion

Particle Diameter

Centinel: 40 ï45 Å

Centinel Gold: 30 ï35 Å

Centera: 25 ï35 Å

10 nm10 nm
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Maximized Sulfidation With Increased Activity  
 

CENTERA technology utilizes Criterionôs new innovative manufacturing techniques to 
provide complete sulfidation of the active metals.  A critical element in achieving full 
sulfidation is to convert all Mo-O of the precursor into active Mo-S entities, thus minimizing 
the interaction of particles with the alumina support.  Observations and measurements of 
the degree of sulfidation and the Mo-S structures within the active particles have been 
detailed utilizing XPS (X-ray Photoelectron Spectroscopy) and EXAFS (Extended X-ray 
Absorption Fine Structure).  During the technology development, Criterion measured 
EXAFS spectra to evaluate the local Mo-S geometry and, thus, the extent to which particles 
may have interactions with the support material.   

The inset in Figure 3 displays the Fourier Transform of the respective C function from the 
CENTERA sample.  The first shell at about 2 Å is due to Mo-S contributions.  It is identical 
to that of bulk MoS2 and corresponds to the ideal coordination number of six (6), indicating 
that every Mo atom is surrounded by six (6) sulfur atoms in a trigonal prismatic fashion 
(shown in the graphic in Fig. 3).  Thus, CENTERA catalysts are fully sulfided, with only 
weak Van Der Waals interactions with the support, which promotes maximum performance 
and complete active metals utilization.  

 

Figure 3 EXAFS ï CENTERA Shows Full Sulfidation of Molybdenum 

First shell Mo-S

coordination number =  6

Degree of sulfidation as in bulk MoS2

EXAFS: Full Sulfidation of Molybdenum

DN-3630

Bulk MoS2
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Optimized Promoter Metals Utilization 

Criterionôs additional innovation when developing CENTERA technology for ULSD service 
involves ñdesigningò the metals active sites by influencing the placement of the promoter 
metals into the resultant Mo-Promoter Metal-S structure, allowing for enhanced 
performance of the active sites.   

NO (nitric oxide) adsorption provides precise characterization of the accessibility to the 
catalyst active sites and determination of the state of the sulfided catalysts Mo-S sites.  The 
method is based on the observation that the N-O stretching vibration, as measured with 
FTIR (Fourier Transform Infrared Spectroscopy), is structurally sensitive and enables 
discrimination between NO molecules adsorbed to either Ni, Co or Mo.  With CENTERA 
DN-3630 we can observe that the edge surface of a sulfided metals particle exposes only 
coordinatively unsaturated Ni centres.  In this regard, DN-3630 displays unique new surface 
structural properties.  Molecular modelling calculations of different surface ensembles have 
shown that the active site edges have at least two, but possibly three, unsaturated promoter 
Ni centres in a row.  It is full presence of these specific active structures and the absence of 
lesser-active unsaturated Mo-based edge structures present in all other catalysts that are 
responsible for the increased activity observed with CENTERA catalysts.   

Figure 4 displays the differences in the edge structures of the Ni-promoted CENTERA and 
CENTINEL catalysts. 

Figure 4 - NO Chemisorption - CENTERA Shows Improved Promoter Edge Decoration 

These continued advances in catalyst development and manufacturing technologies mean 
that Criterion continues to lead in providing improved performance across refinery 
hydroprocessing applications. 

NO Chemisorption: Promoter Edge Decoration

CENTINEL CENTERA

NO adsorbs to
Ni onlyNi and Mo

Incomplete sulfidation
Full sulfidation

Optimal edge decoration
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ULSD Activity Gains With CENTERA Catalyst Technology 

 

Criterion has developed a number of CENTERA catalysts for different hydroprocessing 
units, including Distillate Hydrotreating, FCC Feed Pretreatment,  Lube Hydroprocessing, 
and Hydrocracker Pretreatment applications.  For Distillate Hydrotreating or ULSD service, 
a CoMo DC-2618 and NiMo DN-3630 have been created to fulfil the range of different 
needs required in this application.  Both products provide substantial gains over prior 
generations of products, and in some cases they can be combined to offer synergistic 
benefits and step-change performance. 

 

HDS Activity 
 

In ULSD service, additional hydrodesulfurization (HDS) activity can be utilized in many ways, 
from running longer cycles to processing more difficult feeds to improving overall product 
quality.  However, it must be recognised that one catalyst cannot provide the best or highest 
performance across the broad spectrum of process conditions, from older generation low 
pressure, low severity units to modern generation high severity giants capable of processing 
the most difficult of feeds.  In a number of papers in recent years, Criterion has illustrated 
the importance of understanding the feed composition, operating conditions and ULSD 
chemistry for a given unit in order to properly select the right catalyst or catalyst system.  

The following sub-sections describe how the newly developed CENTERA CoMo and NiMo 
product can be used to maximize performance for a given unit severity.  To start, the unit 
severity can be described in terms of quality of hydrogenation environment, which is a 
function of hydrogen partial pressure, LHSV and operating temperature. 
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Low Severity - CoMo 
 

Almost exclusively represented by older low sulfur diesel (LSD) units that have been 
revamped or had feed composition altered to allow them to make ULSD, these low severity 
applications are significantly challenged in opening up the operating window to extend unit 
capability.  This arises from two factors:  1) lack of a good quality hydrogenation 
environment to facilitate the more rapid indirect HDS reactions and 2) inability to remove 
nitrogen, which inhibits both indirect and direct HDS pathways.  In this operating regime, the 
CoMo CENTERA DC-2618 excels, in part due to its ability to provide direct HDS route 
capability, along with enhanced HDS and HDN pathways, by taking advantage of the 
optimized promoter decoration created by this new active site assembly.  The improved 
HDN is clearly demonstrated by the data in Figure 5, which shows that CENTERA DC-2618 
provides a 7-20°F advantage over the best of prior generation ASCENT CoMo products. 

 

Figure 5 - HDN Performance of CENTERA DC-2618 Compared with 
 ASCENT CoMo Catalysts 

The improved HDN serves the primary purpose of removing inhibiting nitrogen and 
speeding HDS reaction pathways, but also opens up the unit operating window by 
importantly lowering SOR temperatures, thus improving the overall quality of hydrogenation 
environment across a larger portion of the cycle.  This operating window can be extended 
by 7-20°F as shown in Figure 6, which in some low pressure units can mean an increase of 
20 to 50% in units that normally have a 50°F SOR-EOR WABT range. 
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Figure 6 - HDS Performance of CENTERA DC-2618 Compared with 
ASCENT CoMo Catalysts 

High Severity - NiMo 
 

It is well known and proven that at higher pressures, particularly when a good quality 
hydrogenation environment exists through the majority of the operating cycle, that NiMo 
catalysts provide a distinct performance advantage over CoMo catalysts.  This is due to the 
combined benefits of better HDN and higher indirect HDS capabilities.  CENTERA DN-3630 
takes this NiMo performance to the next level by creating optimized sites that promote HDN 
and HDS.  This is clearly demonstrated in Figure 7, showing successive generations of 
NiMo performance improvements at a moderately high pressure of 900 psig. 
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Figure 7 ï HDS Performance of CENTERA DN-3630 Compared with 
   Prior Generation NiMo Catalysts 

 

DN-3630 provides a substantial activity gain of 10-20°F in this example, in part due to the 
increased number of active sites, but also the ability to retain these active sites though a 
typical conditioning period of two to four weeks.  This combined gain can open up the unit 
operating window, which can be exploited in a number of different ways, as illustrated in the 
real-world refining examples in the next section. 
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Moderate Severity ï CoMo or Custom NiMo/CoMo Systems 

 

It is this Moderate or ñintermediateò operating severity where the opportunities exist to 
employ customized catalyst solutions using both CoMo and NiMo catalyst.  The number of 
units in this severity range, having hydrogen partial pressures of 400-800 psia, is significant 
as it represents more than half of the units that were revamped to achieve ULSD.  In 
addition, these units are usually equipped with two to four beds and have quench capability, 
making a customized catalyst system design feasible and practical.  Thus, it is possible to 
incorporate use of CENTERA DN-3630 in the correct beds to substantially enhance HDS 
performance, in part due to the enhanced HDN as illustrated in Figure 8. 

 

Figure 8 - HDS and HDN Performance Improvement of                       
CENTERA Custom NiMo/CoMo vs. CoMo DC-2618 

The key to taking advantage of this powerful combination of catalysts --- to  unlock the 
potential of an activity-constrained medium severity ULSD unit --- is to carefully balance the 
profitability opportunities provided by the increased activity with unit limitations and 
constraints.  The increased activity can provide a number of options to increase profitability, 
including raising feed endpoints, increasing cracked stock processing, increasing unit feed 
rate or extending unit run length.  All of these might be possible catalytically, but require 
crosschecking against unit constraints for parameters such as hydraulic limits, makeup 
hydrogen capacity, treat gas circulation capabilities, and reactor bed heat release/quench 
limitations.  There is flexibility in the design of the custom NiMo/CoMo CENTERA system to 
manage activity within these constraints, some of which can be demonstrated in the 
examples in the next section. 


