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“ Supplying highly active and Stable 
catalyStS that function reliably iS juSt 
the Starting point. our paramount 
objective iS to add value, in the 
broadeSt SenSe, to our cuStomerS’ 
hydroproceSSing operationS.

Considerable resourcefulness is required 
to run a refinery profitably when faced 
with shifting product demand patterns, 
tighter specifications, rising energy costs, 
tougher environmental regulations and 
variable crude quality.

at the same time, the world order is 
changing. The economic progress of 
nations such as India and china, along 
with increased downstream activity in 
the middle east, is serving to transform 
the global refining landscape. There are 
some parts of the world where refining 
is experiencing rapid growth and others 
where capital investment is severely 
constrained and there is a question of 
survival. for different reasons, refiners 
worldwide need to be on top of their 
game – and so do we at criterion 
catalysts & Technologies. 

While our responsibility lies firmly 
with the catalyst, our focus is on the 

performance goals set by the individual 
refiner, commonly expressed in terms 
of product yield and quality, feedstock 
flexibility, hydrogen consumption, 
operating margin, reliability and 
environmental impact.

We listen intently to customers to gain 
a thorough understanding of their 
particular business and technical 
drivers. We then analyse product 
specifications, feedstock properties, 
process schemes, reactor designs and 
operational constraints, and use the 
findings to devise the optimum catalyst 
system along with the most appropriate 
operating strategy for the given unit.

finally, we work closely with customers 
to help the catalysts function as we 
predict and the process units to perform, 
over the long term, to their full potential.

Performance

our focus is on the 
performance goals set 
by the individual refiner, 
commonly expressed in 
terms of product yield and 
quality, feedstock flexibility, 
hydrogen consumption, 
operating margin, reliability 
and environmental impact.
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Our share of the hydroprocessing catalyst 
market, product range, customer base 
and global reach place us firmly as a front 
runner in this highly competitive field.

However, we recognise that our 
leadership – as best defined by the 
quality of our technology, the calibre of 
our technical support and, not least, our 
commitment to the customer’s objectives – 
are on the line every time we are asked  
to supply a catalyst. 

Throughout the criterion organisation, 
we are fully prepared for this; it is part 
of our constant drive to be the industry’s 
pre‑eminent technology partner through 
close co‑operation with our customers.

our portfolio includes hydroprocessing 
catalysts for a wide variety of 
applications throughout the refinery, 
from ultra‑low‑sulphur diesel (uLsD) 
production to tail‑gas treatment. We are 
heavily involved with hydrocracking, 
where we provide both feed 
pretreatment and cracking catalysts. 
and we lead the industry in catalysts 
that are used for residue upgrading in 
both fixed‑ and ebullated‑bed reactors.

The simplified refinery process 
schematic below summarises our full 
product range.
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THE MarkET lEadEr

criterion catalysts can be currently 
found in about 60 of the world’s 
hydrocracking units and around 850 
hydrotreating units used for a variety of 
applications. criterion is also a market 
leader in catalysts for diesel dewaxing, 
which is used to reduce the cloud point 
and improve the cold flow properties. 
in addition, a large proportion of the 
ebullated-bed residue upgrading units 
around the world contain criterion 
catalysts, as do the majority of tail-gas 
treating units.

CrITErION UNIVErSITY

the criterion university helps to build lasting 
beneficial relationships with our customers. 
We hold training courses at centres around the 
world for refinery engineers and technologists 
on subjects such as hydrotreating, fluidised 
catalytic cracking (fcc) feed pretreatment, 
ulSd production and hydrocracking. catalysis 
is naturally at the heart of the teaching, though 
process technology input is frequently provided 
by experts from Shell global Solutions. in 
addition to the standard courses, the criterion 
university provides tailored programmes to suit 
individual customer’s training requirements.

criterion supplies catalysts 
for the critical processes that 
use hydrogen to upgrade 
and add value to refinery 
streams and final products.

technology leadership is 
important but not enough 
in itself. a willingness to 
work side by side with 
our customers is vital to 
realising the benefits of 
the latest technology.

ProducinG better diesel
china’s dalian Petrochemical company is using criterion catalysts to make 
ulsd in a new 4-mt/y hydrotreater designed by shell Global solutions. 
Working very closely with dalian, we proposed the use of a centinel 
desulphurisation catalyst in conjunction with sentrY optitrap guard catalysts 
to reduce fouling and minimise pressure drop in the reactor. the operator 
reports that the quality of the produced diesel easily satisfies euro iV emission 
requirements and has a higher cetane number than expected with the unit 
running under favourably mild reaction conditions.
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More than 80 experienced scientists 
and engineers work in our technology 
centres in Houston, USA; Amsterdam, 
the Netherlands; and Bangalore, India. 

High‑throughput experimentation 
techniques are well established at 
all three sites, which together can 
boast access to over 100 catalyst 
process pilot plants for research and 
development, and customer technical 
service purposes. The success of 
our technology programmes is best 
illustrated by the fact that new products 
introduced over the past five years 
account for most of our catalyst sales. 

our principal hydrotreating catalyst 
platforms, cenTIneL GoLD, 
ascenT and cenTera, are used in 
a variety of hydrotreating processes 
under a wide range of process 
conditions. customised catalyst 
systems based on combinations of 
these platforms are notably enabling 
refiners to meet the most stringent 
uLsD specifications while producing 
more diesel of higher quality from 
increasingly difficult feedstocks. 

The zeolites for criterion’s hydrocracking 
catalysts are made by Zeolyst 
International, a joint venture formed in 
1988 with silica and zeolite specialist 
pQ corporation. research conducted 
by criterion and Zeolyst has resulted 
in a series of hydrocracking catalysts 

recognised for their selectivity and 
good balance of activity and stability, 
which results in long run lengths and 
slow yield declines. 

much of our recent development work 
in the hydrocracking area has focused 
on highly flexible, tailored catalysts 
that enable refiners to swing between 
distillate and gasoline production 
to take account of seasonal product 
demand shifts. We also have catalysts 
for more difficult feeds, such as 
deasphalted oil, heavy coker gas oil, 
thermally cracked gas oils and the cycle 
oils from fcc units. 

as demand for gasoline and diesel 
increases, and sustainability issues 
continue to dominate, dealing 
efficiently with the bottom of the barrel 
has moved to the top of the refining 
industry agenda. How much value 
refiners can extract from residue is now 
a major influence on overall refinery 
economics. criterion is a major supplier 
of catalysts for both ebullated‑ and 
fixed‑bed residue units. We are world 
leading in ebullated‑bed catalysts, 
not least because of the advances we 
have made in sediment control. We 
also have catalysts for fixed‑bed units. 
Here our research is aimed at raising 
residue conversion levels and being 
able to process heavier feeds without 
sacrificing cycle length.

technoloGY

the success of our 
technology programmes 
is best illustrated by the 
fact that new products 
introduced over the past 
five years account for most 
of our catalyst sales. 

sediment control
We have worked tirelessly to develop catalysts to limit 
sediment formation in ebullated-bed residue upgraders. 
slovakian refiner sloVnaft is among several refiners to 
feel the benefits. using one of our advanced teX-series 
catalysts in an lc-finer unit processing urals crude vacuum 
residue, the refiner managed to cut sediment formation 
in the vacuum tower bottoms heat exchanger by about 
half with no loss in conversion. our latest ebullated-bed 
catalysts are designed to improve sediment control and 
raise conversion levels at the same time.

combined Process
the Kuwait national Petroleum company is using shell 
Global solutions deep hydrotreating technology to produce 
ulsd (<10 ppm) in a new refining complex in Kuwait. the 
180,000-bbl/d unit contains separate catalysts to remove 
the sulphur from the diesel and to improve the product’s 
cold-flow properties. the latter is achieved using our world-
beating sdd series dewaxing catalyst technology.

adVaNCES IN 
HYdrOTrEaTING

centera is the result of years of research 
on the fundamental structure of active 
catalyst sites combined with our high 
level of global commercial experience. 
based on the latest nanotechnology and 
providing up to 50% gains in performance 
on a volumetric basis, centera continues 
a trend that has seen activity improvements 
over the past 10 years that are three times 
greater than over the previous 20 years. 
using centera, refiners are overcoming 
process challenges once thought insoluble.

THE SHaPE OF 
HYdrOCraCkING 

research on hydrocracking catalyst shape 
has led to the introduction of advanced 
trilobe Xtreme (atX) technology. reactants 
move more freely through atX-based 
catalysts and residence time is reduced. 
consequently, overcracking to produce 
naphtha and gas 
is restricted, which 
typically leads to 
a 1.5% increase in 
hydrocracker diesel yield.

UNdErSTaNdING rESIdUE 
UPGradING

We have adopted the 4cs approach – 
chemistry, composition, conditions and 
catalyst – to residue upgrading. fully 
understanding the residue’s chemistry 
and composition is vital to developing the 
optimal way forward. then, each unit will 
generally be operating under a different 
set of process conditions. We take 
account of these, too, in order to design a 
catalyst that will resist deactivation and so 
perform well for extended periods of time.

DeAlINg effICIeNtly wItH tHe BOttOM Of 
tHe BArrel HAS MOveD tO tHe tOp Of tHe 
refININg INDUStry AgeNDA.“
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Criterion’s link to Shell global Solutions 
is important for several reasons. first, 
it provides us with a deep insight into 
industry needs and trends: a real feel for 
the business from the viewpoint of an 
owner and major refinery operator.

second, we gain access to a wealth 
of refinery technology, expertise in 
computer process modelling and 
optimisation, and an outstanding science 
and engineering resource, which is 
particularly valuable when it comes to 
more fundamental catalyst research.

from a customer standpoint, our link with 
shell Global solutions, a major refinery 
process technology licensor, opens 
the way for genuinely integrated and 
customised solutions. These encompass 
process technology, reactor internals 
and catalysts, all three elements being 
of the highest standard. customers 
have the advantage of a single point of 
contact and responsibility for projects 
varying from those designed to improve 
operations, typically involving drop‑in 
solutions, through scheduled turnarounds 
and revamps, to major expansions 
and completely new units demanding 
significant investment.

over the past 10 years, criterion 
has undertaken more than 
150 projects involving the provision of 
hydroprocessing technology, reactor 
internals and catalysts. In projects like 
these, there is less need to compromise 
and more chance of being able to 
formulate a genuinely integrated solution. 
unit performance is improved as a result. 
In every project and sale, criterion and 
shell Global solutions respect the integrity 
of customers’ proprietary information.

Criterion customers benefit from 
the support of knowledgeable and 
experienced catalyst scientists and 
engineers at every stage of the  
process cycle. 

We propose tailored catalyst systems 
to meet the technical brief in terms of 
feedstock, the desired product slate, 
the design of the unit and the operating 
conditions and constraints. process 
modelling and help with developing a 
unit operating strategy are available. 
naturally, we also support the start‑up 
of the unit. 

perhaps more importantly, through our 
advice and experience, we can help our 
customers as they maintain the long‑term 
performance of their units. our cat‑check 
knowledge management system enables 
us to help the customer build a picture of 
their unit and the way it is performing. 
By studying the information gathered 
and comparing it with our extensive 
process database, we can help with the 
customer’s efforts to control the conditions 
of their unit to continuously optimise 
performance or quickly troubleshoot any 
process problems.

inteGration suPPort

TaIlOrEd CaTalYSTS FOr lEadING  
CHINESE OPEraTOr

cnooc operates china’s largest single‑train refinery at 
Huizhou, in Guangdong province. It is designed to process 
heavy, high‑acid crude from fields in the Bohai sea. The huge 
4 mt/y single‑unit hydrocracker, which is fundamental to the 
refinery’s overall operation, was designed by shell Global 
solutions and has criterion pretreatment and cracking catalysts 
formulated specifically to cope with the troublesome feed and 
constantly changing product demands. Data collected from the 
unit indicates that it is performing perfectly in line with all the 
key yield and product‑quality indicators set by the operator.

cri/criterion, inc. (catalyst 
manufacturer), Zeolyst 
(our zeolite-based catalyst 
joint venture with PQ 
corporation) and shell 
Global solutions (our 
technology licensor) are  
all part of the shell family 
of companies.

no matter how good the 
catalyst, units that do not 
receive the necessary 
specialist support can 
underperform. in our view, 
catalyst selection is just the 
start of technical service.

tailored catalYsts for leadinG chinese oPerator
cnooc operates china’s largest single-train refinery at huizhou, in 
Guangdong Province. it is designed to process heavy, high-acid crude from 
fields in the bohai sea. the huge 4-mt/y single-unit hydrocracker, which is 
fundamental to the refinery’s overall operation, was designed by shell Global 
solutions and has criterion pretreatment and cracking catalysts formulated 
specifically to cope with the troublesome feed and constantly changing product 
demands. data collected from the unit indicates that it is performing perfectly in 
line with all the key yield and product-quality indicators set by the operator.

reACtOr, prOCeSS AND CAtAlySt teCHNOlOgIeS 
OverlAp. INtIMAtely COMBININg tHeM prOvIDeS 
perfOrMANCe ADvANtAgeS AND MAkeS lIfe 
eASIer fOr tHe OperAtOr.

“

INTErNalS TECHNOlOGY

criterion offers Shell global Solutions 
reactor internals technology, including 
filter trays, high-dispersion distribution 
internals, ultra-flat quench interbed 
internals, catalyst support grids and 
bottom baskets. hundreds of commercial 
applications have proved the benefits of 
such technology in terms of raised reactor 
volume utilisation, reduced fouling, 
prolonged catalyst cycle lengths, more 
uniform product quality and reduced 
reactor hot-spot formation.

CaTalYST SErVICES –  
aNd bEYONd

criterion can help with a full range of 
catalyst-related services. these encompass 
co-mo and ni-mo catalyst preactivation, 
notably including ex situ presulphiding using 
our proprietary acticat® process, and all 
aspects of spent catalyst management. this 
spans normal thermal regeneration; high-
activity (type ii) catalyst revitalisation using 
our encore process, which produces 
near fresh-quality catalyst; metals recovery; 
and waste materials disposal.

additionally, our close working relationship 
with Shell global Solutions offers select 
customers access to world-class refinery 
operational services. the organisation has 
an outstanding global reputation for support 
in key areas such as sulphur management, 
energy efficiency, maintenance and reliability 
management, and asset integrity. it licenses 
a wide range of process technology, gives 
expert guidance on distillation issues, carries 
out debottlenecking studies and provides 
refinery turnaround and start-up support.

teamWorK solVes the Problem
When the pretreatment catalyst in the hydrocracker at saudi aramco’s 
ras tanura refinery suffered from rapid deactivation, criterion and shell 
Global solutions’ scientists joined a team from the refinery to solve the 
problem. formal root-cause analysis was used and helped to focus the 
team on changes in the way the vacuum distillation unit was being operated 
after a revamp, which was causing a fall in the feedstock quality to the 
hydrocracker. as there were advantages to the new upstream operating 
regime, criterion quickly proposed a modified pretreatment catalyst system 
and alterations to the hydrocracker operating strategy to overcome the 
problem and return the unit to its former performance level.
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Criterion’s principal catalyst 
manufacturing plants are in ghent, 
Belgium, and in the USA at pittsburg, 
California, and port Allen, louisiana.

The port allen site (pictured), which 
opened in 2010, is world scale 
and represents the state of the art 
in catalyst manufacturing. It is run 
along lean manufacturing lines by a 
highly experienced team and is fully 
integrated, having the ability to take in 
the raw materials used to make alumina 
and turn out a range of finished 
hydrotreating catalysts. 

Like all our plants, port allen is certified 
to Iso 9001:2008, Iso 14001:2004 
and oHsas 18001:2007. again like all 
our plants, it is run on a model that has 
safety, quality and professionalism at its 
core. advanced quality controls cover 
all aspects of production within the 
plant, from the raw material stage to the 
point of catalyst dispatch. 

speciality zeolites for our hydrocracking 
catalysts come from Zeolyst International 
plants in Kansas city, usa, and Delfzijl, 
the netherlands. our Ghent and pittsburg 
plants are where we process these  
zeolites to make the finished catalysts.

manufacturinG

refiners can have 
complete confidence in 
our ability to reliably 
deliver products of a 
consistently high quality.

ADvANCeD qUAlIty CONtrOlS COver All 
ASpeCtS Of prODUCtION wItHIN tHe plANt 
frOM tHe rAw MAterIAl StAge tO tHe  
pOINt Of CAtAlySt DISpAtCH. 

“
10

Call ONE OF OUr EXPErTS
To find out how criterion can help raise the 

performance of your hydroprocessing operations or 
to discuss your specific process catalyst needs, please 

call your local criterion representative. You will find 
the addresses and telephone numbers of our offices 

around the world on the back cover. You can also find 
out more about our products and services by visiting  

www.criterioncatalysts.com.

business card slot



www.criterioncatalysts.com

euroPe, middle east and africa

1650 parkway, solent Business park 
Whiteley, fareham, po15 7aH 
uK 
Tel: +44 1489 881 881 
fax: +44 1489 881 882

dubai

Dubai convention Tower 
12th floor 
po Box 11677 
Dubai 
uae 
Tel: +971 4 4405 4640 
fax: +971 4 4405 4656

russia

novinsky Blvd 31 
moscow 123242 
russia 
Tel: +7 495 792 3550 
fax: +7 495 725 6677

the americas

16825 northcase Drive, suite 1000  
Houston, TX 77060‑6029 
usa 
Tel:  +1 281 874 2600 
fax: +1 281 874 2641

canada

5421 calgary Trail southbound 
centre 104, suite 810  
edmonton, alberta T6H 5G8 
canada 
Tel:  +1 780 438 4188 
fax: +1 780 438 3473

asia Pacific

298 Tiong Bahru road 
07–03 central plaza 
singapore 168730 
Tel: +65 6513 7719 
fax: +65 6276 7455

china

33/f china World Tower 2 
1 Jian Guo men Wai avenue 
Beijing 100004  
china 
Tel: +86 10 6505 4501 ext. 2098 
fax: +86 10 6505 4084 

Shell Global Solutions

criterion catalysts and Technologies L.p. is a wholly owned affiliate of crI criterion Inc. and an affiliate of the shell Global solutions network of companies.


