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RESEARCH & SCOPE

This TCGR report focuses on how catalyst technologies (and process configurations) can assist refineries 
to focus on the production of olefins and aromatics rather than fuel.

 World development and renewable energy needs an increasing amount of chemicals. At the same time, fuel 
demand is stagnant or growing only slightly, so that chemical business development will largely overcome fuel 
development in the following years. Refining complexes dedicated to chemicals with minimum fuel production 
are envisioned to cover the increasing gap.

 Bypassing the fuel refinery to produce chemicals directly from crude oil allows feedstock freedom and lowers 
production costs. A large panel of options are being explored, from modified steam crackers able to deal with the 
heavy fraction of crude oil to large, complex refining schemes including multiple units.

 The main difference with a fuel complex is the presence of steam crackers and eventually reformers that are 
typically found today in petrochemical complexes to produce olefins and benzene, toluene, xylenes (BTXs). The 
rest of the complex, which may include distillation units, hydrotreating units and conversion units feed these 
processes. Such complexes may achieve from 45 to 80% chemicals from the crude oil, with C2-C4 olefins yields up 
to 50%, completed by BTXs, lubes and other miscellaneous chemicals.

 Catalysts play an essential role in the refinery. Most of the refinery streams after distillation are pretreated by 
hydroprocessing. In a complex refinery scheme for chemicals, these units may work under similar conditions to a 
fuels-oriented refinery. Minor adjustments in catalyst formulation or operating conditions may be required for 
uncommon light feeds or cuts larger than usual. For others, pretreatment such as catalytic cracking with low 
activity catalysts or aquathermolysis are investigated to deliver clean, light hydrocarbon streams from heavy oils.

 The use of current processes and catalysts with the proper refining scheme are able to reach 40-50 wt% of 
chemicals from a crude oil with little adaptations. More ambitious processing schemes with reduced number of 
units may reach values above 70%, but changes in feedstock properties may need adapted catalyst formulations. 
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INDUSTRY DRIVERS
 Global oil consumption is approximately 100 

Mb/d and it is forecasted that an additional 
demand growth of around 1 Mb/d per year will 
occur during the next decade.

 However, the world market for such products 
is currently experiencing flat to slow 
progression of around 0.7% to 0.9% yearly. This 
tendency is partly due to the market 
penetration of renewable automotive fuels.
 It is expected that the slow but steady expanding 

electrification of the transportation fleet should 
have a negative impact over the transportation 
fuel overall demand.

Oil and especially naphtha, will be the best alternative to fill the gap and to produce huge quantities of chemical building blocks. 3

 Efficiency standards, such as Corporate Average Fuel Economy (CAFE) standards implemented in the U.S., partly explains 
the expected slower growth in the use of oil derived fuels.

 In stark contrast, the global petrochemical market is in steady expansion with a sustained growth of about 4% per year, 
and all the trends are indicating that this tendency will be persisting at mid- to long-term.
 A multitude of reasons, such as worldwide population growth and increasing income and wealth, explains this intensive demand for

petrochemicals growth
 Demand for plastics has nearly doubled since 2000 and it is estimated that this will outpace that of all other bulk materials 

such as steel, cement or aluminum.
 On-purpose technologies for petrochemicals, such as propane dehydrogenation (PDH), olefin metathesis (MTS), methanol-to-

olefins (MTO), oxidative coupling of methane (OCM) or Fischer-Tropsch Synthesis (FT) have attracted the attention of 
researchers and industrial scientists, leading to the commissioning of several industrial plants over the last decade.

Figure  1: Source of crude oil demand growth. Source: Wood Mackenzie editorial, 2019



The integration of pretreatment, steam cracking and a catalytic cracker can be done in several ways, with 
pretreatment performed on the whole crude before splitting or only on the fraction treated catalytically 

REFINERY COMPLEX SCHEMES FOR CRUDE TO CHEMICALS
 Direct processing of crude oil into small olefins was recognized early as an option to decrease costs in the 

production of ethylene, and a number of processes were explored during the second half of the 20th century 
 The processing of crude oil directly in a steam cracker is not practical because of coke fouling produced by 

the heavy part of the crude oil. However, the feed can be pretreated before cracking, and some steam 
crackers are now working with crude oil and represent the firs step in implementation of crude-based 
chemical complexes. 

 Pretreatment can be a controlled vaporization, where the crude oil is flashed with steam at increasingly 
higher temperature

 Each vaporized fraction is then cracked with steam at the most appropriate temperature (higher for lighter 
feeds) to maximize olefins production. The fraction that cannot be vaporized can be discarded or contacted 
with a catalyst with mild acidity to crack as much as possible of this fraction
 Saudi Aramco patented a number of configurations to hydrotreat and/or deasphalt the crude oil before steam cracking.

 These units can be operated under normal conditions, with the advantage that crude oil is lighter than the 
resid usually processed. The highly paraffinic, deasphalted and demetallized stream is then steam-cracked 
to produce C2–C4 olefins and BTXs with an acceptable rate of coke formation. 

 Some very light feeds, for example gas condensates, may allow bypassing the pretreatment step. A basic 
way to dispose of residual fractions from the pretreatment, such as asphalt as well as heavy fuel oil from the 
pyrolysis (steam cracking) step, is to separate them and export to blend with resid fuel oil from the refinery. 
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 Another possibility is to process the heavy fraction in a catalytic cracking unit run in a mode that favors light 
olefins and aromatics production to boost chemicals production, for example higher reactor temperature 
(590-620ºC), short contact time (below 1 second) and high catalyst-to-oil ratio (8-20)

Figure  1: Multistep vaporization with heat exchange from convection to heat 
the crude. Feed 22 is vaporized in tanks 27 and 56 with steam 32 injected 

from lines 72 and 74. Light vaporized fraction from tank 27 (stream A) is 
steam cracked in a different tube than heavy fraction from tank 56 (line 64)

 Much larger complexes of several hundred thousand barrels per day of capacity 
are envisioned and some are being built by several refiners. Their capacity can 
exceed four times the largest actual petrochemical complexes 



CATALYTIC PRETREATMENT: HYDROTREATING

While hydrotreaters are mainly used in the refinery to adjust processed streams to transportation fuel specifications (sulfur and 
aromatics levels mainly), this is no longer a need in a refinery exclusively dedicated to chemicals. 
The very same hydrotreating processes used in a fuel refinery may be used in chemicals-oriented refinery to treat naphtha, gasoil 
and vacuum gasoil after distillation. Some chemical complexes may, however, need to treat less common oil fractions such as full
crude oil.

During the hydroprocessing operation, the catalyst gets slowly coked. It has been demonstrated that “surface carbides” are the 
catalytically stabilized state under hydro-treating conditions. 

Hydroprocessing is largely used in the refinery for removing contaminants and includes hydrotreating, hydrovisbreaking
and hydrocracking, using increasingly harsher conditions to achieve higher conversion towards lighter products 

Standard Hydrotreating Catalysts: Supported Metal Sulfides
 The systematic study of unsupported metal sulfides through the periodic 

table showed that Group VIII transition metals from the second and 
third transition showed best activity.

 Catalysts based on Ni, Co, Mo and W are the base of commercial 
hydrotreating catalysts for desulfurization, denitrogenation and 
demetallation. They are generally supported on γ-alumina, silica alumina 
or zeolite. Cobalt-molybdenum catalysts are by far the most popular 
choice for desulfurization.

 Nickel-molybdenum catalysts are often chosen instead of cobalt-
molybdenum catalysts when higher activity for the saturation of 
polynuclear aromatic compounds or nitrogen removal is required or when 
more refractory sulfur compounds such as those in cracked feedstocks 
must be desulfurized. 
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Figure 2: Upgrading processes classified by the conversion to lighter products 
achieved during the operation Source: Speight, 2019.

 Nickel-cobalt-molybdenum (Ni-Co-Mo) catalysts appear to offer a useful balance of hydrotreating activity. Nickel-tungsten (Ni-W)
is usually chosen only when very high activity for aromatic derivative saturation is required along with activity for sulfur and
nitrogen removal. The catalysts are loaded in oxide form in the reactor, then sulfided in-situ using for example dimethyl sulphide
or with the proper feed. 



CATALYTIC PRETRETMENT: VISBREAKING/ HYDROVISBREAKING

 Kirgizov et al. used a mixture of 15% Y zeolite and 85% pseudobohemite to 
impregnate a macroporous α-alumina support (0.5-2 mm pores) formed by 
templating. After calcination at 750ºC, a 25-30 µm layer of Y zeolite/ alumina 
formed on the support wall. The addition of catalyst decreased only 
marginally the viscosity of saturates and aromatics content was increased in 
the visbreaked oil at the expense of resins 

 Different metals have been utilized in a solubilized form to catalyze hydrogen 
transfer. Tang et al. used Ni, Fe, Cu, Mn-based catalysts prepared by 
precipitation of nitrate precursor, forming naphthenates of the corresponding 
metal that can be readily dissolved into hydrocarbons. The catalyst in 
concentration of 0.04-0.12 wt% was then directly loaded with the oil in an 
autoclave and reacted for 10-40 minutes at 350-400ºC. All catalyst showed 
viscosity reduction over 98%
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Visbreaking is a well-known and economical process to treat heavy oil or residue carried out at moderate temperature (400-
500ºC), residence time measured in minutes and pressure lower than 10 bars 

Figure 3: Catalytic visbreaker configuration. Source: Yan, 1991.

 The use of hydrogen donors received a lot of attention in the 80’s as a possible way to liquefy coal, as a substitute to liquid petroleum. A 
very good review of hydrogen donors was made by Aleman-Vasquez et al. Hydrogen donors must be capable of releasing hydrogen in an 
activated state to the reaction medium at the temperature and pressure employed. If there is no hydrogen gas, the hydrogen donor will 
remain in its dehydrogenated form after reaction.

 IFP patented the use of disulfide of formula R-S-S-R’ in combination with partially hydrogenated polycyclic hydrocarbons (or LCO/HCO 
streams) to reduce resins and asphalthene in visbreaked products. Other catalysts used in coal upgrading that can be of interest for heavy oil 
upgrading include iron oxide, metallic tin and lead, tin oxide and supported nickel-molybdenum as reference, used with tetralin as hydrogen 
donor 

 More recently, Exxon patented the use of metal sulphide catalyst to be added to an oil containing residue that is upgraded through 
visbreaking before being steam cracked for olefins 

 Catalysts based on Te, Se, and S have been investigated to increase viscoreduction severity (increasing temperature) without producing product 
instability. It was remarked that there are hydrogen donors in the proper feed, but that their hydrogen remained unlocked during visbreaking
due to a too low reactivity under typical process conditions. Activating the hydrogen can stabilize reactive radicals produced during the 
operation



CATALYTIC PRETREATMENT: AQUATHERMOLYSIS

 Hyne et al. proposed that the C-S bond was preferentially attacked as in the following reaction. Beyond viscosity reduction, H2 is produced as 
a bonus which can promote hydrogenation and further hydrocracking.

Reaction Mechanism: RCH2CH2SCH3 + 2H2O -> RCH3 + CO2 +H2 + H2S + CH4

 Numerous catalysts were tested to enhance aquathermolysis, but few have investigated the reaction mechanisms. In the presence of metal 
ions, Wang observed seven types of reactions promoted; (1) Pyrolysis of the side chains in aromatics and cycloalkanes, (2) Depolymerization 
of the aggregated polycyclic aromatic hydrocarbons in resisns and asphaltenes, (3) Hydrogenation of unsaturated hydrocarbons and 
heteroatom-containing groups, (4) Isomerization (n-alkanes, side chains of aromatic rings, cycloalkane), (5) Ring opening of cycloalkanes, 
hydroaromatics and heterocyclic aromatic groups, (6) Oxygenation, alcoholization, and esterification involving O and S-containing 
components in the resins and asphaltenes and parts of alkanes, olefins, and cycloalkanes in the saturated hydrocarbons, and (7) 
Reconstruction: of a larger structure from pyrolytic and depolymerized fragments dissolved into the saturated and aromatic hydrocarbons.

Catalysts

Pretreating the crude before it enters catalytic processes aimed at maximizing olefins and BTXs will remain a 
necessity as even light crude oils still contain contaminants 
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 Mineral: In the case of downhole upgrading, the rock of the porous oil reservoir may act as a catalyst to the reaction. Feldspar and 
montmorillonite may undergo the following reaction when contacted with vapor at elevated temperatures.

6 Ca0.167Al2.23Si3.67O10(OH)2 + 6 H2O + 12 OH- -> Ca2+ + 14 Al(OH)4- + 2 H4SiO4
KAlSi33O8 + 8 H2O -> K + Al(OH)4- + 3 H4SiO4

 Soluble: A number of inorganic, water soluble salts from first row transition metals and Group 8-10 (former group VIIIB) transition metals were 
reported to be active for the sulfur reduction under aquathermolysis conditions. Al3+, V4+, Cu2+ and Cr3+ showed good activity for both 
thiophene and tetrahydrothiophene reduction. Sulfonates of general formula (R-SO3-)n(M)n+ combines the lipophilicity of the organic group R 
and hydrophilicity of sulfonate group, providing superior activity at the water-oil interface.

 Heterogeneous: Traditional hydroprocessing catalysts based on Ni, Co, Mo, W supported on oxides may be used in aquathermolysis, but 
hydrothermal stability and coking tendencies must be correctly assessed. Hou et al. introduced NiFe2O4 to visbreak a Liaohe Heavy oil, 
obtaining 90% viscosity reduction. Being magnetic, the catalyst could be recovered easily and in a rare example of catalyst reutilization, 80% 
viscosity reduction is still obtained after 5 recycles 

Steam injection is a common method for extraction of heavy crude oil. It was observed that the hydrothermal conditions created downhole 
can upgrade the oil and facilitate its extraction. The proper minerals of the reservoir can act as catalysts for the reaction
Processes



CATALYSTS FOR LIGHT OIL/NAPHTHA CRACKING TO CHEMICALS

 Indeed, the steam cracking process is non-catalytic but radicals-promoted process, which is highly endothermic, leading to the necessity to 
carry out the reaction at high temperature. Typical temperatures from 700 to 950°C, and even higher depending on the type of feedstock 
processed, are typical. High energy demand is worsened during steam-cracking operations as significant coke deposition occurs over the walls 
of the reactor, leading to additional heat transfer limitations 

 In spite of numerous and continuous technical improvements, it is estimated that steam cracking is one of the most energy-consuming 
processes in the whole chemical industry. Globally it requires, just by itself, almost 8% of the sector’s total primary energy use, excluding 
energy content of final products. Notice that the energy cost in typical ethane- or naphtha-based steam cracking olefin plants represents 
around 70% of production costs. The steam cracking process is also currently a major contributor to the global CO2 emissions, accounting for 
more than 200 million tons of CO2 emissions worldwide per year. 
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Figure 4: Typical steam cracker yields of hydrocarbon products by feedstock. Source: 
Adapted from Akah & Al-Ghrami, 2015

The main part of the strategies proposed to date at industrial scale to maximize up to c.a. 80 wt.% of the production of chemicals directly from 
light crude oils and/or naphtha like feedstocks, generally implies the use of a thermal cracking unit, the so-called steam cracking process

 The high greenhouse gas emissions are due to indirect releases together with 
energy production and direct releases during the steam cracking operations by 
itself. The concomitant presence of steam and coke at high temperature is at 
the origin of gasification, water-gas shift and methanation reactions, leading 
to the production of H2, CO, CO2 and CH4 following the chemical reactions 
presented hereafter 

 The steam cracking of ethane in the U.S. requires an energy of about 23.5 
GJ/ton and emits 0.9 tCO2-eq/ton of greenhouse gas emissions. These 
estimations are even worse when heavier feedstocks such as naphtha are used 

 Thermal dehydrogenation typically produces a variety of hydrocarbon 
products which greatly depend upon the operating conditions and the type of 
processed feedstock. When light feedstocks, such as ethane, propane and 
butane are processed, C2 and C3 light olefins are primarily produced together 
with a C4s cut which contain paraffins, olefins, and butadienes and some C5s+
hydrocarbons

 The processing of naphtha like feedstocks implies a much lower proportion of 
light olefins at the benefit of higher molecular weight products such as C6s+
hydrocarbons including benzene, toluene and xylenes and even some fuel oil 



CATALYTIC PYROLYSIS AND FCC RELATED PROCESSES
 Intense and continuous investigation activity, focused on the development of improved catalysts for the production of light olefins as an 

alternative to conventional steam naphtha cracking, has been driven by the important expected advantages of such technology; (1) Higher 
level of flexibility regarding possible processed feedstocks by adapting the process technology and/or the catalyst properties, (2) Enhanced 
product slate versatility with the possibility of a fine control of the chemical products composition through the adaptation of the catalyst 
properties, (3) Lower energy need and, particularly, a process working at lower temperature leading to an expected energy saving of up to 
20%, (4) A very relevant mitigation in the generation of greenhouse gas and in particular of CO2, (5) Improved economic perspectives due to 
rationalized production costs and enhanced products value-added.

 From a broad perspective, the main catalytic pyrolysis technologies of naphtha-like feedstocks as an alternative to steam cracking include 
different approaches in three main categories: (1) Oxidative catalytic cracking of naphtha catalyzed by basic catalysts and transition metal 
oxide catalysts, (2) Catalytic cracking using basic catalysts, (3) Catalytic cracking using acidic catalysts related to proton donor zeolites and 
related with the Fluidized Catalytic Cracking process 

Catalytic cracking using acid catalysts does not produce directly greenhouse gases such as CO and CO2 (only during coke 
burning); the other two strategies imply the production of representative higher amounts of such gases 9

Figure 5: Performance of various Naphtha Catalytic Cracking Processes Source: TCGR, 2020

 The first approach corresponds to a quite new and still experimental 
upgrading strategy, without any concrete industrial application. 
Promising laboratory results have been reported (Boyadjian & 
Lefferts, 2018) and numerous active researches is under progress. On 
the other hand, catalytic cracking using basic catalysts attracted 
some attention during the 1990s even if, since then, very few 
research activities have been reported. 

 Finally, naphtha-like feedstocks catalytic cracking using zeolites is a 
much more mature approach including already industrially applied 
examples and an extremely active scientific community is 
continuously working

 The oxidative catalytic cracking of naphtha and the catalytic cracking 
using basic catalysts imply the use of more severe operating 
conditions than catalytic cracking using acidic catalysts, and notably 
higher reaction temperatures



CATALYTIC CONVERSION OF CRUDE OIL FCC–ADAPTED PROCESSES

This may be carried out with catalysts and processes similar to that of catalytic cracking, 
but at a temperature range between that of standard catalytic cracking and steam 
cracking. Typical light crude oils, such as AXL crude oil, contain a significant part of 
middle distillate (i.e., 221-343oC) and heavy oil (i.e., 343oC+) which can represent more 
than 50 wt.% of the whole crude. The large molecules of these fractions are not able to 
diffuse efficiently inside the mesoporous catalytic systems and to have access to the high 
density of active sites localized in the channels 

In order to improve flexibility, it has been proposed to directly crack light crude oil to produce petrochemicals using technologies 
derived from FCC
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 This fact implies that low conversion levels and/or a higher degree of thermal cracking 
producing low yields of olefins and more ethylene than propylene are obtained 

 The introduction of mesoporosity in the ZSM-5 catalyst following the previously 
described methods is not sufficient and it is necessary to use more adapted zeolitic 
compounds to crack these heavy molecules

 The simultaneous use of a microporous ZSM-5 like catalyst as additive and another 
mesoporous-macroporous zeolite such as the classically used Y zeolite has been 
envisaged

Figure 6: Influence of the porous network of zeolites over the diffusivity 
ability of different hydrocarbon fractions. Source: TCGR, 2020 

 The main idea is to allow the catalytic pre-cracking of the larger hydrocarbons over the more adapted Y zeolite to produce gasoline range 
hydrocarbons which can more easily be cracked into light olefins thanks to the ZSM-5 additive 

 A maximum yield of light olefins is obtained when an MFI additive concentration of 25 wt.% is applied. Below 25 wt.%, the overall activity of the 
ZSM-5 additive is not optimal, and a large part of the gasoline pool is not converted into light olefins. On the other hand, above 25 wt.%, the 
conversion of gasoline-range olefins is essentially complete

 The tuning of the Y zeolite to obtain a catalyst directly more selective to light olefins and/or able to carry out a deep conversion of the middle 
distillates and heavy oil into gasoline, limiting at the same time the production of dry gases, is of clear interest. A large variety of parameters 
of the Y zeolite-based catalysts can have a direct impact on the ability of the catalyst to produce gasoline and/or light olefins during FCC 
operations. These parameters include for example rare-earth content, unit cell size, zeolitic compound content, matrix content and activity 

Due to the limitations of the already existing technologies, there is a real need for a strategy which can provide alternative reaction 
pathways with lower activation energies and additional cracking functions 



CATALYSTS FOR GAS OIL/ RESID TO CHEMICALS
The main purpose of hydrocracking and coking is to prepare suitable feedstocks from the heavy fractions to be fed to the chemicals 
production complex. Catalytic cracking based processes have the additional advantage to directly produce a large amount of chemicals, 
in particular C2-C4 olefins. 
 Hydrocracking is one of the most versatile process in the refinery and 

can be adapted to a large range of feedstock, from gas oils to 
residual. It has become the main upgrading process, to convert the 
heavy feedstock into high quality diesel with high cetane number, jet 
fuel low in aromatics and high smoke point, as well as high quality 
lube and raw materials for chemicals such as naphtha and LPG 

 It is also the most expensive option to upgrade of the heavy fraction 
due to the operating conditions (pressure above 100 bars) and the 
hydrogen consumption cost 

11While the supports in distillate hydrocracking are alumina or microporous materials, residue processing will benefit from acidic
mesoporous supports to improve diffusion and cracking of the bulky feed molecules and lower deactivation by coke. 

 Conditions are more severe than in hydrotreatment to promote 
cracking: LSHV 0.5-2 h-1, pressure 100-180 bars, hydrogen circulation 
800-2000 Nm3m-3 and temperature generally in the 350-400ºC range. 
Residue hydrocracking is generally carried out at temperatures higher 
than distillate hydrocracking and requires adapted catalysts with 
improved tolerance to contaminants. 

 With heavier feeds, asphaltenes cracking will become essential to 
achieve high conversion, avoid coking, and release metals removal 
that are locked into the asphaltenes fraction. Achieving high quality 
lubes and diesel requires a good hydroisomerization activity that 
removes n-paraffins responsible for low freezing point. Aromatics 
hydrogenation will also be increasingly important for heavier feeds

Figure 8: Catalytic hydrocracking reactors for increasingly heavy feeds. Source: TCGR, 2020 

Figure 7: Costs per 
barrel for several 
upgrading processes. 
Source: TCGR, 2020 



CATALYTIC HYDROCRACKING/SLURRY PHASE
Conversion processes are needed in the crude to chemical process to deal with the heavy part of the crude oil, which cannot be directly 
fed into the steam cracker or reformers
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Heterogeneous Catalysts
 Commercial HCK catalysts have dual functions and combine a hydrogenation–dehydrogenation component with an acidic support 
 Hydrogenation and acid functions must be correctly balanced for optimum results. Contrary to the recent trend of tailoring catalysts for 

increasing middle distillate production, in a chemicals-oriented refinery, a catalyst with high hydrocracking activity that maximizes the 
production of naphtha and LPG that can be fed to the steam cracker is preferred

 Hydrogenation activity increases in the order: CoMo < NiMo < NiW< Pt, Pd. The use of noble metals nevertheless requires a previous deep 
desulfurization step to avoid deactivation. Acidity increases from amorphous aluminas to zeolites. Acidic and hydrogenation sites must be 
closely located so that reaction intermediates can rapidly migrate from one to another and avoid secondary reactions leading to coke

 Noble metal catalysts are very active for polyaromatics hydrocracking, yet they are very sensitive to S and N poisoning so that the feed must 
be heavily hydrotreated

 The common acidic support materials comprise amorphous metal oxides such as γ-Al2O3, mixed alumina oxide (Al2O3–ZrO2, Al2O3–MgO, etc.), 
carbons, silicoaluminaphosphates, microporous and mesoporous materials

 Alkali metals were used to limit support acidity and thus lower coke formation. For example, Na and Li were added to a NiMo/Al2O3 catalyst 
and used in the hydrocracking of Athabasca bitumen. Coke was lowered from 17 to 14% and HDS activity was increased but HDN and resid
conversion did not improve as they depend on acidity, which was lowered by the alkali metal

Homogeneous Catalysts

 Natural ores that contain a high concentration of catalytically active transition metals (usually Fe, Ni, and V) such as magnetite, hematite, 
limonite, ferrite, molybdenite and laterite have been used as disposable catalysts in slurry cracking

 Materials rich in molybdenum were more active, yielding more of the light fraction with increased H/C. Red mud (4-10% of feed) was used 
as a disposable catalyst for the slurry cracking of vacuum residue (Nguyen-Huy et al., 2012). It was found that the iron oxide contained in 
the red mud transformed into pyrrhotite (Fe(x−1)Sx) during the reaction with the sulfur contained in the feed

 Microemulsions allow preparing catalysts with a precise control of particle size in the nanometer range. Prajapati prepared MoS2 by several 
methods: emulsion liquid membrane, colloidal emulsion liquid and reverse micelle

 In order to increase asphaltene conversion, some researchers proposed to functionalize the metal precursor to increase its affinity with the 
asphaltenes. For example, a nickel-based amphiphilic precursor was used in the slurry cracking of a Liaohe Vacuum residue, reducing coke 
formation and increasing the conversion of aromatic gasoil and asphaltenes 



 Pretreating the crude before it enters catalytic processes aimed at maximizing olefins and BTXs will remain a necessity as 
even light crude oils still contain contaminants (S, N, asphaltenes) at a level that would seriously degrade the performance 
of downstream processes.

 An interesting option is to treat the whole crude before fractionation in a robust process based on catalytic cracking or 
hydrocracking that would clean the feed for steam (catalytic) cracking and reforming at the same time it would produce 
some useful chemicals (olefins and BTXs for catalytic cracking, LPG, high quality naphtha and BTXs for hydrocracking). 

 The versatility of the FCC process in terms of possible processed feedstocks and product slate, together with the optimized 
energy consumption which has both, an economic and environmental interest, has led the scientific community to 
investigate the use of acid and zeolitic materials for the cracking of naphtha to olefins. 

 It is possible to have a softer transition between a conventional refinery industry mainly centered in the production of 
transportation fuels to a production of chemicals from crude oil. In this context, the already industrially available processes 
such as the HS-FCC from Saudi Aramco, MILOS™ from Shell, MAXOFIN™ from KBR, Flexible Dual-riser Fluid Catalytic Cracking 
(FDFCC) from Sinopec RIPP, PetroRiser™ R2R commercialized by Axens and Double Riser FCC™ designed by Petrobras are 
interesting technologies. 

 The current market conditions, i.e., low alkane and high olefin prices, have renewed academic and industrial interest in 
olefins production technologies

 Since the only way we see to make olefins from crude oil and gasoil/resid is by cracking, either thermically or catalytically, 
the larger hydrocarbons present in the feed leads to the unavoidable simultaneous production of large amounts of coke 
during the cracking of the heavy fractions. Fortunately, refiners have designed different process that can be combined to 
process any type of crude. Now, the existing process will have to be adjusted and revamped to maximize olefins and 
aromatics starting from crude oil and gasoil/resid. 

 A series of processes and catalysts directed to convert crude oil and heavy oil products into chemicals have been discussed. 
More specifically, the objective will be to convert them into olefins (C2-C4) and aromatics (mainly BTXs). To achieve this, 
the global carbon and hydrogen balance has to be considered.

CONCLUSIONS & RECOMMENDATIONS 
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The use of current processes and catalysts with the proper refining scheme can reach 40-50 wt% of chemicals from crude oil with 
little adaptations. All-in-one process solutions centered on a catalytic cracker will require new catalytic formulations to deal with 

several fractions under different operating conditions. 



ACCESS TO DELIVERABLES IS EXCLUSIVE TO CAP MEMBERS

Catalytic
Advances
Program
(CAP)

The Catalytic Advances Program (CAP) is an information resource for research and 
development organizations in the chemical, polymer, and petroleum industries.

Via their annual membership, companies that join CAP combine their resources to jointly 
explore the world’s most promising catalytic technologies. Every year, the program 
publishes three in-depth technical reports that are written by leading scientists and 
experienced industry professionals. These reports examine new process technologies and 
the very latest in technical developments with topics selected by the membership.

 REPORTS
Depending on their membership choice, either Full Member or Associate Member, CAP 
members may receive all three or just two of these reports.

 Weekly CAP COMMUNICATIONS
This bulletin, delivered via e-mail, provides the latest updates on technical 
breakthroughs, commercial advancements, noteworthy conference proceedings, and 
exclusive development opportunities.

 ANNUAL MEETINGS
Membership also includes attendance at a CAP Annual Meeting, with dates, location, and 
topics selected by the membership. It is an opportunity to see the latest work presented 
by leading scientists.
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Contact & More Information

More information about this and other services of CAP can be seen at CAP.

Call +1-215-628-4447 or e-mail Chris Dziedziak CDziedziak@catalystgrp.com,
and we’ll be happy to discuss these and other interesting membership benefits.

www.CatalystGrp.com

The Catalyst Group Resources (TCGR), a member of The Catalyst Group Inc., 
is dedicated to monitoring and analyzing technical and commercial developments in catalysis as they apply to the 
global refining, petrochemical, fine/specialty chemical, pharmaceutical, polymer/elastomer and environmental 

industries.
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