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(57) Abstract: A method of hydrotreatment is provided. The method comprises the steps of providing a material that is suitable for 
O undergoing hydrotreatment; mixing the material with a hydrogenation agent to form a feed stream; and heating the feed stream to 

break chemical bonds of the material in the presence of a catalyst. The feed stream is heated to at least a temperature at which the 
catalyst can provide activated hydrogen to react with the broken bonds within the material so as to minimise coke formed from the 
material. A system for conducting the method is also provided.
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A METHOD OF HYDROTREATMENT AND A HYDROTREATMENT SYSTEM 

Field of the Invention 

5 The present invention relates to a method of hydrotreatment and a hydrotreatment 

system.  

Background of the Invention 

10 Biomass can be pyrolysed to form bio-crude, which can in turn be hydrotreated to 

form biofuel. However, the composition of bio-crude produced from pyrolysing 

biomass presents particular challenges when undergoing hydrotreatment.  

In particular, bio-crude typically contains high concentrations of oxygen-containing 

15 functionalities making the bio-crude highly reactive, polar, acidic and corrosive.  

This can lead to the formation of coke on a catalyst's surface, including an internal 

surface of the catalyst, when bio-crude is hydrotreated, which in turn can 

deactivate the catalyst.  

20 Further, bio-crude typically has a relatively high concentration of water, which can 

reduce the energy efficiency of hydrotreating the bio-crude. For example, under 

typical hydrotreatment conditions, water is likely to be in the gaseous state and 

therefore a large amount of energy is used in evaporating water from the bio

crude.  

25 

Summary of the Invention 

In accordance with a first aspect of the present invention, there is provided a 

method of hydrotreatment, the method comprising the steps of:
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providing a material comprising a bio-crude that is suitable for undergoing 

hydrotreatment; 

mixing the material with a hydrogen to form a feed stream comprising a 

mixture of the material and the hydrogen; and 

5 heating the feed stream to break chemical bonds of the material in the 

presence of a catalyst, the feed stream being heated to at least a temperature at 

which the catalyst can provide activated hydrogen to react with the broken bonds 

within the material so as to minimise coke formed from the material, 

wherein 

10 the feed stream is fed directly into a reaction region of a reactor, wherein the 

reaction region is at a temperature sufficient for the reaction between the material 

and the hydrogen to occur in the presence of the catalyst to facilitate matching 

bond-breaking within the material with activated hydrogen provided by the catalyst; 

and 

15 prior to heating the feed stream in the presence of the catalyst, the feed 

stream is maintained below a predefined temperature at which an amount of coke 

formed from the material would substantially reduce activity of the catalyst.  

Throughout this specification, the term 'hydrogenaton agent' is used for hydrogen 

20 or any suitable compound that can provide hydrogen for hydrotreatment of the 

material.  

The step of heating the feed stream typically comprises heating the feed stream to 

a temperature at which the catalyst has significant activity.  

25 

The feed stream may be heated upon contact with the catalyst, the catalyst having 

been heated to at least the temperature at which the catalyst has significant 

activity.
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Prior to heating the feed stream in the presence of the catalyst, the feed stream is 

maintained below a predefined temperature at which an amount of coke formed 

from the material would substantially reduce activity of the catalyst.  

5 Heating the feed stream in the presence of the catalyst may provide the advantage 

of substantially minimising coke formed from the material prior to the material 

having access to activated hydrogen.  

The predefined temperature depends on the material to be hydrotreated; this may 

10 be preferably below 150'C for bio-crude (e.g. bio-oil) to be hydrotreated.  

In one embodiment, the feed stream is maintained below the predefined 

temperature by mixing the hydrogenation agent with the material such that the 

feed stream has a linear velocity sufficient to reduce a residence time of the 

15 material in a first region, which may be at or above the predefined temperature, 

prior to contacting the catalyst in a second region. The first and second regions 

may be in a hydrotreating reactor.  

Reducing the residence time of the material in the first region may have the 

20 advantage of limiting the temperature of the material to below the predefined 

temperature prior to contacting the catalyst.  

Further, or alternatively, the feed stream can be maintained below the predefined 

temperature by directing the feed stream directly into the second region. In one 

25 embodiment, the feed stream is directed through a passage that is provided with a 

feed stream outlet from which the feed stream can flow, the feed stream outlet 

being arranged at or adjacent the second region such that at least a portion of the 

feed stream flowing from the feed stream outlet flows directly into the second 

region.  

30
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Directing the feed stream directly into the second region may assist in preventing 

the material from being heated and undergoing reactions that result in coke 

formation prior to the feed stream contacting the catalyst. Preventing coke 

formation prior to the feed stream contacting the catalyst may assist in preventing 

5 coke formation on the catalyst, thereby maintaining relatively high catalyst activity.  

In one embodiment, a fluid dispersing device is provided at the feed stream outlet 

so as to disperse or atomise the feed stream as the feed stream flows through the 

feed stream outlet. Providing a fluid dispersing device may provide the advantage 

10 of dispersing the feed stream in such a way so as to promote contact between the 

feed stream and the catalyst compared to if the fluid dispersing device were not 

provided. This may facilitate rapid heating of the material to be hydrotreated. The 

fluid dispersing device may be a distributor or an atomizer.  

15 The method may further comprise the steps of: 

directing the feed stream to contact the catalyst such that the feed stream at 

least partially reacts in the presence of the catalyst to form a product stream; and 

transferring heat from the product stream to the feed stream.  

20 In one embodiment, a hydrogen stream is used to transfer heat from the product 

stream to the feed stream. The hydrogen stream can be directed such that at least 

a portion of the hydrogen stream obtains heat from a heat exchanger through 

which the product stream flows. Heat obtained by the hydrogen stream can then 

be transferred to the feed stream. In one embodiment, the heat obtained by the 

25 hydrogen stream is transferred to the feed stream by mixing the hydrogen stream 

with the feed stream. The hydrogen stream may also be used in the reaction in the 

presence of the catalyst, such as by directing the hydrogen towards a region in 

which the catalyst is located.
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If the feed stream comprises water, transferring heat from the product stream to 

the feed may facilitate evaporating at least a portion of the water of the feed 

stream.  

5 The heat exchanger may be a heat exchange coil or other appropriate heat 

exchange design familiar to those skilled in the field.  

In one embodiment, the feed stream passes through a first region to react in a 

second region, and the resulting product stream is directed to the first region 

10 where heat is transferred from the product stream to the feed stream. In one 

embodiment, the first and second regions are internal to a reactor. In an alternative 

embodiment, at least a portion of the first region is external to the reactor, and the 

second region is internal to the reactor. In one embodiment, the product stream is 

directed to the first region via the second region.  

15 

The material may be bio-crude. The material may be a biological material, a 

pharmaceutical material, or any material that can be hydrotreated but that can 

undergo undesirable reactions in the absence of activated hydrogen provided by a 

catalyst. The green bio-crude may be obtained from the pyrolysis or hydrothermal 

20 treatment or liquefaction of biomass using a variety of ways known to those skilled 

in the field.  

It will be appreciated that the hydrogen may be provided as a gas stream 

containing hydrogen. One such example is the synthesis gas (mainly CO and H2) 

25 from the gasification/reforming of a solid or liquid fuel.  

A variety of hydrotreatment catalysts, known now or in the future, may be used. In 

one embodiment, the catalyst is a nickel-based catalyst or a cobalt-based catalyst.  

In one particular example, the catalyst is a NiMo catalyst pre-sulphided or 

30 sulphided in situ. In another example, the catalyst is a CoMo catalyst pre-sulphided
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or sulphided in situ. In another embodiment, the catalyst (or catalyst mixture) 

contains catalytic species that can catalyse the in situ formation of activated 

hydrogen from the feed material and/or hydrogenation agent including a hydrogen

containing gas stream. It may be advantageous if the catalytic species can 

5 catalyse the formation of activated hydrogen at low temperature. One such 

example is the catalytic species that can catalyse the water-gas-shift reaction (CO 

+ H2 O = H2 + CO 2) in the forward and/or backward directions.  

In accordance with an embodiment, there is provided a method of hydrotreatment, 

10 the method comprising the steps of: 

directing a feed stream to contact a catalyst such that the feed stream at 

least partially reacts in the presence of the catalyst to form a product stream, the 

feed stream comprising a material that is suitable for undergoing hydrotreatment 

and a hydrogenation agent; and 

15 transferring heat from the product stream to the feed stream.  

The hydrogenation agent may be hydrogen or a hydrogen-containing reactant.  

Transferring heat from the product stream to the feed stream may increase an 

20 energy efficiency of the method compared to if the heat transfer did not occur. If 

the feed stream comprises water, transferring heat from the product stream to the 

feed may facilitate evaporating at least a portion of the water of the feed stream.  

Further, transferring heat from the product stream to the feed stream may facilitate 

25 quenching the product stream, thereby minimising decomposition of the product 

stream.  

The feed stream may pass through a first region to a second region in which the 

catalyst is located, the second region being at at least a temperature at which the 

30 catalyst has significant activity.
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In one embodiment, a hydrogen stream is used to transfer heat from the product 

stream to the feed stream. It will be appreciated that the hydrogen stream that is 

used to transfer heat from the product stream to the feed stream may be a stream 

5 of hydrogen that is different from the hydrogen of the feed stream. The hydrogen 

stream can be directed such that at least a portion of the hydrogen stream obtains 

heat from a heat exchanger through which the product stream flows. Heat obtained 

by the hydrogen stream may then be transferred to the feed stream. In one 

embodiment, the heat obtained by the hydrogen stream is transferred to the feed 

10 stream by mixing the hydrogen stream with the feed stream. The hydrogen stream 

may also be used in the reaction in the presence of the catalyst, such as by 

directing the hydrogen to the second region.  

The heat exchanger may be a heat exchange coil or other appropriate heat 

exchange design familiar to those skilled in the field.  

15 

In one embodiment, the feed stream passes through the first region to react in the 

second region, and the resulting product stream is directed to the first region 

where heat is transferred from the product stream to the feed stream. In one 

embodiment, the first and second regions are internal to a reactor. In an alternative 

20 embodiment, at least a portion of the first region is external to the reactor, and the 

second region is internal to the reactor. In one embodiment, the product stream is 

directed to the first region from or via the second region.  

The method may further comprise the step of heating the feed stream to break 

25 chemical bonds of the material in the presence of a catalyst, the feed stream being 

heated to at least a temperature at which the catalyst can provide activated 

hydrogen to react with the broken bonds within the material so as to minimise coke 

formed from the material.
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The feed stream may be heated upon contact with the catalyst, the catalyst having 

been heated to at least the temperature at which the catalyst has significant 

activity.  

5 In one embodiment, the method comprises the step of, prior to heating the feed 

stream in the presence of the catalyst, maintaining the feed stream below a 

predefined temperature at which an amount of coke formed from the material 

would substantially reduce activity of the catalyst.  

10 The predefined temperature depends on the material to be hydrotreated; this may 

be preferably below 150'C for bio-crude (e.g. bio-oil) to be hydrotreated.  

In one embodiment, the feed stream is maintained below the predefined 

temperature by mixing the hydrogen with the material such that the feed stream 

15 has a linear velocity sufficient to reduce a residence time of the material in a first 

region prior to contacting the catalyst in a second region.  

Further, or alternatively, the feed stream can be maintained below the predefined 

temperature by directing the feed stream directly into the second region. In one 

20 embodiment, the feed stream is directed through a passage that is provided with a 

feed stream outlet from which the feed stream can flow, the feed stream outlet 

being arranged at or adjacent the second region such that at least a portion of the 

feed stream flowing from the feed stream outlet flows directly into the second 

region.  

25 

In one embodiment, a fluid dispersing device is provided at the feed stream outlet 

so as to disperse or atomise the feed stream as the feed stream flows through the 

feed stream outlet. The fluid dispersing device may be a distributor or an atomizer.
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The material may be bio-crude. The material may be a biological material, a 

pharmaceutical material, or any material that can be hydrotreated but that can 

undergo undesirable reactions in the absence of activated hydrogen provided by a 

catalyst. The green bio-crude may be obtained from the pyrolysis or hydrothermal 

5 treatment or liquefaction of biomass using a variety of ways known to those skilled 

in the field.  

It will be appreciated that the hydrogen may be provided as a gas stream 

containing hydrogen. One such example is the synthesis gas (mainly CO and H2) 

10 from the gasification/reforming of a solid or liquid fuel.  

A variety of hydrotreatment catalysts, known now or in the future, may be used. In 

one embodiment, the catalyst is a nickel-based catalyst or a cobalt-based catalyst.  

In one particular example, the catalyst is a NiMo catalyst pre-sulphided or 

15 sulphided in situ. In another example, the catalyst is a CoMo catalyst pre-sulphided 

or sulphided in situ. In another embodiment, the catalyst (or catalyst mixture) 

contains catalytic species that can catalyse the in situ formation of activated 

hydrogen from the feed material and/or hydrogenation agent including a hydrogen

containing gas stream. It may be advantageous if the catalytic species can 

20 catalyse the formation of activated hydrogen at low temperature. One such 

example is the catalytic species that can catalyse the water-gas-shift reaction (CO 

+ H2 O = H2 + CO 2) in the forward and/or backward directions.  

In accordance with another aspect of the present invention, there is provided a 

25 hydrotreatment system comprising: 

a reaction region in which a catalyst is located; 

a first input for providing a material comprising a bio-crude that is suitable 

for undergoing hydrotreatment;
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a second input for providing a hydrogen stream for forming a feed stream 

when mixed with the material, the feed stream comprising a mixture of the material 

and the hydrogen; 

a feed stream passage arranged to receive the material and the hydrogen 

5 stream, the feed stream passage further being arranged to direct the resulting feed 

stream to the reaction region in which the catalyst is located; 

a heat source for providing heat to the reaction region so as to heat the feed 

stream to break chemical bonds of the material in the presence of the catalyst, the 

feed stream being heated to at least a temperature at which the catalyst can 

10 provide activated hydrogen to react with the broken bonds within the material so as 

to minimise coke formed from the material; and 

an outlet stream passage for products and any unreacted components of 

the feed stream to exit the hydrotreatment system, 

wherein the system is arranged so that: 

15 the feed stream is fed directly into the reaction region of a reactor, wherein 

the reaction region is at a temperature sufficient for the reaction between the 

material and the hydrogenation to occur in the presence of the catalyst to facilitate 

matching bond-breaking within the material with activated hydrogen provided by 

the catalyst; and 

20 prior to heating the feed stream in the presence of the catalyst, the feed 

stream is maintained below a predefined temperature at which an amount of coke 

formed from the material would substantially reduce activity of the catalyst.  

The hydrogenation agent is hydrogen or a hydrogen-containing reactant.  

25 

It will be appreciated that the heat source may be provided by exothermic 

reactions that occur during hydrotreatment of the material.  

In accordance with an embodiment, there is provided a hydrotreatment system 

30 comprising:
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a reaction region in which a catalyst is located; 

a feed stream passage arranged to direct a feed stream to contact the 

catalyst located in the reaction region such that the feed stream at least partially 

reacts in the presence of the catalyst to form a product stream, the feed stream 

5 comprising a material that is suitable for undergoing hydrotreatment and a 

hydrogenation agent; 

a heat exchanger arranged to receive the product stream and to transfer 

heat from the product stream to the feed stream; and 

an outlet stream passage for products and any unreacted components of 

10 the feed stream to exit the hydrotreatment system.  

The hydrogenation agent may be hydrogen or a hydrogen-containing reactant.  

The material of the system may be bio-crude. The material of the system may be a 

15 biological material, a pharmaceutical material, or any material that can be 

hydrotreated but that can undergo undesirable reactions in the absence of 

activated hydrogen provided by a catalyst. The green bio-crude may be obtained 

from the pyrolysis or hydrothermal treatment or liquefaction of biomass using a 

variety of ways known to those skilled in the field.  

20 

A variety of hydrotreatment catalysts, known now or in the future, may be used. In 

one embodiment, the catalyst is a nickel-based catalyst or a cobalt-based catalyst.  

In one particular example, the catalyst is a NiMo catalyst pre-sulphided or 

sulphided in situ. In another example, the catalyst is a CoMo catalyst pre-sulphided 

25 or sulphided in situ. In another embodiment, the catalyst (or catalyst mixture) 

contains catalytic species that can catalyse the in situ formation of activated 

hydrogen from the feed material and/or hydrogenation agent including a hydrogen

containing gas stream. It may be advantageous if the catalytic species can 

catalyse the formation of activated hydrogen at low temperature. One such
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example is the catalytic species that can catalyse the water-gas-shift reaction (CO 

+ H2 O = H2 + CO 2) in the forward and/or backward directions.  

It will be appreciated that the hydrogen may be provided as a gas stream 

5 containing hydrogen. One such example is the synthesis gas (mainly CO and H2 ) 

from the gasification/reforming of a solid or liquid fuel.  

The system may be a standalone system, or the system may be a component of a 

further system, such as a petro-refinery system.  

10 

Brief Description of the Figures 

Embodiments of the present disclosure will now be described, by way of example 

only, with reference to the accompanying figures, in which: 

15 

Figure 1 is a flow diagram of a method of hydrotreatment in accordance with 

an embodiment of the present disclosure; and 

Figure 2 is a schematic diagram of a hydrotreatment system in accordance 

20 with an embodiment of the present disclosure.  

Detailed Description 

Figure 1 shows a method 100 of hydrotreatment. The method 100 is generally 

25 directed to reacting a material that is suitable for undergoing hydrotreatment with 

hydrogen in the presence of a catalyst. In the following description, the material is 

bio-crude from biomass pyrolysis, although it will be appreciated that the material 

may, for example, be green crude obtained from treating biomass in water, a 

biological material, a pharmaceutical material, or any material that can be 

30 hydrotreated but that can undergo undesirable reactions in the absence of activated
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hydrogen provided by a catalyst.  

In this example, the method 100 particularly involves feeding a mixture of the material 

and hydrogen (also referred to as a feed stream) directly into a reaction region of a 

5 reactor, wherein the reaction region is at a temperature sufficient for the reaction 

between the material and the hydrogen to occur in the presence of a hydrotreating 

catalyst.  

Feeding the mixture of the material and hydrogen rapidly and directly into the 

10 reaction region facilitates matching bond-breaking within the material with active 

hydrogen provided by the hydrotreating catalyst. This can prevent the material from 

forming coke on the catalyst (including its internal surface), which in turn prevents an 

activity level of the catalyst from being reduced.  

15 In contrast, conventional hydrotreatment methods typically comprise heating the 

material to a level at which coke may form prior to the material having access to the 

activated hydrogen.  

After the material has reacted with the hydrogen in the presence of the catalyst, a 

20 resulting product stream, which is at a relatively high temperature after passing 

through the reaction region, is directed to a heat exchanger. The heat exchanger 

facilitates removing heat from the product stream, such as by condensing the product 

stream, and transfers heat removed from the product stream to the feed stream.  

25 Removing heat from the product stream can facilitate reducing the temperature of the 

product stream, thereby preventing products formed from the hydrotreatment process 

undergoing any further undesirable thermal reactions that may degrade the quality of 

the products. In a conventional hydrotreatment system, heat may be removed from 

the product stream from inside the reactor to a region external to the reactor. Given 

30 that the reactor may be a high pressure reactor having a relatively thick wall, heat
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transfer across the wall may be slower than desired and may be a rate-limiting step.  

Transferring heat from the product stream to the feed stream as per the method 100 

facilitate the relatively rapid removal of heat from the product stream.  

5 

Transferring heat to the feed stream can also facilitate increasing the energy 

efficiency of the method of hydrotreatment 100. For example, if the material has a 

relatively high concentration of water, then under hydrotreatment conditions the 

water is likely to be in the gaseous state as the temperature may be a relatively 

10 high temperature at which the catalyst can provide activated hydrogen, such as 

3750C or higher. Therefore, in heating up the material to this temperature, the 

water contained in the material will evaporate, requiring a large amount of energy.  

In some cases, the latent heat of evaporation for water (approximately 2258 kJ/kg) 

can be greater than the sensible heat (approximately 4.18 kJ/kg 0C) required to 

15 heat the water to the reaction temperature. As mentioned above, the reactor will 

typically have a relatively thick wall, and therefore supplying energy across the 

reactor wall to heat up the feed bio-crude and evaporate its water may become a 

rate-limiting step.  

20 In the embodiment of the method 100, heat transferred from the product stream to 

the feed stream can facilitate evaporating water of the material, and in heating the 

feed stream close to the reaction temperature generally. This reduces an amount of 

heat that is required to be supplied from a heat source, such as a heat source 

external to the reactor.  

25 

Specific steps of the method 100 will now be described. In the example illustrated in 

Figure 1, the method 100 comprises a first step 102 of providing a material that is 

suitable for undergoing hydrotreatment. As mentioned, the material in this example is 

bio-crude, although it will be appreciated that the material may be any material that is 

30 desired to undergo hydrotreatment.
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In a second step 104, the material is mixed with hydrogen to form a feed stream. The 

feed stream is then, in a third step 106, heated in the presence of a catalyst to at 

least a temperature at which the catalyst has significant activity.  

5 

The feed stream is directed in a fourth step 108 to contact the catalyst such that the 

material and hydrogen of the feed stream at least partially react in the presence of 

the catalyst to form a product stream.  

10 It will be appreciated that steps 106 and 108 may be combined into one step.  

In a fifth step 110, heat is transferred from the product stream to the feed stream so 

as to evaporate at least a portion of water of the feed stream and also to heat up the 

feed stream.  

15 

An example hydrotreatment system 200 that is arranged to conduct the method of 

hydrotreatment 100 is illustrated in Figure 2 and will now be described.  

The hydrotreatment system 200 comprises a reactor 202 in which a material that is 

20 suitable for undergoing hydrotreatment reacts with hydrogen (or hydrogen-containing 

reactants such as a mixture containing mainly CO and H2) in the presence of a 

catalyst. As mentioned, in this example the material is bio-crude.  

A catalyst 204 is located within a reaction region 206 of the reactor 202. In this 

25 example the catalyst 204 is a pre-sulphided NiMo catalyst, although it will be 

appreciated that the catalyst 204 may be any appropriate catalyst (or a catalyst 

mixture) for the reaction between the bio-crude and the hydrogen. For example, 

the catalyst may be a nickel-based catalyst or a cobalt-based catalyst. In one 

particular example, the catalyst is a NiMo catalyst pre-sulphided or sulphided in 

30 situ. In another example, the catalyst is a CoMo catalyst pre-sulphided or
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sulphided in situ. Mixed catalysts may also be used. In another example, the 

catalyst (or catalyst mixture) contains catalytic species that can catalyse the in situ 

formation of activated hydrogen from the feed material and/or hydrogenation agent 

including a hydrogen-containing gas stream. It will be advantageous if the catalytic 

5 species can catalyse the formation of activated hydrogen at low temperature. One 

such example is the catalytic species that can catalyse the water-gas-shift reaction 

(CO + H2 O = H2 + CO 2 ) in the forward and/or backward directions.  

In this example, the bio-crude is input, corresponding to step 102 of the method 100, 

10 into the hydrotreatment system 200 via a first input 208. The hydrogen is input as a 

first hydrogen stream via a second input 210.  

The bio-crude and the first hydrogen stream are mixed (step 104) to form a feed 

stream as they enter a feed stream passage 212. The feed stream passage 212 

15 functions to direct the feed stream through a heat exchange region 214 of the reactor 

202 to be dispersed through an outlet 216. A further catalyst may be arranged in the 

heat exchange region 214. Alternatively, the heat exchange region 214 may be at 

least partially filled with an inert solid or may be empty apart from other functional 

components of the system 200.  

20 

The outlet 216 is a fluid dispersing device arranged to disperse or atomise the feed 

stream as the feed stream flows through the outlet 216 and may be a distributor or an 

atomizer. The outlet 216 disperses the feed stream into the reaction region 206 of the 

reactor 202.  

25 

A second stream of hydrogen is input to the hydrotreatment system 200 via a third 

input 218. The second stream of hydrogen is then directed via a hydrogen stream 

passage 219 through the heat exchange region 214 to the reaction region 206 of the 

reactor 202. The second stream of hydrogen functions, amongst other things, to 

30 transfer heat (step 110) from a product stream produced by the hydrotreatment
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system 200 to the feed stream. This process will be described in more detail later.  

The second stream of hydrogen mixes with the feed stream in the reaction region 

206 of the reactor 202, and provides additional hydrogen for hydrogenation so as to 

5 react with the bio-crude in the method of hydrotreatment 100.  

The feed stream, the general direction of flow of which is indicated by arrows 220, is 

heated (step 106) to at least a temperature at which the catalyst 204 has significant 

activity. In this example, the heat is provided by a heat source 222 arranged to supply 

10 heat to the reaction region 206. The feed stream may be heated indirectly by the heat 

source 222 when the feed stream comes into contact with the catalyst 204.  

The feed stream is directed (step 108) to contact the catalyst 204 such that the bio

crude and the hydrogen of the feed stream react in the presence of the catalyst 204 

15 to form a product stream.  

Upon contacting the catalyst 204, which in this example is at an elevated 

temperature, the bio-crude and hydrogen are heated up rapidly to the reaction 

temperature. The fluid of bio-crude and hydrogen mixture will then flow along a 

20 length of the reactor 202 while the bio-crude is continuously hydrotreated to form the 

product stream.  

The product stream, a direction of which is indicated by arrows 224, is directed into a 

product stream passage (or a bank of passages) 226 that is of a relatively small 

diameter. The product stream passage 226 directs the product stream to a heat 

25 exchange coil 228. The heat exchange coil 228 is located in the heat exchange 

region 214 and is arranged to facilitate condensing the product stream to a liquid, 

thereby removing heat from the product stream. Taking the reaction product stream 

through the relatively small diameter product stream passage 226 and heat 

exchange coil 228 directly from the hot reaction region 206 and quenching the 

30 product stream rapidly facilitates preventing thermal decomposition of the
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hydrotreated products, which would tend to degrade the quality of the products.  

The heat is transferred (step 110) to the second hydrogen stream as the second 

hydrogen stream flows through the heat exchange region 214. The second hydrogen 

5 stream is then able to transfer heat obtained from the heat exchange coil 228 to the 

feed stream, for example when the second hydrogen stream mixes with the feed 

stream.  

The second hydrogen stream provides a number of functions in the method of 

10 hydrotreatment 100. As the second hydrogen stream flows through the hydrogen 

stream passage 219, the second hydrogen stream will flow around an outside of the 

feed stream passage 212 carrying the bio-crude - hydrogen mixture. This can 

facilitate preventing the feed stream mixture from being heated to an elevated 

temperature before the feed stream mixture comes into contact with the catalyst 204.  

15 Otherwise, excess coke formation could result.  

Further, and as mentioned, the second hydrogen stream will flow around the heat 

exchange coil 228. With its high heat conductivity, the second hydrogen stream will 

effectively cool down the hydrotreated product stream flowing inside the heat 

20 exchange coil 228, and transfer heat from the product stream to the reaction region 

206 inside the reactor 202 where the bio-crude and hydrogen mixture contact the 

catalyst 204. This is the region of high heat demand where the bio-crude is heated up 

and the bio-crude' s water is evaporated.  

25 The second hydrogen stream will also mix with the feed stream of bio-crude and 

hydrogen to become part of hydrogen required by the hydrotreating reactions.  

The now condensed and cooled product stream then flows from the hydrotreatment 

system 200 via a product stream outlet 230 and the product stream can be 

30 processed further or used as a bio-fuel.
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As described above, the method 100 and the system 200 provide the advantages of 

reducing coke formation and increasing the energy efficiency of hydrotreatment 

process.  

5 

With respect to minimising coke formation, experiments using some features of the 

system 200 illustrated in Figure 2 have been carried out for the hydrotreatment of bio

crude at various scales in the laboratory.  

10 Using a pre-sulphided NiMo catalyst, the system 200 has been shown to effectively 

minimise the coke formation on the catalyst surface by matching the bond-breaking 

with the supply of active hydrogen.  

Firstly, the system 200 can effectively prevent the bio-crude from being heated up to 

15 elevated temperatures before it comes into contact with the catalyst 204 that can 

supply active hydrogen. As is shown in Figure 2, the bio-crude feed is mixed with 

hydrogen gas at room (or relatively low) temperature. The addition of hydrogen to 

the bio-crude feed is to increase the linear velocity (and thus to decrease its 

residence time) of bio-crude inside the feed stream passage 212 to prevent the bio

20 crude from being heated up to elevated temperatures before coming into contact with 

the catalyst.  

Secondly, the bio-crude will be heated up rapidly only when it is in contact with the 

catalyst - hydrogen system. This means that free radicals formed from the 

breakdown of bio-crude molecules will have immediate access to active hydrogen 

25 generated at/on the catalyst surface. As was discussed above, this effectively 

minimises the formation of coke. With this arrangement, the catalyst 204 can be 

heated and maintained at relatively high temperatures. For example the pre

sulphided NiMo catalyst could be maintained up to 375'C and higher, at which the 

catalyst is sufficiently active to generate abundant active hydrogen (e.g. hydrogen 

30 atoms) to stabilise the radicals, without significant coke formation.
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With respect to increasing energy efficiency of the hydrotreatment process, as shown 

in Figure 2, the hot hydrotreatment product stream will flow through the heat 

exchange coil 228 to be cooled down before exiting the system 200. The second 

5 stream of hydrogen, which is relatively cold, flows outside the heat exchange coil 

228. The heat released from the condensation of steam in the product stream and 

that released from the cooling down of the hot products will be transferred to the 

catalyst or inert solid or flowing gas in region 214, which will then be transferred to 

the catalyst 204 in a region of the reactor 202 where relatively cold bio-crude comes 

10 in. Through this arrangement of an internal heat exchange system, a substantial 

fraction of the heat released from the product stream is used to heat up the feed 

steam as well as to evaporate the water in the feed stream. This represents an 

effective management of heat supply and demand within the hydrotreatment system 

200, thereby increasing its energy efficiency.  

15 

The method 100 and system 200 can facilitate overcoming some problems 

encountered in the hydrotreatment of bio-crude, particularly the aforementioned 

issues of coke formation on the catalyst' s surfaceand energy efficiency. It is with this 

method 100 and system 200 that a commercially available sulphided NiMo catalyst 

20 can be used to hydrotreat bio-crude to produce liquid "drop-in" biofuels that are 

miscible with petrol/gasoline and/or diesel. This is advantageous in the field of 

biorefining, contributing to making liquid biofuels commercially competitive.  

In addition to the bio-crude from the pyrolysis of biomass, there are many other 

25 thermally instable materials that require thermochemical treatment/processing at 

elevated temperatures. For example, green crude produced from the treatment of 

biomass in supercritical/subcritical water could also be hydrotreated using the 

method 100 and system 200 described herein.  

30 The method 100 and system 200 may also find applications for the thermochemical
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treatment of biological/pharmaceutical materials or any other heat-sensitive 

materials, which is prone to form coke or undergo other side reactions in the absence 

of another reactant such as hydrogen.  

5 Numerous variations and modifications will suggest themselves to persons skilled in 

the relevant art, in addition to those already described, without departing from the 

basic inventive concepts. All such variations and modifications are to be considered 

within the scope of the present invention, the nature of which is to be determined 

from the foregoing description.  

10 

For example, it will also be appreciated that, although the transfer of heat from the 

product stream to the feed stream has been described as occurring internal to the 

reactor 202, the system 200 may be arranged such that at least a portion of the heat 

transfer process occurs external to the reactor. For example, the heat exchange coil 

15 228 may be located external to the reactor 202, and at least a portion of the second 

hydrogen stream may flow around the heat exchange coil 228 to obtain heat 

therefrom before being directed into the reaction region 206 where the second 

hydrogen stream can transfer heat to the feed stream.  

20 In the description of the invention, except where the context requires otherwise 

due to express language or necessary implication, the words "comprise" or 

variations such as "comprises" or "comprising" are used in an inclusive sense, i.e.  

to specify the presence of the stated features, but not to preclude the presence or 

addition of further features in various embodiments of the invention.
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Claims: 

1. A method of hydrotreatment, the method comprising the steps of: 

providing a material comprising bio-crude that is suitable for undergoing 

5 hydrotreatment; 

mixing the material with a hydrogen to form a feed stream comprising a 

mixture of the material and the hydrogen; and 

heating the feed stream to break chemical bonds of the material in the 

presence of a catalyst, the feed stream being heated to at least a temperature at 

10 which the catalyst can provide activated hydrogen to react with the broken bonds 

within the material so as to minimise coke formed from the material, 
wherein: 

the feed stream is fed directly into a reaction region of a reactor, wherein the 

reaction region is at a temperature sufficient for the reaction between the material 

15 and the hydrogen to occur in the presence of the catalyst to facilitate matching 

bond-breaking within the material with activated hydrogen provided by the catalyst; 

and 

prior to heating the feed stream in the presence of the catalyst, the feed 

stream is maintained below a predefined temperature at which an amount of coke 

20 formed from the material would substantially reduce activity of the catalyst.  

2. The method of claim 1, wherein the feed stream is heated upon contact with 

the catalyst, the catalyst having been heated to at least the temperature at which 

the catalyst can provide activated hydrogen to react with the broken bonds within 

25 the material so as to minimise coke formed from the material.  

3. The method of claim 1 or claim 2, wherein the feed stream is maintained 

below the predefined temperature by mixing the hydrogen with the material such 

that the feed stream has a linear velocity sufficient to reduce a residence time of
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the material in a first region, which is at or above the predefined temperature, prior 

to contacting the catalyst in the reaction region.  

4. The method of claim 3, wherein the feed stream is directed through a 

5 passage that is provided with a feed stream outlet from which the feed stream can 

flow, the feed stream outlet being arranged at or adjacent the reaction region such 

that at least a portion of the feed stream flowing from the feed stream outlet flows 

directly into the reaction region.  

10 5. The method of claim 4, wherein a fluid dispersing device is provided at the 

feed stream outlet so as to disperse or atomise the feed stream as the feed stream 

flows through the feed stream outlet.  

6. The method of any one of the preceding claims further comprising the steps 

15 of: 

directing the feed stream to contact the catalyst such that the feed stream at 

least partially reacts in the presence of the catalyst to form a product stream; and 

transferring heat from the product stream to the feed stream.  

20 7. The method of claim 6, wherein a hydrogen stream is used to transfer heat 

from the product stream to the feed stream.  

8. The method of claim 7, wherein the hydrogen stream is directed such that at 

least a portion of the hydrogen stream obtains heat from a heat exchanger through 

25 which the product stream flows.  

9. The method of claim 7 or claim 8, wherein heat obtained by the hydrogen 

stream is transferred to the feed stream by mixing the hydrogen stream with the 

feed stream.  

30
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10. The method of any one of claims 7 to 9, wherein the hydrogen stream is 

used in the reaction in the presence of the catalyst.  

11. The method of any one of claims 6 to 10, wherein the feed stream passes 

5 through the first region to react in the reaction region, and the resulting product 

stream is directed to the first region where heat is transferred from the product 

stream to the feed stream.  

12. The method of claim 11, wherein the first and reaction regions are internal 

10 to a reactor.  

13. The method of claim 11, wherein at least a portion of the first region is 

external to a reactor, and the reaction region is internal to the reactor 

15 14. The method of any one of claims 11 to 13, wherein the product stream is 

directed to the first region via the reaction region.  

15. The method of any one of the preceding claims, wherein the catalyst is a 

nickel-based catalyst or a cobalt-based catalyst.  

20 

16. The method of claim 15, wherein the catalyst is a NiMo catalyst pre

sulphided or sulphided in situ, or a CoMo catalyst pre-sulphided or sulphided in 

situ.  

25 17. The method of claim 16, wherein the catalyst contains catalytic species that 

can catalyse the in situ formation of activated hydrogen from the feed material 

and/or hydrogen.  

18. A hydrotreatment system comprising: 

30 a reaction region in which a catalyst is located;
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a first input for providing a material comprising bio-crude that is suitable for 

undergoing hydrotreatment; 

a second input for providing a hydrogen stream for forming a feed stream 

when mixed with the material, the feed stream comprising a mixture of the material 

5 and the hydrogen; 

a feed stream passage arranged to receive the material and the hydrogen 

stream, the feed stream passage further being arranged to direct the resulting feed 

stream to the reaction region in which the catalyst is located; 

a heat source for providing heat to the reaction region so as to heat the feed 

10 stream to break chemical bonds of the material in the presence of the catalyst, the 

feed stream being heated to at least a temperature at which the catalyst can 

provide activated hydrogen to react with the broken bonds within the material so as 

to minimise coke formed from the material; and 

an outlet stream passage for products and any unreacted components of 

15 the feed stream to exit the hydrotreatment system, 

wherein the system is arranged so that: 

the feed stream is fed directly into the reaction region of a reactor, wherein 

the reaction region is at a temperature sufficient for the reaction between the 

material and the hydrogenation to occur in the presence of the catalyst to facilitate 

20 matching bond-breaking within the material with activated hydrogen provided by 

the catalyst; and 

prior to heating the feed stream in the presence of the catalyst, the feed 

stream is maintained below a predefined temperature at which an amount of coke 

formed from the material would substantially reduce activity of the catalyst.  

25 

19. The system of claim 18, wherein the heat source is provided by exothermic 

reactions that occur during hydrotreatment of the material.
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20. The system of claim 18 or claim 19, wherein the catalyst is a NiMo catalyst 

pre-sulphided or sulphided in situ, or the catalyst is a CoMo catalyst pre-sulphided 

or sulphided in situ.  

5 21. The system of claim 20, wherein the catalyst contains catalytic species that 

can catalyse the in situ formation of activated hydrogen from the feed material 

and/or hydrogen.  

22. The system of any one of claims 18 to 21, wherein the system is a 

10 component of a further system, such as a petro-refinery system.
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