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CLAIMS

What is claimed is:

1. A method of treating a reactant-lean liquid phase in a process vessel, comprising:

passing the reactant-lean liquid phase and a gas phase co-currently through an
exchange layer in the process vessel, wherein the gas phase comprises a reactant; and

diffusing at least some of the reactant from the gas phase into the reactant-lean liquid
phase in the exchange layer to form a reactant-rich liquid phase,

wherein the exchange layer comprises a plurality of collector media and a plurality of
releaser media, and wherein the collector media comprise porous solid materials capable of
collecting the reactant-lean liquid phase within the collector media,

and wherein the releaser media comprise solid materials having a thin film formed on
an outer surface thereof that is capable of facilitating contact and diffusion between the
reactant-lean liquid phase and the gas phase,

and wherein the thin film is formed on the releaser media during processing as a result

of liquid released from the collected liquid phase.

2. The method of claim 1, wherein the process vessel is a trickle bed reactor.

3. The method of claim 1, further comprising passing the reactant-rich liquid phase
through a bed of porous solid elements following the exchange laver, the porous solid

elements comprising at least one of catalysis, sorbents and reactants.

4. The method of claim 1, further comprising performing a treating process in the
process vessel to remove an undesired species from the Hquid phase, wherein the treating
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process comprises at least one of hvdro-desulfurization, hvdro-denitrogenation, hydro-
cracking,  hydrogenation,  hyvdro-dearomatization,  hydro-deoxvgenation,  hvdro-

demetallization, and 1somerization.

5. The method of claim 4, wherein the undesired species comprises at least one of sulfur,
mitrogen, oxygen, aromatics, olefins, nickel, vanadium, iron, silicon or arsenig,

6. The method of claim 1, whereio the reactant-rich liquid phase comprises at least one
of naphtha, gasoline, kerosene, jet, diesel, gas oils, vegetable ails, animal fallow, and Ligmd

water,

7. The method of claim 1, wherein the reactant diffused from the gas stream into the
reactani-lean liquid stream comprises at least one of methane, butane, propane, butalene,
propviene, hydrogen, anunonia, hydrogen sulfide, carbon dioxide, carbon monoxide, sulfur

oxides, nitrogen oxides, water gas, oxygen, and nitrogen.

8 The method of claim 1, wherein the releaser media comprise at least one of catalysts,
sorbents and reactants.
9. The method of clairn 8, wherein the size of the releaser media is no more than one-

fourth the size of the collector media.

10, The method of claim 8, wherein each of the collector media in the exchange layer has

at least twenty contact points on its outer surface that are contacted by releaser media.
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11 A method of treating a product-rich liquid phase in a process vessel, comprising:

passing the product-rich liquid phase and a gas phase co-curently through an
exchange layver in the process vessel, whergin the product-rich hiqued phase comprises a
reaction product; and

diffusing at least some of the reaction product from the product-rich liqund phase into
the gas in the exchange layer to form a product-lean liquid phase,

wherein the exchange laver coroprises a plurahity of collector media and a plurality of
releaser roedia, and wherein the collector roedia coroprise porous solid matenials capable of
collecting the product-rich liquid phase within the collector media,

and wherein the releaser media comprise sohid materials which are capable of
facilitating contact and diffusion between the product-rich liquid phase and the gas phase,

and wherein the releaser media are no more than one-fourth the size of the collector
media,

and wherein each of the collector media in the exchange laver has at least twenty

contact points on its outer surface that are contacted by releaser media.

i2. The method of claim 11, wherein the process vessel is a trickle bed reactor.

13. The method of claim 11, further comprising passing the product-lean liquid phase
through a bed of porous solid elements following the exchange laver, the porous solid

elements comprising at least one of catalysis, sorbents and reactants.

14. The method of claim 11, further comprising performing a treating process m the
> & t=} t=
process vessel to remove an undesired species from the Hquid phase, wherein the ireating

process comprises at least one of hydro-desulfusization, hydro-denitrogenation, hydro-
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cracking,  hydrogenation,  hvdro-dearomatization,  hydro-deoxygenation,  hydro-

demetallization, and isomerization.

15, The method of claim 14, wherein the undesived species cornprises at least one of

sulfur, niirogen, oxygen, aromatics, olefing, nickel, vanadium, ron, silicon or arsenic,

16. The method of claim 11, wherein the product-lean iquad phase comprises af least one
of naphtha, gasoline, kerosene, jei, diesel, gas oils, vegetable oils, arumal tallow, and liquid

water.

17, The method of claim 11, wheremn the releaser media comprise at feast one of catalysts,

sorbents and reactants.

i8. A method of treating a reactani-lean, product-rich hiquid phase in a trickle bed process
vessel, comprising:

passing the reactant-lean, product-rich hiquid phase and a gas phase co-currently
through an exchange layer in the trickie bed process vessel, wherein the gas phase comprises
areactant; and

diffusing at least some of the reaction products from the reactant-lean, product-rich
liquid phase into the gas phase and at least some of the reactant from the gas phase into the
reactant-lean, product-rich liquid phase in the exchange layer to form a reactant-rich, product-
lean hiquid phase,

wherein the exchange laver comprises a plurality of collector media and a plurality of

releaser media,
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and wherein the collector media comprise porous solid materials capable of collecting
the reactant-lean liguid phase within the collector media,

and wherein the releaser media comprise solid matenials having a thin film formed on
an outer surface thereof that is capable of facilitaling contact and diffusion between the
reactant-lean, produoct-rich liquid phase and the gas phase,

and wherein the thin film is formed on the releaser media during processing as a result

of hgud released from the collected liguid phase.

19, The method of clairg 18, further comprising passing the reactant-rich, product-lean
tiqund phase through a bed of porous solid elements following the exchange laver, the porous

solid elernents coraprising at least one of catalysts, sorbents and reactants,

24 The method of claim 18, further comprising performing a treating process in the
process vessel to remove an undesired species from the liqguid phase, wherein the treating
process comprises at least one of hvdro-desulfurization, hvdro-denitrogenation, hydro-
cracking,  hydrogenation,  hyvdro-dearomatization,  hvdro-deoxygenation,  hydro-

demetallization, and isomerization.

21 The method of claim 20, wherein the undesired species comprises at least one of

sulfur, nifrogen, oxygen, aromatics, olefins, nickel, vanadium, iron, silicon or arseni¢.

22, The method of claim 18, wherein the reactant-rich, product-lean ligquid phase

comprises at least one of naphtha, gascline, kerosene, jet, diesel gas oils, vegetable gils,

antmal tallow, and hquid water.
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23 The method of claim 18, wherein the reactant diffused from the gas sitream inio the
reactant-lean, product-rich liquid stream comprises at least one of methane, bulane, propanse,
butalene, propvlene, hydrogen, ammonia, hydrogen sulfide, carbon dioxide, carbon

monoside, sulfur oxides, nitrogen oxides, water gas, oxygen, and nitrogen.

24 The method of claim 18, wherein the releaser wedia comprise at least one of catalysis,

sorbents and reaciants.

25. The method of claim 24, wherein the size of the releaser media is no more than one-

fourth the size of the collecior media.

26, The method of claim 24, wherein each of the collector media in the exchange layer

has at least twenty contact points on its outer surface that are contacted by releaser media.

27 A trickle bed process vessel for treatment of a reactant-lean, produci-rich liquid

stream, comprising;

an exchange layer comprising a plurality of collector media and a plurality of releaser
media, wherein the exchange laver is capable of facilitating diffusion of one or more
reactants from a gas phase into a reactant-lean, product-rich liquid phase within the exchange
layer to form a reactani-rich, product-lean liquid phase; and

a treatment laver downstream of the exchange layer comprising a bed of porous solid
elements, the porous solid elements comprising at least one of catalysis, sorbents and
reactants and capable of performing a ireating process to remove an undesired species from

the liquid phase, wherein the freating process comprises at least one of hvdro-desulfunization,
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hydro-denstrogenation, hydro-cracking, hydrogenation, hydro-dearomatization, hydro-
deoxygenation, hydro-demetallization, and 1somerization,

wherein the coliector media and the releaser media are packed within the exchange
layer such that each of the collector media has at least twenty contact points on its outer
surface that are contacted by releaser media, and wherein the gas phase and the reactant-lean,
product-rich hquid phase undergo co-current flow within the exchange layer, and wherein the
collector media comprise porous solid matenals capable of coliecting the reactant-lean ligud
phase within the collector media, and wherein the releaser roedia comprise solid materials
having a thin film formed on an outer surface thereof that 15 capable of facilitating contact
and diffusion between the reactant-lean, product-rich liqmd phase and the gas phase, and
wherein the thin film s formed on the releaser media during processing as a result of Ligud

released from the collected liguid phase.

28. The process vessel of claim 27, wherein the releaser media comprise at least one of

catalysts, sorbenis and reactants.

29 The process vessel of claim 27, wherein the size of the releaser media is no more than

one-fourih the size of the collector media.

5

30. The process vessel of claim 27, wherein the undesired species comprises at least one
of sulfur, nitrogen, oxygen, aromatics, olefins, nickel, vanadium, iron, silicon or arsenic, and
wherein the reactant-rich, product-fean hquid phase comprises at least one of naphtha,
gasoline, kerosene, jet, diesel, gas oils, vegetable oils, animal {allow, and lquid water, and
wherein the reactant diffused from the gas stream inio the reactant-lean, product-rich liquid

stream comprises at least one of methane, butane, propane, butalene, propylene, hydrogen,
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ammonia, hvdrogen sulfide, carbon dioxide, carbon monoxide, sulfur oxides, nitrogen oxides,

water gas, oxygen, and nitrogen.
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