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(57) Abrége/Abstract:

In a method of and apparatus (10) for manufacturing methanol (40) from methane, a catalytic area (16) Is formed on the exterior
of a hollow sintered stainless steel tube (12). Methane Is maintained within the sintered stainless steel tube (12) at
predetermined pressure, and water continuously flowing across the exterior surface thereof strips the methane forming sub-
micron sized methane bubbles. Light energy (20) is directed onto the catalytic surface to form hydroxyl radicals from the flowing
water. The hydroxyl radicals cleave the carbon-hydrogen bonds of the methane to form methyl ions which combine with the
hydroxyl ions to form methanol.
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(57) Abstract I

In a method of and apparatus (10) for manufacturing methanol (40) from methane, a catalytic area (16) is formed on the exterior of
a hollow sintered stainless steel tube (12). Methane is maintained within the sintered stainless steel tube (12) at predetermined pressure,
and water continuously flowing across the exterior surface thereof strips the methane forming sub-micron sized methane bubbles. Light
energy (20) is directed onto the catalytic surface to form hydroxyl radicals from the flowing water. The hydroxyl radicals cleave the
carbon-hydrogen bonds of the methane to form methyl ions which combine with the hydroxyl ions to form methanol.
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TECHNICAL FIELD

This invention relates generally to the manufacture of methanol, and more

particularly to a method of and apparatus for manufacturing methanol ﬁ-om methane.
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BACKGROUND

Methanol, the simplest of the alcohols, is a highly desirable substance which is
useful as a fuel, as a solvent, and as a feedstock in the manufacturer of more complex
hydrocarbons. In accordance with the method of methanol manufacture that is currently
practiced in the petroleum industry, methane is first converted to synthesis gas, a
mixture of carbon monoxide and hydrogen. The synthesis gas 1s then converted over
an alumina-based catalyst to methanol. The formation of synthesis gas from methane

IS an expensive process.

As will be apparent, methane and methanol are closely related chemically.

Methane comprises a major component of natural gas and is therefore readily available.

Despite the advantages inherent in producing methanol directly from methane, no

commercially viable system for doing so has heretofore been developed.

SUMMARY OF THE INVENTION

have long since characterized the prior art. The method involves a semipermeable
partition upon which a light-activated catalyst capable of producing hydroxyl radicals
from water is deposited. Water is passed over the catalyst side of the porous surface and
methane at a positive pressure is present on the opposite side of the surface. The
catalyst is exposed to light while water is passed over the catalyst, The hght-exposed

catalyst reacts with the water molecules to form hydroxyl radicals. The methane gas is
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forced through the semipermeable partition forming small bubbles in the flowing water.
The hydroxyl radicals in the water can then undergo a free-radical reaction with the
methane gas in the water to form methanol.

In accordance with the broader aspects of the invention there is generated a
stream of sub-micron sized methane bubbles. Due to their extremely small size, the
methane bubbles have an extremely large surface area which increases reaction
efficiency. Smaller pores in the semipermeable partition facilitate the formation of
smaller bubbles. Additionally, higher water velocity across the catalytic surface aids
In shearing the bubbles off the surface while they are still small.

In accordance with more specific aspects of the invention, a porous sintered
stainless steel tube has an exterior coating comprising a titanium-based catalyst. The
sintered stainless steel tube is positioned within a glass tube and water is caused to
continuously flow through the annular space between the two tubes. Methane is
directed into the interior of the sintered stainless steel tube and is maintained at a

pressure high enough to cause methane to pass into the water and prevent the flow of

~ water into the interior of the stainless steel tube. As the water passes over the stainless

steel tube, methane bubbles are continually sheared off of the sintered surface. The
methane bubbles thus generated are sub-micron in size and then therefore present an
extremely large surface area.

Ultraviolet light energy generated from ultraviolet lamps is directed through the
glass tube and engages the titanium-based catalyst to generate hydroxyl radicals in the

flowing water. The hydroxyl radicals undergo a free-radical reaction with the methane
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forming methanol, among other free-radical reaction products. Subsequently, the

methanol is separated from the reaction mixture by distillation.
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BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the invention may be had by reference to the
following Detailed Description when taken in conjunction with the accompanying
Drawings wherein:

FIGURE 1 is a diagrammatic illustration of a method and apparatus for
manufacturing methane comprising a first embodiment of the present invention.

FIGURE 2 is a diagrammatic illustration of a second embodiment of the
apparatus of the present invention with a rotating sintered stainless steel tube.

FIGURE 3 1s a diagrammatic illustration of a third embodiment of the apparatus

of the present invention with a rotating sintered stainless steel tube with turbines.
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DETAILED DESCRIPTION

Referring now to the Drawings, and particularly to FIGURE 1 thereof, there is

12 and the glass tube 14 comprise right circular cylinders with the tube 12 extending
concentrically relative to the tube 14. Other geometrical configurations of and
positional relationships between the sintered stainless steel tube 12 and the glass tube
14 may be utilized in accordance with the requirements of particular applications of the
invention.

The sintered stainless steel tube 12 has a catalyst layer 16 fofmed on the exterior
surface thereof. The catalyst layer 16 is preferably a titanium-based catalyst; however,
it will be understood that ény light-activated catalyst which forms hydroxyl radicals
from water may be utilized in the practice of the invention, if desired. A plurality of

ultraviolet lamps 18 are positioned around the exterior of the glass tube 14, it being

- understood that while only one lamp 18 as illustrated in FIGURE 1, in actual practice

a plurality of lamps 18 are employed and are disposed around the entire periphery of the
tube 14. As illustrated by the waves 20 in FIGURE 1, the ultraviolet lamps 18 generate

energy in the form of ultraviolet light which is directed through the glass tube 14 and

onto the catalytic layer 16 formed on the exterior surface of the sintered stainless steel

tube 12.

In the operation of the apparatus for manufacturing methanol 10, a quantity of
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water 1s received in a reservoir 22. Water from the reservoir 22 is directed into the
annular space between the sintered stainless steel tube 12 and the glass tube 14 through
piping 24. During the operation of the apparatus 10 water flows through the annulus
between the sintered stainless steel tube 12 and the glass tube 14 on a continuous basis.

A quantity of methane is stored in a reservoir 26. In the operation of the
apparatus 10, methane is directed from the reservoir 26 into the interior of the sintered
stainless steel tube 12 through piping 28. The methane within the sintered stainless steel
tube 12 1s maintained at a pressure high enough to cause methane to pass through the

walls of the sintered stainless steel tube 12 into the water and prevent the flow of water

into the interior of the tube 16.

In the operation of the apparatus for manufacturing methanol 10, the water
flowing through the annular space between the sintered stainless steel tube 12 and the
glass tube 14 causes methane bubbles to be continuously stripped off the sintered
stainless steel surface of the tube 12. In this manner the size of the methane bubbles is
maintained in the sub-micron range. The sub-micron size of the methane bubbles
provides an enormous methane surface area which in turn results in unprecedented
reaction efficiency.

As the sub-micron size methane bubbles are produced by the flow of water over
the exterior surface of the sintered stainless steel tube 12, ultraviolet light energy from
the lamps 18 continuously engages the catalytic surface 16 formed on the exterior of the
tube 12. This generates hydroxyl radicals in the flowing water. The hydroxyl radicals

homolyticaly cleave one or more of the carbon-hydrogen bonds in the methane thereby

--------------
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forming either molecules of hydrogen or molecules of water, depending upon the
Initiating radical, and methyl radicals. The methyl radicals combine either with the
hydroxyl radicals to form methanol or with the hydrogen radicals to form methane.

Those skilled in the art will appreciate the fact that other chemical reactions are
possible in the operation of the apparatus for manufacturing methanol 10. For example
there exists the possibility of a methyl-methy! radical reaction, and also the possibility
of a hydrogen-hydrogen radical reaction. Both of these possibilities are extremely
remote due to the relatively low concentrations of methyl radicals and hydrogen radicals
at any given time.

'I'he water flowing from the annulus between the sintered stainless steel tube 12
and the glass tube 14 having the reaction products contained therein is directed to a
distillation apparatus 30 through piping 32. The distillation apparatus 30 separates the
outflow from the space between the tube 12 and the tube 14 into at least four streams,
including a stream of unreacted methane 34 which is returned to the reservoir 26, a
stream of water 36 which is returned to the reservoir 22, a stream of other reaction
products 38 which are recovered, and a stream of methanol 40. The stream of other
reaction products 38 may be further separated into its component parts, if desired.

The present invention further comprises a method of making methanol. In
accordance with the method there is provided a continuously flowing stream of water.
Sub-micron size bubbles of methane are continuously injected into the ﬂowing water.
Hydroxyl radicals are continuously generated from the water. The hydroxyl radicals

cleave the hydrogen-carbon bonds of the methane to form methal radicals. The methyl
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radicals combined with the hydroxyl radicals to form methanol.

In accordance with more specific aspects of the method, a sintered stainless steel
tube having a titanium-based catalytic layer on the exterior surface thereof is positioned
within a glass tube. Water is directed through the annulus between the sintered stainless
steel tube and the glass tube, and methane is directed into the interior of the sintered

stainless steel tube. The water flowing between the sintered stainless steel tube and the

glass tube continuously strips sub-micron sized bubbles from the exterior surface of the

sintered stainless steel tube.

Ultraviolet light energy from ultraviolet lamps is directed through the glass tube
and engages the catalytic surface on the exterior of the sintered stainless steel tube,
thereby forming hydroxyl radicals from the flowing water. The hydroxy! radicals
homolyticaly cleave one of the carbon-hydrogen bonds iri the methane to form either
molecules of hydrogen or molecules of water, and methyl radicals. The methyl radicals

combine either with the hydroxyl radicals to form methanol or with the hydrogen

radicals to form methane.

The use of an internal semipermeable partition cylinder is shown in Figure 1.
One skilled in the art would also recognize that a vast number of shapes and orientations
could be used to accomplish the same purpose. For example, glass tube 14 does not
need to be shaped as a tube in order to be functional as a housing. In fact, such a
housing need only be partially transparent to ultraviolet light for the apparatus to
function. Additionally, the orientation of the methane inside an inner tube with water

between the inner tube and a housing is not required. One skilled in the art could
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envision a housing bisected by a semipermeable partition creating a water chamber and
a methane chamber. The only requirements of such an embodiment is that the water
chamber has a water source and a product outlet, which leads to a methanol isolation
apparatus, preferably a distillation ai)params; the methane chamber has a methane
source; the semipermeable partition has a catalytic layer that is exposed to light energy
on the water side of the partition; and the semipermeable partition allows the penetration
of methane bubbles that are sheared off by the relative movement of water in the water
chamber.

Referring now to Figure 2, there is shown an apparatus for manufacturing
methanol comprising a second embodiment of the invention. The apparatus 50
COmPriSes numerous component parts which are substantially identical in construction
and function to the apparatus for manufacturing methanol 10 shown in Figure 1 and
described hereinabove in conjunction therewith. Such identical component parts are
designated in Figure 2 with the same reference numerals utilized in the description of
the apparatus 10, but are differentiated therefrom by means of a prime (") designation.

In the apparatus for manufacturing methanol 50, the sintered stainless steel tube
12" 1s supported for rotation relative to the glass tube 14' by sealed bearings 52. Those
skilled in the art will appreciate the fact that bearing/seal assemblies comprising
Separate components may be utilized in the practice of the invention, if desired.

A motor 54 is mounted at one end of the glass tube 14' and is operatively

connected to the sintered stainless steel tube 12' to effect rotation thereof relative to the

glass tube 14'. The glass tube 14' includes an end portion 56 which is isolated from the
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remainder thereof by a seal 58. The portion of the sintered stainless steel tube 12
extending into the end portion 56 of the glass tube 14' is provided with a plurality of
uniform or nonuniform apertures 60.
In the operation of the apparatus for manufacturing methanol 50, methane is
5 directed from the reservoir 26' through the piping 28' through the end portion 56 of the

glass tube 14' and through the apertures 60 into the interior of the sintered stainless steel

tube 12. Water flows from the reservoir 22' through the piping 24' into the portion of
the glass tube 14' that is isolated from the end portion 56 by the seal 58. Water flows
out of the glass tube 14' through piping 32' to the distillation apparatus 30'.

10 The operation of the apparatus for manufacturing methanol 50 of Figure 2 differs
from the operation of the apparatus for manufacturing methanol 10 of Figure 1 in that
in the operation of the apparatus 50, the relative movement between the bubbles forming
on the surface of the sintered stainless steel tube 12' and the water contained within the
glass tube 14’ is controlled by the motor 54 rather than the flow rate of the water as it

15 passes through the glass tube 14'. This is advantageous in that it allows the sintered
stainless steel tube 12' to be rotated at a relatively high velocity relative to the water
contained within the glass tube 14', thereby assuring that sub-micron size bubbles will
be sheared from the surface of the sintered stainless steel tube 12'. Meanwhile, the
velocity of the water passing through the interior of the glass tube 12' can be relatively

20 slow, thereby assuring a maximum number of sub-micron size bubbles entering the

water per unit volume thereof.

An apparatus for manufacturing methanol comprising a third embodiment of the



10

15

20

CA 02349558 2001-04-30

WO 00/40530 PCT/US99/12921

utilized in the description of the apparatus 10, but are differentiated therefrom by means
of a double prime (") designation.

The apparatus for manufacturing methanol 60 comprises a sintered stainless steel
tube 12" which is supported for rotation relative to the glass tube 14" by sealed bearings
62. Those skilled in the art will appreciate the fact that the apparatus 60 may be
provided with bearing/seal assemblies comprising separate components, if desired.

The sintered stainless steel tube 12" is provided with one or more turbines 64.
The pitch of the turbines 64 is adjusted to cause the sintered stainless steel tube 12" to
rotate at a predetermined speed in response to a predetermined flow rate of water
through the glass tube 14".

Simularly to the apparatus for manufacturing methanol of Figure 2, the use of the
apparatus for manufacturing methanol 60 is advantageous in that the sinterea stainless
steel tube 12" can be caused to rotate relatively rapidly in response to a relatively low
flow rate of water through the glass tube 14", This assures that sub-micron size bubbles
will be stripped from the outer surface of the sintered stainless steel tube 12" and that
a maximum number of bubbles will be received in the water flowing through the glass

tube 14" per unit volume thereof, The use of the apparatus for manufacturing methanol
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60 1s particularly advantageous in applications of the invention wherein water flows
through the system under the action of gravity, in that the use of the turbines 64
eliminates the need for a separate power source to effect rotation of the sintered stainless
steel tube 12" relative to the glass tube 14".

Although preferred embodiments of the invention have been illustrated in the
accompanying Drawing and described in the foregoing Detailed Description, it will be
understood that the invention is not limited to the embodiments disclosed but is capable

of numerous rearrangements, modifications, and substitutions of parts and elements

without departing from the spirit of the invention.
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I Claim:

. A method for manufacturing methanol from methane comprising the

steps of:

providing a semipermeable partition having a methane side and a water
side;

supporting a light activated catalytic layer on the water side of the
semipermeable membrane;

exposing the catalytic layer to light;

moving water over the catalytic layer;

providing a quantity of methane on the methane side of the
semipermeable membrane;

maintaining a positive pressure of methane on the methane side of the
semipermeable partition such methane passes from the methane side to the water side

and water is substantially prevented from crossing from the water side to the methane

- side;

isolating the generated methanol.

2. The method as recited in Claim 1 wherein the step of isolating methanol

1s performed by distillation.

snaub L o —
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to light is carried out using ultraviolet light.

The method as recited in Claim 1 wherein the methane is present in the

form of natural gas.

The method as recited in Claim 1 wherein the semipermeable partition

1s sintered stainless steel.

The method as recited in Claim 1 wherein the relational speed of the
movement of the water across the catalytic layer is increased by moving

the semipermeable partition relative to the water.

The method as recited in Claim 6 wherein the semipermeable partition

1s essentially cylindrical and is capable of rotational movement relative

‘to the water.

The method as recited in Claim 1 wherein the catalytic layer is a

titanium-based catalyst.
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9. The method as recited in Claim 8 wherein the titanium-based catalyst is
selected from the group consisting essentially of titanium oxides and

titanium oxides doped with transition metals.

10. A method for manufacturing methanol from methane comprising the

steps of:

supporting a titanium-based catalyst on a sintered stainless steel
semipermeable partition having a methane side and a water side;

exposing the titanium-based catalyst to light;

moving water over the titanium-based catalyst:

maintaining a positive pressure of methane on the methane side of the
stainless steel semipermeable partition such methane passes from the methane side to

the water side and water is substantially prevented from crossing from the water side to

the methane side;

isolating the generated methanol by distillation.

11.  The method as recited in Claim 10 wherein the methane is present in

natural gas.

12. The method as recited in Claim 10 wherein the titanium-based catalyst

is selected from the group consisting essentially of titanium oxides and

titanium oxides doped with transition metals.
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a light source;
a housing at least partially transparent to light;

a semipermeable partition separating the interior of the housing into a

reaction chamber and a methane chamber:

a catalytic layer formed on the semipermeable partition adjacent to the

reaction chamber and exposed to the light from the light source;

14.

15.

16.

a product outlet opening out of the reaction chamber:
a water source opening into the water chamber:;
a methane source opening into the methane chamber; and

a distillation apparatus in fluid communication with the product outlet.

The apparatus recited in Claim 13 wherein the housing is made of a

light-transmitting glass.

The apparatus recited in Claim 13 wherein the catalytic layer comprises

a titanium-based catalyst which is activated by ultraviolet light.

The apparatus recited in Claim 15 wherein the titanium-based catalyst
is selected from the group consisting essentially of titanium oxides and

titanium oxides doped with transition metals.
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17.  The apparatus as recited in claim 13 wherein the distillation .apparatus
1s in fluid communication with the water source such that water
produced from the distillation apparatus is recycled into the water
source; and additionally comprising a methane reservoir in gaseous
communication with the distillation apparatus and the methane source

such that unreacted methane is recycled into the methane source.

18.  An apparatus for manufacturing methanol from methane comprising:

a light source;

a housing at least partially transparent to light from the source:

a semipermeable tube inside of the housing, the semipermeable tube
having an interior and an exterior, the semipermeable tube forming a reaction chamber
between the housing and the exterior of the semipermeable tube:

a rotatable seal between the housing and the semipermeable tube
allowing for rotation of the tube relative to the housing;

a methane source opening into the interior of the semipermeable tube;

a catalytic layer formed at least on at least a portion of the exterior of the
semipermeable tube and at least partially exposed to the light from that source:

a product outlet opening away from the reaction chamber; and

a water source opening into the to the reaction chamber.
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19.  The apparatus as recited in claim 18 additionally comprising turbines

attached to the semipermeable tube.

20.  The apparatus as recited in claim 18 wherein the semipermeable tube

comprises sintered stainless steel.

21.  The apparatus as recited in claim 18 additionally comprising:

into the water source; and
a methane reservoir in gaseous communication with the distillation
apparatus and the methane source such that unreacted methane is recycled into the

methane source.

SNl b WO
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22. A method for manufacturing methanol from methane comprising the

side;

supporting a catalytic layer on the water side of the semipermeable
partition;

exposing the catalytic layer to ultraviolet li ght;

moving water over the catalytic layer:

maintaining a positive pressure of methane on the methane side of the

semipermeable partition such methane passes from the methane side to the water side

and water is substantially prevented from crossing from the water side to the methane

side;

1solating the generated methanol.
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