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CYLINDER VALVES AND METHODS FOR INHIBITING THE FORMATION OF
CONTAMINANTS IN CYLINDERS AND CYLINDER VALVES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from US Provisional Application Serial
Number 62/688,588 filed on June 22, 2018.

BACKGROUND OF THE INVENTION

[0002] Carbon monoxide has a variety of industrial uses. One difficulty with
carbon monoxide is that it can form a metal carbonyl on contact with particular metals.
For example, chromium, molybdenum, iron, nickel and cobalt can all react with carbon

monoxide and form their respective carbonyl compounds.

[0003] The problem can be exacerbated in high pressure cylinders. Both iron
and in particular nickel will form carbonyls at low levels when exposed to steel and

stainless steel at ambient temperature and high pressures around 200 bar.

[0004] While carbon monoxide can be stored at high pressures and purities in
aluminum cylinders, certain valve mechanisms can contain iron and nickel which can be

introduced into the cylinder thereby reacting with the carbon monoxide present therein.

[0005] One proposed solution was to fabricate the valve from brass thereby
eliminating the iron and nickel that could react with the carbon monoxide. However,
brass valves can be difficult to use given the softness of the material and the potential
for deforming which could result in less than gas-tight connections between the valve
and the cylinder it is mounted into. Copper alloys are generally unacceptable in

semiconductor applications. In many situations the customer for the gas will rule out



brass, or other copper alloys as a potential material on construction.

[0006] Also, the internals of the valve are made of iron and nickel alloys whether

the valve is made of brass or stainless steel

[0007] The present invention is a method for inhibiting the formation of carbonyls

in carbon monoxide cylinders.

SUMMARY OF THE INVENTION

[0008] A first aspect of the present invention provides for a method for inhibiting
the formation of carbonyl compounds in a closed gas cylinder containing carbon
monoxide wherein the gas cylinder is in fluid communication with a valve assembly
wherein the valve assembly connects to a threaded opening in the gas cylinder by a
threaded assembly comprising coated interior and exterior components of the valve
assembly selected from the group consisting of an inlet port, an outlet port, and a lower

spindle with an amorphous hydrogenated silicon.

[0009] A second aspect of the present invention provides for a method for
inhibiting the formation of carbonyl compounds in a valve assembly wherein the valve
assembly is in contact with carbon monoxide comprising coating interior and exterior
components of the valve assembly selected from the group consisting of an inlet port,

an outlet port, and a lower spindle with an amorphous hydrogenated silicon.

[00010] For purposes of the present invention, the interior and exterior
components of the valve assembly namely the inlet port, the outlet port, the diaphragm
and the lower spindle are coated with an amorphous hydrogenated silicon to provide an
inert barrier. The amorphous hydrogenated silicon compound can be further
augmented with functionalized group in order to provide different anti-corrosion



properties for different gas types. The functionalized version is available under the
Dursan trademark from SilcoTek. The non-functionalized silicon compound is available

from SilcoTek under the Silcolloy trademark.

[00011] For purposes of the present invention, the amorphous hydrogenated
silicon, with or without functionalized groups is coated via a chemical vapor deposition

process on the surfaces of the valve assembly to be protected.

[00012] Typically, the interior and exterior components of the valve assembly are
coated with the amorphous hydrogenated silicon compound before the threaded

assembly is inserted into the threaded opening in the gas cylinder.

[00013] In another embodiment of the invention, the interior and exterior
components of the valve assembly further comprise a diaphragm, wherein the

diaphragm can be coated with the amorphous hydrogenated silicon compound.

[00014] In a third aspect of the invention, there is disclosed a valve assembly
comprising a valve body having a fluid passage therethrough having inlet and outlet
ports, a valve chamber in fluid communication with the inlet and outlet ports in the valve
body, a first valve for opening and closing the fluid passage to control a flow of gas
through the fluid passage, a threaded assembly in fluid communication with the fluid
passage, a threaded assembly in communication with the outlet port, wherein the valve
comprises a valve member comprising a lower spindle, an intermediary spindle and an
upper spindle in the form of a threaded rod, the threaded rod in contact with a valve
seat and diaphragm upon which the threaded rod engages in the valve-closing position,
wherein the valve allows passage of the gas from the inlet port through the fluid
passage to the outlet port when the threaded rod is not engaging the valve seat,
wherein the valve seat, the inlet port and the outlet port are coated with an amorphous
hydrogenated silicon compound.

[00015] The carbonyl compounds that are formed are typically those formed by
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direct contact with a metal and carbon monoxide. For purposes of this invention, these
are nickel carbonyls, iron carbonyls and cobalt carbonyls such as Fe(CO)s, Ni{CO)a.
Other carbonyls may include Cr(CO), W(CO)s and MO{CO)s.

[00016] The valve will typically be fabricated from stainless steel. The valve may
also contain high nickel corrosion resistant alloy such as those available under the
tradenames Hasetelloy and Monel. In some cases, there are pure nickel components.
The wetted components, namely those that contact the carbon monoxide will be those
that are coated by the inert barrier so that when the carbon monoxide is inside the

cylinder, there is not contact with any steel or stainless steel.

[00017] A typical gas cylinder may have nickel, nickel lined, steel, or stainless
steel that could also react with carbon monoxide present in the cylinder. Use of
aluminum as the material of construction for the cylinder can be used to mitigate
reactions of carbon monoxide with the cylinder itself, however, the use of a stainless
steel or steel valve would still present a source of reactive material for carbon monoxide

when the cylinder valve is closed.

{00018} The interior components that are susceptible to corrosion are coated with
an inert barrier which amorphous hydrogenated silicon (aSi:H}). Typically, the
amorphous hydrogenated silicon will be coated by chemical vapor phase deposition. In
alternative embodiments, the inert barrier could be inert silicon coatings that also

contain carbon and/or oxygen in their films.
[00019] The chemical vapor deposition process is typically at relatively low
temperatures and can be with or without plasma to generate the amorphous hydrogen

silicon coating formed.

[00020] Other coating techniques can be employed such as plasma enhanced
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chemical vapor deposition (PECVD), thermal conversion and electroplating.

[00021] In other embodiments, the other amorphous hydrogen silicon coating can
contain different functional groups. The base silicon surface may be modified by a
functional group to prevent impurity formation in the high purity gas products that can
otherwise be present in the gas cylinder. Typical functional groups are selected from

the groups consisting of -SiH3, -H, -OH, -CH3s, and -F.

[00022] The advantages of using the inert barrier can be further extended to the
full delivery system for high purity carbon monoxide gas, particularly in semiconductor
fabrication systems. This full delivery system can comprise the gas cylinder, cylinder
valve, pressure regulator, mass flow controller and delivery pressurized stainless steel

lines.

[00023] Based on the chemistry discussed above, these individual unit operations
can all be susceptible to carbonyl formation and can thereby be treated with the barrier

coating to inhibit corrosion of the unique components.

[00024] The interior components are coated with the amorphous hydrogenated
silicon by a chemical vapor deposition process. The interior components are coated
with the amorphous hydrogenated silicon before the valve assembly is connected to the

gas cylinder.

[00025] The inlet port, the outlet port, the diaphragm and the lower spindle are

made from a material selected from the group consisting of iron and nickel.

[00026] The amorphous hydrogenated silicon compound further contains
additional functionalized groups wherein the additional functionalized groups are

selected from the groups consisting of oxygen and carbon.
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[00027] The gas cylinder is made from a material selected from the group

consisting of aluminum, nickel, nickel lined, steel and stainless steel.

BRIEF DESCRIPTION OF THE DRAWINGS

[00028] Figure 1 is a schematic of a valve assembly that can be treated by the

methods of the present invention.

{00029} Figure 2 is a schematic representation of a cutaway valve showing the
pathways of the valve exposed to carbon monoxide, and the shaded areas where the

inert barrier is applied.

DETAILED DESCRIPTION OF THE INVENTION

[00030] The valve assembly comprises a valve body having a fluid passage
therethrough having inlet and outlet ports, a valve chamber in fluid communication with
the inlet and outlet ports in the valve body, a first valve for opening and closing the fluid
passage to control a flow of gas through the fluid passage, a threaded assembly in fluid
communication with the fluid passage, a threaded assembly in communication with the
outlet port, wherein the valve comprises a valve member comprising a lower spindle, an
intermediary spindie and an upper spindle in the form of a threaded rod, the threaded
rod in contact with a valve seat and diaphragm upon which the threaded rod engages in
the valve-closing position, wherein the valve allows passage of the gas from the inlet
port through the fluid passage to the outlet port when the threaded rod is not engaging

the valve seat.

[00031] In Figure 1, a typical valve assembly 10 is shown. A main body 1 is

recessed to allow for passage of the appropriate gas both into and through recessed
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opening or inlet port 20 and out of through recessed opening or outlet port 25. A lower
spindle 3 contacts the seat disc holder or valve seat 4 and seat disc 2. A diaphragm 5
and 5.1 sits between the seat disc holder 4 and a bushing 7 to assist in blocking the

passage of gas when the valve assembly 10 is supposed to be closed.

[00032] The inlet port 20 may typically be configured for fitting and mating into the
top recess of a gas cylinder so that the flow of gas from the not shown cylinder passes

to at least the inlet port when the valve assembly 10 is in a closed position.

[00033] The lower spindle 3 contacts an intermediary spindle 6. An O-ring 13 sits
circumferentially in a groove in the intermediary spindle 6 to inhibit passage of gas
around the intermediary spindie 6. A washer 29 is in physical contact with the
intermediary spindle 6 and sits on top of the intermediary spindle 6 in contact with the

upper spindie 9.

[00034] A gland 8 is physically mounted within the main body 1 and is configured
to receive the upper spindle 9 through a concentric top opening. A bushing 7 sits within
a recessed groove in the gland § to inhibit passage of the appropriate gas. An O-ring
28 sits circumferentially in a groove in the gland 8 to inhibit passage of the gas around
the gland 8.

[00035] The intermediary spindle 6 sits within a recess in the upper spindle 9. As
shown in Figure 1, the intermediary spindle 6 has a “T” shaped member on its top. This
“T" shaped member sits within a recess in the upper spindle 9 that will allow the upper
spindle 9 to be raised and lowered such that the lower portion will contact the bottom of
the upper spindie 9 to the “T" shaped member of the intermediary spindle 6. This
configuration will occur when the valve 10 is in the closed position. The upper spindie 9
will rise within the gland 8 and break contact with the washer 29 thereby allowing gas to

flow. When the “T" shaped member of intermediary spindle 6 is forced upwards by
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appropriate means, the upper spindle 9 will contact the washer 29 thereby opening the

flow of gas.

[00036] The amount of movement or play between the “T” shaped member of
intermediary spindle 6 and the opening in upper spindle 9 will also provide limits on how
much movement there is in the means to move the upper spindle 9 as further detailed

below.

[00037] The lower spindle 3, intermediary spindle 6 and upper spindle 9 comprise

the valve member or threaded rod

[00038] A threaded nut assembly 30 is designed to be screwed downwards in
contact with threads on the main body 1 to lock down the gland 8 when the threaded
nut assembly 30 is engaged.

[00039] A ball 24 is situated inside an appropriate opening in the upper spindle 9
and contacts the top of the spindle 9. An O-ring 12 is further positioned around the

upper spindle 9 in a groove present in the gland 8.

[00040] The upper spindle 9 is mounted at its top into a nut 11. The nut 11
engages a handwheel 10 which is mounted into a cap 14. The cap allows the user to
turn the cap 14 in a clockwise direction to cause the upper spindle 9 to press
downwards into the washer 29 thereby closing the valve 10. The user may also turn
the cap 14 in a counter-clockwise direction which will cause the intermediate spindle 6
to engage against the ball of the upper spindie 9 and allow the valve seat 4 and seat
disc 2 to rise off the inlet port 20 thereby opening’ the valve and allowing gas to flow

through openings 20 and 25.

[00041] The passage of gas through the inlet port 20 to the outlet port 25 occurs
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when the threaded rod does not engage the valve seat 4. Alternatively, when the
threaded rod engages the valve seat 4, the flow of gas from the inlet port 20 to the
outlet port 25 stops.

[00042] As shown in Figure 1, during flowing conditions, when the valve is open,
the openings 20 and 25 are clearly wetted by the gas that is present in the cylinder in
which the valve 10 sits. This area of contact would further include the seat disc holder
4 through to the bottom of the diaphragm assembly represented by 5 and 5.1 and the
lower spindie assembly 3. These areas of the valve assembly 10 can often contain iron
or nickel and by coating them, the formation of carbonyl compounds is inhibited. During
static conditions when the valve assembly 10 is closed, only opening 20 and the bottom
of the lower spindle assembly 3, will be wetted by the gas. The inlet opening 20 to the
valve assembly from the cylinder connection as well as the outlet port opening 25 for

delivering the gas are coated.

[00043] These areas of the valve assembly are further highlighted in Figure 2
which is a schematic of a cutaway of the interior of a typical valve used in the methods
of the present invention. As noted above with regards to the description of Figure 1, the
infet port to the valve assembly from the cylinder connection, the outlet port for
withdrawing the carbon monoxide and the “wetted components” are all visible. The
lower spindle assembly and the diaphragm have also been highlighted in Figure 2 as
these components of the valve can be coated by the methods of the present invention

to inhibit formation of carbonyl compounds.
[00044] In certain embodiments, a pressure requlator for operating the valve
assembly to regulate the gas pressure in the fluid passage is in fluid communication

with the valve assembly.

[00045] The straight amorphous hydrogenated silicon can be employed with
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normal usage of the cylinder and valve assembly. When other corrosive gases besides
carbon monoxide are employed, the functionalized version of the amorphous

hydrogenated silicon compound can be used.

[00046] The use of the functionalized version is particularly useful when the
cylinder is made from aluminum which, although it does not react with carbon
monoxide, may react with other corrosive gases so coating the interior of the aluminum
cylinder will inhibit the formation of other reaction products besides carbonyl
compounds which can cause problems with the quality of gas as well as proper

operation of the cylinder and valve assembly.

[00047] The result of inhibiting the formation of carbonyls and minimizing the
impurities entering the system will allow an end user, particularly in a semiconductor
fabrication facility to substitute the cylinder and valve arrangement into their operation
knowing that the product being supplied will contain part per trillion levels of impurities
as measured at the time of filling and that no further carbonyl! formation has taken place

inside the cylinder or valve during storage.

[00048] While this invention has been described with respect to particular
embodiments thereof, it is apparent that numerous other forms and modifications of the
invention will be obvious to those skilled in the art. The appended claims in this
invention generally should be construed to cover all such obvious forms and

modifications which are within the true spirit and scope of the invention.
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Having thus described the invention, what we claim is:

1. A method for inhibiting the formation of carbonyl compounds in a closed gas
cylinder containing carbon monoxide wherein the gas cylinder is in fluid communication
with a valve assembly wherein the valve assembly connects to a threaded opening in
the gas cylinder by a threaded assembly comprising coating interior and exterior
components of the valve assembly selected from the group consisting of an inlet port,

an outlet port, and a lower spindle with an amorphous hydrogenated silicon compound.

2. The method as claimed in claim 1 wherein the interior components are coated

with the amorphous hydrogenated silicon by a chemical vapor deposition process.

3. The method as claimed in claim 1 wherein the interior components are coated
with the amorphous hydrogenated silicon before the valve assembly is connected to the

gas cylinder.

4. The method as claimed in claim 1 wherein the inlet port, the outlet port, and the
lower spindle are made from a material selected from the group consisting of iron and

nickel.

5. The method as claimed in claim 1 wherein the interior and exterior components

further comprise a diaphragm.

6. The method as claimed in claim 1 wherein the amorphous hydrogenated silicon

compound further contains additional functionalized groups.

7. The method as claimed in claim 6 wherein the additional functionalized groups

are selected from the groups consisting of oxygen and carbon.

11
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8. The method as claimed in claim 1 wherein the gas cylinder is made from a
material selected from the group consisting of aluminum, nickel, nickel lined, steel and

stainless steel.

9. A method for inhibiting the formation of carbonyl compounds in a valve assembly
wherein the valve assembly is in contact with carbon monoxide comprising coating
interior and exterior components of the valve assembly selected from the group
consisting of an inlet port, an outlet port, and a lower spindle with an amorphous

hydrogenated silicon compound.

10.  The method as claimed in claim 9 wherein the interior components are coated

with the amorphous hydrogenated silicon by a chemical vapor deposition process.

11.  The method as claimed in claim 9 wherein the interior components are coated
with the amorphous hydrogenated silicon before the valve assembly is connected to the
gas cylinder.

12.  The method as claimed in claim 9 wherein the inlet port, the outlet port, and the
lower spindle are made from a material selected from the group consisting of iron and

nickel.

13.  The method as claimed in claim 9 wherein the interior and exterior components
further comprise a diaphragm.

14. The method as claimed in claim 9 wherein the amorphous hydrogenated silicon

compound further contains additional functionalized groups.

156. The method as claimed in claim 14 wherein the additional functionalized groups

12
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are selected from the groups consisting of oxygen and carbon.

16.  The method as claimed in claim 9 wherein the gas cylinder is made from a
material selected from the group consisting of aluminum, nickel, nickel lined, steel and

stainless steel.

17. A valve assembly comprising a valve body having a fluid passage therethrough
having inlet and outlet ports, a valve chamber in fluid communication with the inlet and
outlet ports in the valve body, a first valve for opening and closing the fluid passage to
control a flow of gas through the fluid passage, a threaded assembily in fluid
communication with the fluid passage, a threaded assembly in communication with the
outlet port, wherein the valve comprises a valve member comprising a lower spindle, an
intermediary spindle and an upper spindle in the form of a threaded rod, the threaded
rod in contact with a valve seat and diaphragm upon which the threaded rod engages in
the valve-closing position, wherein the valve allows passage of the gas from the inlet
port through the fluid passage to the outlet port when the threaded rod is not engaging
the valve seat, and the inlet pori, the outlet port, and the valve seat are coated with an

amorphous hydrogenated silicon compound.

18.  The valve assembly as claimed in 17 wherein the hydrogenated silicon
compound is coated on the surface of the inlet port, the outlet port, and the valve seat

by a chemical vapor deposition process.
19.  The valve assembly as claimed in claim 17 wherein the inlet port, the outlet port,
the valve seat and the diaphragm are coated with the amorphous hydrogenated silicon

before the valve assembly is connected {o a gas cylinder.

20.  The valve assembly as claimed in claim 17 wherein the inlet port, the outlet port,

the diaphragm and the lower spindle are made from a material selected from the group

13
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consisting of iron and nickel.

21.  The valve assembly as claimed in claim 17 further comprising a diaphragm

coated by the amorphous hydrogenated silicon compound.

22. The valve assembly as claimed in claim 17 wherein the amorphous

hydrogenated silicon compound further contains additional functionalized groups.

23. The valve assembly as claimed in claim 22 wherein the additional functionalized

groups are selected from the groups consisting of oxygen and carbon.
24. The valve assembly as claimed in claim 17 wherein the gas cylinder is made

from a material selected from the group consisting of aluminum, nickel, nickel lined,

steel and stainless steel.
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