
200200439-8  0 1 FEB 2002  1 Reactor for generating moisture  Field of the
invention The present invention relates to improvements in and relating to
apparatus for  5 generating moisture for use mainly in semiconductor
manufacturing units. More  specifically, the invention relates to a reactor
for generating moisture that can minimize the  quantity of unreacted gases
in the generated moisture gas by forcibly mixing hydrogen and  oxygen, thus
increasing the reaction efficiency, and that can be used in a process in
which  a relatively small quantity of moisture is required. 10 Background
of the invention The manufacture of semiconductors typically requires a
wide range of flow rates of  high purity moisture, from tens of sccm to
thousands of sccm. The flow rate of moisture  required differs according to
the actual steps in any given manufacturing process. The unit  "scem" as
used herein means cm3/min. in a standard state. 15 The inventors conducted
intense research into the development of a reactor for S generating
moisture of a high flow rate type; producing no less than 1,000 sccm, and
disclosed the reactor shown in FIG. 6 in unexamined Japanese patent
application,  published under No. 2000-169110, and the reactor shown in
FIG. 7 in unexamined  Japanese patent application, published under No.
2000-297907. 20 FIG. 6 is a vertical, sectional view of a first example of
a high flow rate type reactor  for generating moisture. In FIG. 6, the
numeral 91 indicates a structural component on an  inlet side; 91a, an
inner wall of the structural component on the inlet side; 91b, a material
gas feed port; 92, a reactor structural component on an outlet side; 92a,
an inner wall of the  reactor structural component on the outlet side; 92b,
a moisture gas take-out port; 93, a 25 reactor shell; 94, an interior space
on the inlet side; 95, a reflector; 95a, the periphery of the  reflector;
96, a micro-gap formed between the reflector 95 and the reactor structural
component 92 on the outlet side. A barrier coat C is formed on the inner
wall 91a of the structural component on the  inlet side, and a platinum
coated catalyst layer D is formed on the inner wall 92a of the  



30 reactor structural component on the outlet side. Said platinum coated
catalyst layer D is made by laminating a platinum coating film on a barrier
film of TiN or the like, and the  platinum coating film is exposed in the
space 96. Next, the operation of a high flow rate type reactor for
generating moisture of the  large flow rate type will be explained.
Hydrogen gas and oxygen gas, provided at a 2  specific ratio, are fed in
the direction of the arrow G, and these starting material gases  proceed
from starting material gas feed port 91b into the interior space 94 on the
inlet side.  Then, the starting material gases flow in the direction of the
arrow H, which forms a stream  line, and reach the narrow gap 96 behind the
reflector 95. 5 The temperature of the whole reactor is adjusted to 350 to
400C by a heater (not  shown) and is set to a temperature for promoting the
moisture generating reaction. Under  such conditions, the starting material
hydrogen gas and oxygen gas come into contact with  the platinum coated
catalyst layer D formed on the inner wall 92a of the reactor structural
component 92 on the outlet side and are radicalised. The radicalised
hydrogen and oxygen 10 are in a state of high reactivity and instantly
combine with each other at a temperature  lower than the ignition point to
produce water vapour without combustion at a high  temperature. The higher
the probability of the molecules colliding with each other, the more
violent the reaction, and the moisture generating reaction proceeds rapidly
in the narrow  15 gap 96 or a space of minimal volume. A mixture I of the
moisture gas and unreacted starting material gases is fed to the next
pro6ess through the moisture gas take-out port  92b. FIG. 7 is a vertical,
sectional view of a second prior art example of a reactor for  generating
moisture of the high flow rate type. In this figure, the numerals 91 to 96,
G, C,  20 D, I are the same as in FIG. 6. Said reactor for generating
moisture of the high floe rate type has a construction such that the
reactor of fig.7 comprises a reflector 99 on the inlet  side and a filter
100. Reflector 99 on the inlet side is formed of casing 99a, reflector 99b
on the inlet side and through-hole 99c. The starting material gases, which
are jetted onto  casing 99a, hit against the reflector 99b on the inlet
side and diffuse, proceeding through  25 through-hole 99c and spread
throughout the interior space 94 on the inlet side. The filter 100 is made
in the form of a stainless steel net which allows fluid to pass  



through, and is effective in homogenizing the starting material gases
diffusing in the  interior space 94 on the inlet side and in stabilizing
the gases at the same time. The starting  material gases, homogenized and
stabilized after passing through filter 100 (in the 30 direction of the
lower arrow), therefore proceed into the narrow gap 96 formed behind the
reflector 95 and produce moisture gas through the radicalising reaction.
These two types of reactors for generating moisture are both of a high
flow-rate type.  A disk-like reflector 95 is provided in the interior
space, and the starting material gases  flow into a narrow gap 96 from the
periphery 95a of the reflector. With the radius of 3  reflector 95 as r,
the starting material gases are allowed to enter the narrow gap 96 from
the entire circumference, represented by 2icr, of the periphery 95 a of the
reflector. The  starting material gases can thus be caused to flow at a
high rate into the narrow gap 96,  radicalised and then the moisture gas at
a high flow rate is fed into a subsequent process. 5 As shown in FIG. 6 and
FIG. 7, the starting material gases form a stream line  moderately curved
in the direction of the arrow H outside the periphery 95a of the
reflector, and the starting material gases therefore proceed substantially
in the form of a  laminar flow into the narrow gap 96. Especially when the
flow rate is low, the interaction  between gas molecules is relatively
weak, Reynold's number reduces, and the flow tends  10 to be in the form of
laminar flow. If the starting material gases are in a state of laminar
flow, then the probability of  hydrogen and oxygen gas molecule colliding
is decreased, and it is thought that the  probability of moisture
generation will be lower than in the case of turbulent flow. This  means
that a high concentration of unreacted starting material gases remain in
the product 15 moisture gas. There is a risk that if flammable hydrogen gas
remains in relatively high  concentration, the gas will explode in the
subsequent process. The quantity of unreacted  gas is therefore constantly
monitored, and, if the concentration of unreacted gases exceeds  a
predetermined level, emergency measures, such as suspension of supply of
the starting  material gases, are taken. 20 For this reason, the inventors
have taken various measures to improve the reaction  rate in the prior art
reactor: For example, the inventors have improved the platinum coated
catalyst layer, made the interior temperature even and uniform throughout
the whole  reactor and adjusted the ratio between hydrogen gas and oxygen
gas in the starting material  



gases. However, such measures had only a limited effect in improving the
reaction ratio. 25 Furthermore, the prior art reactors are reactors for
generating moisture at a high flow  rate, and the whole volume of the
reactor is large. It is some time before moisture gas can  be generated and
hence the reactor cannot respond promptly when moisture is needed
immediately. Another problem is that when moisture gas is no longer needed,
it is difficult  to replace quickly the moisture gas with inert gas. 30 The
inventors have come up with a quite different idea to improve the
efficiency of  the moisture generation reaction. The idea is to stir
forcibly the starting material gases into  a turbulent state in the
reactor. Stirring the starting material gases into a turbulent state  would
sharply increase the collision probability of hydrogen gas and oxygen gas,
and, as a  result, moisture generation will be more efficient. If the
forced turbulence method were to 4  be adopted in a reactor for generating
moisture of a low flow rate type that tends to  produce laminar flow, then
the moisture generation ratio should especially improve.  Summary of the
invention Accordingly, it is an object of the present invention to provide
a reactor for 5 generating moisture, especially suitable for a low flow
rate, by developing a structure  which forces the starting material gases
into turbulent flow in the reactor so that a high  efficiency of the
reaction for generating moisture is achieved, and the quantity of unreacted
gas remaining in moisture gas is minimised. The invention as claimed in
claim 1 is a reactor for generating moisture which 10 comprises a reactor
structural component on an inlet side which supplies starting material
gases to an interior space on said inlet side from a starting material gas
feed port, a reactor  structural component on an outlet side which
transfers generated moisture gas to a  moisture gas take-out port from a
moisture gas feed passage, a reflector tightly clamped  air-tight is
between the reactor structural component on the inlet side and the reactor
15 structural component on the outlet side and which has a plurality of
blowing holes at  predetermined locations for communicatinewith said
interior space on the inlet side, a  reactor chamber formed with a narrow
gap provided between the reflector and the reactor  structural component on
the outlet side, a nozzle hole formed in the reactor structural  component
on the outlet side so that said reaction chamber communicates with the 20
moisture gas feed passage in the reactor structural component on the outlet
side and a  



coating catalyst layer formed on a wall surface of the reaction chamber
facing the reflector,  wherein when hydrogen and oxygen fed from the
starting material gas feed port flow into  the reaction chamber through the
blowing holes in the reflector, hydrogen and oxygen react  and generate
moisture gas througha non-combustive pathway by the catalytic effect of 25
said coating catalyst layer. The invention as claimed in claim 2 is the
reactor for generating moisture as claimed  in claim 1 wherein a flange on
an inlet side is formed on the end face of the reactor  structural
component on the inlet side, and a flange on the outlet side is formed on
an end  face of the reactor structural component on the outlet side, with
the periphery of the 30 reflector tightly clamped between the flange on the
inlet side and the flange on the outlet  side. The invention as claimed in
claim 3 is the reactor for generating moisture according  to claim 1,
wherein the reactor structural component on the inlet side and the reactor
structural component on the outlet side are made of a reactor structural
tube on the inlet 5  side and a reactor structural tube on the outlet side,
and the reflector is made of a reflection  plate. The invention as claimed
in claim 4 is the reactor for generating moisture as claimed  in claim 1
wherein the coating catalyst layer is formed on a surface of the reflector
facing  5 the reaction chamber and/or the surface of the nozzle hole. The
invention as claimed in claim 5 is the reactor for generating moisture as
claimed  in claim 1 wherein the coating catalyst layer comprises a coating
film laminated and fixed  on a barrier film. The invention as claimed in
claim 6 is the reactor for generating moisture as claimed  10 in claim 5
wherein said coating film is made of platinum, and said barrier film is
formed of  any one of TiN, TiC, TiCN, TiAIN, A1203, Cr2O3, SiO2, and CrN.
The invention as claimed in claim 7 is a reactor for generating moisture as
claimed in  claim 2 or claim 3 wherein the periphery of the reflector is
tightly clamped between the  flange on the inlet side and the flange on the
outlet side by a screw engaging a nut or 15 coupling provided on an outer
circumferential surface of the reactor structural component  on the inlet
side, with a coupling or nut provided on the outer circumferential surface
of the  reactor structural component on the outlet side. 



The invention as claimed in claim 8 is a reactor for generating moisture as
claimed in  claim 7, with a bearing placed between the nut and a back-side
of the flange on which the  20 nut is provided to facilitate turning of the
coupling and the screwed nut. Brief description of the drawings FIG. 1 is a
sectional view of a low flow rate type reactor for generating moisture of
an embodiment according to the present invention. FIG. 2 is a perspective
view of a reflector used in the embodiment according to the  25 present
invention. FIG. 3 is a sectional view of an essential part of the
embodiment according to the  present invention. FIG. 4 is a sectional view
of a diaphragm type gas concentration detector connected  to a low flow
rate type reactor, for generating moisture. 30 FIG. 5 is a sectional view
of a diaphragm detector. FIG. 6 is a vertical, sectional view of a first
prior art example of an high flow rate  type reactor for generating
moisture. FIG. 7 is a vertical, section view of a second prior art example
of an high flow rate  type reactor generating moisture. 6  Description of
the preferred embodiments Now, an embodiment of a low flow rate type
reactor for generating moisture  according to the present invention will be
described with reference to the drawings.  FIGS. 1, 2 and 3 show a reactor
for generating moisture according to the present 5 invention. FIG. 1. is a
sectional view of the reactor for generating moisture. FIG. 2 is a
perspective view of the reflector while FIG. 3 is a sectional view of the
essential part  explaining the operation. In FIGS. I to 3, the numeral 2
indicates a reactor for moisture generation; 4 is a  reactor structural
component on an inlet side; 6, a starting material gas feed pipe; 6a, a  10
starting material gas feed port; 8, an interior space on the inlet side;
10, a flange on the inlet side; 12, a reflector; 12a, a inner end face of
the reflector; 12b, an outer end face of  the reflector; 14, a periphery;
16, a blowing hole; 18, a reaction chamber; 20, a reactor  structural
component on the outlet side; 20a, an end surface of the reactor structural
component on the outlet side; 21, a coating catalyst layer; 21 a, a barrier
film; 21b, a 



15 coating film; 22, a flange on the outlet side; 22a, a flange inner
circumferential surface on  the outlet side; 24, a nozzle hole; 26, a
diffusion section; 28, a moisture gas feed passage;  30, a moisture gas
take-out pipe; 30a, a moisture gas take-out port; 32, a coupling; 34, a
nut; and 36, a bearing. There will now be explained in detail the
inter-relation of the above mentioned parts.  20 A large diameter reactor
structural component 4 on an inlet side, having an inlet side flange  10 at
one end, is connected to a small diameter starting material gas feed pipe
6, and a  mixture of hydrogen gas and oxygen gas at a predetermined ratio
is fed from starting  material gas feed port 6a. A flange 22 on an outlet
side is formed on the periphery of an end surface 20a of a  25 large
diameter reactor structural component 20 on the outlet side. A nozzle hole
24 is  formed in the centre of the end surface 20a of the reactor
structural component 20 on the  outlet side. Said nozzle hole 24 is
connected to moisture gas feed passage 28 via a  diffusion section 26 of
frustoconical shape which flares outwardly towards the passage 28.
Furthermore, said moisture gas feed passage 28 is connected to a moisture
gas take-out 30 port 30a of a moisture gas take-out pipe 30, so that the
generated moisture gas can be  supplied to a process downstream. A
reflector 12 is provided between the flange 10 on the inlet side and the
flange 22  on the outlet side, and its periphery 14 is held and clamped
between the two flanges 10, 22.  Clamping the reflector 12 between flanges
10, 22 seals the circumferential region of the 7  reflector 12 and keeps
that region air-tight. The reflector 12 is disk-shaped, and a plurality  of
small blowing holes 16 are bored on the. inner side of the periphery 14 at
specific  intervals circumferentially. The blowing holes 16 communicate
with the interior space 8  on the inlet side. 5 The positions of the
blowing holes 16 are not limited. to circumferential positions.  What is
important is merely that gases jetted into the blowing holes.16 undergo a
moisture  generation reaction before the gases reach the nozzle hole 24.
The blowing holes 16 may  thus be zigzagged in the circumferential
direction or arranged in the radial direction.  Increasing the length of
the passage between the blowing holes 16 and the nozzle hole 24 10
effectively increases the chances of the reaction occurring. In this
embodiment, therefore,  the blowing holes 16 are provided at positions
close to the circumference. 



A coupling 32 is fitted around an outer circumferential surface of the
reactor  structure component 20, on the outlet side, such that said
coupling 32 comes into contact  with the flange 22 on the outlet side.
Furthermore, a bearing 26 is fitted to the outer 15 circumferential surface
of the reactor structural component 4 on the inlet side, such that the
bearing 36 comes into contact with said flange 10 on the inlet side. Said
outer surface also  carries a nut 34. Said nut 34 and said coupling 32 are
screwed to each other to provide a  reactor for moisture generation 2 of
the low flow rate type which is firmly assembled as a  single unit. 20 As
described earlier, the reflector 12 and said, two flanges 10, 22 are firmly
united  by mating said nut 34 and said coupling 32, thus guaranteeing the
durability of the reactor  for moisture generation 2 of the present
invention. Furthermore, if the reactor structural  component 4 on the inlet
side and the reactor structural component 20 on they outlet side are  made
of pipe, then the reactor structural pipe on the inlet side and the reactor
structural 25 pipe on the outlet side can be assembled to form the reactor
for moisture generation 2 by  merely turning and tightening said nut 34 and
said coupling 32. In FIG. 1, the nut 34 is provided on the outer
circumferential surface of the reactor  structural component 4 on the inlet
side, and coupling 32 is disposed around the outer  circumferential surface
of the reactor structural component 20 on the outlet side. Nut 34 30 and
coupling 32 may be interchanged, with the coupling 32 being provided on the
outer  circumferential surface of the reactor structural component 4 on the
inlet side and the nut  34 being disposed on the outer circumferential
surface of the reactor structural component  20 on the outlet side. 8
Next, will be explained the essential of the structure reaction chamber 18.
Referring to FIG. 3, an inner end face 12a of the reflector 12 and the end
surface 20a of the reactor  structural component on the outlet side of the
reactor structural component 20 on the outlet  side are spaced by narrow
gap d, and oppose one another, forming said reaction chamber 5 18. That is,
the periphery of the inlet side of the reaction chamber 18 communicates
with  the inlet side of the interior space 8 via the plurality of blowing
holes 16, and a central  region of the outlet side of reaction chamber 18
communicates with the moisture gas feed  passage 28 through the nozzle hole
24. In the present embodiment, the reflector 12 shown in FIG. 2 (A) is
used. This 



10 reflector 12 is provided with eight circumferentially equispaced blowing
holes 16. The  reflector 12 shown in FIG. 2(B) is another example in which
four circumferentially  equispaced blowing holes 16 are formed. As
illustrated, the actual number of holes 16 can  be selected. Since the
peripheral region of the reflector 12 is held air-tightly between the two
15 flanges, it is difficult to supply the starting material gases in large
quantities. The only  feed ports are the blowing holes 16, and the feed
quantity can be adjusted by selecting the  number of blowing holes 16 and
the hole diameter. The smaller the number of blowing  holes 16, the lesser
the feeding quantity of starting material gases, thus reducing the flow
rate. The larger the number of blowing holes 16, the greater the feeding
quantity of 20 starting material gases, thereby increasing the flow rate.
The diameter of the blowing hole 16 and the nozzle hole 24 can be freely
adjusted.  To achieve precise control over the low flow rate of the
moisture gas, the diameter should  be 0.1 mm to 3 mm, preferably 0.5 mm to
2 nun. If the diameter is set within this range, it  is easy to mix the
starting material gases uniformly. 25 The reactor for moisture generation 2
according to the present embodiment is made  of stainless steel, which has
excellent durability, corrosion resistance and heat resistance.
Specifically, the reactor structural component 4 on the inlet side, the
reactor structural  component 20 on the outlet side, the reflector 12, the
coupling 32 and the nut 34 are made  of stainless steel JIS designation
SUS316L. 30 A coating catalyst layer 21 is formed on a face of the end
surface 20a of the reactor  structural component 20 on the outlet side.
Also, an inner circumferential surface 22a of  the flange 22 on the outlet
side is coated with a coating catalyst layer 21. Furthermore, the  inner
end face 12a of the reflector 12 and the surface of the nozzle hole 24 may
be coated  with a coating catalyst layer 21 depending on the circumstances.
However, the coating 9  catalyst layer 21 on the inner end face 12a of the
reflector and on the surface of nozzle hole  24 are not always necessary.
As described, the coating catalyst layer 21 is formed on the  walls of the
reaction chamber 18 to increase the water-generating capacity of the
reaction  chamber 18. 5 Said coating catalyst layers 21 are formed as
follows. After a barrier film 21 a is  formed on the stainless steel, a
coating film 21b is formed on the barrier film 21a. Said  



coating film 21b is formed as the top layer in order to activate the
starting material gases.  The barrier film 21a protects the underlying
stainless steel materials from oxidation by the  flowing gas and stops
diffusion of the oxidizing agents, and resists the peeling of the 10
coating film 21b. The coating film 21b has a catalytic action in enhancing
the reaction of the starting  material gases to generate moisture gas. The
noble metals (Ir, Ru, Rh, Pd, Ag, Pt, Au) are  heat-resistant catalytic
metals. Among them, platinum (Pt) as a catalytic metal has  excellent in
heat resistance, stability and efficiency. A platinum coating film is
therefore 15 often used as the coating film 21b. When a platinum coating
film is used, the coating  catalyst layer 21 is called a platinum coating
catalytic layer. However, besides platinum,  one or a combination of the
other above-mentioned noble metals can be used. The thickness of the
coating film 21b is preferably 0.1 m to 3 m. In the present  embodiment, a
coating film 21b with a thickness of about I }gym is used. The thickness of
20 barrier film 21 a is preferably 0.1 m to 5 m. In the present embodiment,
a barrier film  21 a of TiN with a thickness of about 2 m is used. In
forming the barrier film 21a, specific surface areas such as the reactor
structural  component 4 on the inlet side, reactor structural component 20
on the outlet side and  reflector 12 are surface treated to remove any
oxide or passive state film naturally formed 25 of various metals on the
stainless steel surface. Then, the barrier film 21 a .of TiN is  formed. In
the present embodiment, a TiN barrier film 21 a about 2 m is formed by an
ion  plating process. Besides TiN, many other materials such as other
nitrides, carbides and oxides can be  used in forming the barrier film. The
examples include TiC, TiCN, TiA1N, A1203, Cr203,  30 SiO2, and CrN. These
are non catalytic and are highly resistant to oxidation and reduction. The
thickness of the barrier film is preferably 0.1 m to 5 m as mentioned
above. If the  thickness is not greater than 0.1 m, then the barrier is not
sufficiently effective. If the  thickness exceeds 5 m, then it takes a long
time to form the barrier film. Furthermore, 10  there a risk that the
barrier film will peel when heated owing to a difference in expansion
coefficients. In addition to the above-mentioned ion plating method, there
are other methods such  as PVD process-like ion spattering and vacuum
vapour deposition, chemical vapour 



5 deposition (CVD method), hot pressing, and flame coating. When formation
of the barrier film 21a is complete, the coating film 21b is formed
thereon. In the present embodiment, a coating film 21b about 1 gm thick is
formed by an  ion plating method. The coating thickness is preferably 0.1
gm to 3 um. If the thickness is  not greater than 0.1 m, then the catalytic
activity of the film may not last very long. If the  10 thickness is
greater than 3 gm, then the cost of the coating film will be too great.
Furthermore, a thickness of greater than 3 gm would make little difference
in catalytic  activity and retention period. Furthermore, there is a risk
of the film peeling when heated  owing to a difference in expansion
coefficients. The coating film 21b can be formed by an ion plating method,
and also by such 15 methods as ion spattering, vacuum vapour deposition,
chemical vapour deposition and hot  pressing. In addition, if the barrier
film 21ais formed of an electric conductive material  like TiN, then it is
possible to use the electrolytic plating. However, the electrode-less
plating methods can be used irrespective of the electrical conductivity of
the barrier film  21 a. 20 Next, there will be explained the mechanism of
generating moisture with reference to  FIG. 3. The starting material gases
or a mixture of hydrogen gas and oxygen gas at a  predetermined ratio is
fed from the starting material gas feed port 6a. The starting material
gases flow (in the direction of the arrow a) into the interior space 8 on
the inlet side and  impinge on an outer end face 12b of the reflector 12.
Upon hitting said outer end face, the 25 starting material gases diffuse
and flow in the direction of the arrow b into the reaction  chamber 18
through the blowing holes 16. Flowing into the reaction chamber 18, the
starting material gases violently collide against the end surface 20a and
are stirred forcibly  into a turbulent state in reaction chamber 18. As a
result of multiple reflections within the  reaction chamber 18, the
turbulent motion is further enhanced, whereby the starting 30 material
gases are well mixed. Since the wall surfaces (end surface 20a, inner
circumferential surface 22a) of  reaction chamber 18 comprise the coating
catalyst layers 21, the mixed gases in a turbulent  state violently contact
the coating catalyst layer 21 several times. As a result, hydrogen  and
oxygen molecules are rapidly radicalised into an activated state. Further,
the 11  radicalised hydrogen and oxygen radicals repeatedly hit against
each other in a turbulent  



state and associate upon collision to form water molecules. A principle
aspect of the present invention consists in forcing the starting material
gases into a turbulent state in the reaction chamber 18, thereby increasing
the efficiency  5 and speed of the radical reaction between hydrogen and
oxygen and the generation of moisture. To enhance this turbulent state, the
reaction chamber 18 is provided with a  narrow gap d. Said narrow gap d has
a width of 0.1 mm to 5 mm, preferably 0.5 mm to 3  mm. The width of the gap
depends on the quantity of moisture required. As described, if the moisture
gas formation rate in the reaction chamber 18 increase  10 then, the
concentration of starting material gases remaining unreacted in the
moisture gas is  minimized. That is, the amounts of hydrogen gas and oxygen
gas that are discharged  unreacted are minimized, and that greatly improves
the safety of moisture gas to be sent to  a downstream process. In
addition, even if the amounts of unreacted gases are constantly  monitored
for safety, if the amounts of unreacted gas are minimized, then there is no
15 possibility that the supply of starting material gases need be
suspended. Generated moisture gas and an extremely small quantity of
unreacted starting  material gases diffuse and flow in the direction of the
arrow c through a diffusion section  26. The gas is then sent to a
subsequent process via the moisture gas take-out pipe 30. The coating
catalyst layer 21 may be formed on the inner end face 12a of the 20
reflector 12 to enhance the radicalising and moisture generation reactions
in the reaction  chamber 18. Also, the inner surface of the nozzle hole 24,
where the gas flow path is  narrowed may be provided with a coating
catalyst layer 21. FIG. 4 is a sectional view of a gas concentration
detector 40 of the diaphragm type  which is connected to a reactor for
generating moisture of the low flow rate type. Ideally  25 100% of the
starting material gases are reacted to generate moisture gas, with no
remaining unreacted gases. However, in reality, unreacted gases are always
contained in the gases  that are discharged. Especially if hydrogen gas
remains, there is danger of the gas  exploding in a subsequent process. For
this reason, the gas concentration detector 40 is  used to detect hydrogen
gas. Said gas concentration detector 40 is designed so that if it is 30
found that the concentration of residual hydrogen gas reaches a specific
level, emergency  measures such as suspension of the supply of starting
material gases will be taken. Said gas concentration detector 40 comprises
a moisture gas inlet pipe 42, a sensor  body 44 comprising a measurement
space 46, a supporter 45 and a tightening flange body 



12  52 to clamp tightly the diaphragm detector 50, a tightening bolt 54 and
a moisture gas lead  pipe 48. Generated moisture gas flows from the
moisturegas inlet pipe 42 into .the  measurement space 46 in the direction
of arrow e. After the residual hydrogen 5 concentration has been detected
by the diaphragm detector 50, the gas is supplied to the a  subsequent
process in the direction of arrow f; through the moisture gas lead pipe 48.
FIG. 5 is a 'sectional view of the diaphragm detector 50. A thin
plate-formed diaphragm 50b surrounded by a diaphragm base 50a is provided
and said diaphragm base  50a is fixed to a thermocouple supporter B. In the
centre of thermocouple supporter B, a 10 through-hole is made. In this
through hole, a sheath body 50f in which a thermocouple 50e  is mounted is
inserted. Said sheath body 50f is fixed to the thermocouple supporter B by
means of a collar body 50g. The thermocouple 50e is made of two kinds of
thermocouple metal Al, A2. Among  such metals are chromel-alumel,
copper-constantan, iron-constantan. One contact point of  15 said
thermocouple metals for Al, A2 is fused and spot-welded onto the reverse
side of the diaphragm 50b, and another contact point arranged so as to
measure the room temperature.  In detecting temperature, compensation is
made for room temperature. A coating catalytic layer is formed on the
surface.of the diaphragm 50b that contacts  the moisture gas, which coating
catalyst layer comprises a base, or underlying barrier film  20 50c and an
exposed coating film 50d. If moisture gas impinges on the coating catalytic
layer, then small quantities of hydrogen gas and oxygen gas in the moisture
gas are  radicalised causing a moisture generating reaction. If moisture is
generated, then the  diaphragm 50b is heated by heat generated by the
reaction and temperature rises. This  temperature rise is detected by the
thermocouple 50e as a measure of the concentration of  25 unreacted gases
in moisture gas. If the concentration of hydrogen gas remaining in moisture
gas is found to be higher  than a predetermined level, an alarm is sounded,
and the supply of starting material gases  is suspended. If a correction is
made to bring down the concentration of unreacted gas to  below the
predetermined level, then the moisture generation reaction is re-started
and 30 generated gas is supplied to the subsequent process. The present
invention can exhibit the aforesaid effects well if it is applied to
reactor  



for generating moisture of the low flow rate type. However, if the number
of blowing  holes 16 is increased, then the reactor for generating moisture
can be of a high flow rate 13  type. In that case, too, the gas turbulence
and mixing are effected sufficiently, and the  efficiency of moisture
generation can be improved. According to the invention as claimed in claim
1, starting material gases are blown  into a small gap reaction chamber 18
through a plurality of blowing holes 16 provided at  5 predetermined
locations on reflector 12, and therefore the starting material gases are in
a turbulent state and evenly mixed, which accelerates the formation. of
radicals at the coating  catalyst layer 21 and enhances the moisture
generation reaction at the same time. As a  result, even if starting
material gases are supplied at a low flow rate, moisture can be  generated
with a high efficiency, whereby residual unreacted gases can be reduced to
a 10 minimum. The same results can be obtained with the high flow rate.
According to the invention as claimed in claim 2, the periphery of the
reflector 12 is  tightly clamped between the flange 10 on the inlet side
and the flange 22 on the outlet side,  and therefore reactor structural
component 4 on the inlet side and the reactor structural  component 20 on
the outlet side can be assembled securely and air-tightly, and thus the 15
durability of the whole reactor can be improved. According to the invention
of claim 3; the reactorcomprises a reactor structural tube  on the inlet
side and a reactor structural tube on the outlet side such that clamping of
the  reflector 12 and assembly of the reactor can be achieved by engaging
and tightening the  coupling 32 and the nut 34 alone. 20 According to the.
invention as claimed in claim 4, the coating catalyst layer 21 is  formed
on an inner end face 12a of the reflector 12, facing the reaction chamber,
and/or the  surface of nozzle hole 24, and the radicalising reaction and
moisture generation reaction  can therefore be carried out with high
efficiency, and the concentrations of residual  unreacted gases can be
reduced to a minimum. 25 According to the invention as claimed in claim 5,
coating catalyst layer 21 is formed  by laminating and fixing a coating
film 21b onto a barrier film 21 a, and there is therefore  no possibility
of the coating film 21 b peeling off . The barrier film 21 a also protects
the  underlying metal from oxidation and there is no diffusion of the base
metal into the  platinum. Thus, a durable reactor for generating moisture
is provided. 



30 According to the invention as claimed in claim 6, the barrier film 21 a
comprises any  one of TiN, TiC, TiCN, TiAIN, A1203, Cr2O3, SiO2, CrN. These
materials improve  durability of coating film 21b, and prevent the base
metal oxidizing and diffusing. Hence, a  reactor for generating moisture
with a long-life can be provided. 14  According to the inventions as
claimed in claim 7 and claim 8, the reactor for generating moisture can be
assembled by screwing nut 34 and coupling 32 alone, which  makes it
possible to reduce the costs of manufacturing the reactor for generating
moisture. ' I IIII"I III'lI Il'II II~II II IIII  M s 15  Claims 1. A
reactor (2) for generating moisture comprising: a first inlet-side reactor
structural component (4) and a second outlet-side reactor  structural
component (20), which first and second structural components (4,20) are
adapted  5 to be assembled to define an interior space; a starting material
gas feed port (6a) in said first structural component, which gas  feed port
is adapted to supply starting material gases to an inlet side (8) of said
interior  space; a moisture gas feed passage (28) in said second structural
component, adapted to  10 remove generated gas to a moisture gas take-out
port (30a); a reflector (12) clamped air-tightly between the first and
second reactor structural  components (4,20), which reflector defines a
plurality of blowing holes (16) at  predetermined locations in
communication with said inlet-side (8) interior space; a reactor chamber
(18) comprising a narrow gap intermediate said reflector (12)  15 and said
second reactor structural component (20); a nozzle hole (24) formed in the
second reactor structural component (20) such that  said reaction chamber
communicates with said moisture gas feed passage (28) in the  second
reactor structural component; and a coating catalyst layer (21) formed on a
wall surface of said reaction chamber  20 facing the reflector, wherein
when hydrogen and oxygen fed from the starting material gas  feed port flow
into the reaction chamber through the blowing holes in the reactor, 



hydrogen and oxygen react and generate moisture gas in a non-combustion
state through  catalytic effect of the coating catalyst layer. 2. A reactor
for generating moisture as claimed in claim 1, wherein a first inlet-side
25 flange (10) is formed on an end of the first structural component (4),
and a second outlet- side flange (22) is formed on an end the second
structural component (20), and the  periphery of the reflector (12) is
tightly clamped between the first and second flanges  (10,22). 3. A reactor
for generating moisture as claimed in claim l or claim 2, wherein the first
30 structural component (4) and the second structural component (20) each
comprise a  structural tube, and said reflector (12) comprises a reflection
plate. 4. A reactor for generating moisture as claimed in claim 1, claim 2
or claim 3, wherein a  coating catalyst layer (21) is formed on a surface
of the reflector (12) facing said reaction  chamber (18) and/or an interior
surface of the nozzle hole (24). ro s  16 5. A reactor for generating
moisture as claimed in any preceding claim, wherein said  coating catalyst
layer (21) comprises a coating film (21b) laminated and fixed onto a
barrier film (21 a). 6. A reactor for generating moisture as claimed in
claim 5, wherein said coating film 5 (21b) comprises platinum, and said
barrier film (21a) comprises of any one of TiN, TiC,  TiCN, TiA1N, A1203,
Cr2O3, SiO2, CrN. 7. A reactor for generating moisture as claimed in claim
2 or claim 3, wherein the  periphery of the reflector (12) is tightly
clamped between the first and second flanges  (10,22) by means of a
screw-threaded nut member (34) provided on the outer 10 circumferential
surface of one of the first and second structural components (4,20) and a
correspondingly screw-threaded coupling member (32) provided on the outer
circumferential surface of the other structural component (20,4), wherein
said nut member  is adapted to engage said coupling member. 8. A reactor
for generating moisture as claimed in claim 7, wherein a bearing (36) is 15
interposed between said nut member(34) and a reverse side of the flange
(10,22) on which  said nut is provided, thereby to facilitate turning of
the coupling (32) and the nut (34). 


