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[57] ABSTRACT 
A method and apparatus for controlling a chemical 
reaction by heterogeneous catalysis, in which a surface 
acoustic wave (SAW) is propagated along a surface of 
a piezoelectric element in contact with liquid or gaseous 
substances to be chemically reacted, to thus generate an 
electric ?eld at the surface of the element which initi 
ates and sustains the desired reaction. The catalysis rate 
can be varied by varying the frequency and/ or intensity 
of the surface acoustic wave. The surface of the element 
may be coated with a very thin ?lm of a catalytic group 
8 metal which can be penetrated by the SAW electric 
?eld. In such an embodiment, normal catalysis proceeds 

via chemisorption, and the SAW element ?eld acts to 
increase the catalysis rate. 

10 Claims, 2 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 







H675 
1 

METHOD FOR CHEMICAL REACTION 
CONTROL USING A SURFACE ACOUSTIC WAVE 

DEVICE 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufac 
tured, used, and licensed by or for the United States 
Government for governmental purposes without pay 
ments to us for any royalty thereon. 

This application is a division of application Ser. No. 
676,463, ?led Nov. 29, 1984, now abandoned. 

BACKGROUND OF THE INVENTION 

The invention relates generally to the control of 
chemical reactions by heterogeneous catalysis, and, 
more particularly, to the control of the catalytic reac 
tion by a surface acoustic wave (SAW) device. 
Most catalysts of current use in heterogeneous cataly 

sis contain one or more transition metals which provide 
active electronic surfaces which stimulate the catalytic 
action. For single crystals of a transition element, such 
as platinum, the catalytic reaction is more ef?cient if the 
crystal is cleaved along certain crystallographic planes. 
This indicates that the surface states are a function of 
the crystallographic plane. These surface states deter 
mine the electric ?eld near the metal surface. This elec 
tric ?eld controls certain catalytic reactions that take 
place near the surface. 
Most of the transition metals used as catalysts are 

group 8 elements. In particular, platinum and platinum 
type metals, which are relatively rare and costly ele 
ments which must be imported from countries such as 
the USSR. and South Africa, are widely used in cata 
lytic conversion devices such as fuel cells and in many 
energy conversions schemes used by the petroleum 
industry and in chemical processes in general. It would 
be highly desirable if the quantity of platinum and plati 
num-like metals required in such catalytic conversion 
devices could be reduced, or if abundant, inexpensive, 
group 8 elements such as iron, cobalt, or nickel, could 
be used in these catalytic conversion devices in Place of 
platinum or platinum-like elements. Further, it would 
be highly desirable to eliminate the need of any transi 
tion elements in certain heterogeneous catalysis pro 
cesses. 

It is known that the propagation of an acoustic wave 
along the surface of a piezoelectric material creates an 
electric ?eld adjacent this surface, and that the intensity 
and shape of this electric ?eld can be controlled by 
appropriate doping of the piezoelectric material and by 
the frequency and intensity of the surface acoustic wave 
(SAW). Also, it is known to adjust the center frequency 
of a SAW device by depositing a ?lm of electrically 
nonconducting material on the surface of the piezoelec 
tric material along which the SAW is propagated, as 
described in White et al. US. Pat. No. 4,243,960, issued 
Jan. 6, 1981. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a method of 
controlling a chemical reaction by heterogeneous catal 
ysis, which does not require a catalyst containing a 
transition element. 

It is another object of the invention to provide a 
method for controlling a chemical reaction by hetero 
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2 
geneous catalysis, which minimizes the quantity of tran 
sition elements required in the catalyst. 

It is still another object of the invention to provide a 
method for controlling chemical reaction by heteroge 
neous catalysis, in which the catalyst comprises a rela 
tively inexpensive, easily attainable transition element. 

It is yet another object of the invention to provide a 
SAW device for controlling a chemical reaction by 
heterogeneous catalysis. 

It is a further object of the invention to provide a 
SAW catalytic converter, in which a thin ?lm of cata 
lytic material including a transition element, is disposed 
on a piezoelectric substrate in contact with the sub 
stances to be catalytically converted, wherein the elec 
tric ?eld generated at the surface of the piezoelectric 
element by a surface acoustic wave propagated there 
along augments the electric ?eld of the transition ele 
ment. 

In the method and apparatus according to the inven 
tion, a surface acoustic wave (SAW) is propagated 
along a surface of a piezoelectric element so as to gener 
ate a strong electric ?eld at this surface, and liquid or 
gaseous substances to be chemically reacted are di 
rected to this surface. The electric ?eld created by the 
SAW at this surface acts in the same manner as an elec 
tric ?eld of a transition element, such as platinum, to 
initiate and control the catalytic reaction of the sub 
stances. 

Also, the surface of the piezoelectric element can be 
coated with a ?lm of catalytic material containing a 
transition metal, which is so thin that the SAW electric 
?eld penetrates the ?lm and augments the electric ?eld 
of the transition element. The surface acoustic wave can 
then be varied in frequency and intensity to control the 
catalytic process. By using this SAW device in a cata 
lytic conversion process which normally utilizes a plati 
num or platinum-like catalyst, the quantity of platinum 
required for a given reaction is minimized. Also, since 
the SAW electric ?eld augments the electric ?eld of the 
catalytic material, a less expensive, easily attainable 
group 8 transition element such as iron, cobalt or nickel, 
can be used instead of platinum or a platinum-like ele 
ment to achieve the same catalytic reaction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood, and further 
objects, features, and advantages thereof will become 
more apparent from the following description of pre 
ferred embodiments, taken in conjunction with the ac 
companying drawings in which: 
FIG. 1 is a perspective view of the SAW device in a 

?rst embodiment of the invention with an exterior por 
tion removed to show interior portions; 
FIG. 2 is a diagrammatic representation of the SAW _ 

device in a second embodiment of the invention; and 
FIG. 3 is an energy diagram illustrating the electron 

tunneling effect created by the electric ?eld of the cata 
lyst in the embodiment of FIG. 2; and 
FIG. 4 is an energy diagram illustrating the electron 

tunneling effect created by the catalyst electric ?eld 
augmented by the SAW electric ?eld in the embodi 
ment of FIG. 2. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The SAW device 10 shown in FIG. 1 includes a sheet 
12 of piezoelectric crystal, such as Big Ge O20, Bi4 Ge3 
012, or lithium niobate, LiNbO3. At least one acoustic 
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transducer 14 is disposed on the surface 16 of the piezo 
electric crystal 12. The acoustic transducer 14 converts 
an alternating electrical signal generated by a signal 
generator 18 to a corresponding acoustic wave 20 
which is propagated along the surface 16 of the piezo 
electric crystal 12. Typically, each transducer 14 con 
sists of two sets of interdigital metallic ?ngers, with 
each set connected to a common connector. 

The surface acoustic wave 20 produces a correspond 
ing electric ?eld at the surface 16 along which the 
acoustic wave 20 is propagated. 
The piezoelectric crystal 12 is disposed in a vessel or 

passageway 19 through which liquid or gaseous sub 
stances 21 to be catalytically converted are directed to 
the surface 16 of the piezoelectric crystal 12. The elec 
tric ?eld generated by the SAW 20 acts in the same 
manner as the electric ?eld of a transition element, such 
as platinum, to initiate and sustain the desired chemical 
reaction of these substances. 
For certain chemical processes where chemisorption 

is desirable, a ?lm of catalyst material including a transi 
tion element can be deposited on the surface 16 of the 
piezoelectric crystal 12. This deposited film must be 
very thin, less than a micron in thickness, to allow the 
electric ?eld generated by the surface acoustic wave 20 
to penetrate this ?lm. For example, when a thin ?lm 22 
of platinum is deposited on a lithium niobate substrate 
24 as shown diagrammatically in FIG. 2, molecules M 
of substances to be chemically reacted are catalyzed by 
the platinum. Normal catalysis proceeds via chemisorp 
tion; a molecule M gets close enough to the platinum 
?lm 22 to contribute an electron via tunnelling; this 
electron ?nds its way to a neighboring molecule and the 
two molecules react together. The energy barrier to 
tunnelling, shown in FIG. 3, determines the rate at 
which the catalysis proceeds. 

If now, a SAW electric ?eld penetrates the platinum 
?lm, this SAW electric ?eld will augment the ?xed 
electric ?eld of the platinum ?lm and affect the energy 
barrier to tunnelling, as shown by in FIG. 4. Note that 
the SAW ?eld, which puts the energy diagram on a 
“slant”, lowers the barrier by an amount AV and 
“thins" it by an amount AW. Since the tunnelling action 
is very sensitive to the energy barrier, the SAW electric 
?eld can greatly increase the catalysis rate. The cataly 
sis rate can be varied by varying the SAW intensity or 
frequency. 

Also, since the SAW electric ?eld does augment the 
normal catalytic action of the platinum ?lm, this plati 
num ?lm can be replaced by a ?lm of another transition 
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4 
element, such as iron or nickel, since the Fermi level e1: 
can be made to shift as can the potential barrier width. 

Since there are many variations, modi?cations, and 
additions to the speci?c embodiments of the invention 
described herein which would be obvious to one skilled 
in the art, it is intended that the scope of the invention 
be limited only by the appended claims. 
What is claimed and desired to be secured by Letters 

Patent of the United States is: 
1. A method of controlling a chemical reaction of 

liquid or gaseous substances by heterogeneous catalysis, 
comprising the steps of: ' 

directing the substances to be chemically reacted to a 
surface of a piezoelectric element; and 

propagating a surface acoustic wave (SAW) along 
said element surface to generate an electric ?eld 
which initiates and controls the catalytic reaction 
of said substances at said element surface. 

2. A method, as described in claim 1, wherein said 
element surface comprises a thin ?lm of a metallic cata 
lyst which includes at least one transition element, said 
?lm being so thin that the SAW electric ?eld penetrates 
the ?lm. 

3. A method, as described in claim 1, which further 
comprises the step of adjusting at least one characteris 
tic of said acoustic wave to adjust said electric ?eld 
generated by said acoustic wave, thereby adjusting the 
rate of catalysis of said substances which is controlled 
by said electric ?eld. 

4. A method, as described in claim 2, wherein said 
metallic catalyst ?lm is less than one micron thick. 

5. A method, as described in claim 2, where said 
metallic catalyst ?lm includes a group 8 transition ele 
ment. 

6. A method, as described in claim 4, 
group 8 transition element is platinum. 

7. A method, as described in claim 4, 
group 8 transition element is iron. 

8. A method, as described in claim 4, 
group 8 transition element is cobalt. 

9. A method, as described in claim 4, 
group 8 transition element is nickel. 

10. A method, as described in claim 1, wherein: 
at least one acoustic transducer is disposed on said 

element surface, said at least one acoustic trans 
ducer comprising two sets of interdigital metallic 
?ngers, with each set connected to a common con 
nector; and 

the step of propagating a surface acoustic wave along 
said element surface comprises the step of applying 
an alternating electrical signal across the two sets 
of said at least one acoustic transducer. 

# i it * * 
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