(]
United States Patent uq i 4,369,102
9 9
Galluzzo et al. [45] Jan, 18, 1983
[54] ELECTROLYSIS APPARATUS FOR 4,236,989 12/1980 Dahlberg ......c.ccervereernees 204/266 X
DECOMPOSING WATER INTO HYDROGEN 4,256,554 3/1981 Bjorkmann, Jr. .............. 204/266 X
GAS AND OXYGEN GAS FOREIGN PATENT DOCUMENTS
{751 Inventors: Daniel T. Galluzzo, Jarrettsville; 2650217 7/1978 Fed. Rep. of Germany .
Charles L. Dumler, Towson, both of 2906821 9/1979 Fed. Rep. of Germany .
Md. 987879 4/1951 France .
. . 54-3835 1/1979 Japan .
[73] Assignee: Hyder Corperation, Towson, Md. 1151145 5/1969 UxI:ited Kingdom .
[21]. Appl. No.: 210,336 Primary Examiner—Donald R. Valentine
[22] Filed: Nov. 25, 1980 Attorney, Agent, or Firm—Wigman & Cohen
[51] Int. CL? v, weer. C25B 15/08; C25B 9/04; 1571 ABSTRACT
C25B 13/02; C25B 11/02 An electrolysis apparatus decomposes water into hy-
[52] US. Cl woviiiiciniiirenecnane 204/228; 204/258; drogen gas and oxygen gas. The apparatus comprises a
204/266; 204/262; 204/282; 204/129 housing for the water to be decomposed, a plurality of
[58] Field of Search ................ 204/129, 253, 257-258, symmetrically folded and edged unipolar electrodes for
204/254-256, 228, 282, 263-266, 252, 262; decomposing the water held in the housing, micropo-
429/34 rous membranes for separating each of the plurality of
. unipolar electrodes from one another, and an arrange-
[56] References Cited ment for wiring the plurality of unipolar electrodes in
U.S. PATENT DOCUMENTS parallel. The apparatus also comprises separate outlets,
1446736 2/1923 Clark . collectors, and consumers for each gas. There is also a
1.941.816 171934 Stuart . water supply, a water feed regulator, and a water inlet.
3,214,362 10/1965 Juda . A power source supplies electrical wattage to the paral-
3,374,158 3/1968 Lord et al. . lel wiring arrangement. An electrolytic solution con-
3,384,568 5/1968 Kato et al. . taining only about 2.2% or less KOH concentration by
3,394,062 7/1968 Rhodes . weight is used to help decompose the water. Invertible
3,477,937 11/1969 Gul}ett etal e 2047257 X plates may be used either for diverting the free upward
3,532,550 10/1970 TTIUIt .ccvrvirieririvenesirensennanens 429/34 flow of hyvdrogen gas and oxyeen gas laterally to sepa-
3,652,431 3/1972 Reynolds . ycrogen gas and oxygen g Y 10 sep
3969214 7 /1976 Harris rate gas outlets or for diverting the free downward fall
4:056:452 11/1977 Campbéll . of minerals laterally to a collection chamber.
4,057,479 11/1977 Campbell . ’
4,160,711 7/1979 Nishizawa et al. . 39 Claims, 11 Drawing Figures
30 S o
w o
/ 12
26~
Nl
—26
11‘iF]N +>=ﬂ/’) p _/6 T
4 I~
1N 3 9o
31 H—
7. S=1.-20
15 AN A S S
* Vol T
1ﬁj (] : :
¥ f —5
- . 1 7
r
10 — +
o o .
@0 ooe | @—/ 18
29
I L



U.S. Patent 7Jan. 18, 1983 Sheet 1 of 7 4,369,102

12

26

> -9
. -20

-7

° 600 O@'_ i8

FIG 1



U.S. Patent Jan. 18, 1983 Sheet 2 of 7 4,369,102

R A
RUTTTIUT
T St

FIG2




4,369,102

o))
A

Sy VAVAVAY, % VAVAVAVAVAVAVA ¥4
e VAVAVAVAYAR VAVAVAVAVAVAYA S

Sheet 3 of 7

Jan. 18, 1983
2
<
7%

U.S. Patent

FIG3



Sheet 4 of 7 4,3699 102

Jan. 18, 1983

U.S. Patent

] (3]
N X"
N\ A
W
o
w0 |
< !
% llllllllll I..
I\
I
o ™
1\
< o\
M (I
IR B |
& u.mnnuunuuuuuunmn_?.u
-V EEEEEEEEEE
0\\\ l—\\ " | ___
N - _ov
- — - L
AT R
1 V! &
5-\\ — " 3 /\M_ ‘._
o v 1 i
} X __’
ML= - i
_ bmzszzmzzzagd
\
13
© \
\
\ <F
P \ (O]

25

\4/\20

FIG 6

FIG5

23



Sheet 5 of 7 4,369,102

Jan. 18, 1983

U.S. Patent

13—

FIG7



Sheet 6 of 7 4,369,102

Jan. 18, 1983

U.S. Patent

FIG8A

(R R IRN RN R

(LRI RERYNNYN]

\I'.\F \/N’P\/'Vl}\/,\ )

20 20
A

N
(
M %\I/ =4

)

o]
]

]
&

20

..
N
s 8

m
e
LA 2N 2 N Y T A N T Y Y N Y N N O Y. S Y TS FAAY
Y M M N sr v NN BN/ W N7 N7 Ns AT W VIV NN N7 N v\
A AN _ps AN SN N IN AN NN N N I\ I AEATR A 2 IN N I NN i <
MV M N M ONCNAN NV N v N N N Sl N VN v
IS AN I I8 AN N I A NN gy aN N N I IS A I s AT AN N
N N N N7 v7 N AW M VW N N A2 NV VTRNINT N VN7 W N \T ~
N s NI N A RGN N TS AL A AT A I e e A 2
M A NN NTRT N nK&.T M VMV NN VY W VIV VvV VYV Vo ol
1 T
' L \ ' N



4,369,102

Jan. 18, 1983 Sheet 7 of 7

U.S. Patent

37
N
a

24

FIGO




4,369,102

1

ELECTROLYSIS APPARATUS FOR
DECOMPOSING WATER INTO HYDROGEN GAS
AND OXYGEN GAS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an electrolysis apparatus
and, in particular, to an electrode and a diaphragm
arrangement for the synthesis of hydrogen and oxygen
gases from an aqueous bath.

2. Description of the Prior Art

It is a problem in electrolysis technology to maintain
a high production of hydrogen and oxygen gases from
water cheaply and efficiently. A number of both unipo-
lar and bipolar electrode arrangements have been devel-
oped and tested.

Unipolar electrodes are used in Stuart cells and are
basically covered by U.S. Pat. No. 1,941,816. They are
exemplified by those commercially available from the
Electrolyzer Corporation of Canada. However, they
are flat plates limited to a single planar expansion in
height and width, wire connections to a single side of
the electrode, electrolytic concentrations of 25 to 38%
potassium hydroxide (KOH) by weight, a pressurized
system, high ohmic resistance, utilization of only dis-
tilled feed water, massive permanent structures, and
coolant water circulating at about sixty gallons per hour
per one hundred cubic feet of gas production.

A relatively thick electrode corrugated on only one
side is known from U.S. Pat. Nos. 4,056,452 and
4,057,479. However, this electrode is bipolar, requires
high voltages, and is limited to the use of distilled or
chlorinated water. Its only perceived advantage is an
attempted increase of electrode surface in contact with
the water being processed. Otherwise, this type of elec-
trode has the same disadvantages as the Stuart cell elec-
trode.

An electrode having transverse undulations on both
its side surfaces is known from French Pat. No. 987,879.
However, this electrode is also bipolar and requires
high voltages. There is only a demonstration of enhanc-
ing the internal circulation of the electrolyte in the
housing compartment. Furthermore, there is no discus-
sion of any parallel wiring arrangement. Likewise, the
electrode plates are separated from each other and are
arranged “point-to-point” so that there is no possibility
that the undulations of one electrode may intermesh and
be evenly spaced from the undulations of an adjacent
electrode.

A plurality of separators having undulations on both
sides and being evenly spaced from each other is known
from U.S. Pat. No. 3,384,568. However, the electrodes
are specifically disclosed as cord-like and there is no
suggestion that they may be made in the same manner as
the separators. In fact, making the electrodes in such an
undulated manner would be contrary to the entire
thrust of the invention which is believed to reside in the
cord-like shape of the electrodes.

A plurality of electrodes having undulations on both
sides and being evenly spaced from each other is known
from West German Offenlegungsschrift No. 29 06 821.
However, the electrodes are bipolar and again there is
no discussion of any parallel wiring arrangement. Fur-
thermore, the undulations are wavy and not marked by
sharp folds and edges. Additionally, the separators are
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arranged so that the undulations of the electrodes are
prevented from intermeshing from each other.

Therefore, it remains a problem to develop and com-
mercially -exploit an electrolysis apparatus which is
capable of maintaining a high production of hydrogen
and oxygen gases by decomposing water both cheaply
and efficiently.

SUMMARY OF THE INVENTION

The present invention relates to an electrolysis appa-
ratus which is capable of maintaining a high production
of hydrogen and oxygen gases by decomposing water
both cheaply and efficiently.

A primary object of the present invention is to elimi-
nate the need for excessively heavy and oversized hous-
ings for electrolysis apparatus.

It is another primary object of the present invention
to eliminate the need for electrodes made of precious
metals. _

It is a further object of the present invention to elimi-
nate the need for high voltage cables and heavy gauge
wiring. Such cables and wiring are utilized in series
arrangements of electrodes and usually produce large
amounts of waste heat.

It is also an object of the present invention to reduce
the percentage concentration of electrolyte in the aque-
ous bath. Since electrolytes are usually heated and pres-
surized before being forced into prior art devices, the
elimination of the need for such heating and pressuriz-
ing is a concomitant object of the invention.

It is also an object of the invention to eliminate the
need for accessories, such as circulatory equipment for
the electrolytic solution, coolant pumps, and fans.

Likewise, it is an object of the invention to eliminate
the need for an initial purging of the electrolysis appara-
tus by an inert gas and the need for an initial filtering of
feed water to the apparatus.

These objects and other advantages accomplished by
the present invention will become clear from the fol-
lowing description of the various embodiments of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a first embodiment of
the present invention for the production of gas only.

FIG. 2 is an exploded view of the first embodiment of
utilizing an arrangement of a symmetrically folded and
edged unipolar electrode and a symmetrically folded
and edged separator.

FIG. 3 is a top plan view of the first embodiment
having a modified arrangement of a plurality of sym-
metrically folded and edged unipolar electrodes and a
plurality of interspaced planar separators.

FIG. 4 is a partial schematic view of a second em-
bodiment of the present invention for the simultaneous
production of gas and minerals.

FIG. 5 is an exploded isometric view of an invertible
plate -arranged for the purpose of diverting the free
upward flow of either hydrogen gas or oxygen gas
laterally to separate outlets for the collection and/or
consumption of the gases.

FIG. 6 is an exploded isometric view of the arrange-
ment of the same plate shown in FIG. 5 inverted for the
purpose of diverting the free downward fall of minerals
laterally to the collection chambers shown in FIG. 4.

FIG. 7 is an exploded view of a third embodiment of
an arrangement of symmetrically folded and edged
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positive and negative electrodes separated by a symmet-
ricaily folded and edged separator.

FIG. 8 is a top plan view of the third embodiment
having an arrangement of a plurality of symmetrically
folded and edged unipolar electrodes and a plurality of
interspaced symmetrically folded and edged separators.

FIG. 8A is a magnified view of the outlet utilized in
the third embodiment for the free upward flow of either
hydrogen or oxygen gas.

FIG. 9 is a partial front elevational view of a fourth
embodiment of the present invention for the simulta-
neous production of gas and minerals.

FIG. 10 is a partial exploded view of the electrical
connection for the electrodes utilized in the third and
fourth embodiments of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As shown in FIG. 1, an outer housing or compart-
ment 1 is constructed of non-corrosive, low electrocon-
ductive, highly insulative material, such as one-quarter
inch thick plexiglas. The housing 1 is small, lightweight,
and easily portable by only one person.

A bus bar 2 may be made of any electroconductive
material, such as steel, iron, copper, or aluminum, but
must not be attached to any other conductive material.
It is preferred to mount the bus bar 2 on a nonconduc-
tive backing sheet 3, made out of plexiglas or porcelei-
nized material, which is attached or otherwise forms a
part of the outer housing 1.

The function of the bus bar 2 is to receive d.c. current
from a power source or supply 4. The power source 4
may be any device capable of producing d.c. current,
such as a battery charger, a standard auto battery, a
photovoltaic cell which takes sunlight and converts it
into d.c. current, or a d.c. transformer like those manu-
factured by the Hewlitt-Packard Corporation. An amp
meter 18 and a volt meter 19 may be a part of the power
source 4, as shown in FIG. 1, or may be separated there-
from. Theoretically, water at 30° C. (86° F.) disassoci-
ates into hydrogen gas and oxygen gas when about 1.23
volts is applied to it. However, the practical range at
which disassociation occurs has been found to be 1.9 to
2.6 volts. The applied voltage preferred for the present
invention is a constant 2.0 volts. The preferred amper-
age is about 4.0 amps so that the wattage being applied
per electrical field by the power source 4 is approxi-
mately 8.0 watts. One electrical field, of course, consti-
tutes a positive and a negative electrode for producing
oxygen and hydrogen gas, respectively.

In prior art devices, it is necessary to purge oxygen
out of the entire system before beginning operation
because hydrogen produced in an oxygen-laden envi-
ronment is extremely volatile in such high-temperature
operations. Such purging is usually accomplished with a
relatively expensive inert gas, such as argon. In the
present invention, no purging is required because the
device operates at room temperature and there is not
sufficient heat generated to create a volatile atmo-
sphere.

A positive cable 5 leads from the power source 4 and
is attached to a positive side 6 of the bus bar 2. A nega-
tive cable 7 also leads from the power source 4 but is
attached to a negative side 8 of the bus bar 2.

The bus bar 2 distributes d.c. current to a number of
wires 9 leading eventually to a plurality of unipolar
electrodes 10 aligned in a parallel array inside the hous-
ing 1. This wiring arrangement differs from prior art
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devices which are usually wired in series and which
require separate power sources for each electrode. This
parallel arrangement of the present invention allows the
power source 4 to supply about two volts each to an
unlimited number of unipolar electrodes 10.

When sea or chlorinated water instead of distilled
water is being decomposed, there is no production of
deadly chlorine gas because the voltage input is not
high enough to disassociate the salt dissolved in the
water into chlorine gas molecules.

Also, because of this low voltage which is constantly
supplied by the power source 4, it is necessary to utilize
only thin gauge wire for wires 9. There is no need for
the heavy gauge, high voltage, insulated wires used in
prior art devices. Such thin gauge wires 9 may be
THHN, i.e., 19 strand, 12-gauge copper wire, similar to
that used for auto ignition wiring and for high fidelity
stereo wiring. As best shown in FIG. 2, wires 9 are
attached to both ends of flat tabs 17 along edges of
unipolar electrodes 10 by soldering, by alligator clips,
by bolting, or by standard electronic connectors 11N
and 11P. As shown in FIG. 1, connectors 1IN join
wires 9 leading from the negative side 8 of the bus bar
2 to the tabs 17 shown in phantom lines for negative
electrode plates 10. Likewise, connectors 11P join wires
9 leading from the positive side 6 of bus bar 2 to the tabs
17 for positive electrode plates 10. The connection of
wires 9 to tabs 17 of any electrode 10 is made outside of
housing 1 in order to avoid the possibility of arcing
and/or shorting which may be caused by the corrosive
build-up of either electrolyte or aqueous impurities
around the connectors 11N and 11P if such connectors
11N and 11P were maintained constantly in the aqueous
bath. Furthermore, such outside connections facilitate
the installation, maintenance, and replacement of wires
9 and connectors 11N and 11P.

One reason for the attachment of wires 9 to both ends
of each unipolar electrode 10 is that a more even distri-
bution of current is permitted throughout each elec-
trode 10. _

Another reason for such attachment of wires 9 to
each electrode 10 is that monitoring of each electrode
10 is allowed by an ohmic multi-tester 12, such as the
type manufactured by Simpson Industries. This moni-
toring is done in order to detect any defect in a single
electrode 10 while the entire production unit is operat-
ing. The monitoring’is accomplished by having the
multi-tester 12 measure the ohmic resistance of each
electrode 10 in order to determine if current is indeed
capable of passing therethrough. Thus, a defective elec-
trode will be detected because it carries a reduced or
zero electrical charge. Therefore, the defective elec-
trode or any other electrical connection thereto may be
removed. A greater degree of quality control will thus
be maintained. The monitoring is done by disconnecting
wires 9 from both ends of an individual electrode 10 at
the bus bar 2 and contacting probes 26 with wires 9 in
order to ascertain that the individual electrode 10 is, in
fact, capable of carrying a full electrical charge.

In prior art devices, wire connections are made at
only one end of an electrode or to a longitudinally
folded metal current distributor. Such an arrangement
does not permit the detection and segregation of a single
defective electrode. In such prior art devices, it is neces-
sary to stop total production of hydrogen and oxygen
gases in order to detect, locate, and service the one
defective electrode. This inconvenience occurs because
the monitoring device can be attached only to the
























