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1
ELECTROLYTIC COLOR-INDICATING TIMER

BACKGROUND OF THE INVENTION

This invention relates to a coulometer or a colorimetric
timer which indicates the lapse of a particular time period or
the passage therethrough of a predetermined quantity of elec-
tric current by a relatively abrupt change in the color of the
timer.

Electrolytic timers presently exist in the art, but they are ex-
pensive and imprecise. Their general operation depends on
the erosion of an electrode either to a measured degree or a
totality. The difficulties of providing a precisely erodible
amount of electrode material in order to obtain any sort of ac-
curacy in the timing is a difficult and expensive process.

SUMMARY OF THE INVENTION

This invention is directed to an electrolytic color-indicating
timer or coulometer which depends, in principle, on the
presence of two electrolytic salts in the electrolyte, one of
which is acted upon first by a passage of electric current to dis-
appear effectively from the solution and the other of which is
thereafter acted upon the change the pH of the solution to ef-
fect an indicator change. By virtue of this invention there is
only one element which is present in critical quantity, the first
electrolytic salt, and since solutions are easily made with high
accuracy of content and. containers can be easily made to
precise volume, the cost of the timer is extraordinarily low as
compared with devices presently known.

The device of this invention is one which lends itself well,
for instance, to marking end points of guarantee periods or
service intervals as, for instance, in household appliances. It
provides a highly visible signal that the end point of the period
has been reached, the transition point is sharp, and it is
adaptable to the measurement of time periods up to as much
as a year or more. The device has a further advantage in that it
is self-stopping; i.e., after the lapse of the predetermined time
period and the signalled termination thereof, the device con-
tains integral provision effectively shutting off the flow of elec-
tric current therethrough. The device in-question has an easily
attained accuracy of plus or minus 10 percent for timing inter-
vals of up to a year.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a timer incorporating the
present invention;

FIG. 2 is a central vertical section taken through the timer
of FIG. 1; and

FIG. 3.s a horizontal section taken about centrally through
the timer of FIG. 1,

DESCRIPTION OF A PREFERRED EMBODIMENT

The illustrated embodiment of the timer consists of an outer
cylindrical transparent or translucent jacket 10, desirably
made of a resilient plastic, a metal cathode 12 closing the top
end of the cylinder and having a terminal wire 14 connected
thereto and a metal anode 16 closing the bottom end of the
cylinder and having a terminal wire 18 connected toit.

As illustrated, a sleeve of indicator-impregnated paper 20 is
contained within the cylinder, and the cylinder is filled full
with an electrolyte solution 22.

The reaction on which the instant color change timer or
coulometer is based is one wherein a solution of a metallic salt
is electrolyzed over a period of time to a point of exhaustion.
A suitable way to obtain this exhaustion is by choosing a metal
ion which will plate out on the cell cathode and anelectrolyte
anion which will combine with the cell anode material to form
an insoluble salt. The timing capability of the cell will be
determined by the gross quantity of the metallic salt consisting
of this metal and this anion.

:Use of this salt alone, however, gives no useful indication
since, as the concentration approaches the vanishing point,
the resistance of the cell would increase such that the end
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point would be indefinitely projected. Accordingly, a second
salt of a strong base is also incorporated into the solution. This
salt should include as its anion one which likewise will form an
insoluble salt with the anode metal. Thus, it is suggested that
the anion of the strong base be the same as that of the ex-
haustible salt. Upon passage of current through the cell, the
strong base is sufficiently greatly electropositive with respect
to the metal to be deposited that the salt of the strong base will
not be affected until the exhaustible salt is exhausted from the
solution. The action of the cell, therefore, is sequential. At the
same time the strong base salt will preserve conductivity of the
cell through the point of exhaustion of the exhaustible salt so
as to obtain removal of the exhaustible salt which is essentially
linear with respect to time under constant voltage circum-
stances.

After exhaustion of the exhaustible salt, further electrolysis
of the electrolyte solution will result in the formation of the
strong base at the cathode together with the evolution of
hydrogen and a further elimination of the common anion at
the cell anode by virtue of combination with the oxidized
anode metal. The formation of the strong base at the cathode
generates quickly a sharp increase in the pH of the cell elec-
trolyte which is readily detectable by an acid-base indicator.
The starting solution is slightly acidic, in the region of pH 5.

To deal with a specific embodiment, the anode and cathode
are silver and the electrolyte solution has the following com-
position:

Constituent g.Jliter
CdC1,2%H,0 42.6
NaCl 10.0
Na,$80, 40.0

Distilled H,0 to make 1 liter.

The proportion of cadmium chloride is selected such that
the liter of solution has a total current capacity of 107uAH or
10*uAH per ml. If the current flow through the cell is 10 uA,
as will be later developed, the timing capability per ml. will be
1,000 hours.

Upon the passage of electrical current, the cadmium
chloride will be first affected, cadmium being lower on the
electromotive scale. The cadmium will plate out on the
cathode and the chloride ion will react with the silver of the
anode to form silver chloride. The sodium sulphate has the ef-
fect of decreasing the impedance of the cell and aiding in the
formation of a porous but adherent silver chioride deposit on
the anode. This decomposition of the cadmium chloride will
continue until the cadmium chloride is substantially ex-

hausted. At this point, the sodium chloride enters into the

electrolytic reaction, the chloride ion adding to the chloride
deposit on the anode of the cadmium chioride and the sodium
ion forming sdflium hydroxide to increase sharply the pH of
the electrolyte solution beyond the transition point of the in-
dicator impregnated into the paper 20. Any strong base
chloride may be substituted for the sodium chloride. Specific
substitutes might be the chiorides of potassium, calcium, mag-
nesium, barium, etc.

An appropriate indicator is phenolphthalein, although other
indicators or mixtures of indicators may be employed as is well
known in the art. Other indicators found to be particularly
suitable are litmus and o-cresolphthalein. It is desireable that
the indicator be stable and insoluble in the electrolyte solution
under the slightly acid conditions which prevail during the
timed interval.

The orientation of the cell as illustrated in the drawings is
deliberate. The cell should be vertical. As the current elec-
trolyzes the sodium chloride solution hydrogen is evolved
from the cathode. Were such evolution permitted to continue
indefinitely the pressure within the cell would increase to the
extent where the cell wall would rupture or the anode or
cathode be displaced. With the orientation illustrated, a
hydrogen bubble forms on top of the electrolyte solution and
thus eventually isolates an electrode from the solution and
renders the cell nonconductive.
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The anode should be uppermost to, prevent movement of
non-adherent cadmium from the cathode to the anode, where
it would recombine to form cadmium chloride. This cadmium
chloride would render the cell inaccurate by increasing its
capacity beyond the intended timing value.

The sodium sulphate present serves to cure a circumstance
which sometimes arises in a cell lacking this compound. Occa-
sionally, such latter cells develop an unaccountably higher re-
sistance which augments the voltage drop across the cell with
a concurrent tendency to increase the acidity of the solution.
It is believed that this effect may arise from the deposit of a
relatively impervious nonconducting silver chloride film on
the anode. If this be the case, it is believed that the sodium
sulphate has the effect of maintaining the AgCl1 film in pervi-
ous condition. The proportion of sodium sulphate in the solu-
tion was arrived at by adding the maximum possible without
raising the freezing or solidifying temperature of the solution.
Sulphates of other strong bases may be substituted for the
sodium sulphate.

By “strong base” is meant a base having a dissociated con-
stant in excess of 1075 as defined on page 1623 of the Hand-
book of Chemistry and Physics, 38th Edition, 1956-1957 in a
table entitled “Formulas for Calculating Titration Data."

The cell electrodes may be equally well silver, as described,
or silver plated. The plating should be of such quality and
thickness that it will remain unbroken throughout the timed
period. A copper cathode has been employed with some suc-
cess, but a cell with two silver electrodes has been found to be
more reliable.

The electrodes must be clean for optimum reactivity. It has
been found that cleaning by etching is unsatisfactory; silver
chloride bonds strongly to an etched surface, generating an in-
sulating barrier. An abrasive cleaning functions satisfactorily.

Generally, an indicator dissolved in the electrolyte does not
yield as good results as an indicator, insoluble in its acid phase,
impregnated in a paper sheet. Dissolved indicators seemingly
migrate to the anode by electrophoresis and are subject to ox-
idation during the running time of the cell.

Of the indicators mentioned, orthocresolphthalein gives the
sharpest color change. Should impregnated papers not be
commercially available, they may be prepared by dipping
filter paper into an alcohol solution of the indicator and letting
itdry.

The range of solution components is not particularly criti-
cal. The cadmium chloride proportion will be dictated by the
desired time interval and the cell size up to a content on the
order of 100 g. per liter. The sodium chloride provides a good
reaction within the range of 1 to 100 g. per liter. The sodium
sulphate functions within the same range of proportion, but
the cell loses conductivity at the low end and the solution
solidifies at too high a temperature at the high end of the
range.

A representative utilization of the timer in an extremely low
cost and simple application would be in determining the war-
ranty period of 2 major appliance. The timer will be connected
through a simple rectifier or diode to line current, and a 10-
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megohm resistor will be placed in series with the timer. This
will give a current flow through the timer of about 10
microamperes. The timing capacity of the liter of solution
described above is 107 microampere-hours. Accordingly, at a
current flow of 10 microamperes, the full liter capability
would be about one million hours, or each cc. would have a
timing capability of 1,000 hours. Since a year’s timing would
be desired, the cell will have 8.7 cc. of solution in it. Although
it is possible to vary the timing capacity of the cell by varying -
the concentration of the cadmium chloride in the solution, it is
preferred that variations in timing be accommodated by alter-
ing the cell capacity.

I claim:

1. A colorimetric coulometer comprising an electrolytic cell
having a container, an anode and a cathode, and an electrolyte
solution therein, said solution including a first, dissolved salt
of a base material forming a cation productive of a soluble

base material at the cathode and the anion of which forms an
insoluble salt with said anode, a time-period-exhaustible quan-

tity of a second salt having a cation less electropositive than
said-base material cation of said first salt and being electrolyti-
cally platable on said cathode, and the anion of said second
salt forming an insoluble salt with said anode, and means for
indicating the transformation of said solution into a base solu-
tion.

2. The combination set forth in claim 1 wherein said anode
has asilver surface and wherein said salt is cadmium chloride.

3. The combination set forth in claim 1 wherein the con-
tents of said cell are visible and said indicating means is litmus,
phenolphthalein, or ortho-cresolphthalein.

4. The combination set forth in claim 1 wherein said indicat-
ing means is in said solution and is formed of an impregnated
fabric.

5. The combination set forth in claim 3 wherein the con-
tainer of said cell is light transmitting with some elasticity and
said cell is mountable with one of said electrodes uppermost,
said electrode being formed to escape said solution, said solu-
tion being removable from contact with said one electrode
upon evolution of a gas from either of said electrodes.

6. The combination set forth in claim 2 wherein said solu-
tion further contains a substantial proportion of a sulphate of a
strong base.

7. The combination set forth in claim 1 wherein said elec-
trodes have silver surfaces, said first salt is a chloride of an
electropositive element and said second salt is cadmium
chloride.

8. The combination set forth in claim 7 wherein said indicat-
ing means is phenolphthalein, litmus, or ortho-
cresolphthalein.

9. The combination set forth in claim 7 further including a
sulphate of an electropositive element.

10. The combination set forth in claim 9 wherein said elec-
trolyte solution has an approximate composition of 10 g. NaCl
42.6 g. CdC1, 2% H,0, and 40 g. Na,SO, per liter of aqueous
solution.

* * * * *



