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FLAECTRICAL X ARGY DIRLCT FROX CARBCE.
By A. C. Kennelly.

A pound of good coal when burned in air lidberates

about five and seven tenths horsepower hours of energy.

In ordinary fairly large engines it takes from
two to three pounds of coal per boiler horsepower hour.

If coal were converted to ooke and if goke could
be consumed in s gslvanic battery in the same way in
whieh sine is consumed there would be no such necessary
waste o0f energy as there is in a thermo-dynamic proocess,
and theoretically almost all of the emergy of combination
of coke oarbon and oxygen oould be liberated in the
electrical oirguit of the apparatus.

This would represent the direoct generation of
the energy of aoke ocarbon into eleotrical wmergy.
Unfortunately, however, carbon refuses to behave like
sino and burn in s voltaic oell.

The only known means by which osrbon could be
made vo give out its energy in a voltaio cell in
oompetition with the use of oosl in a steam engine, is
by the formation of either carbon monoxide or csrboa
dioxide: in other words the same oxidation whioch yields
the energy of ocarbon in the process of ocombustion mmst

take place eleotro-chemically. The oxygen for the



purpose mst bs obtained from some cheap elestirolyte
eontaining oxygen and cannot 0 far as known be obtained
from the atmosphere directly. In other words it is
necessary to rob an slectrolyte of oxygen in order that
oarbon shall combine with it electrolytiocally. If the
oxygen of the electrolyte were but feebly held, that is
to say, if the electrolyte oconsisted of a chemiocal
ocombination with oxygen s0 unstable as to require but a
negligibly small amount of energy to tear the oxygen
away, and if moreover the substance or substances with
which oxygen wes unstably linked were ¢apable of enter-
ing into combination with the other plate of the
voltaic couple with ut l1ittle absorption of energy:
then it might be possible for the voltaio cell te work
with a power output theoretically spproaching that of
the ocombustion wvalve of carbon and oxygen.

The union of carbon and oxygen in the oell: would
take place without sensible olovaf:lon of temperature, the
eleotrolyte would give up its oxygen for the formation of
earbon diexide and the products of the cell wuld have to
be chemically eliminated in some continwous mspner, to
be replaced by fresh eleotrolyte.

All this requires the existance of am electrolyte
possessing properties of smaell ohemicel stability, to-
gether with the capability of forming suitable chemiceal
ocombinations at both pletes of the couple. Moreover the






elestrolyte must be so gbundant as to be very cheap.

An examination o0f thermo-chemioal dats oconflirms
the results of the very large amount of experimental
inquiry made during the past century and leads to the
oonalusion that there is no cheep alectrolyte aveilable for
the burning of earbon in a voltaic cell at ordinary
temperatures with an efficiency that can compete with
that of a steam emgine.

Prospects from thermo-chemical data seem equally
wnfavorable. The hot voltaio oell is complicated by the
iantroduction of thermo-slectrie effeets.

If a cell is a mere thermo-electric oouple it
mist do work in the airouit bty receiving heat at a high
temperature at one contact and rejecting hsat at a lower

temperature at the ether ocontaot.

The mrospeots are not enoouraging for the hot
voltaic oell but there is hope that it may be found.

Apart from the solution of the problem by
improvements in heat engines, or by the discovery of s
suitable working substance in the voltaio cell, there is
always the possibility of finding some new mechanism by
which the heat energy of carbon atoms can be converted
into the energy of msss rotation. ¥We are still so pro-
foundly ignorant of how the energy of ocarbon is stored
relatively to that of oxygen that s discovery of the hidden






mechanism of‘ the storage nrinaiple might lead to =

41 scovery of a new means of releasing it. In other words
there is something in a lump of carbon in conjunotion
with a lump of oxygen which corresponds either to a bent
spring or to the motion of a gyrostat. All we know is
that when the two substances are brought into sufficimtly
intimate oontaot with the aid of a high temperature either
the spring is released or the gyrostatic motion is
arrested with the prodnotion of the jostle energy among
the molecules of a substance, or of that partiocular kind
of rapid oscillatory motion which we assume heat to be.

It is conceivable that if we had a clear idea of the
nature of the invisible gyrostats, we might discover some
means by whioh the springs might be released without the
produotion of jostle energy and with the direct produotion
of some kind of utilisable force.

The faot that by chemical processes we are able to
transfer a part of the energy to a differemt substance in
chemical o without first liberating it in heat should
en courage hope that we msy find a means of transferring
it in some other form than chemical or thermel.

Except in locelities where water pow‘or is available
ceal i3 the main source from which we derive our electriocal

power.

Unfortunately in the process of converting the
potential energy of coal into el ectrical energy, a series






of heavy losses is incurred.

There is firstly a loss of heat in the stack,
heat which should have gone to the boiler; secondly
power is lost thiough the faoct that a heat engine at
. best can transform into useful work only a define
fraction of the heat supplied; thirdly we have the
losses due to frietion in the engine, 4dynameo, eto.
These losses gould be avoided if we could gonstruot
an efficient galvanie cell in which carbon is
oonmmed instead of some costly materials usually
smployed in galvanic ocells now in use.

The rroblem of eonstruoting a carbon oell 1s
therefore one of peculiar interest and resolves itself
into that of construoting a cell of the type
0/olootrolyto/oz.
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JUNGER'S CARBON CELL.

Carbon burns in sulphuric acid of more than
fifty percent, which, to improve ite conduetivity,
should be heated. In sulphuric aoid of 95%, oarben 1is
eleotriocelly almost as active at 95 or 100° C. as
sino is in Aailute sulphuric asid. The acid is de-
composed, the prodnets being CO, Hy, 80‘, and depolari-
sers are required in such carbon cells. B. W. Junger
combines an anode of amorphous carbon with a cathode of

graphite, depolarised by air or in other ways.

The cathode is a perforated tube mede of
graphite powder and solium siliecate, which is after-
wards rendered insoluble, by dipping the mass in magnesium
salts, and oompressed; powdered glass may also be fused with
the graphite. The anode oconsists of pleces of eoke,
covered by a heavy perforated horisontal ancde plate.
The cell box stands within snother cell box, the space
_ between the two being charged with steam; the outer box
18 packed with heat-insulating material. Air is foroed
through the cathodes. The eleaotrolyte, ooncentrated
sulphuric aoid, mey be charged with RO, NgOz, NOg,
oxygen oompounds of ohlorino‘. or sulphates of metals
which form several sulphates; then a diaphragm of briock
graphite or asbestos is applied. The working eleotro-
motive force is 0.5 volt. Several arrangements are

proposed.
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The two chief reactions on which this new carbon
oell is based are S0p + O + HpO = HpS04; and £ HpS80q4 + C =
802 + g BQOQ

"The first step is ocarried out in cells built wp
of earthen-ware vessels, with 'a vertiocal diaphragm of the
sams material both compartments being sealed by the
o;:ver, and vertical eleotrode slabs of srap)a_i'to. the
anode paoked with porous graphite moistened with
nitrosyl-sulphuric acid (depoleriser) and the cathode
with very small grains of eoke and poreus ooal in

order to seoure a large surface.

Through pipes air and suphurous 80id are dlown
into the compartmmnts; sulphurie acid triokles down
the oathode compartments, from which it is drawn off,
while the ocurrent generated flows through the oeirocuit.
The electromotive foroe varies with the concentration
of the aoid (generally 80%) from 0.5 to 0.3 volts (in
more oonoentrated acid). The second step, the reconversion
of sulphuric iato sulphurous acid is effected by heat-
ing the sulphurio acid with coeal or ooke.



JACQUES"' CARBON CELL.

The Jaoques Cell which produces Eleotrioi ty
from Coal and Atmospherie Oxygen &t Three-hundred
Degrees Centigrade.

The iron orucible whioch is the outer part of
the Jacques ¢ell serves 28 a positive eleotrode. It
is heated to sbout three-hundred degrees centigrade
"and filled with oaustic soda. The bottom is govered
with & layer of granulated quicklime which acts 28 a
diaphragm as a sheet iron oylinder is set with its
serrated lower edge resting upon this layer. The
oylinder divides the contents of the orucible into a
cathode chamber and anode chamber.

Into the anode chamber depends a carbon rod
while into the ocathode chamber a wuantity of mangsnese
dioxide is added to the caustioc soda. The dioxide
dissolves in the fused alkali and takes up oxygen
from the air forming & green melt containing sodium
manganate and having approx:lmt'oly the same potential

as oxygen.

On alosing the oirouit the mangenate becomes

reduoed to magnetite which is in turn reoxidiszed by the

air.

The ocarbon reaots with the caustic s0da with
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formation of sodium carbonate end hLydrogen, and it ig
really this latter which fumishes the eleotromotive
force, 80 that to be precise, %.is 6ell is not & oar-
bon gell but an ox-hydrogen cell. 4ind in point of

fagt the voltese is epproximately thet corresponding

to oxygen end hydrogen electrodes.

It wos reported that with a battery of i0v
pots each 12 inches deep and 1 1/2 inches in dismeter
a current aversging 90 volts smad 16 amperes was
obtained for 19 houres. Eighf pounds of oarbon"u
oconsumed in the pot, representing 94% effioienay.

(Coal for heat or eir not mentioned).
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BAUR'S CARBON-OXYGEN CELL.

To avoid wastefypl seocondary reactions it is
necessary to use high temperatures. 0Only at bright
red heat where ocarbon burns vigorously in sir, osn
we hope to avoid these wasteful seoondary resctions,
and to thus obtain a cell practically free from
rolarization effeots over wide ranges of working
conditions. The diffioulty which now presents itself
18 to find & suitable oxygen elestrolde.

Looking around for en appropriate material we
finally hit upon melten allver. |

WVhen the molten metal is allowed to ¢ool at
the surface 80 as to form a semi-colid orust, little
craters are formed upon the crust which present the

appearance of e doiling mass.

This effect is due to the liberation of oxygen
whioh is dissolved in the molten silver and which is
liberated as tho metal 000ls. One oubic inch of silver
dissolves in the molten state, ten ocublic inches of
oxygen measured at ordinary temperature. Such a mass
of molten silver should form a very effective oxygen
eleotrode capable of furnieshing a oonsiderable ocurrent,
ih view of the high diffusion velocities prevailing at

red heat.
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IExperience bhas in fact confirmed this expeotation.
All that is necessary is to combine such am electrode
with & fused eleotrolyte and & carbon eleotrode, and we
obtain a c6ll whose electromotive force is practiocally
that caloulated from thermo-dynamics data - a cell
furthermore which shows very little polarisation when
rroperly handled.

The gonstruotion of such a cell is shown below:

When working, this cell must of course be placed
in a mitable furn=ace.

A oarben electrode C. whioh is formed into an
inverted bell to present a large surface, hangs dowm into
s poreelain drucidble P, whose bottom is oovered with
gilver (AG). Into this dips a poroelain tube 0 through
vhich air or oxygen is introdnced. A stout nickle
wire (not shown] forms the second electrode. The space
between the carbon and the silver is ocoupied by the
fused electrolyte E. In order to prevent particles of
coal ﬁom felling into the silver it is well to provide a
magnesia diaphragm M as shown. The electrolyte must be
an exy-salt which is fixed at a thousand degrees centi-
grade, vhich does not decompose at this temperature, anmd
also is unattacked by ocarbon, or at least not suffioiently

attacked to ocause smy inoconveniemnce.

Fortunately there are a number of salts whioch
satisfy these requirements and whioch present the further



advantage of cheapness. liolten glass is one such
substance, also borax, potassium and sodium garbonate,
or oryolite amd aelumina.

Theory demands that the eleotromotive forge of
the earbon-oxygen oell must be independent of the nature
of the eleotrolyte, and this is indeed fund to de very
nearly true: the eleotromotive force is8 in all ocases

olose to one volt.

The differences are due in faot % sccidental
variations in the oondi tions of the experiment, and are
in faot asoribable to the faot that the gas liberated at
the carbon sleotrode is not pure carbon dioxide Wt
oontains mpre or less carbon monoxide -~ in some ocases

as muoh as 99%.

The presenoe of oarbon monoxide is attended by
an inorease in the sleotromotive force of the cell, in

faot calmlation gives the following figures:

For pure °°8 E.M.Fe » 0,997
Por 99% CO, 1% COg, R.M.P. = 1.129

The problem of oonstruoting & reversible ocarbdbon

oell ias therefore solved.

An important oircumstance from a technioceal
point of view, is the faot that the oell is ocapable of
fumishing a oconsideradble current without loaing



appreciadly its electromotive force and furthermore, the
internal resistance of the oc6ll is relatively smsll.

The rrospects of the commeroial exploitation of
the oarbon cell are therefore good. Tha prineipal‘\{
question which now faoces us is whether the mpea‘ \coko
eleoctrodes cmm be made sufficiently oheaply.

If a ton of coke oo sts $5.00 and the ocarbon is
burned to 00 in the cell, furnishing an eleotromotive
- foree of one volt the kilowatt-hour ocsts 1.285 cents.
But the electrodes used at the present day in the
eleotro-ghemical and stedl furneces oo st $46.00 to
$60.00 per ton. With these it would not be poassible
to work economiocally.

The cearbon monoxide we cannot look upon as a
by-produoct, r at least a rart of it could be consumed
in heating up tho cell. |

The oost of silver might at first be thought
prohibitive. But it is not impossidle that by
economical nuse of the metel the investment of a large

smount of capital might be avoided.

As regards the recovery of waste heat and the
durability of the vessels employed, modern glass industry
is quite able to teke ocare of this. Lastly a number of
minor 4iffioculties of construotion remain to de disposed

of. They are however no more serious than those



commonly met in developing a new progcess.
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JALACROLYZIC DE-OLIRICN CF CARBON
By Dr. Coehn.
Zditorial from London Hleotriocian, April 3, 1896.

4 noteworthy psper by Ur. aAlfred Coehn was
regently read before the German ileatro-technieal
Assoclation and printed in the Eleotro-teohniseche
Seltechrift from which we transoribe its essential
argument. It deals primerily with the question whether
carbon is competent to form jons snd thus take aotive
part in en electrolytic ocircuit, in other words, can
oarbon be caused to Aissolve from an anods in the
mamner qharacteristioc of a metal? An observation
bearing on the point was made by Bartoti and Pepasogli,
who found that on passing aurrent between oarbon
electrodes immersed in dilute sulphurio both carbon
-onoxuo” and oarbon dioxide appear &t tﬂo anode in
addition to oxygen, whenoe it follows that the smmode
takes an aotive part and suffers oxidetion. Dr. Doehn
has attempted to extend this result by varying the
concentration, temperature, and ourrent deneity =so as
to indunoe complete suppression of the oxygen at the
anode and its replacemsnt by wroduots of the oxidation
of ecarbon, aad he has 80 far susoceeded that the gas
escaping at the anode mey consist of substentially
70% COg and 30% CO. A mmall quantity of oxygen

(sbout one peraent) is however usually present.

(3
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In these researches it was notioed that at
moderate temperatures disintegration of the enode
ocours and partiocals of carbon sppear in suspensiom
in the eleotrolyte.

at higher temperatures this disintegraetion does
not take place but a signigicant soloration of the
acid is peroeptible. The liquid is at first yellew,
and in longer trials, be comes dark red smd red brown
in oolor. If this color be due to dissolved carbonm,
it may be fairly ooncluded that the carbon is in the
ionioc state and dirigidble by the ourrent.

Seeing that the carboen thue present is not
ocapable of decomposing water, the solution conteining it
should be in a oondition to deposit the ocarbon at the
cathode. ZExperiment bears out this deduotion, for om
gubstituting a platinum for a oarbon ocathode, 6arbcn is
deposited thereon in a mammer characteristio of a metal.
The first film of carbon exhibite the color of thin
plates, but as the deposit thiockens ii becomes blaok
and graphio. The phenomena of solution and precipitatien
oan be obtained with various forms of cerbon, including

carbon rods for are lighting and blast-furnaee coke.

After obtaining this remarkable reslt, Dr.
Coehn took care to ascertain that the deposits formed in
the maymmer desoribed are really ocerbon end not some

metallic impurity derived from the anode. The deposited
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materisl ic insoluble in hydrochloric acid, slightly
goluble in nitric acid - recaslling in thgt respect the
behavior of carbon in steel upon vhich is based the
Eggerts colorimetric method of determining oarbonm.

The film disappears completely on heating in
conteot with air. Determinstion by combustion (such as is
practiced in ultimate orgenic smalysise) suffices to
establish the belief that the deposit is chiefly
oarbon, asm oiated, however, with oxygen and hydrogen
in the proportions to fom water and thue to be regarded
28 hydrated, This hypothesis is borne out by the bde-
havior of the film with strong sulphurio socid which asots
upon it much as if it 'voro a ,urb&xyqrate- .

.The eatablishment of these faots led br. Coehmn a
l‘l;op further. To oonstruct a cell capsble of yielding
electricel enexgy by the oxidation of carhen, it is
neocessary to find a cathode elestro-negative to the

earbon, which has to funotion as sanode.

Lead peroxide in the form of a plate from a
secondary oell fulfills this meed. VWhen such a oathode
is opposed to oarbon anode in a bath of sulphurio soid
of the right temperature and concentration a rimary
oell is obtained in whioch ocarbon is the materisl attacked:
s cell made in this manner gives a voltage of 1.03 on a

oirouit having an external resistance of 100 ohms.
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Dr. Coehn does not state what fraotion of the

" total energy appears as olootri&al eamergy.

The question now arises, how far the results
recorded are really due to oarbon aocting as a soluble
anods? Platinum vhen exposed to lead peroxide in
sulphuric acid eleoctrolyte becomes en emode, and gives
a ocurrent which however decoreases to a venishing point
as soon a8 the platinum electrode has ascquired its
complement of oxygen. No such arrest of the output of a
carbon-lead peroxide cell takes place. The current is
obtained until the cathode 1s exhausted, and the cell
roegains its efficienocy when a fresh plate of lead

peroxide is supplied.

Dr. Coehn ends his paper by the following

oonolusions:

1. It is posaible to prepare a solution of ocarbon

by eleotrolytic means,

2. Carbon can be separasted from such a solution at

the ocsthode.

3. A cell may be mede having its soluble electrode of

carbon.



A REW PRIMARY BATTORY IN VHICGH CARBON IS CONSUMED.
By Willard E. Case. '

The high oost of zinc oconsumed in the primery
battery has always 8tood in the way of its more general
sdoption as a source of el ectricity, and hence it has
been the endeavor of many to find a substitute less
costly. OCarbon in ite different forme evidently
presents a number of advantages, principal among which
is its cheapness. ZHElectric currents have been produced
by the union of aarbon amd oxygen in the past, but the
methods employed have regquired a high temperature and
hence entailed oconsiderable loss of energy in the form
of heat.

‘ In the usual styles of batteries carbon
oons titutes the insoluble or negative eleotrode, but in

the new 0ell ocarbon is a positive or soluble electrode.

The accompanying illustration shows one form of
the ocell, wvhich oonsists of the glass jer A, eontaining
& porous oup V, in which {8 placed a conduoting body
of hard ocarbon D, such as ooke. The negative electrode is
& sheet of platinum C.

In the porous ocup is placed a quantity of earbon
B, in ocomminuted form, previously moistened with sulphurie
acid. In the outer vessel A, is placed sulphurioc acid.
A cel. thus arranged will give substantially no ourrent,
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inasmuch as both elements resist the action of the acid,
however, chlorate of potash is gradually added in small
quantities. The result of tho reaction of the sulphuriec
aoid end the chlorate of potash is the formation (among
other things) of peroxide of chlorine, Cl0g, whioch is a
yellowish-red gas and which permeates the liquid,
gradually turning it to a red color. For praotical
purposes it is sufficient to cease adding chlorate of
potesh when the acid turns a distinet red. A reaotion
between the garbon and the peroxide of ohlorine will,
however, begin as soon as the oxygen permeates the porous
oell and reaches the carbon, end if the eddition of
chlorate be suspended, this reaction will continue until
the aeid loses its red hue, when probably the chemical
gffinities between the oxygen and the carbon are satisfied.
More ohlorate must then be added. (010’a is & very unstable
oxygen compound, decomposing under the action of sunlight
and exploding at about 140° F.) The cell should be
oovered to prevent the escape of gas and the jar made

opagque.

The peroxide of chlorine formed apparently de-
composes into chlorine and oxygen. The oxygen attacks
the carbon prodncing apparently carbonic acid. The other
products of the reaction of chlorate of potash and
sulphurie acid are seemingly inert in the cell. A certain
amount of polarisation occurs which may be reduced by

agitating the liquid.
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The eleotromotive foroe of this ocell is

approximately 1.285 volta.

Note-

The porous oup is not essential. It merely
prevents the ocarbon of the anode from spreading
through the whole of the electrolyte.



EBXrZRTIMOETS .

Nearly all the experiments were performed with the
sulphurio acid type of cell. It was stated in the article
on Junger's cell that carbon was as active in sulphuriec
20id of more than 95% oonaentration as zino in weak

sulphuric aoid.

The first necessity was £o find soms substance
which could be used as the ﬁ%affve electrode of the
battery; oarbon being the negative.

The materisl used in almost all the previouns
experiments was platinum but this meterial was not
available.

Dre Alfred Coehn used lead peroxide in his ocell
as the positive electrode. This was the materisl used
in all the experiments as it was available in the form

of plates from secondary cells.



Zxperiment No. 1.

The object of this experiment was to determine
whether or not carbon was aotive in concentrsted sulphuriec
acid and the temperature at which it was most active if

any chemical sotion took place.

The electrodes were a small plece of lead peroxide
Plate from a storage cell and a carbon rod from en exhausted

dry ocell.

. These vere dipped in electrolyte of 76 c.c. oOf
concentrated sulphuriec acid which was contained in a

260 c.c. beaker.
DATA

Tdme E.M.F. Cutrent Temp. Time E.M.F. Current Temp.

volts. milli- °F. volts. milli- op
amps amps

2:45 1,010 00 87 3:41 2206 80 168
3:00 «66 00 88 3:43 «220 78 168
3:08 - 260 60 88 3:46 «200 (.1} 164
3:10 266 50 88 3:47 196 60 160
3:11 «200 6b 88 3:49 240 90 184
3:13 .180 €0 88 3:53 260 100 201
8:16 «170 53 88 3: 66 .240 90 202
3:17 «160 50 88 3: 68 .210 76 201
3:19 <1587 50 88 4:02 320 130 280
3:28 114 45 88 4:056 320 126 300
3:28 «200 66 120
3. 87 «195 63 121
3:29 «180 58 120
3:31 «168 60 120
3:83 172 50 120
3:356 «265 100 1565
3:37 260 100 168
3.39 «230 86 161






CONCIUSION .

Inoreasing the tempersture increased the sotivity
of the substances to a very slight extent. The greatest
ourrent and voltage was obtained at 156° P; showing e

8light advantage in inoreasing the temperature.
!

Ixperiment No. 2.

The objeot of this experiment was to determine
whether a difference in the degree of concentration would
meke the cell more active and tov'detcrmino the degree of

eonscentration which would give the greatest output.

The electrodes and other apparstus was the same as

used in Experiment No. 1l.

DATA
Tne RB.M.F. Current Temp. HpS04 HgO % Conoentration
Wltlo m-lli- . OF [« Y« IS 0«0, .
amps

1:55 58 0.00 86. 76 1le. 87.2

2:00 070 : 152. . 170 ) 8105
74 166. 20. 79.5
7T 168. 24. 76.7
.82 . 164. 3l. 71.7
86 4 170. 33. 69.6
«88 170, . 36. 67.5
«92 172. 41. 64.6
.94 175. a7. - 61.5
96 172. 49. 60.5

.93 169. 56. 7.2






Time E.}M.F. Current Tem:. Hp804 Hg0 % Concentration

volts milli- op GeBe 0.0
anps.
1.00 0.00 163, 62. 54.7
_ 66. b3.2
3:45 .80 . 87. 80. 56.5
3:48 48 B80. 8b5.
3:49 +40 60. 84.
3:60 28 60. 80.

Cell was shorted until 1:16 p.m. April 26.
upon opening the oirocuit the following
results were obtained.

1:15 «1b
iieight of Flectrodes
Carbon l.ead peroxide
Before experiment - 77:.3 68.3
After experiment 8l.7 89.3

The inorease in weight was due to the sbsorption
of the eloectrolyte by the electrodes. They were nesrly
dry at the beginning of the experiment.

COIICLUSION.

The greatest cutput was obtained with a conocentration
of B4.7%. During the last part of the experiment the cell
was short eirouited for 69 hours. After being shorted for
this length of time the cell still gave am E.M.F. of .16

volt &8 soon &8 the eirouit was opened.

The eleotrodes were weighed before and after the
experiment but they were both practiocally dry whem placed
in the'electrolyte 80 both absorbed acid alnd were heavier

after being used than before.

Ko ohange or evidemce of action ocould be observed on

the darbon electrode.






Experiment No. 3.

The object of this experiment was to détermine

whether any elestromotive force could be obtained from

a oell oonsisting of lead peroxide and a carbon rod as

eleotrodes and nitriec aocid for the electrolyte.

In

the lster part of the experiment the effect of aﬁding

hydrogen peroxide to the cell was noted.

BATA
Time ZeMoFo Current Nitrio Hydrogen
volts. milli- aocid peroxide
aups. Gs0. CeCo
5:28 « b4 00. bb. 1b.
3:31 «66 00.
3:32 34 186.
3:33 «382 13b6.
3: 356 «B1 130.
3:40 31 12b6.
3:45 025 80- 200
5:50 Qw 90.
3. 62 24 70. Gas oollects around carbon and
$:568 24 70. lowers E.M.F.
4:06 «21 60.
‘210 018 500 26.
4380 «19 56.
‘:25 «22 600
4:30 +22 é6.
4:38 20 6b. 32.
4:37 +28 100,
4:40 24 76.
4:‘5 085 800
4:50 O“ 80;

Data on seoond part of experiment with Nitrio aoid and

hydrogen peroxide.
noquo E.M.FO
volts volts

open aoross
oirouit 22 ohms.
<54 +40
.62 37
14
16
18

«20

00.
60.

60.
50.

eb.

0.00 ¥No aotion

6.
7.
10.
13.
14.

gas evolved
from both
electrodes.



"

The action of the hydrogen peroxide and hitrie
acid on the lead peroxide plate rapidly reouded it to
white lead oxide; s0 another cell was made which had a
porous oup to keep the solution ocontaining the hydrbgon
poroxide from the lesd peroxide. Thia made the
reduoction of the leasd peroxide mmch slower and inoreased

the Z.l.F. of the cell.

With 30 o0.0. of nitric 20id and 10 c.0. of
hydrogen peroxide an open cirocuit voltage of .63 volt was
obtained. \hemn short circguited thru a milliiammeter a
voltage of .20 and ourrent of 76 milliamperes were obtained.

When this oell was left short-cirouited for about
twenty hours the lead peroside was partislly decomposed to
white lead oxide. The carbon did not show sny evidence

of deocomposition.

The experiments with this type of cell were all

performed et room bemperature.

From these experiments it was conocluded that the
E.l.F. and the current obtained were due te the chemiocal
agtion within the electrolyte and the decomposition of
the lead peroxide plete.
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EXPERIMENTS VITH SULPHURIC ACID CELL
WHOSE ELECTROLYTR CONTAINS
PEROXIDE OF CHLORINE

The objeot of these experiments was first to
determine the effect of sdding potaseiim.ohlorate to
the eulphuric acid eleoctrolyte of the cell and to
test a cell whose electrolyte wes sulphurio aoid
oontaining peroxide of chlorine and whose electrodes were

oarbon roés and a lead peroxide plate.

ihen potassium ohlorate ig added to ocenoentrated
sulphuric acid ehlorine gas 18 given off and the scid
tums red due to the presence of peroxide of schlorine

whioh is 8 powerful oxidising agent.

Peroxide of ochlorine is decomposed by sunlight
and explodes at about 140° P.

DATA

Time B. M. F. Ourrent HpSO4
volts milli-

amps.
£:40 17 b0. 0. One earbon rod.
2:43 19 60.
2:47 «20 b6b.
2:48 «23 90. 75. T™wo oarbon rods Pboa
2:53 «22 90. same 8ise.
2:66 «26 100. Three ocarbon rods FPbOg
3:14 «28 126. 126. same sise.
«26 £200.
026 zoo.

4:00 3 Short ocircuited.
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The reostat was then adjusted for an EB.M.F.
0f +3 volt and the cell left comnected aoross the

Theostat for 20 hours.

At the end of this time the polarity was
reversed and the ocell had en E.M.F. of .2 volt on
open cirouit. The garbon rod was martially decomposed
and the lead peroxide plate seemed to have ohanged to
lead sulphate.

Tests were then made to determine which plate
had given out or whether it was the electrolyte.

With the same electrolyte and ocarbon rods dut
a new lead peroxide plant an E.M.F. 0f .3 volt was
obtained.

With 014 electrodes but new eleotrolyte an
AJM.F. of .34 volt and current of 90 milliamperes were
obtained.

With o0ld plates and eleotrolyte but adding
more potassium ochlorate to the electrolyte gave the
following results; An B.M.F. of .4 volt on open
oirocuit and when short oircuited through the milli-

amperes.

The results indicate that the electrolyte had

given out.
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The results of the first experiment using a

emall amount of potassium chlorate in the sulphurioc

201d were enoouraging 80 a large oell was built.

This ocell oonsisted of seventeen carbon rods
weighing 4.85 1b., a lead peroxide plate weighing 1 1b.,
926 0.0. oonocentrated sulphuric scid whioch with the

battery jar weighed 6.75 1b. A mmall amount of potassium

ohlorate probably about 10 gms. was added to the

eleotrolyte.
DATA
Time E.M.F. Ourrent Temperature
volts milli- °y
aNps.
9:87 -84 00, 70.
10:26 - 59 476.
10:27 86 466. 8l.
10: 29 BB 460.
10:456 83 422. 8l.
1:18 47 8800
2:18 48 400. 7e.
8:15 47 8900 71.
4:15 .48 400.

Cirguit left open between April 29, when oell was
built to April 30, when next readings were taken.
1:28 1.06 70.

1:88 «78 680.

1:30 78 610.

1:8 «70 580.

1:37 «62 810.

1:45 58 480. 70.
£:00 + 56 469.

8:10 -+ BB 4565.

2:30 82 4456.

8:00 54 440.

May 4.

Oirocuit was open from April 30 to May 4.
1:46 1.18 50.

1:47 1.8 420.

1:80 «96 390,






Time E.M.F. Current Temperature

volts milli- L 4

amps

1:58 92 370.

2:00 «89 368.

8:10 .87 345.

2:16 «86 340.

azw .8‘ ”5.

The oell was left hpes fro

e o was open - | 4 to May 10.

R:00 1.42 000. ey 7

2:03 1.37 56.

£:06 1.10 780.

2:10 11.02 620. .

2:16 88 576.

2:20 .84 540.

2:26 .82 480.

2:30 72 620,

2:3b6 «70 590.

2:40 «68 540.

2:45 66 B30.

2: 80 «64 51Q.

3:00 «61 490.

35:08 63 490.

3:10 «61 490.

3:15 «60 480.

3:20 <59 475.

3:26 « 58 470.

5:30 «b8 468.

3:36 57 460.

3:40 « b6 460.

5:‘5 +B6 465.

5:50 « 56 ‘WO

3:868 . ..bb 445.
¥hen the cirocuit was opened the E.M.F. of the cell came
up t0 .8 wlt within a half minute.

‘ly 12.
The cirouit was left open from May 10 to May 12.
2:04 1.40 000.

2:04 1.10 780.
2:08 1.03 760.
£2:10 «90 630.
2:16 .82 620.
2:20 078 690.
2:26 756 560 .
£2:30 «TL 540.
2:38 +69 530.
2:40 87 510.
2:456 «64 500.
2:60 «62 480,






From May 12 until the time this data was takem
which was about a week the cell was left open cirocmited.

Tize E.k.F. OCurrent
vo;ts milli-

amps.
1:30 1l.46 . 000.
1:31 .44 000.
1:31 1.8 650.
1:38 1.12 580.
1:40 1l.} 420,
d:40 «9b 445.
1:60 « 90 460.
1:566 «83 830.
2:00 75 b76.
2:05 70 580.
2:10 «68 832.
2:16 .65 520,
2:20 63 500.
2:25 «61 460.
2:30 «60 47b.
2:3b

b9 460.
" Lfter taking this data the cell was short oirouited
uniil May Z1.

When at this time the cirouit was opened and a
voltage reaiing taken, which was 0.32 volt. '

The eleatrodes were then weighed again to determine
whether there had been any notiocable ochange.

Carbon rods = 4.5 1bd.
Aoid and Jar = 6.5 1b.
Plate of lead peroxide = 1.0 1b.

This indicates an inorease in weight of the oarbon
but this must have been due to the absorption of acid by
them. The a0id and the jar weigh .25 1lb. less than at the
beginning of the experiment. There is no apparent change
in weight of the lead peroxide plate.






A large amount of the lead peroxide was however
off the plate and 15 the bottom of the Jar was a grey
deposit which wag probably lead sulphate with some
carbon. The ocarbon rods were partially decomposed
from the aation of the electrolyte although the

results by weight show an inorease.

These experiments indicate that slectricity ocan
be obtained from a cgell in whioh ocarbon is one of the
sotive materials. Sulphurioc acid in which was peroxide
of chlorine was the only electrolyte found which would

affect sarbon.
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