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SUPERSATURATION AT GAS-EVOLVING ELECT :0DES
Charles K. Bon‘ o
- Inorganic Materials Research DiVisi)n
Lawrence Radiation Laboratory, ari
Department of Chemical Engineerir :

University of California, Berkeley

September 1970

ABSTRACT
Equilibrium hydrogen electrodes were used to n:asure gas super-
saturation'near a horizontal cathode evolvingxhydr(gen. The observed

concentration gradients at the surface support therhypbthesis that

-dissolveafgas diffuses into the solution -and thence to gas bubbles

formed'én the surface. The surface supersaturatio:. at steady state is

- found td be proportional to the square root of the current density,

. This result is in harmony with a surface-renewal m del of the gas

evolution process.

- increasing from 4 to 60 atmospheres in the range from 0.2 to 4O ma/cmgg‘



INTRODUCTION
In industrial processes as vell és in labbfatory investigations
éleétrodes'are frequently employed where one of th:> froducts is a gas.
A cbmplete:study of any electrode reaction must-iﬁvblve ronsideratidn'.
notvonly.df'the charge transfer steps, but also the tran.port of

reactants and products to and from thé electrodes. In t.e case of gas-

_generating electrodes mass transfer is complex, involvin: both convection

and diffusibn, RelatiVely few observations are awilable on the trans-
port of gaseous‘products from an electrode. This report presents
measurements of hydrogen supersaturation near a horizontal electrode

'

with steady-state evolution of hydrogen from one and two molar sulfuric

acid solutions.

. When current is first éﬁplied to a gas-generating'electrode,~before

bubbles start to form, the gas diffuses into the bulk of the electrolyte

~and builds up a uniform concentration profile as shown in Fig. 1.

V vThefgas concentfation before bubble‘formation is_dbtained'by
integrating the diffusion équationl with boundaiy conditidns of coﬁstant
initial electrolyte concentration, and éonstant‘gas'production raté (corf
.responding to constant current density). Equation (1)‘gives the gas

concentration'as a function of time and distance f;om the‘electrode.

24/t '<l)

_ 21 ,t . :
C=0Cp+ o7 YD 1erf§
_ In the absence of convection or bubble formation, Eq. (1) shows

that the concentration at the electrode surface is proportional to the

square root of time and continues to increase indefinitely (since ierfe
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Fig. l Concentratlon proflle of dissolved hydrogen gas at cathode before
bubble formation. :
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(0) is constant with a value of 0.564). Figure 2 siiows the concentration

of dissolved hydrogeh at a cathode surface as a fuhction of time as

calculated by using Eq. (1). The concentration versus distance from the

‘cathode surface is shown in Fig. 3. Even at extremely low current

densiﬁiés Some mechanism in addition to diffusion must contribute to
remo&e'gas at the rate it is being produced.
Removal of all thé gas from an electrode without bubble formationb
is poséiblé by supplying agitation to form én'extremely thin boundary )
layér. If.the boundary layer is thin enough, all the dissolved gés |
can diffﬁse to the bulk electrolyte where it can either fonn bubbles
or escapebfrom the electrolyte surface by convection. One of the most
effective means of stirring ié the rotating dis§>electrode. ﬁsing the
solution of the convective diffusion equation fof‘the rotating diéé
obtéined by Levich,2 we find for example, that’at the surface of a
disc_rotating at lOQOOOvRPM, a current density’of 20 mA/cm2 should
ééuse a steady state concentration of dissol#ed hydrogen gas corresponding
to 2»atm* partial pressure.** | |
In the absence of vigoroﬁs external agitation, or at high current
depsiﬁieS'soon affer the stért of passage of current the concentrétion

at the electrode becomes high enough to nucleate butbles. 'At-this.pOint

concentration profile changes.to the type shown qualitatively in Fig. .

* ' o o : _
Definition of symbols given in separate list.

T 33

*% ,
. -Bolubility of Hy at 1 atm 7.2 X 10 moles/cm

5

2

Diffusivity of H, 3.8 X 10 cmg/sec



25 | —
~
» 20 T
0
El
(&
e
(7]
L&
°. Prt——
E ‘5v
[ =
3
-
(=]
< .~
c 10 p—
) )
(&)
© |
S | H, saturation conc.
o~ | | atmosphere
T o -
» S5
o -
>
-3
a | |
ob— 1 1 ]

o- 41 2 3 4 5 6
Time seconds | o
| | XBL 704-886

Fig. 2;i-Calculated cbncentration of dissolved'hydlogen at cathode surface

before.bubble formation (stagnant-electrolyte, DH =3.8x 105cm?/sec).

2

&

-9



25 {— o
| 4 ma/cmt
~
o
S |
w 20—
(S -
(3]
~
W
@
£
15
[ =
2
s
t \
o
2 10—
o
o
- \ H, sat. conc.
"1 atm.
;-] o
sl \
g. 0.l Sec.
e .

0 003  .006 009  .012
Distance from electrode c¢m |
| - | XBL 704-384

Fig. 3. vkcal_culated concentration of dissolved hydrogen as a function of
distance from cathode before bubble formation.



-6-

Gas now diffuses to bubbles at- nearby locations bn;ﬁhe cathode as well
as to thébbulk electrolyte. After the bubbles have-gfown to a critiéal
size, determined by the surface tension,!contacf argle, and ﬁreésure Ky
forces;guihéy disengage_froﬁ the surface. Eventudlly a steady brocess
is established by diffusion near the cathdde and by rising bubbles far
from the cathode in which the veftical flux of'hydrogen iSFUniform. The
bubble‘@otion causes effective stirring Qf the electrolyte énd prpvides'
fof convéction as an additional mechanism of mass transfer: Convection
is most'significant at intermgdiate diétances froﬁ.the cathode; faf
enough so turbulence is impdf;ant, but not so far that all excess hydrqgen
has been transferred t§ the gas phase. | |

Tﬁe prbcess‘of bubble evolutiqn océurs in discrete steéé causing the
dissolved gas concentration at aﬁy point'near the éathoae_to increase
and décfeése in a c&clié manner depending on the stage of growth of the
bubbléé inpihe immediéte Vicinity. For this feason there is no single
exéct value for the'gas concentration at a given distance from the

cathode evén'though the total hydrogen flux is a constant. Measured

values of the supersaturation repreéent average concentrations.
Only within the last fifteen years have gas concentrations at

elecﬁrpde surfaces been reported. An AC phase.shifting “echnique wag

used by’Breitef and hié'co-workers t0 measure the hydrogen “concen- _ >~

_ 5 .
tration at cathodes with low activation overvoltages. Lewis and Green9
measured the hydrogen dissolved in the metal of a palladium cathode and
calculated the hydrogen concentration in solution by assuming that the

metal and the electrolyte were in equilibrium at the electrode surface.

Glas and.Westwaterlo have adopted an approach directed toward studying
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the mechanigm of gas transport at an electrode by measuring the growth

1

rate of a single bubble. Cheh™ has reviewed the entire mass transfer

‘process including nucleétion, bubble growth, and disengagement._ There
is, hcwever,_still no satisféCtory method 6f predicﬁing gas concentration
at an electrode. In this work the cpncentration of dissolved hydrogen
in‘the vicinity of a cathode is measured using plﬁtinized platinum
electrodes,‘dﬁdva simplified model is tested t§ correléte gas concentra-

tion at the electrode surface with current density.



EXPERIMENTAL
Cell Design
The principal tool for measuring hydrogen oonoontrafions in the'
vicinity of the cathode was a cell equipped withohydrogen reférénce
electrodes'located within the cgthode_boundary layer~. Figure 5 shows

the schematic design of the cell. A laminated cons.ruction is used

to locate the‘meaSuring electrodes at known disﬁances from the cathode

(inset Fig. 5). The measuring electrodes are shéété of 0.00062 cm
platinum'foil-with sheets of plastic of various thicknesses separating

them and determining the distance of each electrode above the céthode.

LocatiOns of the electrodes are given in Table I.

Table I
Electfoae_ﬁumber » - . Distance ffom oatoode cm
1 I " ~ 0.0016
2 | | ' | 0.0035
7.37' - | | o 0.0086
4 | | 0.0137
s o.o39o.
6 0:065
.:7\ -0.225.
.8 0.545

The‘layers of'platinum and plastic are bolted to the'bottom
of a 7 5-cm dlameter by 5 cm long cyllnder of plasth whlch serves as

the cell body, and a 1.25 cm hole is bored through the assembly and the '
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Fig. 5. Diagram of cell used for measuring dlssolved hydrogen concentra-
tion in the vicinity of cathode.
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plastic’blOCK. - Polishing and platinizingvthe eipo;ed edges of the
platinum foil mage the edge of each sheet a reverSible hydrogen electrode
flush with the cell wall. The electrolyte compartment is formed by
bolting the cathode onto theebottem of the assembly;- Th- straight

walls of the eatﬁode cempartmeht parallei te the direction of current
flow pfeviae a geometry that gives a uniform eathode cu 'rent density.
The current distributioh is not affected by the measuring eleetrodee.

The procedure for platinizing the measuring elec:irode was'adapted
from Ives and Jahz.lg The electrodes wefe‘cleaned by making them alfer-_
nately anodes and. cathodes in1 M HESOA at a current dens1ty of 250 ma
.per cmz. The platlnum was depos1ted from a 3% plailnlc chloride solutlon
contalnlng .02% lead acetate. A current density of" 15 'ma/cm2 was main-
talned for 10 mlnutes.b |

The geometry of the cell, where each measuring ~lectrode has a
length equal to the circumference of the cathode compartmeht provides
the maximum active electrode,area. Even though this aetiye afea  |

(2.4 X 1073

cmg) is below that recommended by iﬁes and Janz, the poten-
'tialslwere feﬁrodﬁeeaele to within #2 millivolts of the standard
hydrogeh eleetrode potential. Harlier attempts to use smaller elec-
trodetareas such ae‘the platinized tip of a wire were Qnsuccessfﬁl
because a bubble would cover aﬁ entire eiec£rode area and cause‘
erronedﬁe readinge; The'ﬁlatinum wires also caused abnormal cufrent
distribﬁfion in the viecinity of the measuring:electrode; when they

- were eidee enough to the cathode to be‘within the boundary layer.

' The anode compartment was connected to the cathode compartment

through an electrolyte bridge. This precaution insured that none of
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the oxygen pfoduced at_the anode could reach the ring reference electrodes.
‘ Similarly,'te:preﬁent'any.influence of the oxygen from the anode the
hydrogen eiectrode (l atm), relative to which the potentials of the ring
reference electrodes were measured, was also located in a separate chamber.

- The assembled cell ready for operation is.shown inLFig._6§

Cell Operation

Measurements were méde with twe different types of cathodes - one
smooth platinum, and the 'ophez; platinized. Both platinum cathodes were
polished to a mirror finiéh meehanically, the final polish Vas obtained’

" using onexmicroh diamond dust. The.platinized electrode was then cleaned
in nitric acid. The'coeting’ﬁas depdeited from a 3%_piatinie chloride
soiution centaining .62% lead écetate'at a:cufrent density of 150 ma/cm2
for 2 minutes -

Vbltages were measured w1th an integratlng digital voltmeter.* The
meter records thirty voltages per second and cpuld be programmed to record
insequenceivoltages from severa1~different lecations. Voltages measured
in‘thisemaﬁnef also were'checked.with an_electromefer.** Maximpm discrep~
ancy betweenethe two instruments was less thaﬁ one millivolt, which was
within the reproduceability of the hydregen measuring electrodes.

From tﬁe potentiel of the ring reference electrodes measured against
the hydrogen electrodebat 1l atm in tﬁe bulk electrolyte, the hydrogen

' gas concentrations were calculated using the Nernst equation. The gas

* . - ’ .
Vidar system. "Vidar digital data acquisition system," consisting of

vidar 520 integrating digital voltmeter, vidar 625 digital clock, vidar
12361-1 scanner (30 channels), vidar 650-8 coupler, Franklin High Speed
Printer 1030D.

Kelthley system. 149 millimicrovoltmeter, or 601 electrometer, or 610R
electrometer. '
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Fig. 6. Photograph of the complete cell assembly.
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concentrationtin the bulk'electrolyte'was maintained at one atmosphere
by bﬁbblihg hydrogen into the toplcbmpartmeht of the:cell and the
referenceieleetrode chamber. 'Hydrogenfion concentratipn differences
near the;eethodelﬁere essﬁmed to'bevnegiigibie: Using VEnezel7sl3 -
measurements of mass-transport rates at'gas-eiolving electrodes as a
. basis for eetimating the maximum shift‘of pH‘at the electrode, we find .
that attyo mA/cm?, the>maxiﬁuﬁ'curfentvdensity eﬁpieyed in the present
study;ﬁf 6.003 em. Thus the shift of potential caused by change of pH
would be at the most 0.6 milllvolts ~ less than 1% of the dbserved '
voltage Qifference caused by supersaturation of hydrogen. |

After the current was turned on, the ceil ﬁas operated until steady;
state voltages were esteblished. The slowest eﬁproaeh to steady state,
approximately ten minutes, was observed at the lowest current density
employed._ A period of three minutes during Whlch the voltage readings
on all the electrodes remained constant was the criterion used to
indicate the establishment of steady state. The current was then shut
of £ to eliminate IR drop, and voltage measurements were made between the

1 atm reference electrode and each of the ring electrodes at intervais

of 30 milliseconds. -

Bubble Size

N

In order to test a surface-renewal model for correlating hydrogen -
supersaturation with current density, data on the size of bubbles being

discharged from the cathode are required. A special cell, shown in

y

*

1
+ =0 808 in 1 M HQSO

H

“asou

= 2.22 X 10™%cn>/sect?.

¢
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Fig. T, Wés.constfuctedrto measure Bubble sizes. "wo of the walls are
1 cm X.S cm X 10 cm optical glasé flats. 'These are separated by two
strips df 1/8 inch rubber gasket material which form the remaining‘two )
walls. The same cathodés'uSéd on the cell for meacuring hydfogén_con-
centrétipns wére bolted to the bottom of this céll to form the electrolyte
compartmé@t; One and two,molar sulphuric acid elé(trolytes were used, 
.and‘a'étrip of platinum sheet inserted info the tor of the cell was
used as -an anode.

.Photomicrographs of the bubbles were taken through the glass walls
of thé'éeil and are shown in Fig. 8. Pictures taken at the electrode
surface, and at heights of fivé and ten centimeters aboﬁe the surface
showed_ﬁqidifferenée in bubble size indiéating that essentially all the
| growth occurs whilevthe bubbié is still attached to the cathode. There
was no'&iffe;énce in bubble'size between the two cathodes. At_cﬁrrent
| denéitiéé éf 2.5 and 25 ma/cmE,vwhere correlatioﬁs_wiﬁh thé surface
| fenewal modelvwere teéted;'the_aQerage bubble diaméters vere idenficél.

at 4 X 1073 em. The bubble diameter increased to e x 10;3

cm at 250
.ma/cmgl : |
Thé é&erage bﬁbble diameter was obtained by measuring the sizes _T
of all bubbles.in a spécified aréa of the photograph and_plotting the
sizes on probability paper. The results are shown in Fig. 9. The size
diétribution of bﬁbbles,is normal, as indicated by the sfraight line in
the prbbébility plot,-ﬁith_a standard deviation in bubble diameter of

1.1 X 1073 cm.
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RESULTS
¥ vConcentrétion'Profiles | ‘

The hydrogen concentration'in the electrolyfé as a function of
~distance frg@ the cathodé'éxtrapolatéd to»the time of'éurrent interfrup-
tion iSIShown.in Fig. lO.. Concentration is expressed as pressure of‘
hydrogen in equilibrium with tﬁe soiution. Points at X = .0 were obtained
from the.pdtentiai decay curves at fhe*cathbde and/are in line with the

'points’obtained from»the'rihgvelectrddes.

In fhe vicinity of the cathode, the hydrogen concentration curves
are apprbximately logarithmig. ‘By measuring the slopes in Fig. 10, con-
centfation gradients can bé'calculated using Eg. (2).

c

‘='P'—§'2-3 d log P ‘ (2)
Po dx : <

Bl

The-éxpérimental concentration gradient obtained from Fig. 10 and
Eq. (2) can be used in the diffusion equation to célculate the hydrogen-

diffusion flux at any distance from the cathode
R ’ C

w=p% (3)

¢ The diffusion flux is highestvatvfhe'éathode surface, and~déqreases

" further from the cathode as more of the gas is transportéd by convection
and by bubbles. The hydrogeh diffusion flux calculated at the electrode
surface.is compared in Table II'with the total amounﬁvof gas being’ .

generated.

Bl
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Table 1T
» ' *
o Current. .Density Hydrogen Generation _ Hydrogen Flux
o2 ’ Rate ' (corrected for
me./cm .
i, . . . moleé/cmesec surface covered
. ‘ by bubbles)
. 2
moLes/cm sec
.395 2,04 x 1077 2.40 X 1077
3 -8 -8
3.95 \ 2.0k X 10 2.20 X 10
' T

39.5 2ok x1070 2.46 X 107

Tﬁe discrepancy'bétween the flux calculated from the éurrent density
and that obtained from the measured concentration gradient.is a result
of: (1) uncertainty in the shapé of the concentréfion-distance cufve

‘(Theory does not predict the shape of the curve; thLe logrithmiq func*ion
wasvchdsén becaﬁSe it fits the data fairly'well), end (2) lack of an
exact value of the concentiation at a given distance from the cathode
(since conCentration at anyvfoint varies in a cyclic manner depending

- on the stage of bubble growth in the immediate vicinity).

Supersaturation at the Cathode
The ﬁydrogén supefsaturation at platinizéd pldtinum and at smoéth

platinum cathodes was evaluated as a function_of current density, aﬁd,

thé résﬁlts are plotted in Fig. 11. A surfacé-renewél model is fested
- & | . toqpredict the concentration. of dissolved‘hydrogen at thé cathode
surfaée as a function of the current density. "Physically “the model
assumes that all hydrogen leaves the-electrode by unsteédy étate
diffusién;

* ) ’ : .
Calculated from concentration gradients at x = O
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. The diffusion'process starts when a bubble léaves the cathode

surface, and the space occupied by the bubble is replaced by fresh

velectrolyte from the bulk of the solution. Transient diffusion now

takeé plaée into the fresh electrolyte until the concentration of gas

at the cathode-surface becomes great enough to cause a new bubble to

-nucleate. . After this new bubble has grown large‘enough to be discharged,

it too is'replacedzby fresh electrolyte'aﬁd the process begins again.
The surface-renewal model is'a great Simplificafion of the events
occurring around a cathodé; ‘It was first formuiéted by Higbiel6 to
accbunt'for gas bubbles aissolQing‘in liquiGS«and has also been success-
fully inclﬁded‘in heat transfer models-involViﬁg bubble generatidn af.a

ol Engelberg-

heated surface by nucleate boiling (Han and Griffith,
Forster and Griefl ). More recently, -and more directly connected to

electrochemistry, it was applied by Venezel13 to interprét the observed

rate of transfer of ferric ions to a céthode while hydrogen gas is being

evolved.
Tp calculate hydrogen concentration with a.surface_renewal model
requires‘no empirical constanﬁs'- only the physiéal propertieé of the
systeﬁ and the:average time between disgharge of bubbles from a location
on the cathode. Opﬁigal'measurements of the_bubble size were made to
caicuiate the time between‘bubblesz A1l bubbles were close to the same
. ‘ . . 5

size with an average diamter of k4 X 10™° cm, independent of the current

dehsity*over the range used'in-thié study. The rate of bubble genera-

tion”éan.be calculated by dividing the hydrogen productibn‘rate by the -



Dl

, *
average bubble volume and is given by

I ' ,

v-—3 oy
- bmr nFp,, :

- Assuming that the bubbles being generatéd have an equal chance of

forming anywhere on the cathode, the average time between bubbles form-

ing at a location is
l - . . -
tw | (5)

By assu@iné that fhé bubbles aréhépheres‘When dischérgéd and that
the_effeéfive aréa for surface-renewal is thé area Shiélded by the
bﬁbbles;:the time between bubbles is obtained by conbining BEqs.(4)and (5).

L#pvnFr '. 7' R
t o= —r— | | (6)

Thé average hydrogen concentration at the_electrqde can now be
obtained by integrafing equation lzfor concentration over the time
interval between bubbles given in Eq. (6); dividing by thé,average time,
and evaluating the concentration at X = d, the electrode surface.
-Expreééed in dimensionless form, the excess hydrogen pressure at the

cathode surface is given by Eq. (7).

* 3 ' : A ‘
‘This assumes that essentially all the growth occurs in the imme~

diate vicinity of the cathode, which is substantiated by our observation
that no difference could be measured between the size of bubbles being
evolved from the electrode and bubbles several centimeters above the’
surface. : - :

@
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P.-P : ri-
. s~ ‘B Pyrt ,
D /P = ———= = 665 - — (7)
s’7o Py EDF(lfG)

o

. An increase in the effective current density on the cathode due to

surface coverage by bubbles is accounted for by the (1-6) term of Eq. (T7)

where 6 represents the fraction of the electrode area shielded by bubbles.

Using the measured hydrogén concentration from.Fig. 10, the time for a

“bubble to grow from nucleation to the size of discharge can be calculatéd

by the méthod of Cheh.™” The average surface .covered by bubbles is
obtained by taking the ratio'of the time an: area is coyered during the
growfh of a bubble to the time between bubbles. Calculated values for
surface coverage are 1%, 2%, and L% at current densities of 0.4, L, and
40 ma/émg,‘ Thus the correction fbr the electrode area'COVe%ed by bubbles
in theéé'experimenfs is small, and of the same érder of magnitude.as ﬁhe
values-réported by Venezel,13 based on optical observatiéh. |
According to the model, at low surface coverage the hydrogen surfabe
excess~isvproportional to the square root of the current density. The
1/2 slopes of the lines in Fig. 11 placed by visual inspection;* appear
to yiéld-a‘good-fit of experimental data for platinized platinum; less
so for smooth platinum cathodes. Both lines, however, are substantiélly

above the one repfesenting surface renewal model.

D . .
A multiple regression correlation of the data in Fig. 11 gives for the
platinized platinum case ' :

P =3.11 7°oL

The limits on the exponent of I (at the 95% confidence level) are .45 to .53.

For the smooth platinum electrode the equation is
S P = 5.75 I'°9 |
with limits on'thé exponent of .41 to .76 at the 95% confidence level.
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.Oﬁe of‘the basie assumptions of the surfacezrenewal model is that
bubbles-héve an equal likelihood of forming at ény point on the éathode.
If this is not the case and_certain areas‘ére.less acti&e for nucleating
bubbles, more gas musf diffuse.from these areas, anc. the average length
of the diffuéion path is longer. The average.gés concentration at the‘_
cathodé would increase, and the curves plottea in;Fig.‘ll would be dis-
placed upward as is observed particularlybwith the unplatinized'electrpde.
Thus the,incréaséd concentration at the unpiatinized_cathode is likely
to be the result of @ifficulty in nucleating bubbles.

Sinée higher nucleation energy incréQSes the»supersaturatibn, it,
might appéar‘that elimihating the nucleafion_energy wOulé‘eliminate
superséturation. This, however, is not the'cése;' Although bubbles
.could fofm/ét low values of supersaturation, very small éoncentration
gradiénts would exist to further theif growth. Wita'the.logrithmic (on-
céntration_profile plotted in Fig. 10, if the nucleation energy Wére low

'énough §0 thaf a bubblevcould form whenever the sﬁpéfsaturation reached
three.atmospheres, a'calculétioh by the method presented by Chehll shows
that the bubble would require two seéonds to7grow.large enough to leave.
the-céthbde. At Lo ma/cm2 a bubble must bé discharged from each loca-
tion on the cathode eiery 3 seconds, ana the 6 term in Eq. (7) represent-
ing fraction of the eleétrode covered with bﬁbﬁleS'wbgld appfoéch‘l. In

_tne»e#treme case thé electrode would Become cbmpletely.covered with gas,
‘a phenomenon {"anode -effect"”). indeed observed‘in-the electrolysis of
molten,sélts. ‘

7

When the results of Breiter, Kammermaier and Knorr, ' - who measured

surfaée'concentration with an AC phase-shifting technique on an activated

W
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platinuﬁ'cathode, are plotted as surface concentration vs current density,
the curve‘shown iﬁ Fig. 12 is obtained. Our data on the platihiied
platinum electrode are shqwn for comparisén. In the experiments .of
Breiter, et al., mechanical agitation was supplied in aGdition to the

ffeé éonveétion caused by géé evolution.

In Fig. 13 the‘mass-transfer coefficient for the transport of
hydrOgénigas from the electrode

I _ ' v o .
R N )
is plottedbvs.current density.

BeloQ:EO ma/cm2 the coefficient of mass transfer from the data oOf
Breiter,:ét'al., is constant, indicating that the méss transfef raté_is
contrdiléd;by'mechaniéal agitaﬁion, and is nbf affected by the raté of
. gas evoiufion. At higher éurreht densities the gas evolved at the
cathode providés.more effective agitation than the mechanical stirring,
énd the mass -transfer coefficient increases. In_the'resﬁits reported
' hére'ﬁo mechanical agitation is provided, and the mass-iransfer coef-
ficient 'is apprdximétely propoftional to ﬁhebsquare root, of the current
densit&'over the entire range studied;‘ If is worth nbﬁing thaf above
- 100 mA/cm2 the two mass transfer coefficienﬁs calculaféd from éxperimental
data of Bréiter,-et al., fall close to the bestvline of slope = 1/2

represehting the mass-trahsfef coefficients obtained in the present work.
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Fig. 12. 'Hydrogen supersaturation at cathode surface as a function of
current density. L .
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CONCLUSIONS - .

It has been demonstrated that substantial Leyels of" gas supersaturatioﬂk
exist at a hprizontal cathode at whichvhydrogeh'isvdischarged. without o9
’meghanipal.agitétion. The major portion of the hydrogen leaves the
cathodé Surface by diffusing through the soiution fé a nearby bubble on
the cathode surface. Sﬁpersaturation prbvides the‘driving forée‘for
diffusion. 'The generation of bubbles very effectively agitates the
electrblyte adjacent to the cathode surface, bringing in electrolyte
'_from the bulk of the solution. The masé transfer coefficient for
diséolyed gas ig approximétely pr0portional to the square root Ofbthe.
current.dehsity;.thévsame relationship hés been proposed for the mass
trénsfe}.coefficient of ionie transport ét gas evolving:electrodes (Ibll9).
The propééed surface renewal model predicts the sqiare root dependencé
of suﬁérsaturation on current density, -but the levels of supersaturatipn
calculéted by this simple method are lower than ﬁhpse obtéined from
potential‘meaéureménts. |

This .discrepancy is much greater :in thg éasewof smooth platinﬁm B
surfaces where large energies are requiféd for bubble nuciéation, than ’

in the case of rough, or porous surfaces, such as on platinized platinum.
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| NOMENCLATURE
,Symbolé--
CA ':éurface area ;overed by ‘a bubble
c  Concehtration
D  Diffusion coefficient
F Faradayvcoﬁstant
I :Cﬁrrent density
K Mass>transfér coefficient
N --Bubble generaﬁiqn rate
_n“~f Eiectrons transferrea
Pb" Pressure
P -'Excess pressure over bulk electrolyte
r . Bubble fadius '
t . Time
W . Mass flux
x ’-‘Distance
6  Fraction of electrode area covered by bubl les
p” Density )
Sﬁbséripts
| B?;l Bulk electrolyte
E  Equiiibrium at atmosphericlpreééuré_.
O - 'Atmospheric pressure |
S | Surface of electrode
A Vapor

2 .

moles/cm3
en” /sec
coulo@b/mole
amperes/cm2
cm/sec

bubbles/cmzsec

atmospheres
atmospheres
cm
seconds
moles/cmESec
cm

3

moieS/cm
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behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the-accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. :

‘As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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