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INTHODUCTION

Discontinuities or pores in electrodeposited metsls have been
held responsible for the feilure of these metels to protect adequately
the base metal which they cover, In the present work this porosity
was studied by measuring the rate of diffusion of gases through thin
electrolytic nickel foils at overpressures of one atmosphers or less.
The effect of different gases, alr, hydrogen, helium, and nitrogen
was studied and their rate of diffusion correlated with Grahems Lew,

Corrosion of elactrolytic foils had been previously reported to
greatly incresse the permeability of these foils to gases after a
brief initisl period im which the permesbility was affected very
little, This effect of corrosion was evaluated in two corrosive media,

The diffusion of ions in 1liquid medim through electrolytic nickel
foils was investigated to attempt to determine the size of the pores

which were present in the electrodepoait.






HISTORICAL BACKGROUND

Diffusion of Gases Through Metals

The first recorded observation of the diffusion of gases through
metals was thet of Cailletet (1) in 1863, He found that nascent hydro-
gen, produced by immersing an iron vessel in dilute sulfuric ecid
would, in part, pass through the iron vessel and sppear on the inside
of the vessel, If the vessel was made cathodic in an electrolytic cell
the rate of diffusion wes increased and the diffusion would proceed
even with a pressure inside the vessel of twenty atmospheres, However,
if the vessel was surrounded by molecular hydrogen there was no notice-
able diffusion at room temperature, it 350°%C. diffusion could be
measured and the rate of diffusion incressed rapidly with further
temperature increeses. Suboequent luvestigations (2,3) have shown that
the rate of diffusion of molecular gsses through metals is proportional
to the square root of the overpressure at high and intermediate over-
pressures, However thesc exirapolated isobtherms would not pass through
the origin, but rether, intersect the sbscissa at a value which is less,
the greater the tempersture, Careful measurcments indicate that at low
overpressures the rate of diffusion departs from its dependency on the
square root of the overpressure and the values do pass through the
origin, This indicates that there is no "threshold overpressure®

necessary to initiate the diffusion process,






The differing permesbilities, which various metals exhibit when
exposed to gases, was sscribed by Fast (L) to the property of the ges
to form & compound with the metsl, the diffusion rate of the gas being

high if compound formation were possible, Rhines (5) postulated that
a ges would diffuse through a metal in those instances in which it was
soluble in the metal, The behavior of the halogen gases which react

resdily with most metals, but do not diffuse through any metel to any
great extent, disprove Fast's statements, The rare geses cannot, of

course, form compounds with any metal, It has been reported (6) that
the rate of diffusion of helium through copper, nickel, or molybdemum,
if it proceeds at all, must be at least 10® times slower than the rate

of diffusion of common gases,

Characteristics of Elactrodeposited Metals

It was recognized as early ss 1887, that one metsl deposited upon
a second metal, did not cover the second metal contimuously until it had
reached & considersble thickness, Oberbeck (7) investigated the thick-
ness of a metal necessary before a platinum electrode would sssume the
electromotive potential of the deposited metal. This thickness was
computed from the weight of the deposit and found to be two to three
millimicrons for zinc, one to two millimicrons for cadmium, and one
millimicron for copper; hence it sppesrs that several atomic layers must
be built up before the base metal is completely covered,






Electrodeposited metallic coatings can be divided into two types
depending on their relative position in the electromotive series, in
relation to the base metal which they are protecting. If the coating
18 less noble than the base metsl, the protection is of & sescrificial
nature; the base metsl is pr d b the ting is prefentislly

attacked, hence the base metel is protected despite minor discontimuitiss
in the coating.

However, in the case of coatings more noble than the base metal,
if there are any discontimuities in the coating, the presence of the
coating may actuslly be detrimental, since this will restrict the amodic
areas to those areas where discontimuities exist and thus greatly in-
crease the corrosion of the base metal at these locetions. The two dis-
similer metals form & galvanic cell, The potential existing between
these metals is dependent only upon the two metals and the electrolyte
with which they are in contact. This potential is, of course, inde-
pendent of the relative arcas of the two metals, kiny current flow, as
8 result of this potentisl , must obey Ohm's Lew, If the anodic reaction
is the dissolution of the base metsl, with large anodic aress the loss
of metal might not be objectional. In the case of a restricted anode
area, in which the same amount of current must flow and hence the same
anount of metal removed but from & smaller area, a rapid failure of the
base metal at this particular point msy occur, These electrochemical
reactions may be altered if polarization occurs,

Such discontinuities have been held secountable for the failure of
electrodeposited nickel coatings. It is characteristic of such coatings






that they feil in localized aress, the base metal then corroding

rapidly from this position while the larger portion of the electro-
deposited nickel coating is not visibly affected, It has not been
proved that such localized failure is related to discontinuities in
the originel deposit but it is not unressonsble to expect that they
are, Attempts to link the two have been carried on for s considersble
length of time. The early sttempts were mainly by the use of some
chemical resgent, considered nomcorrosive to the metallic coating, but
which gave a cheracteristic color reaction with the base metal, Such
methods have besn ssverely criticized (&) since it cannot be proved
that all pores may be thus identified or that the reagent is non-
corrosive to the metallic coating.

Another suggested method is that of photographing nonedherent
deposits (9), Obviously this method is limited by the fact that tortuous
pores may not sllow light to pass, and by the size of the pors which
can be determined.

Thon and Kelemen (10) have rsported an apparatus for the measure~
ment of the porosity of nonadhwerent deposits by means of gas perme-
ability. / similer spparatus was used in this work,

A consideration of the mamner in whicli an electrodsposit is formed
makes it appesr altogether reasonsble that these deposits should be more
porous than similsr sheeis obtained from the same metel cast and then
rolled to similar dimensions, It is characteristic of an electrodeposit
that it does not forn uniformly over the base metal but appears to start

at discrete points and then grows laterally from these positions,






The resson for this is not clear; it may be due to the presence of
“active centers" in the base metal, to the presence of points or pro-
Jections (perhsps on a microscopic scale) in the base metal, or to the
presenve ¢f atomic planes having a preferred orientstion such that it
s sssier for the electrons to move to the surface of the base metal
&% What point, Since the formation of the deposit is in a direction
toward the anode it would be expected that discontinmuities would de-
velop when these laterally growing greins meet, ZElectrodeposits are
formed at temperatures considerasbly bslow the freezing point of the
metal and the mobility of the metallic stom at the moment the solid is
formed must be considerably less than when the solid metsl is formed
from & melt; hence it is less likely that the slectrodsposited metal
will be formed with the atoms in their most stsble configuration,

The codepoeition of hydrogen has been considered &s a factor in
the formation of pores. “ood (11) found from x-ray diffraction pstterns
that sleetrodeposited nickel had the same lattice constants 8s metallurgi-
oal (4.e., cast and worked) nickel, He chserved that the lines were
broader for electrodsposited nickel and attributed this to the concen-
tration of hydrogen at the interfaces betwesn crystallites. He calcu-
1ated these crystsllites to be 10~ to 10°° om in size. Other investi-
gators (12,13,1L) attrivuted this diffuseness of the lines to the crystal
size. Crystel sizes renging from 107 o 10™ cm were reported.






EXPERIMERTAL

Electrolytic nickel foils were produced from & Watts type nickel
solution operated at a pH of 2,2, Fowr liters of the solution wers
prepared having the following concentrations

Nickel sulfaste 240 grams/liter

Nickel chloride LS grems/liter

Borie acid 30 grams/liter
The materisls were dissolved in distilled water, Sufficient nickel
carbonate wes added to the solution to raise the pH to sbout 5.2,
fifteen milliliters of 30% hydrogen peroxide per liter of solution was
added end the solution ellowed to stand overnight, 7The solution was
filtered through #2 Whatman filter paper and the pil lowered to 2.2 by
the addition of concentrated sulfuric acid, Seven and one-half grams
of activated charcosl (Nuchar) per liter of solution wes added, the
solution kept overnight with sgitation and agein filtered through #2
VWhatmen filter pesper, &Lxcess hydrogen peroxide was destroyed by hesting
the solution, The solution was electrolyzed ten ampere-hours per liter
to remove metzllic impurities, L4 corrugated cathode with en average
current demsity of 0,5 amperes per square decimeter was used, The solu-
tion wes stored in sealed bottles holding two liters each.

Foils were formed electrolytically on pamels of rolled steel, the
totel surface ares being sbout ons-tenth of a square foot. The first
size panel used messured two by tlree and one-half inches, Strip






deposits from these panels gave three foils, esch large enough for the
first permesbility appsratus. The folls were taken, one above the
other, from the center of the strip deposit., The panel size was sube
sequently changed to two snd seven-sixteenths by three and ome-sixteenth
inches, With this size penel, six foils, esch large enough for the
first permesbility apparatus, could be obtsined. An entire strip de-
posit of this size was used by the second permesbility apparatus,

Both sides of the panel to be used for producing strip deposits
were covered with a deposit of electrolytic nickel frem the same solu-
tion from which strip deposits were subsequently to be produced. In
some instonces the surface was buffed, in others it was left as deposited,
A few foils were electroformed directly on the surface of stainless steel
(18-8) penels without an intermediate deposit of electrolytic nickel,

Panels which had been buffed were wiped off with carbon tetra-
chloride to remove any adbering buffing compound. The panels were
clesned electrolytically using an slkaline cleaner and given an aeid
dip, The slkaline cleaner waes prepsred deily with the following son-
centrations

Sodium hydroxide 21 grams/liter

Sodium metasilicate 15 grams/liter

Trisodium phosphate 18 grams/liter

Sodium ¢=rbonate 6 grams/liter
Two liters of this cleaning solution were used, The pamel 10 be clesmed
was made anodic, the cathode employed being of rolled steel designed to
Just £it within the two liter besker holding the cleaning solution. The
cleaning solution was operated at 9C to 95°C,






The acid, also prepared delly, consisted of 20 per cent (volume)
hydreshloric acid and was used ot room temperature. The timing of the
alsaning eycle was varied to produce monadherent deposits. 4 typiecal
aycls would bes 20 seconds in the slkeline cleansr, the panel being
smodic with & current demmity of LO amperes per square foot, rinse in
remuing weter, 20 seconds asid dip, rinse in running water, 20 seconds
in the slkaline clezner (anodic, LO amperes per square foot), rinse in
rumning weter, 5 seconds scid dip, rinse in distilled weter and deposi-
tien immedliatelr started. For thinner foils and foils from umbuffed
surfaces it wes necessary to increase the time of the electrolytic
clesning ond/or the current demsity (80 to 100 amperes per square foot)
and %o reduce the time of the scid dip,

The deposition of the nickel foll took place in & ons liter
regtangular glass jar. Depositlion was carried out at a pi of 2.2 r0.05 s
temperature 55 * 2°C. The pH was checked with & Beckman model O pM
meter vhich was tested dailly against & standard buffer, /it ne itime was
1% found necessery o raise the pll;y when necesssry to lower the pH
additions of concentrated acid were msde nsar the anode., For all solu-
tions except "D" concentrated hydrochloric acid wes used, For solution
D¢ g mixture of concentrated hydrochleoric soid and concentrated sulfurie
scid with the same ratio of chloride to sulfate ions as existed in the
original solution was used.

The penel wes held in place by an alligstor type clip attached to
& piece of nickel wire, The panel was placed against the back of ths
Jar so that the deposition of nickel took place predonderantly on one






side of the penal., The solution was agitated with a glass stirrer
having two blades, ench 1 centimeter by 0.75 centimeter, set L5° to

the horizontel (90° with respsct o each other). The stirrer was driven
st 525 < 25 revolutions per minute by a varisble speed stirring mutor,
The stirrer was set near tha level of the bottom of the panel and nearer
the cathode than the anode. Buinles which formed on the panel but were
not removed by the stirrer wsre dislodged by jarring the panel.

4 graph of the efficienczy of the plsting solution was prepsred
giving the time necessary to dsposit a given thickness of nickel., “hza
sufficisnt time had clapsed to giv: the dssirsd thickness of deposit
the panel was removed from tiiz solution asud rinsad with diztiiled water,
The deposit wes thern cut with 8 rasor blade sbout ons-quarter of aa inch
from the edge of “he penel. If ths surface of the sess panel was properly
paseivatad the strip deposit could we removed with no diffleulty. For
deposits of shout five microns or less ihe atrip asposit was ramoved
under distilled water to reduc: the lilelihood of tearing, The sirip
deposit was then dried on a sleei of absoruent paper, marxed in oas
corner with its identifying number {pencil), placed iu an envelope, snd
stored in & desiccator over calcium chloride. The thiskness of the
strip deposit wes deterrine using & micrometer celiper squipped with
a8 ball atteskment and reading to the nezrest tan-thousandth of an inch.
Five or six meesursments worae taken for each strip dsposit and the re-
sults indicsted that the geometry of the plating cell gave quite uniform
deposits. For this reason the thinner foils (eight microns or lsss) were

meesured by weighing the foil and computing thelr thickness.






Each foll was identified by an indivicusl group of charscters,

The first cherscter (& letter) indicated the liter of solution, as
drawn from the sicck solution, frem wiich the strip deposit was produced,
e.g., 4, B, C, D, The secon’ character (s number) indicated the
particular panel used as & base plate, The letter "3" preceding the
nummber indicated that the panel was of shainless gtesl, The {third
charscter (& lettsr) indicsted the siriy deposit from s psrticular panel
in the sequence in which thay were produced, i.,e., +, B, ¢, etc., For
the second permesbility &pparatus an entdrs gielp deposilt was used at
once., F/ith the firet permeadility appmratus six test folls sould e

cut from one strip deposit, These wers further identified by the sids
of the deposit from which thoy wers tevem, i.a., with the side of the
deposit which was removed fram the bass plate awsy from the obsarver,
the left side of the atrip deposit was designzted as 1 the right siie

as 2, A final letisr Indlested the vertical posiition, tho foil ialken
neoarest the botiom of tlic strip deposiit beluny ., the one from the center
B, end the one from the top T,

The strip deposils were chscke’ visually using a thirty-fiv: power
binocular microscope and photographe’ Lo loeate amy #ross lmperfeciions,
The foils were plotographed placed in & printing frams, [ plese of
glass batween the strip deposit and the photogeaplhde f1dm sarved to
diffuse angy light which passed tirough the strip deposii, tlue making
any gross pores more 8asily identified. luminum foll was use~ to mask
the remeinder of the pheotogrsphic film, Bothk Kodak spectrum snalysis

No, 1 plates exposed 15 minutes and Kodak ortho contrest film exposed
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five mimutes, twelve inches from a 100 watt filawent lamp gave good
results .

The permesbility appuratus consistud of a vecuum $ight systas
which could be divided into two portions by an elesetrolytic nickel
foil in & special holder. If, ther, &n overpressure was spplied to one
side of the foil, the raste at which the gas pessed through the foil

could be measured on the oppositn side of the foil by a Mcleod gauge,

[

A mumber of foil holders were constructed befors one was obtalner
which wes satisfectory., The first helder (Figure 2-/) wss construcied
of mild steel, . circuler foil five-eiphts of an inch in dimueter was
held betwesn the two pleces of the holder in such a wmanner than an
exposed ares of ithree~eights of arn inel in dianeter separated ths two
portions of the system, The two pleces of thie holder were joined by s
threadad collsr, Yach pilaee of tlis Lolder was jolnel to the nermoe-
sbility appsratus by meaeng of a ground glass joint,

The groun? glass Joint wms scelal to the holder with pllcens
oement, The ground glasa joint connacizd to the systam wey atlached
to glsss arms with double hends %o give sufficient flaxibilitv to the
system 80 that the holder could be inserted ani ramoved (Figure 1),

The foils placed ir this holder soen developed concentric cracks undsr
the bearing surfsce ¢f the holder, Polishins the ends of the holder
did not remove the difficulty. 4 varisty of gssketing meterials were
tried including copper, lea, and nylon, but the ssme trouble persisted,
The holder had bean construsted with two grephited rings to prsvent

twisting of the two parts when the holder was tightened; howevar, it
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was felt that there might still be enough twisting action between the
two parts to producs the concentric cracks, A second holder (Figure
2<-B) was constructed with a keyway so that all twisting of the two
pleces could be eliminated, 4fter & few messurements on s foil the
eongentric oracks still developed,

A third holder (Figure 3-i) wes constructed of glass, The foil wss
sealed %o the end of 2 glass adspter, Silicone high vacuum stopcock
groase was used betwean the foil and the glass adapter, 4 lucite ring
placed over the foil, was seeled, under pressura, to the glass adspter,
4 mumber of cements Were triedjy the one finelly selacted was glyptal,
vwhich did not require heating, that might change the characteristics
of the foil, and di<d not wet the foil, thus it would not crsep into the
capillaries of the foll and seal tham, This holder was later discarded
to avoid ths use of stopcock grease on the folls,

The first holder was then redesigned, enlargening the cavity into
which the foil was placed, The folls were sealed batween two lucits
rings which had been ground flat. The rings were sealed under pressure
using glyptel cement, This method worked satisfactorily and another
similar holder (Figure 3-B) was constructed of aluminum, Instead of
sealing with 2 twisting action the two pleces of this holdsr were joined
by six cap sorews.

The second permesbility apparatus (Figure L) smployed ball and
socket joints rather than the flexible glass arms for inserting snd
removing the foil holder, Manometers were addsd for measuring the over-

pressure used,
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The foil holder was of & type described by Dr, Thon of Princeton
University in unpublished work (Figure 5), FRubber "O" rings stretched
the foil taut, eliminating any wrinkling of the foil, The vacuwm tight
seal was supplied by the raised collar of the aluminum holder. No
trouble was with tric oracks under the bearing surfaces,

probably due to the alumimum being a much softer metal,

With the first apparatus, measurements of the pressurs incresse
were made every five minutes for fifteen mimutes. After observing an
initial lag in the rate of diffusion, the frequency of readings and
the interval of time was increased. “hen the second spparatus was used,
readings were taken every mimute for twenty-five mimutes. The results
were plotted on a greph (increase in pressure versus time) and the pres-
sure incresse from the five minute reading to the twenty minute reading
used to calculate the permesbility constant "k", This constant was
caloulsted from the formula developed by Thon and Keleman (15)¢
k =V/F x1/AP xp/t where
is the volume of the low pressure side of the
system in liters
is the area of the exposed foil in cm?
is the overpressure across the foil in mm of Hg >
is the increase in pressure (mm of Hg) on the low

pressure side of the foil in time interval
% for which a 15 minute interval was used

o Dm <
e

the units of this "k are liters-cm  =min .
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FIGURE 6

FIRST  PERMEABILITY  APPARATUS






FIGURE 7

SECOND  PERMEABILITY APPARATUS
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RASULTS

The first electrodeposits obtained from & nickel solution were
found to have & much higher permezbllity than those which were produced
subsequently during any continuous period of elesctrolysis, It was found
that three to four hours of contimuous 2lectrolysis at L .3 amperes per
square decimater of csthoda s&rea was necessary before the solutien
would produce deposits with a permesbility constant of about 10™® which
was considered to be about the limit of the sensitiviiy of ths first
spperatus, Smallers "k's" wers in some instances determina’ but aince
they represented & prassurs change of the orler of ons micron of mercury
in fifteen mimites thoir accurasy was questionable, /4 typical curve is
1llustratod in Figare 8,

The same effect was noted subsequently when the solution was again
used to produce foils, Howewsr, esach time the sclution was used to
produce foila the initial foil was of a lower permesbility than the
initial foil electroformecd the previous time the soclution was usad, and
a shorter pariod of electrolysis wes required to reduce the permeability.
tfter nearly a hundred hours of slectrolysis at L ,3 amperss per squsre
decimeter (cathode) uniformly gucd (k = 10%) foils could be produced
from the first.

Figure 9 (Table I) illustirates the effect of twc types of corrosive
redia on the permeability of electrodeposited foils, (11 of these foils

were 25 1 1 microns in thickness end were cut from the same strip
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Ti3LE I
EFFECT OF COKuOSIVE MiDI.A ON PERMEABILITY CONGTANT
Time 11.5 ¥ HC1 Vepor . 10% HaSO, o
(urs) <B) (2-5) =7 (Z=8) (T=")
0 1,060 1,060™° 5 x0™ 2,067 7 «a0™
L 1.000°% g xi0™?
8 5 x10°7" 9 x10~7
10 L. 7xin~e 2 .0x10"€
12 2.1x10™®  3,6x107¢ X
13 - 1.2x107¢  1.607%  2.0x107°
1 L.2x10™*  3.0x10 s - -
18 1.0x10 1.5x10_°  3.0x10_J
20 2.6x1(): 1.6x107°  7.0x107
22 5.8x10 2.1x10™* ). Lx10
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FIGURE 9. EFFECT OF CORROSIVE MEDIUM
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deposit (C-31-E), produced on a buffad stainless stesl (18-3) panel,
The corrosive media wsrz kepl in a constant tamperature baeth (25,0 2
0.5%.). To ramove corrosion produsts, which might clog pores, the
folls were rinsed with watar which hal been adjusited to & pd of 3.0 by
the addition of Ignirochloric seld, Sxposare te the vepor of 11,5 ¥
hydroehlorio acid was foun! ts be sbout twice as corrosive &3 immersion
in tem per cent {wolume) suliuric agid., The shape of the curws was
characteristic of the off=ct of e corrosive wedia 22 the psrwsadilily,
The initiel caposure preducsd very 114lle cuwage in the pwrmssbiliivy,
ifter ¢ Low bours suposurr here wag o swidel anl Zorpt iacrzase in
the permeabliliiy, ./ fber vhis incresse had sterted it lnersases ropldly
to a point where ith: ermesbilily ¥ss Lou greal Lo Le neasured by thne
spparatus, “hen lhis poriici. o tus cuxve, wiere the perneesiliily wes
repidly increesing, was cxtrapolated to the point where the permesbility
vas 10™° s bhe corrosponding hwurz L lhe corrosive mediun wizg referred
to 88 the "bresiziow: tims¥ for the foil, I the very low resulis are
rejected az due te defecte in the foll, ihe relotionslip ls nearly linear
when the breakdown lime for tle fuils is plotted sgainet the thicimess.
These results (Figure 10, Table II) ware obtsined using 11.5 ¥ hydroe
chloric acid as ihe corrosive medliwi,

Lfter employing e mercury vapor diffusion pump, in addition to the
rotary oil pump, it wee noted that the pressurs incresse during the
first five mimates of 3 run wos lese than that during eny succascing
five mimute interval, It had been ihe prasiice to evecuate both sides

of the system to about 0,0005 mm of mercury or lese, then to admit an
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THBL: IT

RELATICNSHIP OF THICKEF oS TO TH BEVLKDON TIME 7 ELICTROLITIC
NICKEL FOILS IN 11,5 N HC1 VAPOR

Thiciness ‘Breakdown Thickness Breakdown
{microns) Time (irs) {microna) Time (urs)
10 3. 23 RS
10 3.5 23 7.0
18 5.5 23 7.0
18 8.5 2l 1.n
1 10,5 25 8.0
20 9.0 e5 8.0
20 75 25 10

25 12.0
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atmosphere of overpressure to one side and meesure the subsequent
inorease in pressure on the: opposite side of the system, To determine
if this iuitial lag was caused by the adsorption of the gss on the
surface of the foil, sn overpressurs of one atmosphere was left on one
#1de of the foil while the opposite side was evacusted to as low a value
as possible (ususlly a few microns of mercury), the vacuum pumps were
then shut off and the increase in pressurs noted. The ingrease in
pressure was, in this case, linesr with respsct to time, the slope of
the curve being sbout the same as that for the previous run (in which
both sides of the system were evacusted), after the initial lag during
the first feow minutes, Typical results are illustrated in Figure 11
end Tables IIX, IV and V,

A change in the permeability of the foils over a periocd of time
is observed; for foll C-Sl=D~1-B the permesbility incressed, for foil
C=8l=D=l-i the permaability decressed. For foil C-Sl-D-1-B3 Kuns I,
II, III and IV were made the aame day, kun V was made four days later,
Run VI twenty-six days after the first four runs, and Run VII twenty-
eight days after the first four runs, Runs I and II for foil C=SleD-lei
were made the same day, KRuns III and IV were made eighteen deys later,
and Runs V and VI were mads thirty dsys after the first two runs, Both
rns for foll C-51l-D=2-0 wore made the sewe day. /11 foils were from
the same strip deposit, 25 microns in thickness. Vhen originally pro-
duced, about six months previcus to this series of tests, &1l foils had
an initisl permeability of sbout two microns of mercury in fifteen
minutea, 41l permeability tests were mads with one atmosphere
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TiBLE IIX
INITIAL LAG IN TH: DIFFUSION OF AR THROUGH FOIL CeSleDei-B
e e e
Tine Pressure at Outgoing Side of Foil in m o
(win) B Y T Tt T e T e ¥ R AT o VIT

o 0,000 0,002 0,003 0,000 0,000 ©,002 0,003

1 005

2 007 01 003 012

3 011 .002

L 013

5 .003 015 016 L00k .00bL 010 023

6 006

7 e2 007 016 o3
10 007 031 030 013 011 .027 LOl3
12 035 .0L8
15 025 L3 Okl 025 021 Ohs 060
17 052 068
20 036 W38 060 076
22 L0686 D82

Run I Both sides of system evacuatad
Run IIX Evacuated only ons side of system
Run III AEvacuated only one sids of system
Run IV Both sides of system evacuated
Run V Evecuated only one side of system
Run VI Both sides of system evacusted
Run VII  ivacueted only ons side of system




PRESSURE AT OUTGOING SIDE OF FOIL IN MM. OF He

.030]

20

TIME IN MINUTES

FIGURE 11, INITIAL LAG IN SETTING UP STEADY
STATE OF FLOW THROUGH

No b N

EVACl.JATED

FOL G-SI-D-I-B
BOTH SIDES
ONE  SIDE
BOTH  SIDES
ONE  SIDE
BOTH  SIDES
ONE  SIDE







TiBLE IV

INITIAL L.G IN THE DIFFUSION OF IR TIROUGH FFOIL CwSl-D=l-:

21

Tine Pressure at Out Side of Foil in mm of H
Amn) “Han ¥ Run I Tun ﬁf Fan I R Vb VI
0 0,000 0,011 0,002 0,00% 0.001 0,00}
1 .002 .00k
2 .005 S22 007 015 .002 003
3 010
L 015
S .020 LOkd 018 026 00k 007
1 031 0L 025 .034 006 010
10 OLk 072 036 OLé 011 013
12 060 080 0L6 .0l8 016
15 078 100 054 066 .018 020
17 .088 A0 06z 072 L020 023
20 108 130 OTh .023 026
22 120 136 084 026 030
Run I Both sides of system evacuated
Run II svacuated only ons side of system
Fun IXI Both sides of systam evacuated
Bun IV Lvzocuated only one side of system
Run V Both sides of system evaouated
Hun VI ivacuated only one aide of system
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TiBLE V

INITIAL LAC IN THE DIFFUSION OF ATR THROUGH FOIL C-Sl-D-2<C

Time Pressurc at Outgoing Side of Feil in mm of H
—{min) T T g IT

0 0,000 ©,00k
2 001 012
5 .00k 023
7 ~007 025
10 ,013 -oLo
12 018 0L6
15 .025
1 0% 060
20 oho 072
22 .06 1060

Run I Both sides of system evacuated
Run II  svecuated only one side of systew
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overpressure (741 * 5 mm of Hg). There was no correlstion betwsen
the variation in overpreasure and the varistion in permesbility, Foil
Ce8leD~l-i had been stored exposed to lsboratory atmcsphere but pro-
tected from dust particlss by clicessclotli, TFoils C-Slel=l-B and
C«Sl=De2-C had been stored in » dessicator ovar calcium chloride,

Attempts were made to dstermine if lons in solution as well os
gases would pass timough the foils, Using z foil tc separate sclutions
which contained, respectively, chloride ions on one side arnd silver ions
on the other; chromate ions on one side and lead ions on the othery in
neither instance was there any indlcation of any precipitation on
elthar side of the foil after twunty-four hours,

It wss pussible, however, to measure the diffusion of hydrogen iens
through a foil 25 microns thick under similer conditions, The foil was
used to separate a solution of ten per cent {volume) sulfuric acid fram
distilled water, The volume cf istills’ water was spproximately twenty
aflliliters, the volume of ten per cent aulfuric acid was abeut 2.75
milliliters for trisls 1 and 2, anc 2.0 milliliters for trials 3 and L.
In trial 3 a little 0.1 N sodium hydroxide wes addec to the distilled
water in an attempt to get a longer perio’ of diffusion befors an equi-
librium was reached. The previocusly datermined "k" for this foil wes
8 x 10°®. The results arc illustrated in Figure 12 and Teble VI,

The remainder of the data was obtained using the second permeability
spparatus, The rete of diffusion at different overpressures for foil
C-1-F (13 microns thick, deposited on & buffed electrolytic nickel sur-

face) is shown in Figure 13 anc Table VII, There was & linear increase




CHANGE OF pH DUT TO THE DIFFUSION OF HYDROGEN ION3
THROUGH LLECTROLYTIC NICKEL

Trisl 3

Trial b

9.88
10,00
10,20

10.35

10,43

10,35

8,60

7.72
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FIGURE 12. DIFFUSION OF HYDROGEN IONS
THROUGH ELECTROLYTIC NICKEL







T.BLI VIX

EFFRCT OF OVLRPALOUn. i Tdi ReTs OF DIFFUCION OF LIu
THROUGH FOIL Celef

Overpressure hate of Diffusion )
mm Hg mm Hg/lb min ec/emz/15 min xox 10°
k.0 0,006 0,001 1
23 021 003l 7.6
37 3L 0056 .5
105 098 016 7.5
300 .323 0531 2.9

Tl 6.,30% 1.04 71
293 L5 239 L1
99 571 093¢ 4G
51 .25¢ 242l L2
18 A3t 0215 &0
9.9 23 L0200 110
k.o Ror 3 L0124 160
3.0 Ok 072 o

* uxtrapolated resding
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INCREASE IN CC./CM¥/ISMIN.

PRESSURE

1.000

0.750

0.500

200 400
'OVERPRESSURE IN

600 800
MM. OF He

FIGURE 13. EFFECT OF OVERPRESSURE ON THE

RATE OF DFFUSION OF AR

THROUGH FOL C-I-F
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in the rste of diffusion as the overpressure wss increased wp to 300

mm of mercury, Vhen the overpressure was further incressed to one
atmosphere (741 mm of mercury) the rate of diffusion increased sharply.
The rste of diffusion ineressed about twenty times while the over-
pressure was increased by a factor of about two and one-half, When the
rate of diffusion wes again tested at successively lowsr overpressures
the rate of diffusion wes consistently grester then it had been previous-
1y for a similer overpressure, ‘“hen the foil was removed from the
holder and examined visually a2 small crack was epparent where the holder
had gripped the foil, Since it wes spparent that the permesbility
eharacteristics of the foil could be changed by high overpressures it
wss decided to work with overpressures of the order of 100 mm of mercury
or less,

Poil C-2-B (13 microns thick, deposited on a buffed slectrolytic
nickel surface) had & nesrly linear incresse in the rate of diffusion
as the overpressure was incressed from ons to one hundred mm of mercury
as shown by Figure 1l end Table VIII, However, in view of subsequent
results, it should bs moted that thers wes only one resding taken between
twenty-three and sixty-five mm of mercury overpressure and that this
reading was below the straight line,

The rete of diffusion of hydrogen through foil D=02-C (& microns
thick, deposited on a buffed electrolytic nickel surface) is illustrsted
in Figures 15 and 16 (Table IX), Previous to this dry air had been
used as the diffusing ges., /t very low overpressures the rate of dif-

fusion incressed very little as the overpressure was increased, st
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TLBLE VIIX
EFFECT OF OVEKPRES DR ON THE WiT: OF DIFFUSION OF AIR
THROUGH FOIL C-2-8
Ovearpressure Rate of Diffusion 6

wn Hg wm Hg/10 min____oc/emd/ih min k x 10
ﬁ.@ 0,061 0,010 170
.0 A19 L0194 250
9.9 258 .0k23 220
340 720 J1E 180
98.6 2,66 436 220
‘ 65.k 1,76 .290 225
2.7 .580 ,0958 210
7.8 207 .03L0 220
3,0 o7 on 200
2,22 LOha 0079 189
1.3 028 0046 160
88 018 0030 170
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FIGURE 14. EFFECT OF OVERPRESSURE ON THE
RATE OF DIFFUSION OF AIR THROUGH FOIL G-2-B







T/BLE IX
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EFFECT OF OVERPRESSURS ON THE RATE OF DIFFUSION OF HYDROGEN
THROUGH FOIL D-02-C

Hi

Hate of Diffusion

wn Hg T oc/em k x 10°
s 0,0022 0,00036 5.2
6.8 L0071 L0011 8.7
13.5 0100 0017 6.1
38.1 L0150 0025 3.3
58,1 0270 .o0k5 3.9
6.8 .0lko 0072 5.6
8L.7 0570 009k 5.7
76.7 .oLgo 0079 §2
69.9 .0190 .0032 2.3
51,2 .0330 005} 5.k
36.7 L0280 0046 6.3
22.1 0150 0025 £.6
32.7 L0LLo .0023 3.6
.on 0010 00017 760
.033 L0012 00019 300
Jd25 L0010 00017 6
1.58 0034 .00055 18
.65 0020 00032 26
.070 0008 00013 90
006 0003 00005 300
023 0005 00008 180
1.95 0016 00026 6.4
1.31 L0016 00026 10
1.3k U010 00017 6.2




'RATE OF DIFFUSION IN CC./CM®/I5 MIN.
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A
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FIGURE 15. EFFECT OF OVERPRESSURE ON THE
RATE OF DIFFUSION OF H, THROUGH FOIL D-02-C
O FIRST RUN /\SECOND RUN () OTHER READINGS
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FIGURE 16. EFFECT OF OVERPRESSURE ON THE
"RATE OF DIFFUSION OF H, THROUGH FOIL D-02-C






overpressures from three to one hundred mm of mercury the rate of
diffusion inoressed more rapidly and linearly. The circles indicate
the first readings, teksn in the order of increasing overpressures,

the triangles represent readings tekem in the order of decressing values
of the overpressure, hexagons are other readings teken, Readings which
are low are probably due to contaminstion of the hydrogen by air, The
readings below two ym of mercury overpressure gsn be divided into two
sets, oms set indicating a rate of diffusion sbout twice that indicsted
by the other set,

The data from foil D=02-5 (15 microns thick, deposited on buffed
electrolytic niciel) had the lesst varietion from & smooth curve of any
foil tested., There was a sharp bresk at 36 mm of mercury ovarpressure,
VWhen the rats of diffusion of hydrogen is plotted against the overpres~
sure only two points f«ll off a smooth curva, The point at 65 mm of
mercury overpressure could be interpreted as amother break (Figure 17,
Table X). If the rete of diffusion is plotted egeinst the squars root
of the overpressure two straight lines are obtsined with a break at 36
mn of mercury overpressure.

The first gas to bs used with foil D=03-. (€ microns thick, de-
posited on an unbuffed electrolytic nickel surface) wss hydrogen. The
£irst two series of readings were made starting at lowv overpressures
and inecreasing the overpressure for successive readings as indicated hy.
the circles end squares, The third series of readings was made starting
with the highest overpreassure and decreasing the overpressure for suc-
ceasive readings as indicsted by the triengles, Hexagons ere, again,




Ti#BLE X

EFFECT OF OVERPRuSSURL ON THE RATE OF DIFFUSION OF HYDROGEN
THROUGH FOIL D-02-%

Este of Diffusion

mm Hg n min  cc/om>/15 min k x 10°
0,04 0,0000} o
3.3 0016 &k
8.1 00026 1.6
16.7 0038 11
30.5 2003 .82
52.7 S097 93
65.5 0011 1
85.5 L0215 B7
109.9 L9018 .83
73.6 L0013 90
.2 00072 .89
26.6 00069 1.3
38.9 00062 .
36.0 00053 Tk
1.36 00708 3
1.58 00006 2
150 00003 2
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FIGURE 17. EFFECT OF OVERPRESSURE ON THE
RATE OF DIFFUSION OF H, THROUGH FOIL D-02-E
OFIRST RUN A\ SLCOND RUN [ OTHER READINGS






extra readings., The dsta (Table XI) as plotted in Figure 18 shows &
break at LS mm of mercury overpressure, Figure 19 (Tables XI, XII end
XITI) compares the results of diffusing hydrogen, helium, snd nitrogen
through foil D-03-:, Helium dispilays the ssme pronounced break as
hydrogen; nitrogen, when plotted to the same scale as the other two
gases does not have nearly so pronounced a bresk and might be inter-
preted as & lipnear function,

Foil D-03-B (8 microns thick, deposited on an unbuffed electro-
1ytic nickel surfsce) was first tested with nitrogen, The first series
of resdings gave a typical curve with a break at sbout 53 mm of mercury
overpressure. ifter the last (highest) reading was made & stopcock was
inadvertently turned in the wrong dirsetion and an overpressure of 250
mm of mercury was momentarily placed on the foil, ‘hen aubuvquent read-
ings were made, the rate of diffusion hed increased and the seconc curve
was obtained, it this time, due to a leak in the conmmection to the
rotary oil pump, which was not discovered until later, it wes necessary
to use the mercury vepor pump to obtain pressures low enough to make
permesbility messurements. In this instance the mercury vspor pump
was opersted contimiously for five hours after which the rate of dif-
fusion was found to have increased egsin and the third curve was obtained,
These results are shown in Figure 20 and Tsble XIV, The foil was &lso
tested using hydrogen and helium, both gases exhibiting a break between
4O and 50 mm of mercury overpressure (Figure 21, Tables XIV, XV and
XVI), When exsmined visually there wes no apparent damsge to the foil
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T4BLE XI
EFFECT OF OVERPRISSURE ON THE RATs OF DIFFUSION OF HYDROGEN
THROUGH FOIL DeD 3w/
sure Rate of Diffusion
mm Hg mm Bg/15 min ce/cw3/15 min k x 108
1.02 0,0056 0,00088 ué
1.30 0055 .00088 %
2.15 0063 0011 2k
g 0739 0121 130
6,00 0670 0110 93
10,00 .0590 00968 L8
17.70 A32 0217 62
26.15 A190 0312 €0
54,30 308 0506 L7
79.30 . .0820 52
o 620 2102
62,00 Ai35 0713 58
62,10 462 L0758 &
83.50 6oL 0 &
3.15 .02L3 00398 63
10,30 0870 0143 72
22.20 169 0277 63
32,70 .220 .0 56
L3.30 285 .0L68 55
50.90 327 0536 53
58.50 2o | &
70.30 507 0832 60
86,50 590 0965
o 0010 00017 85
.30 242 .0398 L3
k2.80 261 .0L28 Sl
71,00 375 0615 by
97.00 o .10k sh
81,10 o540 0896 55
71.10 sl 0761 Sk
61,80 28 0702 57
52,70 26 L0626 60
Lo ko 269 J0bk3 55
33.k0 265 .0L35 66
2L.70 160 0263 54
R 125 0205 63
6,70 0590 o 3
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FIGURE 18. EFFECT OF OVERPRESSURE ON THE
RATE OF DIFFUSION OF H, THROUGH FOIL D-03-A
OFIRST RUN DOSECOND RUN A\THIRD RUN

() OTHER READINGS
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T4BLE XIT

EFFACT OF OVERPRESSURY ON THS RATE OF DIFFUSION OF HELIUM
THROUGH FOIL D-03-A

Rate of Diffusion

|

nm Hg am ce/on’ k x 108
0,060 0,0009 0,0002 100
1.13 007l 0012 5k
3.50 .0321 L0053 76
7.50 .057L 009k 6k
1.8 0900 .01h7 &3
23.1 131 0215 Lé
36.2 205 L0337 L7
k5L 236 .0387 L3
52.9 28L 0L65 Ls
6.8 3hk 0565 ué
54 oo 0651

92,4 438 0720 39
89.5 L50 0739
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T#BLE XIIX
EPFLCT OF OVERPRESSUiiL ON THZ RAT- OF DIFFUSION OF NITROGEN
THHROUGH FOIL D=03el.

Overpressure Rate of Diffusion %
mn Hg mm ce/em* /15 k x 10
3.20 0,0086 0,001k 22

10.1 C29lk .00k82 2h
22,L 0550 .00903 0
343 .08u0 0132 19 S
51.3 18 L0194 19
62,4 Lo .0230 19
72,6 160 0263 18
92.0 216 035k i9
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FIGURE 19 EFFECT OF OVERPRESSURE ON THE
RATE OF DIFFUSION OF GASES THROUGH FOIL D-03-A







35
TABLE XIV
EFFECT OF OVERPRESSURE ON THE R/TE OF DIFFUSION OF NITROGEW
THROUGH FOIL D-03-B
Overpressure Rate of Diffusion
mm Hg cc/cm m k x 10®

(3
(=]
la;
C

0,0011 18
L0163 00277 13
.ohé2 00757 18
0620 L0102 16
0800 0132 15
0950 0156 15
121 0198 16
BT 0240 17
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FIGURE 20 EFFECT OF OVERPRESSURE ON THE
RATE OF DFFUSION OF N, THROUGH FOIL D-03-8
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TABLE XV

GFFECT OF OVERPRESSUR: ON THE RATS OF DIFFUSION OF HELIUM
THROUGH FOIL D-03-B

Overpressure Rate of Diffusion
m Hg T Hg/15 min cc/en3/15 min k x 10°®
1.97 0,010 0,0026 68
9.00 0960 0160 89
27.0 .281 .0L60 86
L3.7 L2k 0696 61
L7.3 WLko 0721 77
50.9 L78 L0785 78
sh.2 .500 0820 7
o 576 7 1
1.9 655 .108 76
85.2 766 125 7%
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T4BLE XVI
EFFECT OF OV:RPRESSURK ON THE RATE OF DIFFUSION OF HYDROGEN
THROUGH FOIL D=-03<B
Overpressure Rate of Diffusion
um Hg T ®in ce/em k x 108

3.06 0,200 0,0328 470
10.3 k6 L0239 120
20,5 270 K 110
25.8 315 L0518 100
33.0 395 .06L8 99
39.4 R 0755 98
Ls.1 530 0869 96
L6.1 555 0913 100
k.5 625 .103 100
55.5 693 J1bL 100
66.1 .830 136 100
76.3 9ho A 100
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FIGURE 21 EFFECT OF OVERPRESSURE ON THE
RATE OF DIFFUSION OF GASES THROUGH FOIL D—-03-B







to sccount for the incresse in ths rate of diffusion found when the
foil wss being tested with nitrogen.

The lsst greph (Figure 22) and Tsble XVII illustrates how closely
ths bshavior of ?xitrogen and hydrogen corresponded to Grahams Lew when
diffusing through the elecirolytic nickel foils over a rangs of over-
pressures, .8 compared v helium, nitrogen diffused faester than would
bs expected while the hydrogen diffused slower than would be expected.
The dotted lines indicate the theoretical rate (as compared to helium)

that the gases should diffuse to correspond to Grzhems Law,
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TABLE XVII
CORRELATION OF THE RiTs OF DIFFUSION TO GRAHAMS Law

Foil Overprassure Kitrogen Hellum Hydrogen

mm Hg Kate of hatio to  Rato of  Rate of Rstio to
Diffusion Helium Diffusion Diffusion Helium
D 5.0 0,0026 0.339 0.0078 0.,0078 1.00
' 10.0 .00k3 360 0118 0129 1,09
0 20,0 L0080 JLoo .0200 0240 1.20
3 36.0 L0117 430 0275 0347 1,26
' Lo .0 0152 Lbo L0346 LOLLS 1,29
£ 50,0 0191 sk 020 L0555 1.32
60.0 .0229 A5k 0505 L0660 1.3
74,0 L0268 455 0590 L0770 1.31
80,0 0305 A58 0670 0890 1.33
90.0 0342 450 L0760 0990 1.30
K¢ 00385 433 L0089
.0 00740 l33 0171 .0237 1.39
0 0140 400 .035C LOLLo 1.26
0 0206 A3k .0L75 0595 1.25
0 0270 A133 0625 L0765 1,22
0 0335 435 0770 L9990 1.29
0 0390 129 L0910 121 1.33
RY OL60 430 407 JAb3 1,37
L0 0520 437 JA19 167 1.L0
0 ,05%0 Jilshy 133 190 1.43
Orahsms Law 74 1.1

W e O =T
BEITBELREw -
*
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DISCUSSION

The observation that an initisl period of elecirolysis is neces-
sary before & nickel solution will produce elestrodepesits of optimum
quality has been mede before (12). In tide study it was found that
after the optimum condition lhad been reached, thls chearscter of the
solution could be lost on standing and subsequent electrolysis was
necessary to again bring the nickel solutlon to & comdition where it
would produce optimum Guality (less permesble) deposits,

The effect of corrosion on the permesbility of slectrolytic nickel
foils was characteristic of that which had been previously reported
(15). Both types of corrodant hed the same ultimate effect; a rapid
increass in the permesbility of the foil befors any visible sign of
failure (e.g., visible holes) sppesred,

Host of the experimentation on the corrodibility of nickel foils
was performed using 11.5 N hydrochloric agid vapor as the corrosive
medium, The low results are probebly due to defects in the foils,
The effect of inereasing the thiclmeses of the foil 4s mearly linesr,
The effect of doubling the thickness of the foil is to slightly more
than double the breakdown time, This is in asccord with other reports
(16) which indiceste that the rste of corrosion of nickel (both electro-
lytic snd metallurigel) is linear with respect to time in 11.5 N
hydrochloric acid vapor,




in initisl lag in setting up a steady state of flow of gases
through porous msterisl has been noted im other studies (17). This
was believed to be due either to the penetration of the ges into the
material, which included some blind porea, or adsorption of the ges on
the surface of the foil. It was observed repestedly that evecusting
both stdes of the system with & mercury vspor pump (to less than 0,5
microns of mercury) then admitting en atmesphers éf overpressure to
one side, would produce an initial lag in the rate of diffusion,
If, an overpressure of one stmosphere was left on one side, while the
opposite side was evacuated, it was noted (with one exception), that
the rate of diffusion wes linear, &s soon as evacuation was stopped.

The initisl lag smounted to about 0,02 : 1l mm of mercury,
Since the foil area for these runms was 0,375 cm” and the volume of
the spparatus into which the ges wes diffusing, 1.L5 liters, this
amounted to 1.0 x 107 liter-stmospheres/cm® of foil ares, The Watts
type solution is known (1i) to yield deposits such that the 100 plane
is parallel to the substrate metal, The closest interatomic distance
in this plane 1s 2.48 x 10~ cm, hence & one centimeter row would con-
tain i x 107 nickel atoms. i square centimeter would not contain over
1.6 x 10 atons. Therefore, even if the gaseous molecules (oxygen or
nitrogen) were adsorbed in a one to one ratic the geometric surface of
the foill could not account for more than one-thousandthof the obserwved
lag. Measurements of the true surface arsa of nicksl foils by the gas
adsorption method (18) indicete that the true surface area of electro-
lytic nickel folls is at less! twice the geometric aresa. The surface




area may, in fact, be much higher, since the foils in this study (18)
were heated at L50°C. for thirty to forty hours, sintering may have
ocowrred, sealing off small capillaries,

When the second permesbility apparatus was constructed the foil
holder was made much larger so thst this phenemenon could be studied
more closely., There was no instance, while using the second perme-
sbility apperatus, in which there was an initial lag in the rate of
diffusion, The phenomenon may have been dus to the surface on whieh
the foil had been deposited, ./n initial lag was observed only with
foils deposited on @ buffed stainless steel (18-8) pancl, The first
layers of an electrodeposit are known to be greatly influenced by the
substrete upon which they are deposited (19,20).

The only ion whdch wes found to diffuse through the electrolytic
ndckel foil in liquid media was lyydrogen, It will be observed that
the diffusion of hydrogen ions reached an equilibrium value after a
short period of diffusion, in sttempt to sxtend this perlod of diffu-
sion by adding 0.1 N sodium hydroxide to the solution into which the
hydrogen ions were diffusing was unsuccesaful, The equilidrium value
(pH) incressed for successive yuns. The failure to detect the diffusion
of ions cother than hydrogen mey have been dus to the precipitstion of
silver chloride or lead chromate within the pores blocking further
diffusion,

It has been reported (15) that the rate of diffusion of gases
through electrolytic nickel varies directly with the overpressure.
Results obtained with the first permeability spparatus indiceted that
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this was true from atmospheric pressure (740 mm of mercury) to about
S50 mm of mercury overpressure Below this overpressure the rate of
diffusion appesred to decrease more slowly thsn the overpressure de-
creased, however, these resdings at low overpressures were nssr the
1imit of accuracy of the firsi permeability appsrstus. The second
spparatus was designed to increase the accurscy of these readings st
lower overpresgsures. The size of the foil, exposed for permeation by
gases, was incressed sbout sixty times. The lower limit of the reedings
possible with the McLeod gauge was decreased ten times by adding am
additional scale to the cepillary,

Employing the second permeability apparetus it was again observed
that the rate of diffusion varie< linearly with the overpressurs only
ot overpreszures of about fifty mm of mercury or over, High overpres-
sures (one atmosphere) were found to damage the foil, This was probsbly
due to the increass: foll size since no troubls was encountered with
the first apparatua, If the date i3 plotted employing log-log coordi-
nates that portion of the curve ebove fifty mm of mercury had a slope
of unity (if the overpressure were doubled, the rate of diffusion was
doubled) which is indicative of wolecular flow, Since molecular flow
occurs only when the masn {ree patir of the ges moleculs is largs com-
psred to the dismeter of the ceplllery this would lndicate that {iw
size of the pores was of the order of magnitude of about 10“'B cm, or
about 0.1 microns. it higher overpressures the gases diffuse through
capilleries by viscous flow, In this type of flow the rate of diffusion

is a linear function of the overpressurs squared.




bdzumi (21) found that the rate of flow of gsses tirough porous

diasphrams could bg interpreted by the formulas

K = P+ Y¥YBF where

K 45 the rate of flow of gas in mm~cc/secon:

A 18 5,230 x 10%(1M) (W i= the viscosity of the ges)

¥ is equal to (r*/1) wuere r iz the radius of the capillar:,
1 the length in cum.

¥ is the mein pressurs across the dispuran

¥  is the coefficient of /slip assumed to be 0.9

B 1s 3043 x 1047/ 7Y ® wiere T is the sbsolute tempaorature,
M the molecular weight of the gas

F  is equal to (r3/1)

any data on the ddffusion of jases which zive &8 linesr function
when the ratzs of diffusion i3 plotted ezeinst the overpressure could be
similarly interprated. If th= porss are assunz! to ba of uniform radius
and normal to the surfece the radio of ¥/F will cive the pore rsdius.
By this mathod /dzuni d2turmiae! that the pore size in 2 series of
eerthenware plates were of the ordsr of masnitude of 107" cm. ‘Lpplying
this zquaticn to the dets of diffusion of gages through elsetrolytie
uickel gives less plausicle resulis.

Foil C=C2~. is 1llustrative of thisz fact, The gss uscd was hydrogen,
the temperature about 25%. The ordinete intercert iz eguzl to BF,
if the best straight linc is drawn through the peints the ordinste inter-
cept is apout 2,000l cc/l mumtes or &b x 19.5 ce~mr/second , herer ¥
is equal to 3.6 x 10°°, Lt an overpressure of 1007 mm of mercury (mean
pressure 59 mm of mercury) the rate of diffusion is 0,9017 cc/15 mimtes
from widch iEP 1s equsl to 1% x 10™° ccemn/sscond. The viscosity of
hydrogen &t 25°C. is (.92 x 13-5 hence the value of » is 4.6 x lo-u,

The calculated radius of the pores is the rstic L/F or the crder of one
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micron, obviously much too high since a pore of such size would be
readily visible when the foll wes examined under & microscope. Calcu~
lations from the data of other foils gave similar results.

In the study of adsorbed films of geses Harkins (22) observed
that these films undergo phase ch . If the pr e of the ges is

plotted against the volume of gas adsorbed a second order phase change
will produce & characteristic "kink" similar to the break noted in the
plot of rate of diffusion versus overpressure. If such a mechanism
were responsible for the diffusion of gases through the electrolytic
nickel foils it would explain why the calculated size of the pores is
much too large, It would not be necessary for the gas moleculs to
strike & pore opening in order to diffuse through the foil, If the
molecule struck the foll and was adsorbed, it could then diffuse over
the surface of the foil, through a pore, and evsporate from the other
side of the foil which is under negligible pressure, The surface diffu-
sion of nitrogen and hydrogen wes reported (21,22,23,2L) but helium
was reported as not undergoing surface diffusion, The surface wss
found to be & very eritical factor in this diffusion, The meterials
reported included glass spheres, aluminum oxide, calcium carbonate,
and silica,

Throughout these studies it was apparent that the permeability of
the foils was affected by some factor(s) of much greater influence than
the foil thickness. Often foils 25 microns thick and having no visible
or photographic porosity had much greater permesbilities than similar

foils 8 microns thick. The permesbility was independent of the direction
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in which the gas passed through the foil, Three of the foils produced
from solution "D*, D-02-C, D~03-B, and D-03~/, were of sim{lar thick-
ness (8 microns); foil 0-02-& was sbout twice as thick (15 mierons).
The two from an unbuffed surface (D-O3-A, D-03-B) had & much grester
persesbility then the other two which were from a buffed surfece. The
correlation of the permeability of D-03~4 and D=03-B was very good
until D=-03-B wes damaged by high overpreasure.

Moore and Smith (25) found that rollec nickel foils could be
cathodically impregnsted with a greater volume of hydrogen if the sur-
face of the foil consisted of a buffed layer of metal than if this lsyer
was etched away before the foil was charged with hydrogen. Thaey postu-
lated that the buffed lzyer of disturbed metal acted as semipermeable
membrans, perhaps by allowing the hydrogen ions to diffuse through, but
preveniing hydrogen atoms fram diffusing out,

Nickel deposited on & mechanicelly buffed nickel surface has &
random oriemtation until considerable thickness of metal (up to 0.1
microns) has bean formed, Such & layer could have a grester effect on
the permeability than the total thicimess of the deposit. This is prob-
ably the reeson that deposits from unbuffed surfaces gave more reproduc-
ible results and a more permesble deposit than deposits from &n unbuffed

surface,
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CONCLUSIONZS

The diffusion of gasez through electrolytic nickel differs from
the diffusion of gases through metallurgical (i.e., cast snd worked)
nickel in at least three respscts:

1, Diffusion of gases through elactrolytic nickel is

initiated st much lower temperatures and overpressures.
2, The effect of overpressure on the rate of diffusion of
gases through electrolytic nickel is more nesrly a

linear function of the overpressure, while with metsl~
lurgical nickel the rste of diffusion is more nearly a
linear function of the square root of the overpressure.

3. Rare geses (e.g., halium) diffuse through metallurgicsl
nickel very much slower than ordinary gases or not st
all; hydrogen, helium, and nitrogen all diffuse tirough
electrolytic nickel at relative rates comparsble to those
predicted by Grehams Lew,

The diffusion of gases through metsllurgical nickel 1s recognized
as *lattice diffusion" ortectivated diffusion"., The diffusion of geses

through electrolytic nickel correspends more nearly to moleculer flow

through capillaries. H » this corr is not exact.
Particularly at low overpressuresthere is considersble departure from
Crshams Law. Calculations from the rate of flow indicate pores of &

greater size than could be present, The rate of corrosion of nickel
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in hydrochloric scid vapor is kmown to be linear with respect to time,
The rate of molecular flow increases as the cube of the radius of the
cepillaries. Yet it was observed that the initial exposure to hydro-
chloric scid vapor had little effect on the rate of diffusion,

It sppears that the initlel permesbility is due to a combination
of molecular flow through capillaries end surface flow, The initisl
sorrosion of the foils does not attack the internal surfaces of the
pores but rather starts at an oubter surface and corrodes through the
foll, This explains ths approximately linear relationship of breakdown
time to thickness of the foll and the sharp increase in permesbility
of the foil &t breakdown time, Al braskdown time the foil has corroded
through 8o that the internel surfaces of the pores may be attecked.
The sharp increase in permesbility is due to the rate of flow then
increasing as the cube of the cepillery radius and the fact that more
pores are condinuslly corroding through,
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