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This* invention” relatés o~ a’ potols. adherent,

metallié body” prodliced by electroplatmg and’ to.

the process of electt op]an,ln== by which sticH pody”

is produced.

Elementary. metals function as catalysts for a
number of *chérmical” ‘réactions; -ammong the more
important of which are hydiogenation of” olefihs’
and’ the 'like. Nunierous pro 0841S " have” been'?

,,,,,,

made 167 preparmg DPOrous metals:for” cataly c,_.

uses, such .as leachmg ‘of  sodium” alléys; depo -
tion of ‘nitratés on” carriers. followed by ‘caléining.
to the oxide and réduction, eté. We have now

found that porous metal bodiés, ofhighsstrizctural .-

strength and great catalytic activity mayibe. pr
duced by a process of electrolytlc depositiont:déxs
scribed hereinafter. :

The electrolytic deposition - of metalsiitoiform:.

smooth; adherent coatings' requirés-thecontrolsof’

a number of vanables which are as followss"

1. Current dens1ty

2, Agitation of plating solution.
3. Concentration of plating solutiofi-
4. Temperature of plating solufisn:”’

Excessive’ curréht'- densitié témpefatures_
and/or- concentiated ‘solutions” Tesult’ i 10);
porolis platings: ‘whick* ‘peél” réadil X

rubbed”off very" ‘easily’  Failiré: to+ agltaté™ the
electrolytic solution: or @ t6¢* low'rate of‘agftation™
perinits the accuimulation of "bubbles of* hydro
gas“on’ the cathode and thirs, thers” i$ forme
pitted ‘and'‘non- adherent‘plating. Low currento

densitiés with ‘very-diltite” solutlons result in po--
Such“platings”ars“known in' the”

rous platings.

art, chiefly because they:are. to-be avoided. Obvi-

ously, they have not attained commerclal use.
Electrolytic: platings' of - ' porous nature ¢ “pro=-

ducéd-under:thé‘above conditions: yield* ‘efficient”
cats
alyst, but-itsusé as-a‘catalyst has been’ llmlted?tc""

metallic:catalysts.  Platinum black is such:

academic interests-‘becaiise-of ‘its" ‘hontadherent”
quality. This disadvantage explains why: porous-.

metallic platings have not found.: practmal use as -

catalysts.
This invention has for 1ts purpose a\method/

of preparing metallic catalysts which’ involves «
alternatively. plating metals by electrolytlc ‘means®
at conditions which: produce ‘a-porous- platmg fol- -

lowed by a smooth adherént plating;.and :so: ‘on,
to build up a multiplicity of porous--and: smooth
layers. The thickness of eachn Iayer may; be
varied throughout:wide limits, however;: Asthick~

ness-of “a . 100. to -1000 ‘metallic . atoms -for-each -
layér appears to be sa,tlsfactory fromithe: pra.ctica.l- v

standpoint..
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~ployel Theé présence of: susperlsmns

2.
Iy tl’llS plo 58, control of- p‘H is much. less 1m-
portant: than is the.case when shmy deposita are
desu“‘d' In\ all cases 1t was found that pI-I may

Jthe denos:d, accoy clmfr 40 the present mventlon
AL s genceral rule; pHfmay: vary: between. about

3 and-7.5.inpractice-of this invention..

The sunpl:,st method of practicing this inven--
tioxnconsists of ‘periodically: varying - the current
density- bys a»suitable timing: device. Thus the
elccrrrolytwfplatmgrls -conducted for.a short peried.
of.time;"as for-example-five-seconds:at: the cur-
rens! density which. produces: a- smooth adherent:
coating: followed: by: plating: a4 a high - current:
density.: for-another: short-interval of time, .and:
sotows; Thesintervals “of :times at ‘which the-two:
types-of:plating-are condueted-may: be -equal:or:
thieyy may: bec varied:-considerably,

Arotherimethod: involves: periodically: ag;tta’tmg
or-cireulating the electrolyticisolution: to build up::
successive porous and non-porous layers. Still
another: procediure iconsists:of ‘moving rthe-cath-
oderperiodicaily: from: the ‘electrolytic-bath ‘main=
tainedratirodmitemperature to-another:bath-held:
at-an elevatedrtemperatiire: Or‘; ther'two -elecs
trolyticvbathsrmay be: composed:: of: selutions: of;
different: concentratlons theionehath-containing:
a solutiém:which givésrthessmooth plating, while:
thevothéricontains:s, concentrated solution which:
will result-in:a :perous:plating:

Other:niethiods: of: producing the: catalysts of
this:invention” are illustrated:in the: specific ex=
ariplesi: They invelvérplating fromian’ electrolytlc"
bathiatracurrent density which produdes aismobth
coating’ and: simultanesuslyl impy essirig: suddent:
sutgestof fexcecdmgly high’'voltages-at short i<
tervals fofftimigi- Thusy lower: ciifrént’ dénsitiss:
are required to produce por6us; adherent*platmgm
thax aresnecsssary: when' lowt volfawes~ale ‘e~

trolytic: bauh“such as, for: example, silita’ gel of"
precipitates ati 16w currént’ dénsitiés: résultd! in® -
spongy, adherent platings. Metals which arengni-
porous and not-catalytic may: be converied into -
‘porous catalysts by deplating and replating in a
suitable : electrolytic - bathe This vlatter method
offers a:means-of regenerating: the spent: catal*ysts :
of.this-invention; -

Apparatus for preparing:the- catalytic porous:

métalsiof thisdinvention'is shown in the drawmgm

annexed-hereto, wherein::

Piguve~1 s a: diagrammatic: xllustratlon ofrap~-
paratus for plating at regularly vatieg: current’
densities;: andi:

Figure 2 is a diggram of‘apparatus:functioning:’
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in similar manner but having a different type
of control.

Referring particularly to Figure 1, an anode
{0 and a cathode !} are immersed in an electro-
lytic plating cell 12. A primary battery 3, or
other source of D. C. potential, is connected to
the anode and cathode through an ammeter 14
and a variable resistance i5. The potential ap-
plied across the cell §2 between anode 10 and
cathode it is adjusted and correlated to com-
position of the bath, temperature, etc., to plate
the desired metal from the bath on the cathode
as a smooth adherent layer. A secondary bat-
tery 16 is also connected across the plating bath
in a circuit which includes resistance {1 and dis-
charge tube 8. A condenser 19 is connected in
parallel with the battery {6 and resistance 1.
The condenser is charged at rate depending on
the electromotive force applicd by the battery
{6 or its equivalent, the resistance of element {1
and the capacity of the condenser until the po-
tential across the condenser reaches the break-
down potential of tube 18. A surge of current
will then flow, discharging.the condenser until
the potential across the latter drops to the cuf-
off potential of the tube, whereupon flow in the
secondary circuit will cease and the cycle begun
again. )

Flow of current from the secondary battery will
result in excessive evolution of hydrogen at the
cathode, causing the metal plated to be highly
porous. Since periods of deposition of soft por-
ous metal alternate with periods of deposition
of hard smooth metal, the resultant is a coating
that is hard and adherent but highly porous, con-
sisting of alternate layers of spongy and smooth
metal. In this manner, the invention provides
the high catalytic activity of porous plated metal
with the tenacity and strenzth of smooth plated
metal and the composition is suitable for com-
mercial use.

According to the embodiment of Figure 2, cur-
rents of different potential are alternately ap-
plied between anode 20 and cathode 21 across a
plating bath 22 from different sources by a me-
chanical timing device. The primary, low poten-
tial circuit includes battery 23 and variable re-
sistance 25; while the secondary high potential
circuit comprises battery 26 and variable re-
sistance 27. The two circuits are connected in
parallel across the plating bath through an am-
meter 24 and a driven commutator 28. The com-
mutator is adapted to alternately apply high and
low potentials across the bath either by alter-
nately closing the primary circuit and the sec-
ondary circuit or by maintaining the primary
circuit closed while alternately opening and clos-
ing the secondary circuit.

The invention will be further understood from
specific examples given below comparing cata-
lysts ‘prepared according to the invention with
catalysts prepared by other methods of electro-
plating.

ExaMPLE I

A hard, shiny, non-porous nickel plate was
produced on a steel screen by connecting the
screen as cathode in a conventional plating set-
up, using an aqueous bath of pH 4 to 5 contain-
ing 0.30 N. NiSO4, 0.08 N. NH4«Cl and 0.08 M.
H:BOs. A current density of 1 ampere per
square decimeter was applied and the bath vigor-
ously agitated.

This plating was tested as a catalyst and was
found to possess very little activity.
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ExaMpLE IT

A hard, shiny, somewhat porous nickel plate
containing a very large number of tiny pinholes
in its surface was obtaired by using the follow-
ing conditions: ..
pH=2.0-25
¢. d.=1.0 amp./dm. 2

*'Wt. deposit: 0.8 gram

Time of plating: 3% hours
Solution concentrations:
0.15 N. NiSO4
- 0.04 N. NH4Cl
0.04 M. HzBO3

The effect of this very acid solution was fo pro-
duce a large number of very small hydrogen bub-
bles, which resulted in the “pinholed” type of
plating.. 'This plate was tested as a catalyst for
the hydrogenation of C:Hs and was found to
be a better catalyst than a shiny, smooth plate,
but not as good as the porous plating of the pre-
ferred portion of this invention.

ExampLE IIT

A tough, porous, adherent nickel plate was
formed by plating from a bath at a current den-
sity which produces a smooth plate, and simul-
taneously impressing sudden surges of exceed-
ingly high voltage on the cell at short intervals
of time. This may be accomplished by plating
under the following conditions:

¢c. d.=15 amp./dm.ﬂ
pH—4.6-5.5

« "Agitation—slight

Wt. plated metal: 0.35 gram
Time of plating: 2% hours
Surges of overvoltage: 75 to 80 volts, intervals
of 0.5-1 sec.
Concentration of plating solution:
0.30 N, NiSOs
0.08 N, NHsCI *
0.08 M. H3BOs3

The overvoltage surges are obtained by a suit-
able timing arrangement. The positive pole of
thel‘high.vomage source is connected to the posi-
tivé pole of the plating cell. A diagram of the
cell is shown in Figure 1. The effect of the
surges of high voltage is to produce a very large
number of tiny hydrogen bubbles which cause
the plate deposited by .the steady lower current
to be porous. This plate was a very active cat-
alyst for the reduction of C2Hs.

ExampPLE IV

Tough, porous, catalytically active plates may
be. obtained by plating from a solution contain-
ing a suspension of a precipitate, as for example,
silica precipitate. Such a plate was obtained by
using the following conditions:

pH=5.6-6.0
¢.r d.=15 amp./dm.2 -
Time of plating: 2% hours
Wt. of plate: 0.68 gram
Agitation: Very vigorous
Concentration of suspended SiO:z ppt. 1%
Concentration of plating solution:
0.30 N NiSO4
© 0.08 N. NH4«Cl
0.08 M. H3BO;3
“The silica gel was maintained in uniform sus-
pension by vigorous stirring. It caused the hy-
drogen evolved on the cathode to be trapped on
the surface and thus resulted in a porous plate,
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This plate Was an

excellent catalyst for the hydro«
genation of C2Ha, ' ‘

EXAMPLE V

A porous, tough, catalytically active nickel
Dlated surface may be obtained by electrodeposit-
ing a heavy, smooth, uniform plate on an object,
and then reversing the poles of the cell and plat-
ing part of this deposit off the object. This is
accomplished by plating a smooth surface on the
cathode by a known method. Then the plated
cathode is placed in a bath at PH=1.0-2.0, and it
is made the anode. Metal is removed partially at
a current density of 0.5-5.0 amps. per dmz2. . It
was found that almost any pH could be used with
any current density, however, in practice, values
are chosen which are most economical. The sur-
face resulting from this treatment is very hard,
porous, and adherent to the object on which
plated. This plate was a very active catalyst. for
the reduction of C2Ha. i

ExampLE VI

This example illustrates a method of regener-
ating the metallic catalysts of this invention
when they have aged as a result of normal use
in a catalytic process. The method of this exam-
ple is applicable to the manufacture of new cata-
lysts as it is obvious from the description below.

A porous nickel plated steel gauze which has
been used as a hydrogenation catalyst and whose
surface was partially sintered and catalytically
inactive, was washed thoroughly with organic
solvent fto remove accumulated hydrocarbons,
and ignited in air to remove carbon, and then
reduced in Hz at 500° C. The catalyst is then
placed in an electroplating cell, and made the
anode.

pH=1.5
¢. d.=3.0 amps./dm.?
Concentration of solution:
0.15 N. NiSOs
0.04 N. NH4Cl
0.04 M. H3BO3

As the current flows through cell, part of the
spent plate is removed from the steel gauze, ex-
Posing fresh nickel surfaces.  The catalyst is
then made the cathode, the pH of the bath ad-
justed with aqueous ammonia, and a porous, ad-
herent, catalytically active surface plated on at
PH 5.0, and a current density of 1.0-1.5 amps./
dm.2, It is noted that catalyst regeneration by
this method results in 100% recovery - of the
catalyst metal.

ExampLE VII
A porous, adherent, catalytically active nickel
plate may be produced by plating alternately at
current densities which produce smooth and por-
ous plates for short intervals of time, as 5-20 sec-
onds. In this example the following conditions
were used:

PH=45-55
¢. d. alternately for 5 seconds:
1.0 amp./dm.2
2.0 amp./dm.2
Agitation: very slight
Concentration of solution:
0.15 N, N‘SOs
0.04 N. NH«C1
0.04 M. H;BO;3

A timing device was used to control the current
density. Figure 2 .is a diagram of this type of
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platiflg cell. - The alternate stiooth plating onto
the ‘poroiis layers leads to a very adheretit but
porous: surface, - This plate was found to be an
excellent catalyst for the hydrogenation of CoHe,

The periods of plating under the different cur-
rent densities need not be equal. Very good re-
sults were obtained when the ratio of smooth to
borous plating times varied betwéen 1 to .1 gnd
1 to 4. -For example, good, adherent catalytic
blates were formed by plating at 1 ‘amp./dm.?
for 5 seconids and at 2 amp./dm.? for 5, 10, 15 op
20 geconds. -

The catalytic properties of the catalysts pre=
pared in the above examples were evaluated by
testing their efficiency in ‘hydrogenating ethylene.
Equal volumes of hydrogen and CsH: were re-
cycled over the catalysts at 150° to 155° C. and
atmospheric pressure for 5 minutes, and ‘then
analyzed. . Approximately the same weight of
catalyst was used in &ach experiment. The fela-
tive efficiencies of the catalysts are shown in

Tab"l'g‘ )

Table 1
' Eohaient
thylene
Catalyst Hydro:
. genated
Unplated Sfeel 0.0
Example I ______ 77777 L2
Example II___ 47.0
Example ITT._______~ 95.0
Example IV.. 100.0
Example V___ 85.0
Example VI_. 90.0
Example VII.__ 100.0

ExaMPLE VIII

This example illustrates the fact that catalyt-
ically active and adherent cobalt surfaces may
also be produced by the methods described in the
above examples. An adherent, porous cobalt
surface was produced by using the following con-
ditions:
pH=5.1-6.7
¢. d.=0.5-1.0 amp./dm.2
Concentration of solution:

0.15 N. CoSOs4
0.04 N. NH4C1
0.04 M. H3BO3

Catalytically active cobalt surfaces are useful in

.reactions such as the hydrogenation of carbon

monoxide by the Fischer-Tropsch process. In
such an exothermic process, they afford an excel-
lent means of heat transfer and hence heat con-
trol.

In general, hydrogenation of carbonaceous sub~
stances may be conducted in the presence of
nickel, cobalt and iron catalyst prepared accord-
ing to the present invention,

We claim:

1. The process for producing a porous catalytic
metallic body consisting of g plurality of alternate
layers of dense and porous nickel, which consists
in the electrodeposition of nickel by imposing 3
current having s density of approximately 1.5
amperes per square decimeter across the elec-
trodes of an electrolytic cen containing an aque-
ous electrolytic bath of 0.30 N. nicke] sulfate hav-
ing a pH between about 4.6 and about 5.5, main-
tained at substantially room temperature, to ef~
fect .the deposition of a smooth, dense layer of
nickel, simultaneously imposing from g high volt-
age source, the poles of which are connected to
poles of like charge of said electrolytic cell, sud-
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deti suirges of overvoltage of between about 75
and about. 80 volts at intervals of between about
05 and about 1 second to produce during the
imposition of said overvoltage the deposition of
a porous nickel layer, thereby effecting, as a re-
sult of said surges of overvoltage upon the steady
lower current, an alternate deposition of smooth
and porous layers of metallic nickel to yield a
resulting composition characterized by high struc-
tural strength,

2. The process for producing a porous catalytic
metallic body consisting of a plurality of alter-
nate layers of dense and porous nickel, which
consists in the electrodeposition of nickel by im-
posing a current having a density of approxi-
mately 1.5 amperes per square decimeter across
the electrodes of an electrolytic cell containing
an aqueous electrolytic bath of nicke] sulfate,
boric acid, and ammonium chloride having a pH
between about 4.6 and about 5.5 to effect depo-
sition of a smooth, dense layer of nickel, simul-
taneously imposing from a high voltage .source,
the poles of which are connected to poles of
like charge of said electrolytic cell, sudden surges
of overvoltage of between about 756 and about 80
volts at intervals of between about 0.5 and about
1 second to produce during the imposition of said
overvoltage the deposition of a porous nickel
layer, thereby effecting, as a result of said surges
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&
of overvoltage upon the steady lower current, and
alternate deposition of smooth and porous layers
of metallic nickel to yield a resulting composition
characterized by high structural strength.
MILTON M. MARISIC.
THOMAS F. RUTLEDGE.
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