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Patented Apr. 11, 1950 2,503,863 

UNITED STATES PATENT OFFICE 
2,503,863 

APPARATUS FOR ELECTROPLATING THE 
NSIDE OF PIPES 

Siegfried G. Bart, Essex Fells, N.J. 
Application November 18, 1943, Serial No. 510,768 

(C. 204-224) 8 Claims, 

The invention relates in general to apparatus 
for electroplating the insides of pipes, and Simi 
a hollow, Wessels, 
The primary object of the invention is to pro 

vide an improved technique by the practicing 
of Which a better character of metallic line for 
pipes may be obtained than has been possible 
heretofore With incidental economy in manufac 
turing costs, both in the anode material used 
as well as in the amount of electric current Cons 
SErned in effecting the necessary density of lining. 

Primarily, the invention features the locating 
of the anode in closer relation to the Surface 
being plated than has been possible heretofore 
in known methods heretofore used in the lining 
of pipes by electrolytic deposition and in keeping 
both the anode forming material as well as the 
electrolyte in a constant state of agitation. 

Broadly defined the invention features the 
confining of the electrolyte within the pipe being 
lined, thus economizing in the amount of elec 
trolyte necessary, and the locating of the anode 
structure close to and, preferably, in rolling con 
tact with the Surface under treatment and at 
the same time to remove the freshly deposited 
material from the electrolyte periodically during 
the plating process. 
Another object of the invention is to provide 

a simple form of electrolytic cell to which can 
be fitted different sizes of pipes to be lined with 
out necessity of dismantling very much of the 
equipment and by means of which apparatus the 
method herein disclosed may be practiced eco 
nonically. 
Warious other objects, and advantages of the 

inventon will be in part obvious from a con 
sideration of the method features of the dis 
closure and from an inspection of the accom 
panying drawings and in part will be more fully 
set forth in the following particular description 
of one method of practicing the invention, and 
the invention also consists in certain new and 
aowel modifications of the preferred method and 
other features of construction and combination 
Of parts. hereinafter Set forth and claimed. 

In the accompanying drawings: 
Fig. 1 is a view in Side elevation of a preferred 

form of apparatus for forming a lining for a pipe 
shown in eperative position thereon with the 
mid-portion of the pipe and apparatus broken 
away to save space; 

Fig. 2 is a vertical sectional view taken axially 
through the left hand portion of the pipe shown 
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2 
ferred form of anode structure rolling on the 
botton of the pipe under treatment; 

Fig. 3 is a longitudinal vertical sectional view 
taken axially through a modified form of anode 
construction, featuring the use of rod anodes 
and otherwise distinguishing from the Figs. 1. 
and 2 form in that the anode structure supports 
and rotates the pipe under treatment; 

Fig. 4 is a transverse sectional view, taken on 
the line 4-4 of Fig. 3 looking in the direction in 
dicated by the arrows, and : 

Fig. 5 is a vertical longitudinal sectional view 
of still another modified form of the anodestruc 
ture featuring a solid shell form of anode and 
like the preferred form rolling on the bottom 
of the pipe under treatment. 

Referring first to the disclosure in Figs. 1 and 2, 
there is disclosed a metallic support or long 
frame to connected conventionally, to the nega 
tive side of a source of electric energy through 
a cable li. Mounted on the support O. are four 
roller Supporting brackets, two marked 2 and 
3 in Fig. 1, on each side of the apparatus. Each 

of the brackets carries a pipe supporting roller 
25 4, the four rollers coacting to form a cradle 
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5 chine from that shown in Fig. 1. 

Support for the pipe P. The rollers on one-side 
as shown in Fig. 1 are mounted on and rotated 
by a drive shaft 5 extending engthwise of and 
located to one side of the pipe under treatment. 
The shaft 5 is provided at its right end with 

a drive pulley 6 which rotates the shaft and the 
two rollers carried thereby. In actual practice, 
it has not been found necessary to drive the pair 
of idler rollers on the opposite side of the ma 

The pipe P 
which is to have its inner bore lined is located on 
the four supporting rollers and the parts are ar 
ranged so that when pulley 6 rotates it operates 
through the drive shaft and active rollers to 
rotate the pipe ahout its own longitudinal axis 
indicated by the line a-bin Fig. 2. 
The opposite open ends of the pipe are ten 

porarily closed so as to maintain a pool T of 
electrolyte therein with the pool maintained at 
all times at about the level c-d well above the 
anodes herein described. The left closure 8 
and the right closure f9 for temporarily closing 
the opposite ends of the pipe P are of substan 
tially the Same construction so that the detailed 
description of one will be sufficient for the other. 

Referring Specifically to the left closure 8 as . 
illustrated in Fig. 2, there is disclosed an annular 
strap 20 which is slipped on the adjacent end of 
the pipe located by the stops, hereinafter de 

in Fig. 1 and showing positioned therein a pre- 55 scribed and secured in spaced relation from its 
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adjacent end 2 by set screws 22. The flat-disc 
like plate 23 of insulating material, insoluble in 
the electrolyte present, is provided on its inner 
face with an annular recess 24 in which is re 
ceived the adjacent end 2 of the pipe with a 
gasket 25 seated in the recess to prevent leakage 
of the electrolyte out of the pipe. Externally of 
the pipe, the end plate is provided with four bolt 
holes 26 extending therethrough and clamping 
bolts 2 are passed through strap 20 and through 
these bolt holes to securely anchor the ciOSure 
considered as a whole in place on the pipe. The 
end plate is provided centrally, thereof with a 
funnel shaped opening 28 for receiving a flexible 
anode cable 29 and is provided outwardly there 
from With an inlet port 30 for passing the elec 
trolyte into the pipe. 
Secured to the outer face of the end plate 23 

is a channel plate 3 provided on its outer face 
with an annular groove 32 open through pas 
sageway 33 therein to the inlet port 30. Abutting 
the channel plate is a fixed plate 34 so designated 
as it forms a fixed part of the apparatus and is 
provided with an intake pipe 35 for Supplying a 
stream of electrolyte to the ieft end of the pipe. 
An passageway 36 leads from the pipe 35 to 
groove 32 in all rotative positions of the end 
closure. 
Secured to the outer face of the channel plate 

at its center is a cylindrical hub 37 which is 
journalled for rotary movement in a bearing 
therefore provided in the center of the fixed 
plate and held against axial movement by a face 
plate 38. It is understood that the anode cable 
29 extends Snugly through an opening provided . 
therefor in the axial centers of the channel plate, 
the hub and the face plate to avoid leakage of 
the electrolyte out of the pipe past the Cable, 
The right closure 9 is of similar construction 

to the closure thus described except that the sev 
eral plates and the hub are solid at their centers 
as there is no anode cable at the right end of the 
apparatus. The fixed plate 39 at the right end 
of the showing corresponding to the fixed plate 
34 at the left is provided with a discharge pipe 40, 
opening from the interior of the pipe by passage 
ways similar to those shown at the left of Fig. 2. 
It is understood that the electrolyte is pumped by 
means not herein disclosed through the inlet pipe 
35. and flows from left to right through the pipe 
P, and through the discharge pipe 49 back to the 
source of Supply. 
In order to provide a gauge for locating the 

straps 20 as they are inserted on pipe P and, 
incidentally, to prevent subsequent inward creep 
ing of the same, a pair of stops in the form of 
discs 4 and 42 is mounted on, rotates with the 
drive shaft 5, and engages the inner faces of 
the straps. A supporting journal 43 for the shaft 
f5 is shown in close relation to the drive pulley 
6. It has been found that as the rollers 4 
and associated parts are connected electrically 
through frame O and the cable f l to the Source 
of electric energy this has been a sufficient elec 
tric contact and the entire pipe P becomes the 
cathode of the system. As a matter of precau 
tion, there is disclosed a brush 44 in bearing en 
gagement with the rotating pipe P engaging the 
same adjacent its right end or electrolyte dis 
charging end. It is understood that brush 44 is 
conventionally supplied from cable and Sup. 
plements the application of current through the 
four supporting rollers 4. , 
Located within the pipe P and in rolling con 

tact with the bottom thereof is an anode con 
struction 45 composed primarily of a hollow thin 
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4. 
Waled cylindrical shell 46 formed of any insulat 
ing material, insoluble in the electrolyte present. 
The shell is provided with a large number of 
apertures 47 extending therethrough to permit 
passage of the electrolyte into contact with the 
anode material. The right end of the cylinder is 
closed by an end plate 48 of insulating material 
and the opposite end by a similar end plate 49 to 
the outer face of which is secured a cable guiding 
plate 50. 

Fitted in the end plate 49 is a metallic cable 
connector or thinable 5 in the Outer end of which 
is intruded one end of the conductor elements of 
the insulated anode cable 29. A combined tie rod 
and anode rod 52 is threaded into the inner end of 
the connector 5 and is passed through the end 
plate 48. The end plates 48 and 49 are firmly 
Secured in place by nut 53 engaging the right end 
of the tie rod and bearing on plate 48. The pro 
truding end of the tie rod is protected from the 
deposition of metal thereon by a sleeve 54 and 
cap 55 both of insulating and insoluble material. 

Positioned within the anode construction is a 
mass of loose particles forming anode material 
and in the illustrated case shown to be fine nicke 
particles 56. Preferably, the nickel particles are 
contained in a fabric bag 57 which acts to prevent 
the loss of the particles in the electrolyte stream. 

It is understood that the anode cable is Sufi 
ciently flexible to assume the different positions 
imposed thereon by variations in the internal 
diameter of the plate for the time being located 
in the apparatus and to permit some shifting of 
the construction incidental to the rotation of the 
pipe. The outer end of the cable is connected 
mechanically and electrically with an anode shaft 
58 journalled in a shaft bracket 59 and rotated 
by connection with some suitable form of motor 
through anode pulley 60. Current from the posi 
tive side of the Source of electric energy is con 
veyed to the shaft 58 through wide brush 6 and 
bearing on long cylinder 62 secured to the shaft 
and Supplied through cable 63. A sheet of insula 
tion 64 insulates the shaft bracket 59 and parts 
carried thereby from the electrically charged 
support O. 

It is herein suggested that the anode structure 
within the pipe may be reciprocated axially of 
itself and of the pipe and for this purpose there 
is shown at the left of Fig. 1 a rocker or lever 65 
having One end pivoted to the shaft and its other 
end connected to reciprocating mechanism form 
ing no part of this disclosure. In the illustrated 
instance the pipes P are of four to eighteen inches 
diameter and in twenty foot lengths. 

In operation, and assuming that the parts are 
assembled as shown in Figs. 1 and 2, and that 
through the drive pulley 6 the pipe P is caused 
to rotate bodily about its own axis and that a flow 
of liquid electrolyte, such as a nickel solution, is 
being pumped through the pipe, an electrolytic 
action will be set up in the apparatus. In the 
instant case an extremely thin layer of nickel will 
be deposited on whatever may be the bottom of 
the pipe for the time being. The frictional en 
gagement between the pipe and the cylindrical 
anode construction rolling on the same will tend 
to rotate the construction even in the absence of 
any outside power acting thereon through the 
armature pulley 60. The peripheral speeds of the 
pipe and anode structure will be about the same. 
As the inner surface of the pipe P receives its 

lining deposit, it is raised up with the rotation of 
the pipe out of the pool of electrolyte and for a 

75 period of time during the rotary movement of the 
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pipe while the deposit is uppermost the freshly 
deposited layer is raised free of the electrolyte. 
At this time, there is permitted the escape of 
hydrogen and other gases adhering to the pre 
cipitated layer of metal. This discharged gas 
accumulates in the space above the level C-d of 
the pool and is carried off more or less by the 
stream of electrolyte as it is discharged from 
the apparatus, 

After passing through this period of gas dis 
charge, the previously deposited portion of the 
ining reenters the electrolyte and the depositing 
action is repeated with an additional film of 
nickel on the previously deposited nickel film. 
the deposition is thus continuously applied until 
the desired thickness of lining is attained. The 
amount of anode material 56 initially contained 
in the structure as it is assembled is apportioned 
so that with a particular electrolyte used there 
will be available sufficient solid material to pro 
vide for the requisite thickness of lining desired, 
After the pipe has thus been lined, it is demounted 
from the apparatus and a new section of pipe 
inserted in place thereof and the operation con 
tinued with a replenished charge of nickel par 
ticles in the anode structure should this be neces 
sary under the current conditions. 

En those easeS where it is desired to roll the 
anode construction independently of whatever 
rolling effect may be imposed thereon by the 
rotating pipe, the anode pulley 60 may be con 
nected to a source of power as hereinbefore sug. 
gested and the anode structure rotated by power. 
independent of the pipe. Also in those cases 
where a more uniform plating effect is obtained 
by shifting the anode structure, and this be 
comes desirable particularly where the pipe is 
materially longer than the length of the anode 
construction, the anode may be given a longi 
tudinal as well as a rotating movement by the 
Simultaneous actuation of the rocker 65 with the 
retation of the pipe, 

Referring to the modified form of the inven 
tion shown in Figs, 3 and 4, it is therein Sug 
gested that the pipe P be supported interiorly on 
a cylindrical form of anode structure 66 some 
what resembling the corresponding structure 
Shown in Fig. 2 in its inclusion of perforated 
shell 67 and closures 68 of insulating material 
and metallic tie rod 69. En place of the loose 
nickel particles 56 there is positioned within 
the shell 67 and between its end closures a plu 
rality, in this case shown to be four nickel anode 
bars 79. The anode structure as a whole is 
Supported by anode shafts at opposite ends there 
of and One of which is shown at 7. The anode 
construction is rotated about its own axis by 
means of a driving pulley 72 mounted on at least 
one of the shafts. The level of the electrolyte 7 
is maintained sufficiently high in the pipe P to 
maintain at least two of the anode bars 70 sub 
erged in all rotative positions of the anode 

Construction. 
In Operation, it will be understood that the 

device in the Figs. 3-4 modified forms acts sub 
stantially as has been described for the pre 
ferred form, except that the pipe P is rotated by 
virtue of its frictional engagement with the ro 
tating cylindrical anode construction on which 
the pipe rests. However, it is to be understood 
that this arrangement does not prohibit the use 
of the pipe supported cradle provided by the 
four rollers disclosed in the Fig. 1 form. In 
this case current is supplied to the shaft 7 as 
has been described in connection with shaft. 58. 
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Referring to the modified structure shown in 

Fig. 5, pipe P is supported on rollers 4 and 5 
as in the Fig. 1 form, and anode structure T6 
likewise rolls on the bottom of the pipe under 
treatment. In this case the structure is formed 
of an outer nickel anode shell TT provided at 
One end With a closure head 78 in the center of 
which projects a nipple 79 designated to receive 
an end of the exposed conductors of the anode 
cable 29 as disclosed in Fig. 2. In place of the 
insulating shell shown in Fig. 2, the anode struc 
ture 76 is encircled adjacent opposite ends by a 
pair of Solid Spacing rings 80 and of insulating 
material which likewise roll on the inner surface 
of the pipe. It is the intent here as in the Fig. 
2 disclosure to bring the anode structure close to 
the Surface being coated and thus permit the 
use of a Current density greater than Would be 
possible where the anode is spaced a greater 
distance from the surface being plated than in 
the case here illustrated. Fitted Within the 
nickel shell 7 is a rugged copper liner 82 de 
Signed to give Structural strength to the thinner 
nickel shell anode. 

In operation the structure shown in the Fig. 5 
form operates Substantially as has been de 
Scribed for the Figs. 1 and 2 showings in that 
the rotating pipe rotates the anode structure 
while this anode structure is held gravitationally 
in the lower portion of the pipe under treatment 
and in close relation to the part for the time 
being receiving the deposit. It is particularly 
suggested in connection with this showing that it 
is advisable to shift the anode structure longi 
tudinally during the plating operation to avoid 
the formation of tracks or areas of less deposi 
tion which may be imposed by the rollers 80-8 
if they were confined to fixed transverse planes 
of engagement with the pipe. 

It is understood, of course, that the anode bars 
70 and the shell-like anodes TT eventually be 
come dissolved in the electrolyte and it will be 
necessary to replenish these parts from time to 
time. 
By means of the apparatus herein disclosed 

pipes are lined with a dense and compact layer of 
electrolytically deposited metal in the form of a 
One-piece seamless shell, uniform in thickness at 
all portions of the pipe and otherwise there are 
retained the advantages in this art where anodes 
are maintained at a fixed distance and at the 
Same time a very close relation to the surface 
On which the depositions are being laid is ef 
fected. 

It is understood, of course, that any of the 
features of one figure of the drawings is inter 
changeable with the corresponding features of 
every other figure with whatever mechanical 
changes may be necessary, for instance, the 
anode construction of Fig. 5 may be substituted 
for the anode constructions of Figs. 3 and 4 or 
the anode bars 70. With their end closures 68 of 
Figs. 3 and 4 may be substituted for the anode 
shell 7-82 with its end closures 8 in the Fig. 5. 
disclosure. 
While the use of nickel has been noted herein 

as a specific example of a suitable anode mate 
rial for use in lining pipes, the disclosure is not 
So limited and any other suitable insoluble metal 
such as the platinum metals or platinum alloys 
may be Substituted for the nickel. Obviously, the 
metal of the sclid anode in any case may be the 
Sanne metal as is dissolved in the electrolyte, for 
example, both the anode and the electrolyte may 
coattain copper. It is also appreciated that with 
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say, a platinum metal and de, the pipe may be 
plated with copper, cadmium, Silver, palladium, 
zinc, or other suitable metal, and that the electro 
lyte Solution may be replenished at its Source foll 
lowing known practices in this respect. 
I claim: 
1. Apparatus for lining the bore of a pipe by 

electrolytic deposition, including a set of rollers 
coacting to form a cradle on which the pipe is 
mounted for rotary movement about a horizontai 
axis, power means operatively connected to at 
least One of the rollers to turn the Sane and 
therethrough to rotate the pipe, an anode struc 
ture of cylindrical form, having a diameter ma 
terially less than the internal diameter of the 
pipe, located entirely within the pipe and free to 
rotate about an axis parallel to the axis of rota 
tion of the pipe, Said anode structure including 
neans forming an anode and at least one roller 
of insulating material secured to the anode to 
turn therewith in rolling engagement with the 
pipe and insulating the anode therefron, said 
anode structure and pipe Supporting one from the 
other and otherwise independent of each other 
and thus capable of relative movement both ro 
tatively and axially, closure means for closing Op 
posite ends of the pipe to contain within the 
pipe all of the plating electrolyte, said closure 
means provided with conduits for introducing 
the electrolyte into and for discharging the elec 
trolyte from the interior of the otherwise closed 
pipe, means for temporarily securing Said closure 
means to opposite ends of the pipe, a cable in 
truded through one of the closure means at the 
axis of rotation of the pipe for supplying electric 
current to the anode of the anode structure, the 
portion of the cable within the pipe being suffis 
ciently flexible to permit its inner end to follow 
the adjacent end of the anode structure in all 
positions of the same relative to the pipe as the 
anode structure rolls on the pipe and means for 
connecting the exterior of the pipe and the cable 
to a source of electric energy. 

2. In a device for electroplating the bores of 
pipes or the like, the combination of means for 
temporarily closing the ends of the pipes to be 
plated to confine the active electrolyte therein, 
means for mounting the pipe for rotary nove 
ment about its axis and with its axis horizontally 
disposed, means for passing a Strean of electro 
lyte through the closed pipe while being rotated 
to maintain a pool therein of less volumetric ca 
pacity than that of the closed pipe thereby to 
maintain in the upper portion of the pipe a gas 
receiving space, an anode structure including an 
anode and spacing means therefor of cylindrical 
form located to roll on and thus be Supported 
by and intergeared with whatever for the time 
being may be the portion of the bore of the pipe 
engaging the same and rotated thereby about its 
own axis, said spacing means being of insulating 
material, secured to the anode to turn therewith 
and acting to space the anode from the pipe in 
all rotative positions of the pipe and anode, and 
means introduced into the pipe at one end thereof 
for supplying electric current to Said anode in 
all of its rotative positions. 

3. In a device for electroplating the bores of 
pipes or the like, the combination of a pipe con 
stituting the cathode element of an electrolytic 
cell and mounted for rotary movement about its 
own axis when horizontally disposed, temporary 
closures of insulating material at opposite ends 
of the pipe and coacting therewith to form a 
container for all of the electrolyte present, Said 
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8 
container having its outer cylindrical surface 
exposed to the air and adapted to have a current 
Supplying brush contact the same, an anode con 
struction of hollow form contained in the pipe, 
of less diameter than the internal diameter of the 
pipe, in interdriving relation therewith, emersed 
in the electrolyte with its axis of rotation offset 
from the axis of rotation of the pipe to locate 
one side of the anode construction nearer one 
side than the opposite side of the pipe, a flexible 
anode cable passed through One of the closures 
to Supply the anode construction with electric 
energy, a perforated cylindrical shell of insulat 
ing material defining the cylindrical surface of 
the ancide construction and means operatively 
connecting the anode construction to the pipe to 
constantly change the surface of the anode con 
struction which is nearest the pipe. 

4. Apparatus for lining the bore of a pipe by 
electrolytic deposition, including cradle-forming 
mounting means adapted to receive thereon 
electrolytic cells of different sizes without neces 
Sity for adjusting the mounting means to ac 
commodate the different sizes of cells, of a pre 
formed electrolytic cell mounted on the cradle 
for rotary movement about a horizontal axis, said 
cell including the pipe to be plated functioning 
as its cathode element, closure means tem 
porarily Secured to the open ends of the pipe to 
close the Sane and to form a container for the 
plating electrolyte, an anode construction within 
the cathode element and including an anode ele 
ment and at least one roller of insulating ma 
terial Secured to the anode element to turn there 
with, said roller having a diameter materially 
less than the internal diameter of the pipe, bear 
ing on and in frictional rolling engagement with 
whatever for the time being is the lower portion 
of the pipe and at all times insulating the anode 
element therefrom, means for Supplying electric 
energy to the anode and cathode elements, and 
power ineans engaging the exposed outer surface 
of the cathode element to rotate the same, and 
in its rolling engagement with the roller to cause 
it to drive the anode construction in epicyclic 
relation with the pipe. 

5. The apparatus described in claim 4 in which 
the anode structure is also free to move axially 
in the pipe while rotating, and power driven 
means having both rotary and axial movements 
passing through one of the closure means and 
engaging the anode construction to both rotate 
and axially shift the same relative to the pipe. 

6. In a device for electroplating the interior of 
pipes, the Combination of a fixed Support includ 
ing a cradle, a prefabricated electrolytic cell 
mounted on the cradle for rotary movement 
about a horizontal axis, said cell including a pipe 
to be plated and forming the cathode element of 
the cell, said pipe being open at opposite ends, 
heads demountably fitted to the open ends of 
the pipe to close the same and coacting therewith 
to form a closed cell containing the electrolyte, 
at least One of the heads including two parts in 
sidewise abutting relation, one of the parts being 
fixed relative to the support and thus not rotat. 
able, and the other part being journaled in the 
fixed part for rotary movement about the axis of 
the pipe, means for temporarily securing said 
rotating part to the pipe to be supported thereby. 
and to turn therewith, said head provided with 
a conduit offset from the axis of the pipe con 
tained partly in the rotating part fixed to the 
pipe and partly in the fixed part and at all times 
in fluid communication. With the interior of the 



2,508,868 

pipe, an anode construction including the anode 
element of the cell located within the pipe and 
rotatable about its own axis with the axes of pipe 
and said anode construction eccentrically re 
lated, and power driven means for rotating both 
the pipe and the anode construction. 

7. In an electrolytic cell for electroplating the 
bores of pipes when rotating about their own 
axes and horizontally disposed, the combination 
of a pipe to be plated forming the cathode ele 
ment of the cell, a hollow anode construction of 
Squirrel-cage type located in the bore of the pipe, 
of materially less external diameter than the 
internal diameter of the pipe and rotatable about 
an axis offset from the axis of rotation of the 
pipe, means for mounting the pipe with its axis 
of rotation fixed in space said anode construction 
including end members of insulating material for 
insulating the anode construction from the pipe, 
a plurality of anode rods having their ends car 
ried by the end members and the balance of the 
rods being exposed to the pipe and to the electro 
lyte of the cell, and means for rotating the 
Cathode element and the anode element, said 
means including a drive shaft directly engaging 
one of the end members in axial prolongation 
of the same to turn the Squirrel cage anode con 
struction about its own axis. 

8. In an electrolytic cell for electroplating the 
bores of pipes when rotating about their own ; 
axes and horizontally disposed, the combination 
of a pipe to be plated forming the cathode ele 
ment of the cell, a hollow anode construction of 
Squirrel-cage type located in the bore of the 
pipe, of materially less external diameter than 
the internal diameter of the pipe and rotatable 
about an axis Offset from the axis of rotation of 
the pipe, means for mounting the pipe with its 
axis of rotation fixed in space, said anode con 
struction including end members of insulating 
material for insulating the anode construction 

10 
from the pipe, a plurality of anode rods having 
their ends carried by the end members and the 
balance of the rods being exposed to the pipe and 
to the electrolyte of the cell, and means for 

element. 

O 

3. 

4) 

rotating the cathode element and the anode 
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