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The present invention relates to improvements 
in a method of and apparatus for electrode 
positing a protective metal coating onto at least 
one 'surface of a continuously moving-strip of 
conductive base metal and more particularly re 
lates: to improvements in circulating and dis 
charging replenishing. Solution into an electro 
plating cell. of the type: used for. depositing pro-: 
gressively a metal-coating on the bottom surface. 
of a horizontally, and continuously moving metal 
strip. 
The present invention will be 'described more 

particularly in connection with electrolytically 
coating ferrous metal strip with tin, although it. 
is to be understood that its principles may be: 
followed in electrolytically depositing other pro 
tective metals on strips of other conductive ma-. 
terials. 
This invention is concerned with the electro. 

plating process in which the strip is passed cont. 
tinuously across one cell, or a series of cells, each. 
containing a tin anode. The strip is passed across 
each cell above the anode and substantially at the 
level of the surface of the electrolyte bath icon 
tained in the cell so that only the bottom surfaces 
of the strip is plated. When it is desirable to coat 
the oposite surface, the direction of the Strip travel. 
is reversed to position the other surface down 
Wardly and the strip is then passed acrossia, Sec. 
ond series of plating: cells in which the other sur 
face is similarly coated. The strip passes across 
the plating cell at a speed of 500 feet, or more, 
per minute. Speeds of 1,000 to 1,500 feet per. 
minute are used in many present commercialini. 
stallations. The electrolyte solution in each cell 8 
flows out of the cell and usually flows across the 
side walls of the cell that are located at such a 
level as to maintain the quiescent level of the bath: 
at or slightly above the level of the bottom of the 
strip. Electrolyte... solution is continuously fed; 
into the cell so as to replenish the bath arid main-- 
tain the proper concentration of tin salts in the 
bath. 

Ini continuously electroplating ferrous metal 
strip with tin commercially, a persistent source 
of trouble has been the formation of heavier de 
posits of tin along the edges of the strip as: a 
result of higher current density. Another trouble. 
encountered has been the deposition of electrolyte 
salts along the edges of the upper surface. Dams: 
have been placed across the exit end of the cellso 
that all, or substantially all, of the electroplating 
solution flows out of the cell across the top of ther 
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strip travel so that at the exit end, the level of the 
Solution builds up above the surface of the-strip 
whereby the solution-flows back-along the upper. 
surface-and aids-in wetting the surface and pre 
venting the deposition of salts on the upper-sur 
face. The anodes in the cells have been carefully 
arranged in an effort to reduce the-increased cur 
rent density and resulting thickness of tin along 
the edges of the strip. Such efforts have not met. 
with entire success for the tin coating has con 
tinued to be thinner along the middle portion of 
the strip than along the edge: portions. This has 
increased the amount of coated strip that has had 
to be scrapped and has further increased the cost 
in that a heavier coating of tin than necessary 
must be deposited along the edge portions to pro 
vide the required amount of tin on the middle por 
tion; 

Accordingly, one of the primary objects of the 
present invention is to prevent or reduce the in 
creased thickness of the tin coating along the 
edges of electroplated strip. 
Another object is continuously to electroplate 

strip with a uniform coating of protective metal 
5. that has Substantially the same: thickness along. 

the middle portion as along the edge portions. 
A further object of the present invention is to 

provide an improved method of and apparatus 
for continuously electroplating ferrous metal strip 
with a uniform coating of tin on the bottom Sur 
face and without the deposition of electrolyte salts 
on the uppersurface. 

I have discovered that the reduced thickness of 
the tin coating along the mid-portion of the strip 

5- is not entirely, a result of reduced current density, 
along this portion, but that the manner in which 
the electrolyte Solution is discharged into the 
electiroplating cell materially affects the thickness 
Of the coating. On the bottom surface... This is 
Somewhat 'Surprising: as it has:been: considered 
heretofore that it was the distribution of the cur 
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side wall at the entry end of the cell tray. This 
dam stops the flow of solution in the direction of 55. 

rent density, which affects the thickness of the 
coating and that it was only necessary to main 
tain, absolute uniformity of current density to 
produce: a coating of the same thickness-along all. 
Zones.: Although some consideration has been, 
given to the way in which the replenishing. elec-, 
trolyte solution was discharged into the cell, the - 
aim-heretofore has been to add the solution so 
that all portions of the bath would contain sub 
stantially the same amount of electrolyte salts. It 
has been assumed that if the bath was of uniform 
concentration that a uniform coating could be 
obtained providing the current density was uni 
form. 
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I have found that when continuously electro 
plating strip, and especially at Speeds of about 
1,000 feet per minute or more, the Strip drags 
along the solution that is in contact With its 
bottom surface at a speed greater than the rate 
of flow of the solution inwardly toward the 
middle of the strip. As a result, there is ap 
parently a void or depression formed in the Solu 
tion at a zone midway of the sides of the strip 
adjacent the entry end of the cell. The exact 
nature of what takes place in the Solution below 
the middle of the bottom surface can not be 
visually observed but the answer which I have 
discovered to the problem indicates that this 
zone of reduced contact has been the difficulty. 
It has been found that if all of the electrolyte 
solution which is discharged into the cell below 
the level of the strip is discharged in the form 
of a single stream directed upwardly against 
the bottom surface at the middle of the Strip 
width and adjacent the entry end of the cell, 
the void is filled and a more uniform coating is 
obtained and the middle portion of the Surface 
has a coating of about the same thickneSS as 
the edge portions. 
The present invention and its objects and ad 

vantages will become more readily apparent from 
the following detailed description, taken in Con 
nection with the accompanying drawings, in 
Which: 

Figure 1 is a plan view of a portion of an elec 
troplating line including an electroplating cell 
embodying the principles of the present inven 
tion: 

Figure 2 is a sectional view taken along line 
2-2 of Figure 1; 
Figure 3 is a transverse sectional view taken 

along line 3-3 of Figure 2 with Some parts 
omitted for a better understanding of the pres 
ent invention. 

Referring more particularly to the apparatus 
shown in the accompanying drawingS, a ferrous 
metal strip O is continuously moved from left 
to right along the electroplating line and passes 
from a preceding cell between an upper Con 
tact roll f2 and a lower backup roll 3. The strip 
O then passes across the cell 4 and between 
an upper contact roll 5 and a lower backup roll 
6 to a succeeding cell 8. The rotatable con 

tact rolls 2 and 5 are connected to a Source 
of electric current (not shown) and the backup 
rolls 3 and 6 are usually formed of rubber. 
The rolls may be power-driven but ordinarily, 
the strip () is continuously moved along the line 
by any one of the usual power-actuated roll 
means customarily used in mills for continuously 
moving strip along a path. 
After the strip O leaves rolls 2 and 3, it 

passes across cell 4 from the entry end to the 
exit end and has a layer of protective tin de 
posited on its bottom surface. Cell 4 is similar 
to the other cells in the electroplating line and 
may be the first, last or intermediate one of a 
series of cells or may be the Only cell for plat 
ing the bottom surface of the strip. Cell 4 in 
cludes a tray 9 supported by the frameWork. 
20 and containing an open, plating bath of elec 
trolyte solution 7, Figure 3. The term “open’ 
means that the upper surface of the bath is free. 
so that the strip can drag Solution from the 
entry end of the tray to the exit end of the tray. 
The cell tray 4 contains a tin anode formed of 
a plurality of tin anode elements or bars 2 each 
having one end supported on a conductive mem 
ber 22. Spaced insulated memberS 23 are pro 
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4. 
vided in tray 9 for supporting the other ends 
of the anode elements 2. Conductive member 
22 is provided at one end with bus bars 25 adapted 
to be connected to the source of electricity to 
complete the electroplating circuit. The upper, 
anode-supporting surfaces of the conductive 
member 22 and insulated members 23 extend 
transversely of the direction of strip travel and 
these anode supporting surfaces are inclined SO 
that the anode elements can be moved up these 
surfaces as they erode as a result of the elec 
trodeposition of the anode metal on the bottom 
Surface of strip f O. New anode elements are 
inserted at 27 (Figures 1 and 3) and eroded ele 
ments are removed at 28. Normally the anode 
elements are positioned So that the upper Sur 

... faces are located in a plane Substantially par 
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direction of strip travel. 

allel to the Strip and So that the Width of the 
anode is Substantially the same as the width of 
the strip to produce a Substantially uniform cur 
rent density across the strip Surface. 
The tray includes a side wall 30 at the entry 

end which terminates slightly below the pass line 
of the strip. The level of the sidewall 30 con 
trols the level of the bath in the tray for any 
One rate of flow of Solution into the tray and at 
any one speed of strip travel. Solution is fed 
into the tray f9 as will be more fully hereinafter 
described. The top of sidewall 30 is such that 
the level of the Surface of the bath of Solution 
in the tray with the strip to stationary would 
be at or slightly above the level of the botton 
Surface of the strip as is indicated in Figure 3. 
The strip preferably Should just touch the bath 
but to insure contact between the bath and the 
Strip Surface, the bath Surface often is maintained 
slightly above this level. The rapidly moving 
strip 0 drags solution along toward the rolls 5 
and 6 and means are provided to confine the 
Solution dragged along by the Strip and force the 
Solution flowing out of the cell to flow across 
the top of Sidewall 30 in a direction opposite the 

The Walls at 3 and 32 
at Opposite sides of tray 9 extend upwardly 
above the Strip far enough to prevent the flow 
of Solution laterally over their tops. The exit 
end wall 33 is provided with a resilient member 
34 which substantially fluid-tightly engages the 
lower roll f6. Extensions 35 are provided for 
walls 3 and 32 that extend forwardly to the 
rolls 5 and 6. The solution dragged along the 
upper Surface of the strip cannot flow past the 
contact roll 5 and builds up in front of the roll. 
When this dragged solution builds up to a suffi 
cient height, it flows rearwardly and across the 
top of Wall 30. Trays 36 are provided between 
the adjacent portions of the cells to catch the 
solution flowing across wall 9 and to catch the 
relatively small amount of solution which leaks 
past the rolls and other elements at the exit side 
of the tray. This Collected Solution may be 
pumped back into the cells. Before pumping the 
Solution into the cells, additions are made to 
the Solution to maintain the proper concentra 
tion of SaltS in the bath. 
Fresh solution is flowed into tray 9 to replen 

ish the bath and to replace the solution flowing 
out of the tray. Heretofore, the replenishing 
solution has been added in a haphazard manner 
to the cell at a point or points either above or 
below the strip. 
In the present apparatus a flanged tube 37 is 

fastened to the side 3 of tray 9 and is con 
nected through nipple 38 to one leg of a T 
connection 39. A second, upper bent tube 40 is 
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connected to another leg of the T. member 39 The stream of solution directed : upwardly 
" which is in turn connected through a pipe. 4 against the middle of the bottom surface should 
to a source of electrolyte solution under pressure. be, under sufficient pressure to impinge against 
Avalve 4 is provided for controlling the rate of the bottom surface and spread over the middle 
flow through tube 40. The outlet portion 42 of 5 ... portion. If the strip were not present, the Stream 
tube 3 terminates in a single outlet, orifice at should rise to a level above the Strip and above 
A3. The outlet portion 42 is bent upwardly, and the quiescent level of the bath. The velocity and 
is so positioned that the stream issuing from the rate of flow of this upwardly directed stream 
outlet orifice is directed upwardly against the can be varied, at least to a certain extent, by 
bottom surface on a zone at the middle of the 10 - means of valve 4. The outlet Orifice at 43 is 
sides of the strip and adjacent the entry of the circular, but especially when relatively wider 
cell tray. The zone where the stream from out- strip is being plated, the outlet orifice. may be 
let orifice 43 impinges is ahead of the anode Widened so as to extend laterally a greater, dis 
So that this stream impinges; against the strip tance than the orifice extends in the direction of 
surface before the surface passes across and above 5 strip travel. 
the anode. The moving strip, apparently drags I claim: 

, along the solution immediately adjacent the strip 11. In apparatus for progressively electroplat 
to form a void beneath the strip. This void may ::ing only the botton Surface of Strip. With pro 
have the configuration indicated by the broken ...tective metal while the strip is continuously mov 
line 44 on Figure 3 depending on the rate of travel 20 sing along a path, said apparatus comprising: an 
of the strip and other factors. When this void is - electroplating cell including open tray means 
present, there is a zone of no contact with the adapted to confine an open bath of electroplating 
strip and the bath which results in a zone of . Solution, Said tray means having an upwardly 
reduced thickness of tin. The reduction in thick- "...extending Wall at its entry end terminating, below 
ress of the tin along the middle portion of the 25 the path of the strip, Sidewalls at opposite sides 
bottom Surface is a function of the rate of travel of the tray means extending above the path of 
of the strip and is more pronounced at speeds the strip, and Wall means at the exit end of the 
of about 1,000 feet perminute or higher. Re- tray means extending above the path of the strip 
gardless of the exact nature of the cause of the ..Whereby. Substantially all of the. Solution circu 
decreased thickness of tin along the middle of 30 slating through the cell flows rearwardly acroSS 
the strip, it has been found that directing the the top of the wall at the entry end of the cell 
electrolyte Solution up against a ZOne midway of , in a direction countercurrently. to the direction 
the strip and adjacent the entry end of the tray, of strip travel; a soluble anode of protective 
reduces the difference between the thickness of metal in the tray means below the path of the 
the tin coating adjacent the edges and at the 35 strip; means connecting the anode and the strip 
center and apparently fills this void. For exam- to a Source of electroplating current as anode and 
ple, samples were taken of continuously plated cathode, respectively; means for supporting and 
strip. Part of the plated strip was quarter- horizontally moving the strip forwardly along 
pound plate and the remainder was half-pound such path across the tray from the entry end 

- plate. A portion of the strip of each weight was 40 to the exit end with the bottom of the surface 
plated in accordance with the present process in in contact with the bath and above the anode 
which all of the electrolyte solution added to the at a speed of at least 1,000 feet per minute where 
cell at a point below the strip. was directed as a 'by only the bottom surface is electroplated with 
single stream upwardly against the bottom sur- anode metal; and means for discharging electro 
face in a zone midway of the strip sides and 45 plating solution into said tray and against said 
adjacent the entry end of the cell. The re- strip, said last mentioned means consisting of 
mainder of the strip was plated under the same means including an outlet positioned above the 
conditions except that the solution was added in path of the Strip arranged to discharge electro 
a customary manner to the cell as shown in the plating Solution onto the top surface of the strip 
Rieger et al. Patent No. 2,399,254. The following 50 and consisting of means extending into the tray 
sets forth the results obtained in which the below the path of the strip and having a single 
quantities are in pounds of tin per base box: outlet orifice positioned below the path of the 

Strip coated in accordance with present invention. 

Strip Coated in Accordance with Present Invention Strip Coated in Customary Manner 

Edge Center Edge spread Edge Center Edge spread 

QUARTER-PouND plate 
.25 .24 .25 .01 27 .20 - - 27 ... 07 

HALF-PouND PLATE 

47 .48 .4s | .01 50 . 40 .50 .10 

The above figures show the great improvement strip between the anode and the wall at the entry 
in the uniformity of the thickness of the tin 70 end of the tray and arranged to discharge a single 
coating obtained with the present invention. stream of electroplating solution upwardly 
This not only reduces the number of rejects but against the bottom Surface of the strip in a zone 
also reduces the cost in that it is not necessary to at the middle of the strip width adjacent the 
plate the edge portions excessively to obtain the entry end of the tray and ahead of the anode. 
desired thickness of coating at the center. 7s 2. In apparatus for progressively electroplat 
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ing only the bottom surface of continuously mov 
ing Strip With protective metal, Said apparatus 
Comprising an electroplating cell including tray 
means adapted to confine an open bath of elec 
troplating solution, said tray means having an 
upWardly extending wall at its entry end ter 
minating below the path of the Strip, Sidewalls 
and Wall means at the exit end of the tray 
means all extending above the path of the strip 
Whereby substantially all of the solution circu 
lating through the cell flows rearwardly across 
the top of Said entry end Wall; a soluble anode 
of protective metal in the tray means below the 
path of the strip; means for connecting the anode 
and the strip to a source of electroplating cur 
rent as anode and cathode, respectively; means 
for Supporting and horizontally moving the strip 
forwardly along a path across the tray means 
from the entry end to the exit end with the bot 
tom surface of the strip in contact with the bath ; 
in the tray and at Such a speed that the electro 
plating Solution below the Strip is dragged along 
by the Strip toward the exit end of the tray means 
in an amount Sufficient to form a void in the bath 
beneath the middle portion of the bottom surface 
of the strip and the bath solution whereby the 
protective metal coating along the middle por 
tion is of reduced thickness; and means for dis 
charging electroplating Solution into the tray at 
a point below the strip, Said means consisting of 
a conduit terminating in a Single Outlet Orifice 
positioned to discharge a stream of electroplating 
solution upWardly against the bottom Surface of 
the strip in a zone at the middle of the strip 
width and adjacent the entry end of the tray 
and ahead of the anode to fill Said void With Solu 
tion whereby the thickness of the protective metal 
coating along the middle portion of the bottom 
Surface is increased. 

3. In apparatus for progressively electroplat 
ing only the bottom Surface of continuously mov 
ing strip with protective metal, Said apparatus 
comprising an electroplating cell including tray 
means adapted to confine an open bath of elec 
troplating Solution, Said tray means having an 
upwardly extending wall at its entry end ter 
minating below the path of the strip, sidewalls 
and wall means at the exit end of the tray 
means all extending above the path of the strip 
whereby substantially all of the Solution circu 
lating through the cell flows rearwardly across 
the top of said entry end Wall; a Soluble anode 
of protective metal in the tray means below the 
path of the strip; means for connecting the 
anode and the strip to a source of electroplating 
current as anode and cathode, respectively; 
means for supporting and horizontally moving 
the strip along a path acroSS the tray means 
from the entry end to the exit end with the bot 
tom of the surface in contact with the bath in 
the tray and at Such a Speed that the electro 
plating solution below the strip is dragged along 
by the strip toward the exit end of the tray means 
in an amount sufficient to form a void in the bath 
beneath the middle portion of the bottom Sur 
face of the strip and the bath Solution whereby 
the protective metal coating along the middle 
portion is of reduced thickness; and means for 
discharging electroplating Solution into Said tray 
and against said strip, Said last-mentioned means 
consisting of means including an outlet orifice 
positioned above the path of the Strip arranged 
to discharge electroplating Solution onto the top 
surface of the strip and consisting of means hav 
ing a single outlet orifice positioned below the 
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path of the strip arranged to discharge a single 
Stream of electroplating solution upwardly 
against the bottom surface of the strip in a Zone 
at the middle of the strip width and adjacent 
the entry end of the tray and ahead of the anode. 

4. In apparatus for progressively electroplat 
ing only the bottom surface of continuously 
moving Strip, said apparatus comprising an elec 
troplating cell including tray means adapted to 
confine an open bath of electroplating solution, 
Said tray means having an upwardly extending 
Wall at its entry end terminating below the path 
of the strip, sidewalls and wall means at the 
exit end of the tray means all extending above 
the path of the strip whereby substantially all 
of the Solution circulating through the cell flows 
rearwardly across the top of said entry end wall; 
a Soluble anode of protective metal in the tray 
below the path of the strip; means for connecting 
the anode and the strip to a source of electro 
plating current as anode and cathode, respective 
ly; means for Supporting and horizontally mov 
ing the Strip along a path at a speed of at least 
1,000 feet per minute across the tray means from 
the entry end to the exit end with the bottom of 
the Surface in contact with the bath in the tray 
Whereby electroplating solution below the strip 
is dragged by the Strip from the entry end to 
Ward the exit end of the tray means in an amount 
Sufficient to form a void in the solution below 
the middle of the bottom surface of the strip 
adjacent the entry end of the tray; and means 
for discharging electroplating Solution into the 
tray at a point below the strip, said means con 
sisting of a conduit means terminating in a 
Single Outlet Orifice positioned to discharge a 
stream of electroplating Solution upwardly 
against the bottom surface of the strip in a 
Zone at the middle of the strip width and ad 
jacent the entry end of the tray and ahead of 
the anode to fill said void with solution whereby 
the thickness of the protective metal coating 
along the middle portion of the bottom surface 
is increased. 

5. In apparatus for progressively electroplat 
ing the bottom surface of continuously moving 
Strip, Said apparatus comprising an electroplat 
ing cell including tray means adapted to confine 
an open bath of electroplating solution, said 
tray means having an upwardly extending wall 
at its entry end terminating below the path of 
the strip, Sidewalls and wall means at the exit 
end of the tray means all extending above the 
path of the strip whereby substantially all of 

i5 the Solution circulating through the cell flows 
rearwardly across the top of said entry end wall; 
a Soluble anode of protective metal in the tray 
means below the path of the Strip; means for 
connecting the anode and the strip to a source 
of electroplating current as anode and cathode, 
respectively; means for Supporting and hori 
Zontally moving the Strip along a path at a 
speed of at least 1,000 feet per minute across the 
tray means from the entry end to the exit end 
with the botton of the Surface in contact with 
the bath in the tray means Whereby electroplat 
ing solution below the strip is dragged by the 

75 

strip from the entry end toward the exit end 
of the tray means in an amount Sufficient to 
form a void in the Solution below the middle 
of the bottom Surface of the Strip adjacent the 
entry end of the tray; and means for discharg 
ing electroplating Solution into said tray and 
and against Said strip, said means consisting 
of means including an outlet orifice positioned 
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above the path of the strips arranged to dis 
charge electroplating solution:onto: the top-sur 
face of the strip, and consisting of means having 
a single outlet orifice positioned below the path 
of the strip arranged to discharge a single stream 
of electroplating-solution upwardly against the 
bottom surface in a zone at the middle of the 
strip width and adjacent the entry, end of the 
tray and ahead of the anode to fill said void. 

6. In apparatus for progressively electroplat 
ing only, the -botton-surface of continuously 
horizontally moving-strip, said apparatus com 
prising an electroplating. cell including a tray 
adapted to contain-an open bath of electroplat 
ing solution, an anode of protective metal in the 
tray below the path of the strip, and means caus 
ing the solution to flow from the tray only at the 
entry end of the tray and only in a direction 
opposite to the direction of strip travel; means 
for connecting the anode and the strip to a 
Source of electroplating current as anode aind 
cathode, respectively; means for supporting and 
horizontally moving the strip at a speed of at 
least 1,000 feet per minute across the tray from 
the entry end to the exit end with the botton 
Surface of the strip in contact with the surface 
of the bath in the tray whereby the botton Sur 
face is plated with anode metal and the electro 
plating Solution below the strip is dragged in 
the direction of strip travel to tend to form a 
zone of reduced contact between the middle por 
tion of the strip bottom surface and the bath 
solution adjacent the entry end of the tray; and 
means for discharging electroplating Solution 
into said tray and against said strip, said means 
consisting of means including an outlet orifice 
positioned above the path of the strip, arranged 
to discharge electroplating solution onto the 
top surface of the strip and consisting of means 
having a single outlet orifice positioned below 
the path of the strip arranged to discharge a 
single stream of electroplating solution upward 
ly against the bottom surface in a Zone at the 
middle of the strip width and adjacent the entry 
end of the tray and ahead of the anode to fill 
Said Void. 

7. In the process of progressively and continu 
ously electroplating the bottom surface of con 
tinuously moving strip with protective metal, the 
steps comprising Supporting and horizontally 
moving the strip along a horizontal path across 
an electroplating cell containing an open bath of 
electrolyte Solution and a soluble anode of pro 
tective metal with the strip bottom surface in 
contact with the Surface of the bath and above 
the anode while the strip is connected as a cath 
Ode to a source of electroplating current and 
while electrolytically depositing protective metal 
Coating only on the bottom surface; and dis 
charging electrolyte solution against the strip in 
the form of two streams only, and directing one 
stream against the upper surface of the strip 
and directing the other stream upwardly against 
the botton Surface in a Zone at the middle of the 
strip width and adjacent the entry end of the 
cell and ahead of the anode. 

8. In apparatus for progressively electroplat 
ing, only the bottom surface of continuously 
moving strip with protective metal, said appara 
tus comprising an electroplating cell including 
tray means adapted to confine an open bath of 
electroplating solution, said tray means having 
an upwardly extending wall at its entry end ter 
minating below the path of the strip, sidewalls 
and wall means at the exit end of the tray all 
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extending above the path of the strip whereby 
Substantially all of the solution circulating 
through the cell flows rearwardly across the top: 
of Said entry end wall; a soluble anodes of pro 

: tective metal in the tray below the path of the: 
Strip; means for connecting the anode and the 
strip to a source of electroplating current as: 
anode and Cathode, respectfully; means for Sup 
porting and horizontally moving the strip for 
Wardly along a path across the tray from the 
entry end to the exit end with the bottom sur 
face of the Strip in contact with the bath in the 
tray So that only the bottom surface is plated 
With anode metal; and means for discharging. 
electroplating solution into the tray below the 
path of the strip, said last mentioned meanster 
minating in a single outlet orifice positioned ad 
jacent the entry end of the strays and ahead of 
the anode and below the path of the strip and 
Said outlet orifice being positioned to discharge 
a stream of electroplating solution upwardly 
against the bottom surface of the strip in a zone 
at the middle of the strip width and adjacent the 
entry end of the tray and ahead of the anode. 

9. In apparatus for progressively electroplat 
ing only the bottom surface of continuously 
moving strip with protective metal, said appara 
tus comprising an electroplating cell including 
tray means adapted to confine an open bath of 
electroplating solution, said tray means having 
an upwardly extending wall at its entry end ter 
minating below the path of the strip, sidewalls 
and wall means at the exit end of the tray means 
all extending above the path of the strip whereby 
Substantially all of the Solution circulating 
through the cell flows rearwardly across the top 
of said entry walls; a soluble anode of protective 
metal in the tray below the path of the strip; 
means for connecting the anode and the strip 
to a Source of electroplating current as anode 
and cathode, respectively; means for supporting 
and horizontally moving the strip forwardly 
along a path acroSS the tray from the entry end 
to the exit end with the bottom surface of the 
strip in contact with the bath in the tray so that 
only the bottom surface is plated with anode 
metal; and means for discharging electroplating 
Solution into Said tray and against said strip, 
said last mentioned means including an outlet 
orifice positioned above the path of the strip ar 
ranged to discharge electroplating solution onto 
the top surface of the strip and a single outlet 
orifice positioned below the path of the strip ad 
jacent the entry end of the tray and ahead of 
the anode, the outlet orifice positioned below the 
path of the strip being positioned to discharge a, 
single stream of electroplating solution upwardly 
against the bottom surface of the strip in a zone 
at the middle of the strip width and adjacent 
the entry end of the tray and ahead of the anode. 

10. The process claimed in claim 7 in which 
the electroplating cell includes an upwardly ex 
tending wall at its entry end terminating below 
the path of the strip and which includes the step 
of flowing across the top of the entry end wall 
in direction opposite to the direction of strip 
movement substantially all of the electrolyte so 
lution circulating through the cell. 

11. In the process of progressively and con 
tinuously electroplating the bottom surface of 
continuously moving strip with protective metal, 
the steps comprising supporting and horizontally 
moving the strip along a horizontal path across 
an electroplating cell from entry end to exit end, 
the cell including a tray containing an open bath 



2,569,577 

of electroplating solution and a soluble anode of 
protective metal and having an upwardly ex 
tending wall at the entry end of the tray termi 
nating below the path of the strip, the strip being 
moved acroSS the cell with the strip bottom Sur 
face in contact with the surface of the bath and 
above the anode while the strip is connected as 
a cathode to the Source of electroplating current 
and while electrolytically depositing a protective 
metal coating only on the bottom surface and 
while flowing electrolyte solution from the tray 
only across the top of the entry end wall in a 
direction opposite the direction of strip travel; 
and discharging electrolyte solution into the tray 
at a level below the path of strip travel and di 
recting all of this electrolyte solution in the form 
of a single stream upwardly against the bottom 
surface in a zone at the middle of the strip width 

O 
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12 
and adjacent to the entry end of the tray and 
ahead of the anode. 

HARRY J. READING. 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
2,271,736 Hall --------------- Feb. 3, 1942 
2,307,928 Hogaboom --------- Jan. 12, 1943 
2,395,437 Wenable ----------- Feb. 26, 1946 
2,399,254 Rieger et al. ------- Apr. 30, 1946 

FOREIGN PATENTS 
Number Country Date 

986 Great Britain ------------ Of 1896 


