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UNITED STATES PATENT OFFICE 
2,509,304 

METHOD AND APFARATUS FORELECTRO. 
YTIC COATING OF STRIWATERA, 

Clarence J. Klein, Eiolidays Cove, W. War, as a 
signer to Natiosai Steel Corporation, a corpo 
ration of Deiaware 

Application February 24, 1944, Serial No. 523,681 
(C. 204-38) 6 Claims. 

This invention relates to the continuous coating 
of thin metal strip by electrodeposition and, in 
particular, to the application of a coating of pro 
tective metal such as tin or Zinc to Steel Strip. 
In one form of electrolytic strip-coating appa 

ratus (Such as that described and Cained in CO 
pending application Serial No. 487,758, now Pat 
ent No. 2,399,254, which E. W. Rieger and I filed 
on May 20, 1943), the strip is passed. Successively 
over a plurality of electrolyte pans and is Sub O 
jected to numerous stages of electrodeposition in . 
the Several pans whereby a continuous coating 
of metal is eventually deposited onto the Strip 
from anodes, disposed in the pals. The riturnber 
of pans required is considerable because it is 
convenient to coat one side only of the strip at a 
time, the preferred arrangement COmprising tWO 
Vertically spaced tiers of pans, One tier Serving to 
coat one side and the other tier the other side, 
after the strip has been turned over. The de 
livery of electrolyte to such a large number of 
pans by means of pumps and Supply and return 
pipe connections between them to the individual 
pans, presents a Serious problem because of the 
complexity of the piping which would be neces 
Sary, and the difficulty of accommodating numer 
OuS pipelines in the available space. 

I have in Vented a novel method and apparatus 
for coating Strip whereby the Supply of electrolyte 
to the several pans is greatly simplified, without 
impairing the effectiveneSS. of the electroplating 
operation performed in each pain. In a preferred 
embodiment; and practice of the invention, i. 
mount the Several electrolyte. pans at progress 
sively different, elevations, and provide suitable 
connections between adjacent pans to permit 
gravity flow of electrolyte from each pan to the 
adjacent, next lower pain. By this arrangement, 
electrolyte...is initially delivered to the highest 
pans and flows therefrom downwardly through 
the remaining pans. Sufficient circulation of 
electrolyte:is maintained to fill the Several pans 
and permit an overflow of electrolyte therefrom 
into a collecting tank from which, it may again 
be returned to the highest, pain. In Order to 
maintain the Strip at the proper elevation rela 
tive to the Surface of the electrolyte in the Several 
pans and at the proper distance from the anode 
in each pain, I provide means in the form of pairs 
of rolls, between adjacent pans, for changing the 
elevation of the strip by the same amount aS: the 
difference between the elevations of adjacent 
pans. These rolls may conveniently, be...the con 
tact rolls by which electric current is Supplied to 
the strip for electrodeposition. 
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The novel features and advantages of the in 

Vention may be clearly understood from the foll 
lowing detailed description which refers to the 
accompanying drawings illustrating the preferred 
embodiment and practice. In the diaWings, 

Figures 1A, 1B and 1C disposed side by Side con 
Stitute a diagrannatic side elevation of an efects 
trolytic coating ine enbOdying my invention; 

Figure 2 is a partial longitudinal Section 
through. Several electrolyte pans, With partS in 
elevation; 

Figure 3 is a transverse section taken aiong the 
piane of line III-III of Figure 2; and 

Figure 4 is a vertical section through the rolls 
adjacent one of the housings therefor which is 
shown in elevation. 

Referring in detail to the drawings, at the 
head of the coating line are provided uncoilers 
E. and to which coils of strip are delivered 
from a conveyor. 2, a cropshear 3 having pinchi 
rolls, a seam welder is and delivery pinch rolls 
i5. A looping pit, G accommodates a Sufficient 
length of material. to permit continuous travel 
of the strip, through the apparatus Subsequently 
to be described, while allowing for the stoppage 
of the trailing end of a coil. So it can be sheared 
and welded to the succeeding coil. From the 
looping pit the strip, passes through a drag unit 
f : and into an electrolytic-cleaning tanklis, hay 
ing deflector rolls, 9 therein. In the tank. 8 the 
strip is subjected to an initial electrolytic, clean 
ing. It next passes through a scrubber 25 which 
mechanically removes most of the dirt and grease 
loosened by the electrolysis occurring in the tank 
E8. The strip: next passes through a pickling 
tank. 2...ha:Wing, deflector rolls 22. Wherein thema 
terialis subjected to...a...picking to rena.0Vetraces 
of scale and prepare the surface for plating. The 
strip then passes through, a second Scrubioel 23 
which renowest anys Solution remaining, thereon 
from its passage: through tank, 2. 

Eroii: the scrubber 23, the strip: passes under 
a defiector: roll!.2i; and between: the first of a 

rolls 25, disposed at opposite 
electrolyte pan S. Airplurality 

of pans 26: aire, disposed side by side in a lower 
tier: arids. Similar: pansis 2i are: disposed; Side: by 
Side: in...an ugpertier: above the lower tier. Drip 
trougiuSE 28, are: located below the rolls 25: arad 
a collieating tank,29s extends the full-lengths of the 
tWO tiers. The pains 26 of the lowerc.: tier are 
disposed at progreSSively lower elevations: going 
from left, to. Eight, i.e.,...the directions of tiawed 
of the Strip. Thie: strip isguided from the lower 
tier of panSi26 to the uppertier by deflector rolls 
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30. The pans 27 of the upper tier are positioned 
on progressively lower elevations going from right 
to left which is the direction in which the Strip 
travels over these pans. It will be understood 
that first one side and then the other of the 
strip is subjected to repeated electroplating in 
passing over the pans of one of the tiers, the 
bottom surface of the Strip being exposed to the 
electrolyte in both cases. Suitable electric con 
nections extend from one roll of each pair 25 to a 
Source of current and from the latter to anodes 
3 (see Figures 2 and 3) disposed in the pans. 
As shown in the drawings, the anodes are Sup 
ported on inclined guides 32 and 33. They are 
advanced progressively croSSwise of the pans, the 
inclination of the guides serving to maintain Sub 
stantially constant the Spacing between the Strip 
and the upper Surfaces of the anodes as the latter 
are dissolved by the electroplating action. The 
anodes may be of tin if it is desired to coat the 
Strip with that metal, or of zinc if a galvanizing 
treatment is to be effected. 
From the upper tier of electrolyte pans, the 

strip passes over deflector rolls 34 and rollis 35 
in a trough adapted to receive electrolyte drip 
ping from the Strip. It next passes under de 
flector rolls 36 in a rinse tank 3 and thence 
Over rolls 38 above a drip pan 39. The Strip 
then passes through a brushing apparatus it, a 
hot rinse tank 4, a dryer 42 and Over tension 
ing rolls 63 into a looping pit 45. The Strip is 
drawn from the pit through drag unit 45 and 
a cut-out snear 46 by recoilers 4. 

In order to provide for gravity flow of electro 
lyte from each pan to the next pan beioW, a pipe 
connection 8 extends between each pair of adja 
cent pans. Thus electrolyte Supplied to the 
highest pan of the upper tier flows downWardly 
through the several pans 27 successively. A pipe 
connection may extend from the lowest pan 27 to 
the highest pan 26 So that the electrolyte, after 
flowing through all the pans 27, similarly tra 
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verses the Several pans 26. Sufficient circulation 
of electrolyte is maintained to cause the Several 
pans to fill and overflow slightly. The overflow 
is collected in the tank 29. Instead of the electro 
lyte flowing through all of pans 27 and 26, pipe 
connections (not shown) may extend from inter 
mediate points to tank 29. Electrolyte may be 
pumped from tank 29 to the highest pan 27 and, 
if desired, to intermediate points, by means of 
any suitable pump and pipe connections. Branch 
connections 49 may be provided in Some of the 
connecting pipes 48, in order to control the cir 
culation as desired, by delivering a supplemental 
flow of electrolyte therethrough. Walves 48' and 
49' are provided to control the rate of flow 
through the pipes A8 and 49. 
. As shown in Figure 2, the strip passing over 
each of the pans is maintained horizontal by 
the rolls 25 at opposite ends of the pan. In 
order to maintain the same position of the strip 
relative to the Surface of the electrolyte and to 
the anodes in the Several pans, I arrange the 
rolls 25 to deflect the strip downwardly as it 
passes from one pan to the next. The rolls 25 
may be journaled in any Suitable housings, such 
as that shown in Figure 4. The housing there 
illustrated comprises a frame 50 having Ways 5 
for a chuck 52 in which the upper roll 25 is 
journaled. The frame also has Ways 53 adapted 
to receive a chuck 54 in which the lower roll 25 
is journaled. It will be understood that a pair 
of housings is provided for Supporting each pair 
of rolls 25. The housing frames rest on Support 
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4. 
ing members 55 extending across the coating line 
and are connected at their upper ends by a tran 
som 56. The chucks 54 rest on Springs 57. Ad 
justing screws 58 extend upwardly from the 
bottom of the frames 50 for Supporting the 
springs. Screws 59 for adjusting the pressure 
of the rolls extend through the upper ends of 
the frames. It will be noted that the Ways 5 
and 53 are so disposed that the axes of the rolls 
25 are displaced from each other horizontally. 
This relation of the rolls causes the Strip to be 
deflected downwardly, as it passes from One tank 
to the next, as clearly as shown in Figure 2. 
The housings are designed so that the deflection 
of the strip from one pan to the next is Substan 
tially equal to the difference between the eleva 
tions of adjacent pans. 
As previously indicated, the rolls 25 are utilized 

for making electrical connections to the Strip. 
The upper roll 25 is preferably the contact roll, 
being composed of metal and having its Surface 
in contact with the strip. The lower roll serves 
merely as a backing roll and preferably has its 
surface covered with rubber. A brush-holder 
frame S is secured to but insulated from each 
housing frame 56 and is provided with brush 
holders 6, 62 and 63. The holders 62 and 63 
are mounted on an upper cross member 64 of 
the brush holder which is pivoted to one of the 
side members so it may be swung upwardly to 
permit the upper roll to be changed as may be 
necessary. Brushes in the holders 6, 62 and 63 
have sliding contact with the necks 65 of the 
upper roll 25. Bus bar connections 66 extend 
from the brush holder frames to the current 
SOCe. 

It will be apparent from the foregoing that my 
invention provides a highly advantageous method 
and apparatus for electrolytic coating in that the 
supply of electrolyte to the numerous pans is 
greatly simplified by the provisions for gravity 
flow through the pans successively. This ar 
rangement of the pans does not introduce any 
additional complications into the apparatus and 
reduces to a minimum the number and complex 
ity of the piping connections necessary to insure 
a suitable supply of electrolyte in each pan at 
all times. The arrangement of the rolls between 
pans which serve as guide rolls as Well as con 
tact rolls, insures that the strip is maintained 
in the same relation to the surface of the elec 
trolyte in each pan so that a uniform plating 
effect will be accomplished as any point On the 
strip travels over each pan. The arrangement 
of rolls causes the strip to be flexed around a 
portion of the periphery of each roll. This re 
sults in better electrical contact of the strip 
with the upper roll and better frictional contact 
therewith to insure rotation of the roll when it 
is not driven. The pans 26 and 27 may be pro 
gressively stepped up, in the direction of strip 
travel, instead of down, as shown. In that case 
the electrolyte will flow in a direction opposite 
that of strip movement, instead of in the same 
direction, as in the arrangement illustrated. 
Although I have illustrated and described but 

a preferred embodiment and practice of the in 
vention, it will be recognized that changes in the 
arrangement and procedure disclosed may be 
made without departing from the Spirit of the 
invention or the Scope of the appended claims. 
Obviously, the invention may be used for the 
coating of strip composed of metal other than 
steel and for the application of coating metals 

6 other than those mentioned. 
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claim: 
1. Apparatus for progressively electroplating a 

continuously moving strip, comprising a plurality 
of pans across which the strip is passed suc 
cessively in contact with electrolyte in the pans, 
said pans being spaced from each other hori 
zontally and disposed side by side at progressively 
different elevations, each pan being adapted to 
contain electrolyte and having therein an elec 
troplating anode, means for connecting the anode 
to a source of electroplating current, conduits 
directly connecting each pair of adjacent pans 
whereby electrolyte flows by gravity from one 
pan to the adjacent next lower pan, and strip 
guiding means in the spaces between adjacent 
pans for deflecting the strip downwardly as it 
passes from one pan to the next, said strip guid 
ing means maintaining the strip horizontal in 
its passage through said pans and at a prede 
termined distance from the anode in each pain. 

2. Apparatus for progressively electroplating 
continuously moving strip, comprising a plurality 
of pans across which the strip is passed suc 
cessively in contact with electrolyte in the pans, 
said pans being spaced from each other hori 
zontally and disposed side by side at progressively 
different elevations, each pan being adapted to 
contain electrolyte and having therein an electro 
plating anode, means for connecting the anode 
to a source of electroplating current, conduits 
directly connecting each pair of adjacent pans 
whereby electrolyte flows by gravity from one 
pan to the adjacent next lower pan, and strip 
guiding means in the spaces between adjacent 
pans for deflecting the strip downwardly as it 
passes from one pan to the next in an amount 
substantially equal to the difference between the 
elevations of adjacent pans, said strip guiding 
means maintaining the strip horizontal in its 
passage through said pans and at a prede 
termined distance from the anode in each pan. 

3. Apparatus for progressively electroplating a 
continuously moving strip, comprising a plu 
rality of pans across which the strip is passed 
successively in contact with electrolyte in the 
pans, said pans being spaced from each other 
horizontally and disposed side by side at progres 
sively different elevations, each pan being adapted 
to contain electrolyte and having therein an elec 
troplating anode, means for connecting the anode 
to a source of electroplating current, conduits 
directly connecting each pair of adjacent pans 
whereby electrolyte flows by gravity from one pan 
to the adjacent next lower pan, and a pair of 
cooperating guide rolls having their axes displaced 
from each other horizontally in the Spaces be 
tween adjacent pans for deflecting the strip 
downwardly as it passes from one pan to the next, 
said guide rolls maintaining the strip horizontal 
in its passage through said pans and at a pre 
determined distance from the anode in each pan. 

4. Apparatus for progressively electroplating a 
continuously moving strip, comprising a plu 
rality of pans across which the strip is passed 
successively in contact with electrolyte in the 
pans, said pans being spaced from each other 
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6 
horizontally and disposed side by side at progres 
sively different elevations, each pan being adapted 
to contain electrolyte and having therein an elec 
troplating anode, means for connecting the anode 
to a source of electroplating current, conduits 
directly connecting each pair of adjacent pans 
whereby electrolyte flows by gravity from One pain. 
to the adjacent next lower pan, and a pair of 
cooperating guide rolls having their axes displaced 
from each other horizontally in the Spaces be 
tween adjacent pans for deflecting the strip 
downwardly as it passes from one pan to the next 
in an amount Substantially equal to the difference 
between the elevations of adjacent pans, Said 
guide rolls maintaining the strip horizontal in 
its passage through said pains and at a prede 
termined distance from the anode in each pan. 

5. Apparatus for continuously and progressive 
ly electroplating a moving strip, comprising a 
plurality of pans disposed side by side at progres 
sively different elevations presenting electroplat 
ing cells, each being adapted to contain electrolyte 
and having therein an electroplating anode, means 
for connecting the anode to a source of electro 
plating current, across each of which the strip 
moves from end to end in a horizontal path in 
contact with the body of electrolyte therein and 
at a predetermined distance from the anode in 
the cell, the paths across the cells being disposed 
at progressively different elevations correspond 
ing to the elevations of the pans and being posi 
tioned to maintain the strip in substantially the 
same relation to the anode in all of the cells; 
strip guiding means positioned outside of and 
adjacent the ends of each pan in position to 
maintain the moving strip in the path across the 
cell; and conduit means directly connecting each 
two adjacent pans whereby electrolyte flows 
through the conduit from the higher pan to the 
lower pan of the adjacent pans. 

6. In a method of electroplating strip, the steps 
including passing the strip Successively in hori 
Zontal paths in contact with a plurality of spaced 
baths of electrolyte disposed side by side at pro 
gressively different elevations while maintaining 
Said horizontal paths at Substantially the same 
vertical distance from anodes located in the baths, 
and flowing electrolyte by gravity directly from 
each bath to the next adjacent lower bath while 
effecting electrodeposition on to the strip from 
the electrolyte in each bath. 

CLARENCE. J. KEN. 
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