
2,978,355 April 4, 1961 

- 

?? 

  

  

  



April 4, 1961 A. EBUSCH 2,978,355 
METHOD AND APPARATUS FOR COATING METALS 

Filed Nov. 19, 1957 2 Sheets-Sheet 2 

F.G.2 

"40%???? 

  



United States Patent Office 2,978,355 
Patented Apr. 4, 1961 

2,978,355 
METHOD ANDAPPARATUS FOR COATING 

METALS 
5 

Andreas Busch, Kirchstrasse 34, Weissenthurm, Germanay " 
Filed Nov. 19, 1957, Ser. No. 697,360 

Claims priority, application Germany Nov. 22, 1956 
12 Claims. - (Cl. 117-51) 

This invention relates to process and apparatus for 
metal-coating elongated metal strips and like products. 

In a known process for metallising steel and/or metal 
strips by hot-dipping, more particularly by hot-dip tin 
ning, the strip of steel or sheet metal is first passed 
through a bath containing a flux and then through a 
metal melt, for instance tin, surplus metal being there 
after removed by means of squeeze rolls running in a 
grease bath disposed immediately above a metal boiler. 
This known process has considerable disadvantages, in 
respect to hot-dip tinning. The output is very low, since 
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the speed of a strip or plate passing through the tinning . 
bath cannot exceed more than 2.4 meters per minute and 
12 meters per minute, respectively. These rates cannot 
be increased, for if they are the thickness of the tin coat 
ing on the respective product becomes excessive. The 
thickness of the tin cannot be controlled accurately and 
reliably. The tin layer becomes relatively thick and 
varies from 25-40 grammes per square meter. Also, 
the tin is of uneven thickness and there is a variation, for 
instance, h;3 grammes per square meter in a strip. The 
tin layer is non-uniform and porous, so that the strips or 
plates produced by the known hot-dip tinning process do 
not withstand corrosion statisfactorily. Another disad 
vantage is that several pairs of treatment rolls are neces 
sary. They must be made of steel and their peripheries 
become covered with a tin film, the thickness of which 
determines the thickness of the tin layer on the strip. 
In the known aforesaid hot-dipping process the steel strip 
or metal plate must first be picked and then degreased 
after tinning, which ensues a complicated process. 

This invention obviates all the above considerable...dis 
advantages - of the known hot-dip metallising processes. 
In the process according to the invention, the surplus 
tin is squeezed off not in a grease bath but above the 
metal bath in a protective gas atmosphere, and a small 
amount of cleaning agent which simultaneously acts as a 
lubricant is supplied continuously to the treatment rolls, 
conveniently before the entry of the strip into the rol 
gap, the cleaning agent serving to remove any undsirable 
metal compounds formed on the strip due to reduction or 
oxidation. Advantageously, a reducing agent or flux 
such as, for instance, hydrogen chloride, is supplied. 

Advantageously, the treatment or squeeze rolls used 
have a metal-repellent contact surface or surface layer. 
Detailed experiments have shown that a very satisfactory 
and even metallising action takes place when squeeze 
rolls are employed having a contact surface of rubber 
like material, more particularly silicone rubber. 
The process according to the invention, which differs 

from any conventional method, has considerable advan 
tages, more particularly so far as hot-dip tinning is con 
cerned. The tin deposit is reduced considerably, to ap 
proximately 15 grammes per square meter on both sides. 
The thickness of the covering is more uniform, thus help 
ing to improve the quality of the finished product con 
siderably, and the covering is more uniform and denser, 
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that is, it has less recesses or pores, so that it withstands 
corrosion much nore satisfactorily. Since the kind of 
surface used on the aforesaid rolls governs the thickness 
of the tin layer, the density of the tin layer can be con 
trolled simply and reliably between approximately 15-60 
grammes per square meter by appropriate design of the 
roll surfaces. With this novel method, the rates at which 
the strip travels can be increased to approximately 100 
meters per minute. Because of this high rate the thick 
ness of the iron-tin alloy layer can be considerably re 
duced so that further processing of the strips is greatly 
facilitated. The first costs and running costs of a tinning 
plant according to the invention are very low. 

It is therefore an important object of the present in 
vention to provide means redounding to a highly eco 
nomical and efficacious process and treatment plant for 
lengthy metal products to be metallized in a continuous 
and rapid operation, whereby the final product shows 
markedly improved properties and qualities, is free from 
porous spots and has a uniform and dense metal coat 
throughout its length. 

It is another object of the invention to provide means 
contributing to a positive control of the metal deposit or 
layer to be applied to the surface of a lengthy strip and 
like product without resorting to complicated process 
steps, which would otherwise impair speedy and accurate 
handling of said product and would be a hindrance to 
a considerable reduction of cost contemplated by the pres 
ent invention. 
Yet a further object of the present invention resides 

in the provision of means ensuring considerable reduc 
tion in maintenance, repair and replacement of the 
squeeze or Smoothing rolls employed in the novel process, 
which remain out of contact with the hot metal bath, 
are kept clean and aid in the equalization of a relatively 
thin and even metal coat on the product, while said rolls 
are simuultaneously lubricated and eased in regard to un 
due pressures. 
A still further object of the present invention is to pro 

vide means envisaging ready changes of heretofore eX 
isting installations of the aforesaid type, which will now 
bring about a highly lustrous and non-porous strip or 
like product, whose metallized strata may differ in thick 
ness at opposed surfaces of said strip, as each stratum 
may be reliably and accurately predetermined and checked 
despite high operational speeds heretofore not experi 
enced. 
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These and other objects of the invention will become 
further apparent from the following detailed description, 
reference being made to the accompanying drawings, 
showing a preferred embodiment of the invention. 

In the drawings: 
Figure 1 is a cross-section through a hot-dip tinning 

installation embodying the invention and over which 
squeeze rolls are disposed in a reservoir, and 

Figure 2 is a view drawn to an enlarged scale of a 
special reservoir for the aforesaid rollers running in an 
atmosphere of a protective gas. 

Referring now more specifically to the drawings, ref 
erence numeral denotes a heatable boiler or reservoir 
for the metal melt, that is, for the tin bath 2. Con 
veniently, the steel or metal strip 3 enters and leaves the 
bath vertically and is drawn therethrough under tension, 
being guided over a guide roller 4. Before entering the 
bath, the strip is preferably heated by known heating 
devices 5, for instance, approximately to the temperature 
of the bath 2. The previously degreased strip (pickling 
is unnecessary), before entering the tin bath 2, passes, 
in this instance, through a flux bath 6 which can be con 
ventional, for instance zinc chloride and ammonium chlo 
ride. A small quantity of water is continuously supplied 
downwards to this flux bath 6 so that the top layers 
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thereof are relatively thinly liquid and the entering strip 
3 is well wetted. Those parts of the flux which are 
carried into the bath 2 by the strip, as well as reduction 
residues, can be removed by a number of scrapers 7 
and retained thereon, which scrapers are disposed in 
series one behind another and on both sides or surfaces 
of the strip. The scrapers comprise, for instance, brushes 
made of chrome alloy steel wires. 
As can be seen in Fig. 1, the boiler 1 is U-shaped in 

section so that two legs a and b are formed the 
one constituting an entry channel and the other an exit 
channel. As compared with the relatively wide and long 
tin baths of known type, the U-shaped boiler or bath re 
quires a considerably smaller charge of tin. As can be 
seen in the drawings, squeeze rolls 8 disposed in a pro 
tective gas reservoir 9 are provided immediately above 
and out of contact with the tin boiler, that is, above the 
exit channel or conduit ib. 

In contrast to the known tin baths having a number 
of pairs of squeeze rolls disposed one above another in 
the bath, a single pair of such rolls located beyond the 
bath of melt is sufficient for the process according to the 
invention. Experiments have shown that, if required, 
inned steel rolls can be used as Squeeze rolls. On these 
steel rolls there is then formed a film of tin which is 
much thinner than heretofore so that the density of the 
tin coating on the strip is about 20-25 grammes per 
Square meter. 

However it is advantageous to use smoothing rolls 
having a tin-repellent surface layer or covering. If Such 
rolls are used, the thickness of the tin covering on the 
strip can be considerably reduced. As tin-repellent rolls 
there can be used diffusion-chromed steel rolls or rolls 
of carbon, porcelain or quartz glass. The best result 
was obtained with rolls having a rubber-like resilient 
covering 0, advantageously made of silicone rubber. If 
this resilient and tin-repellent substance is used for the 
aforesaid rolls, the roll gap can be smaller than is the 
case with rollers made of a non-resilient material and the 
thickness of the tin is constant over the whole width of 
the strip. In contrast to the high roll pressures used with 
the steel rolls of the known tin baths, rolls 8 are ap 
plied to one another only with a very reduced pressure, 
for instance, as little as approximately 20 kg. for a strip 
or roller width of 600 mm. 

For the smoothing rolls 8 to operate satisfactorily, 
they must be supplied with a cleaning or reducing agent 
which simultaneously acts as a lubricant. In the con 
struction shown in Figure 1, tubes it and 2 disposed 
below the rolls 8 are provided with facing rows of aper 
tures 3 from which the gas supplied issues in the crossing 
directions shown by dotted lines. The apertures 13 of 
these tubes are about 10 mm. apart and of relatively 
Small diameter, for instance, 0.4 mm., the gas pressures 
also being relatively low, for instance, 5-50 mm. water 
column, so that the gas issues at a low speed, that is, 
very small quantities of reducing agent are supplied con 
tinuously to the rolls 8. 

Referring further to Figure 1, moist hydrogen chloride 
is supplied, for instance, through the tubes and am 
monia through the tubes 2 so that ammonium chloride 
is produced and reaches the rollers 8 in very finely di 
vided form. The supply of this reducing agent, for 
which a fiuX such as ammonium chloride or hydrogen 
chloride or possibly even a mixture of tallow and salam 
moniac or killed spirits can advantageously be used, keeps 
the roller Surface and roller gap free of disturbing metal 
compounds, that is, the metal compounds formed on the 
strip 3 due to influences of reduction or oxidation are 
removed. Hence, not only are the rolls kept constantly 
clean but a tinned strip is produced which has a very 
uniform non-porous and highly lustrous tin layer. 
As already stated, the surplus tin 14 carried along 

by the strip is squeezed off in a protective gas atmos 
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phere and may flow back to the bath 2 via conduit 15.75 

4. 
To this end, said conduit 15 is disposed below the rolls, 
dips into the metal bath, extends to near the roll gap 
and protects the moving strip 3. As can be seen in 
Figure 1, an inert protective gas, for instance, nitrogen, 
is supplied to the conduit 15 through a pipe 16. In the 
advantageous construction shown in Figure 2, gas supply 
pipes 6 and 7 are provided, the pipes 16 opening into 
the bottom of the conduit 15 and the pipes 17 opening 
into the top of the conduit 15. Inert gas is thus sup 
plied to both faces or sides of the strip through the 
pipes 6 and the reducing agent is supplied through the 
pipes i7. Good results were obtained by supplying hy 
drogen chloride through the pipes 17. If ammonium 
chloride is used as in the construction shown in Figure 
1, condensation occurs in undertempered regions and may 
lead to jamming. 
To ensure satisfactory tinning, the flux must be sup 

plied to the rolls 8 or to the roller gap in correct quan 
tities. 

if no reducing agent, that is, flux, is supplied to the 
rolls 8, the same run dry and the entire pure tin layer 
is squeezed off completely. If too little flux is supplied, 
the resultant tin layer is too thin and of irregular thick 
neSS and the strip looks patchy. If an excess of flux is 
Supplied, a thick layer of tin is produced and the strip 
surface is uneven due to pickling of the strip by the 
flux which the strip carries with it. 

If required, instead of using hydrogen chloride as a 
flux, a Salammoniac stone can be pressed against the 
Squeeze Foils or the same can be wetted with hydro 
chloric acid. 

There can be used, in addition to the fluxes mentioned, 
oils, waxes, lacquers, lubricants in general and even 
Water provided that their surface tension at the tempera 
ture of working is low enough. Fluxes clean the roller 
Surface by chemical action, whereas oils, waxes or the 
like provide purely mechanical cleaning, the residues 
being either covered or lifted and removed. These lubri 
cants may not be Supplied in excess because at the high 
Speeds prevailing the lubricant also acting as a pressure 
medium, as in cold rolling, and squeezes off the whole 
(Soft) pure tin coating. 
The tinned strip 6 issuing out of the protective gaS 

reservoir 9 and shown in Figure 2 has a highly lustrous 
Surface and is given the after treatment conventional in 
tin galvanising, that is, it is provided with a protective 
layer (oil film or chrome film). In the novel process, the 
thickness of the tin layer can be controlled accurately 
and reliably. If the surfaces of the squeeze rolls are 
polished, the density of the tin layer can be reduced 
to approximately 15 grammes per square meter. The 
thickness of the tin layer can differ on each side of the 
Strip if the Surface Smoothness of the two co-operating 
rolls 8 is appropriately varied. 
The novel process is not limited to the embodiments 

hereinbefore described for tin but can be used similarly 
for the coating of strips with zinc or aluminium by hot 
dipping. 

Various changes and modifications may be made with 
out departing from the spirit and scope of the present 
invention and it is intended that such obvious changes 
and modifications be embraced by the annexed claims. 

Having thus described the invention, what is claimed 
as new and desired to be secured by Letters Patent, is: 

1. The process of metallizing a metal strip, including 
steel Strip, by means of hot dipping; comprising the steps 
of preheating said strip, contacting said strip with flux 
Imeans, passing said strip through a bath of metallic 
melt, then feeding said strip between squeezing rollers 
at a location out of contact with said melt and in the 
presence of an inert protective gaseous medium, to rid 
said strip of Surplus metal, and simultaneously supplying 
to the Strip surfaces predetermined small quantities of a 
reducing and lubricating agent, respectively. 

2. The process according to claim 1, including the step 
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of supplying said reducing and lubricating agent to oppo 
site sides of said metal strip prior to its entry between said 
Squeezing surfaces. 

3. The process according to claim 1, wherein a flux is 
employed as the reducing and lubricating agent. 

4. The process according to claim 1, wherein the re 
ducing and lubricating agent comprises hydrogen chloride. 

5. The process of metallizing a metal strip, including 
steel strip, by means of hot dipping; comprising the steps 
of preheating said strip, contacting said strip with flux 
means, passing said strip through a bath of metallic melt, 
supplying a reducing and lubricating agent to the opposite 
sides of said metal strip prior to its entry between said 
squeezing surfaces, then feeding said strip between squeez 
ing rollers at a location out of contact with said melt and 
in the presence of an inert protective gaseous medium, 
to rid said strip of surplus metal, and simultaneously sup 
plying to said surfaces predetermined small quantities 
of a reducing and lubricating agent, respectively, said 
inert protective gaseous medium is introduced to said sides 
of said metal strip immediately above said melt and guided 
on said sides of said strip up to the entry of the latter 
between said squeezing surfaces, said reducing and lu 
bricating agent being supplied to said sides of said metal 
strip prior to its entry between said squeezing surfaces. 

6. An apparatus for producing metal-coated strips made 
from steel and similar metals; comprising a bath for hold 
ing a metal coating, flux means above said bath, means 
for heating said bath, means for feeding said strip into 
and out of said bath, a pair of squeezing rolls located 
beyond said bath, where said strip leaves said bath and out 
of contact with same, thereby to remove surplus metal 
coating from said strip, a reservoir surrounding said rolls 
and said strip upon leaving said metal bath, means for 
supplying a reducing and lubricating agent in predeter 
mined small quantities to said rolls, and means for sup 
plying an inert gas into said reservoir. 

7. An apparatus according to claim 6, including a con 
duit extending from the gap between said squeezing rolls 
into the bath, whereby said strip passes through said 
conduit, and a plurality of gas ducts opening into said 
conduit and serving to supply an inert protective gaseous 
medium and reducing agent, respectively, to the faces 
of said strip. - 

8. An apparatus according to claim 6, said squeezing 
rolls being made of non-resilient material and being 
provided with a resilient, metal-repellent covering. 

9. An apparatus according to claim 6, said squeezing 
rolls having surfaces made from metal-repellent material. 

10. An apparatus according to claim 9, said squeezing 
rolls being provided with surfaces formed of silicone 
rubber, 
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11. An apparatus for producing a coated metal strip 

comprising a bath for holding a metal coating, means for 
heating said bath, means for feeding metal strip into 
and out of the bath in substantially vertical direction, a 
roller located in the bath for guiding said strip during 
its traverse of said bath, a pair of squeezing rolls located 
above and out-of-contact with the bath and adapted to 
remove surplus metal coating from said strip, a reservoir 
encasing said squeezing rolls and containing an inert pro 
tective gaseous medium for treating said coated strip 
prior to its passage through said rolls, a conduit extend 
ing from a location between said squeezing rolls into 
said bath, said strip being adapted to pass through said 
conduit, and duct means opening into said conduit and 
through the latter into said reservoir and serving to supply 
said inert protective gaseous medium to said strip and to 
direct a cleaning agent to said squeezing rolls, respectively. 

12. An apparatus for manufacturing a metal-coated 
strip and like lengthy product made of metal, including 
steel; comprising a first reservoir holding a metal coating 
substance, means for heating said metal coating Sub 
stance in said reservoir, means for feeding said metal strip 
through said first reservoir and in substantially vertical di 
rection to the surface of said metal coating substance there 
in, roller means located in said first reservoir and for guid 
ing said strip in the latter, a pair of squeezing rolls located 
above said first reservoir and out-of-contact with said 
metal coating substance, a second reservoir encasing 
said squeezing rolls and for containing an inert gaseous 
medium for treating said coated strip when passing out of 
said first reservoir into said squeezing rolls in said sec 
ond reservoir, a conduit extending from a location adja 
cent said squeezing rolls through said second reservoir 
into said metal coating substance of said first reservoir, 
said conduit being adapted to direct said medium to and 
along said strip, said strip being adapted to pass through 
said conduit and between said squeezing rolls for squeez 
ing off from said strip surplus coating substance whereby 
the latter is returned via said conduit to said first reser 
yoir, and heating means located adjacent said first resert 
voir for heating said strip prior to its passage of said 
first reservoir. 
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