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The presentinventionrelatesto the.cover 
ingorcoating of a metallicsurface with an 
other metal. 
With metallic pipes boilers pans and 

other vessels coated with a protective cover 
ing or coating of another metal by processes 
heretofore known dificulty has been ex? 
perienced.in preventing the separation of 
the covering metal from covered surfaces 
when the sameis subjected to heat torque or 
vacuum and under various other influences. 
The pipes vessels andotherutensils there 
fore soon deteriorate and are rendered use 
less in addition to vitiatingthe product be 
ingtreatedinsuch vessels. 
An object of the inventionisto provide a 

process whereby a govering metal may be 
united with a metallic surface so as to in 
Sure adherenge of the_metals together in an 
inseparable bond under all conditions of 
strain torque vacuum influences pressure, 
vibrations and heat up to the melting point 
of the covering metal. - ? 
? further object of the invention is to 

so applythe covering metalto the surface 
to be covered asto provideinthe application 
ofthe metal a.covering ofuniform thickness 
3nd homogeneity free from air pockets?“pin 
holes" or.other faults in the construction 
thereof and without the necessity of sub 
Sequent Shaping or leveling after the cover 
inghas beei applied. - 
Further objects of the invention are sim plicityof processand apparatus facilityand 

geonomy in operation and certainty of the 
final product. 
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?The process consistsbrieflyinapplyingthe 
coating.metalto the metallic surface to be 
coated in a molten state and in a reducing 
atmosphere, { - 

This progessmaybecarriedowtbytheem 
ployment of certain apparatus for confining 
the coating metalin contact withthesurfacé 
to be coated and providing means for in 
troducing a volatilereducing agent between 
the surface to be coated be?ween a wall of 
said apparatus and the surface to be coated. 
Whilethe processis especially applicable 

in the uniting of a covering of lead to an 
iron base itsuseiscontemplatedinthepres 

entapplicationinthe covering of anygiven 
metallic surface with another metal or alloy 
whosemelting pointissufigiently belowthat 
of the surface to be covered. 
Inthe subsequent discussion?therefore the 

Peference to lead and iron or lead and steel, 
by way of exemplification is not to betaken 
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as.meaning that the process is applicable 
only as reläted to thesemetals. 
I have found that lead and other metals 

suitable for covering purposes may be made 
to adhere tenaciouslyto the surfaces of their 
bases by applying them to?the following 
process and that?such covering will not be 
dislodged from the base under any of the 
ordinary stresses orinfluencesto which they 
maybesubjectedastorque bending vacuum, 
pressure vibration ortemperatureupto the 
melting point of the coveringmetal. 

In applying my process to the coating of 
steel or cast-iron with lead the surface of 
theiron orsteeltobecoveredorcoatedisfirst 
thoroughlycleanedsoasto freeit from scale, 
?st dirt andother objectionablesubstances. 
This cleaning may be accomplished by the 
application of either a sand blast or one of 
thewell known picklingagents orbythesuc 
cessive application of both ? - 

Suitable pickling agents are hydro-fluoric 
acid HR; mitrie.acid HNOs: hydro-chlorie 
acid HC1;sulphuric acid H2SO4; applied 
at arange oftemperaturesvaryingfrom100° 
to 160° F accordingto the metalin question 
and the acid to beused ? 
The concentration of thesepickling agents 

may wary also accordingto the acid and to 
themetaltreated between 10% and50%? 
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The particular acidused may be varied - 
with the metal to be treated as forinstance, 
hydrg-fluoric.acidis found tobe particularly 
effective in the pickling of silicon iron es 
pecially when used in a concentration of 
about 30% Hydrochloric acidis quite ef 
fective when appliedtochromesteelat a con 
centration of between 20 and 50% while 
nitrig acid has particular application to the 
picklingof copper and brassin a dilute so 
lution of about 10%?.A 20% solution of 
sulfuric acid may be.efectivelyusedin the 
pickling ofusual varieties ofiron and steel, 
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After the pickling operation the acid is 
washed of and the metal to be coated may 
be subjected to a fluxingtreatment and to.a 
preheating as will?presently be more fully 
set_forth Both ofthese steps are optional 
and may be used or omitted as occasion or 
convenience may dictate. 
Where fluxing is desired suitable fluxing 

agents are ammonium chloride NHaCl.or 
zinc chloride ZnCl2 Antimony chloride SbCl mayalsobeefectivelyused andother 
suitable chlorides varying with conditions. 
The concentration and temperature of the 

fluxing salts areimportant in their applica 
tiontothemetallicsurfacetobecoated work 
ing best around the concentration point of 
the particular salt used.although the work 
is also effective in a weak solution and over 
a range up to the saturation point;the tem 
perature of the solution should be around 
160° F. for most efectiveresults. 
Afterthe flux has been applied to the me 

tallic surface to be coated the same may be 
preheated tothemelting point of metal fobe 
used as a.coating or covering agent This 
step may beresorted to as a matter ofecono 
my in.time and when resorted to may take 
plage in an enclosed furnace or otherwise as 
desired. - 

The_metallic coating or.covering is next 
applied to the cleaned surface of the metal 
and thismay be donein any suitablemanner, 
3s by pouring or dipping;the coating metal 
being ofcourse inamoltenstate The coat 
ing metalmay be efectively appliedin a re 
ducingatmosphere as of pure dry hydrogen. 
Theleadusedispreferablyina purechem 

icalstate or wherea hard lead surfaceis de 
sired an antimonylead may beused thatis, 
lead containing antimony over a range up 
toabout10% beginningwithafraction ofone 
per cent. - 
The covering may be efectively applied 

in an enclosure having a surface or wall 
spaced from the surface to be covered a dis 
tance equal to the thickness of the covering 
or coating desired The casing and other 
apparatus usedin connection with the coat 
ing is preferably made of a high tempera 
ture alloy or chromesteel or chrome-nickel 
steel assuch alloys are leastefeeted by tem 
perature changes The_molten lead may be 
introducedinto the enclosure between these 
surfages thearticle to be coated beingmain 
tained the while atthetemperature ofmolten 
lead.?This may be accomplished by sub 
merging the enclosure in a bath of molten 
lead maintainedin a moltenconditionin any 
well known manner. 
The preliminary heating of the article to 

be coated may take place in this bath but to 
savetimeitmaybepreheatedin afurnace as 
set forth above. 

Excellent results are obtained by applying 
the covering or coatingin a reducing atmos? 
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phere suitablyintroducedinto the enclosure 
along with the molten lead hydrogen being 
an excellent medium forthis purpose. 
Preliminary to the introduction.of lead 

into the enclosure an atmosphere of hydro 
gen may be passed through theenelosureun 
tiltests show that allair hasbeen driven out. 
"The application ofthemoltenlead at auni 
form temperaturethroughout the massin an 
enclosureand in an atmosphere of hydrogen 
with provision for escape of the air and 
othergases relieves the lead of occluded Rir andotherimpuritiesandinsureshomogeneity 
ofstructure forthe covering whilethe appli 
cation within the enclosure as set forth 
above insures uniformity of thicknes8. 

In the accompanying drawings is illus 
trated apparatus for covering a pipe with a 
metallic layer. - 
In the drawings:? 
Figure1 is a longitudinalsection through 

the apparatus and, - 
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Figure 2is a closure cap forthe enclosure 
forthe pipe. - 
This apparatus comprises atubular enclo 

sure or casing10in which the pipe11to be 
covered in the present instance onits outer 
surface is suitably supported in coaxial 
spaced relation to the inner wall of the gas 
ing as bygauges 12 which may be separably 
orintegrally formedwith closüre caps13for 
the ends of the casing These caps may be 
provided with central openings 13"to allow 
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free flow of the molten metal of the bath 
through the pipe being coated thus.main 
taining more uniform temperature. - 
Theinner surface as wellasthe outer sur 

face of the enclosure 10 are untreated by 
eitherthesand blastor pickling processes de 
scribed above and are left in an uncleaned 
condition in order to preyent adhesion of 
coyering metal thereto.?The pipe 119n the 
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other handis cleaned by one or both ofthese ? 
methods before being mountedin the.casing. 
The thickness of the gauge used.will.corre? 
spond to the thickness of covering desired 
on the pipe11 and the casing must also be 

110 

selected of a suitable diameter with this end 
inview 
Asstated above the caps 13 may have the 

gauges formed integrally therewith and_in 
thiscasea plurality ofcups Inust be provided 
with gauges of yarying diameter formed 
thereon foreach diameter of casing used. 
Themoltenmetalissupplied totheinterior 

of the casing through a conduit 14 le"ding 
from a“balancing" cup 15 the flow being 
controlled bya hand Walve 16beneath which a pipe 17,is.provided comniunicating with 
the conduit for supplying a reduging agellt 
into the casingsimultaneously with the mol 
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ten metal forreduging any oxides that may 
be contained therein, causing the "educing 
agent tostartflowing priorto the admission 
of the molten metal andstopping the flow 130 
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ofthereducingagent priortothecuting of 
of the flow of molten metal The flow of reducingfuidthroughthispipeiscontrolled 
by valvé 18 The?pipe also Serves for the introduction of hydrogen preliminaryto the 
introduction ofthemolten metal for driving 
out airandothergases. - 
Tothis end anoutlet pipe 19 forthegas isprovided.communicatimgwith the gonduit 

20leadingfrom the casing10toB.balancing 
cup21 Thepipe?19iscontrolled by valve 
22?and the conduit 20 by the valve 23. 

It will benoted by reference to the draW 
ings that the balancing gup 15 is of gonsid? 
er?bly greater capacity_than the cup21 and 
that its bottomison a level with the top of 
cup21 Bythis 8rrangementrpouring ofthe 
molten metalis facilitated and the pouring 
may be continued until the?metal.9verflows 
the cup21. Afurtherfunction ofthese Cups 
with their conduits extending in a vertical 
direction fromthe enclosureistoinsure the 
escape of all occluded air and other gases 
inthemolten coatingmass. ? 
The molten metal and the pipeto be cov 

ered should be maintained at uniform tem 
peraturethroughoutthe massuntilthepour 
ingis completed 8 suitable.temperature?be 
ing that ofthe molten metal ?A conyenient 
manner of accomplishing thisisto submerge 

"the casingthewhileina bath ofmoltenmetal 
24 of the same character as the coating or 
covering metal. - 
This bath is contained in a receptacle 25 

which maybe heatedin any suitable manner, 
asbygas burnerscontrolled by valves26. 
Incarrying out the processin this appara 

tus the bath?24 is firs brought to a molten 
state the reducing fluid as hydrogen is 
caused topassthroughthe casing10by open 
ing valves 18 and,22 until? test shows the 
interiorof the casingto be free from alr. 

It will be noted that the conduits 14 and 
20 communicate with the space 27 between 
the pipetc be.goated 8nd the gasing a??the 
extreme ends.thereof in order to proyide a 
flow of reducing hydrogen the entire length 
of the surface to be coated thus preventing 
air pockets or regions untreated by the re 
ducing agent. ? ? " 
The space 27 havingbeen freed ofair the valves16and23areopenedandmoltenmetal 

allowed to flowinto the space 27 completely 

55 
filling the same and overflowing cup 21 into 
the bath 24; the valve 22 the while being 
closed and the valve 18 open until nearthe 
end of theflow of the molten metal When 
thespace27issofilled andthe height ofthe 
molténmetalisthesame on both sides,i.e.? 
balance eachother and the operatorissatis 
fed that the reducing.agent has agted sufi 
ciently togive the desired result theyalves 
16 and 23.maybe shut of gnd_the gasing10 
removed from the bath and allowed to cool. 
With the surface of the pipe treated as 
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above a bond will be formed between this - 
surfaée and the covering metalinseparable 
under ordinaryconditionsoftorque vacUum 
influence severevibrations pressure or heat uptothemeltingpoint ofthecoveringm"al. 
The coating öbtainedis non-porous free 

frompin holgs orgas pockets and a h9m" 
geneoisunion oftfetwome?als sprowided. 'The processalsohastheadvan?ge ofsim 
pligity economy and applica?ly o the 
ünion of variotis metals of suiciently dis 
similar melting points and to the coating of 
metalin various forms. 

It should be here emphasized that sheet 
metal interiors as wellas exteriors of pipe 
vessels of various characters and shapes and 
all sorts of metallic structure may be cow 
ered with a dissimilar metal by the above process by adaptingthe apparatustothespe 
cific conditionsto be dealt with - 
I claim:? - - 
1 The process of casting one metal upon 

the surface of another consistingin cleaning 
the surface of the.basemetal to.receive the 
cast enclosingthe basemetal within a cham 
ber definingthe elected cast raisingthetem~ 
perature of all to the melting point of the 
casting metal by submersion in a bath of the 
casting metalin molten condition educting 
the oxygen from the chamber pouring the 
casting metalin molten.forminto the cham 
ber along with nonoxidizing gas to exclude 
oxygen in the pouring and cooling the Cast 
2.?The processof casting one metal upon 

the surface of another consistingin cleaning 
the surface of the base metal positioning 
the base metal in a mold heating the base 
metal and mold to approximately the melt 
ing point ofthe castingmetal and applying 
the casting metal tothe base metalin molten 
form together with a permeation of non 
oxidizinggas, *?* 
3 The progess 9f casting one metalupon 

the surface of another consistingin cleaning 
the surface of the basemetal positioningthe 
base metalbody in a mold spaced from the 
base metal by a chamber defining the cast to 
be made heating the base metaland mold to 
approximately the melting point ofthe cast 
ing metal and applying the casting metal 
to the base metal by introducing into the 
moldin molten form togetherwith a permea 
tiop of non-oxidizingga?? 
Intestimony whereof I have signed my 

name to this specification. - * 
FIRANCIS RICHARD GLENNER. 
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