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ABSTRACT OF THE DISCLOSURE 
The method oftheinventioncomprisesthespatterfree 

evaporation of a coating metal by heatingitina cru 
cible having upstanding heatconductingprojections of 
amaterialnotwettedbythe coatingmetalextendingfrom 
itsbottom tothemoltenmetalsurface? 

This invention is concerned with the surface coating 
ofa Substrate by condensationthereon ofametalvapor 
ina vacuum,Itis more particularly concerned witha 
method of generatinga vapor of a coatingmetal sub 
Stantialyfree from entrained particles ofiquid coating 
netal? 

It is known thatin the evaporation of various non 
ferrous metals used as coating metals,liquid particles 
become entrainedin the vaporasliquidsorsolids when 
boiling of the liquid occurs?This undesirable situation 
is describedin Chenetal,U.S.Patent No.2793,609of 
May28,1957,andthe deleteriousefectsofsuchspatter 
ingonthe vapordepositedcoatingaretherepointedout, 
That patent disclosesapparatusemployingbafiesto ar 
rest particles thrown offrom the surface of the coat 
ingmetaland preventthe from reachingthe surface of 
the Substrate beingcoated,butdoesnotdiscloseanyway 
ofeliminatingthegeneration of suchundesired particles? 
Itisnotnecessaryto distinguish between liquid particles 
and Solidified particles with respect to ourinventionto 
be described,and weinclude bothunderthe description 
of“liquidparticles”hereinafter, 
Itisan object of ourinventiontoprovidea processof 

evaporating coating metals at a high rate which does 
not throw of liquid particles oralowthem to become 
entrained in the vapor?It is another objectto provide 
a process of boiling a coating metal so asto convert 
itinto vapor withoutatthe same timetthrowing out 
Particles ofliquid? 
We havefoundthatthe undesirablethrow-ofofiquid 

particles and their entrainmentin the vapor normally 
Occurs when liquid coating metalis caused to boilis 
a result of the burstingatthe liquid surface of bubbles 
of metalic vaporgenerated principalyatthe bottom of 
the liquid metal?We have also found that generation 
of such bubblesatthe bottom oftheliquidcan be sup 
pressed or the bursting of these bubbles atthe liquid 
Surface can be preventedifotheravenues ofescapeare 
Drovided forthe vaporgenerated atthe bottom of the 
liquid metal?We provide such avenues by positioning 
within the poolofliquid coatingmeta1projectionswhich 
extend from the bottom of the crucibleto a1evelator 
above the surface ofthe liquid metal?These projections 
are made of a material which conductsheat but which 
isnotwetted bythe moltenmetal. 
Ourinvention willbe morereadyunderstoodbyrefer 

ences to the attached drawings of an embodiment of 
ourinvention presenty preferred by us?FIGURE1is 
a vertical croSS-Section,party Schematic,of apparatus 
adaptedtopractice ourinvention,takenonthe plane1?1 
of FIGURE2?FIGURE 2isa horizontalsectiontaken 
ontheplane2?2of FIGURE1? 
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An evacuated chamber 1 is provided with entrance 

and eXit openings10and11respectively,through which 
Substrate2intheform offatstripiscontinuouslypassed? 
Beneath Substrate 2ispositioned crucible12compris 
ingside Wals 9?9,end wals3?3and bottom 4,Be 
neath bottom 4is an electrical resistance heatingele 
nent5? 
From the bottom 4 of crucible12a pluraity of up 

right cylindricalprojections6?6extendtoa1evelsome 
whatabove the uppersurface 13ofthe molten coating 
metalcontainedincrucible12.Projections6?6aremade 
ofamaterial whichisnot wetted bythe molten coating 
metaland which conducts heat? 

While we donot wishtocommitourselvestoanyspe 
cific theory of operation of our process,we presenty 
believe thatitis efective becauseitfacilitatesthe evap 
Oration of metalat ornearthe surface of the molten 
poolandeitherSuppressesthe formation ofvaporbubbles 
atthe bottom of the molten metalor providesaway of 
eScape for metalic vaporgenerated therein?In the ab 
Sence ofprojection 6?6,webelievethatbubblesofmetal 
Vaporindicated at 7?7 in FIGURE1 would nucleate 
on the bottom 4ofthe crucibleasitreceives heatfrom 
element 5.These bubbleswouldrisetothesurface,and 
the greaterthe temperature gradient betweenthe bottom 
and uppersurface of the molten metal,the greaterthe 
vaporpressure resultingintheformation ofbubbles.The 
bubbles expandastheyrise and burstatthe metalsur 
face,alowingthe vaportoescape andthrowingof par 
ticles of metal from the metalfim above the bubble 
immediately before it bursts orfrom the liquidjetpro 
duced by the molten metalflingthe cavityleft bythe 
escapingbubble? 
The heat conducting projections 6—6,however,pro 

vide heatedSurfacesnearthe uppersurface ofthemolten 
metalfor vaporgeneration?Asthe metaldoesnot wet 
projections 6?6there is a thin annulargap or space 
around each projection 6through which vaporsogen 
erated can eScape?Those spaces are indicatedat 8?8 
in FIGURE2?Consequently,vapor generated at the 
projections 6—6issubstantialyfree fromentrained par 
tjcles of liquid?Vaporpockets formed on the bottom4 
have a considerable probabity of cominginto contact 
with the Surfaces of projections 6?6 on the bath bot 
tom beforethese pocketscandetachthemselvesfromthe 
bottom and form bubbles,The vaporgeneratedatthe 
bottom therefore escapesthroughthe spaces8?8inthe 
way deScribed,as though it had originaly formed on 
projections 6?6, 
For the reasons made clear,itis desirable that the 

Wals of the crucible usedin ourprocess be ofthesame 
characteristics as those specifed herein forthe projec 
tions 6?6.The tops of those projectionsmay be fush 
with the metalsurface orprojectaboveit?If,however, 
the projectionsterminate short ofthe metalsurface,va 
por escaping along the Surfaces of the projections wil 
reach the Surfaceas bubbles,the burstingof whichtends 
to throw outliquid metal.While cyindrica1projections 
are the simplestform to employ,those ofothersections 
arealsoSatisfactory.Ingeneral,the morenumerousthese 
Projections and the closertogethertheyare spaced,the 
noreefective theyaretosuppressliquidthrow-outand 
entrainment, 
An instalation of our invention with which we are 

familiar makes use of upstanding cylindrica1projections 
of graphite %”in diameter,spaced over the crucible 
bottom SothatthoSe nearesteach otherareabout1%” 
apart,In the absence of Such projections,molten Zinc 
can be heatedin thiscrucibleto evaporate metaliczinc 
without splatteringatthe rate of 20to 30 pounds per 
Squarefootof cruciblesurface perhour,Withthe projec 
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tionsabove described,spaced in the mannerabove de? 
scribed,thesame crucible evaporateszinc withoutsplat 
teringattherate ofabout80 poundspersquarefoot of 
cruciblesurface perhour? 
We claim: 
1?In the vacuum vapor coating of a substrate with a 

vaporized metal,the method of evaporating the coat 
ingmetalsoasto minimizeentrainmentofliquidinthe 
metalvaporcomprisingheatingapoolofmolten coating 
metalin contact with a plurality of upstanding projec 
tions extendingfrom the bottom to the upper Surface 
ofthe pool,the projections being of a material which 
conductsheatbutwhichisnotwetted bythe moltenCoat 
ing metal,and continuing the heatingto bring about 
vaporization ofthe coatingmetalbelowthe Surfaces of 
the pool and escape of that vapor along the Surfaces 
ofthe projections? 
2.The method of claim 1in which the materialfor 

the projectionsisgraphite? 

4 
3,The method of claim 1 in which the projections 

are Spaced through the poolso asto provide forthe 
escapetherealongofSubstantialyalthevaporgenerated 
atthe bottom ofthe pool? 
,4 The method of claim2in whichthecoatingmetal 
1SZII1C? 
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