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This invention relates to metallurgy and 
more partigularly relatesto methodsof goat 
ing metals and comprises essentialy in a 
method offormingan adherentgas-free car 

5 bon coating upon metalsurfaces 
Intheproduction ofelectron discharge de 

vices particularly of the rectifier and os 
cillatortypes,the use of high plate and grid 
voltages resultin pronouneed heating ofthe 

10 refractory metals comprising these elec 
trodes,In some types?this heating_efect 
issuficient to raise the temperature_of these 
electrodes to bright redness Under such 
temperature conditions these.electrodes are thencapable ofthemselvesemittingelegtrons 
whichdisrupttheoperatingeficiencyofthese 
devices. ? 

One of the methods devised to overcome 
this heatingefectisto cover the metalsur 
faceoftheseelectrodeswith a materialwhich 
will more read?y radiate.and dissipa* the heatenergy ofthe devicethanthebrightme 
talic surfäce heretoforeemployed,Black 
coatings have been_found to serye.this pur poseaámirably,and manymethodshavebeen 
áeveloped wherein black carbonacequs coat 
ings have been applied to thesesurfages, 

It has beenfoünd,however,that although suchblackeningbycoatingwithcarbonacegus 
material is efective in reducing and even 
eliminating back emission due to incandes 
cingthe metalelectrodes,themajority ofsuch 
coatings have introduced an additionglfag 

35torin thatunless highly purifed.carbon.is 
employed therein the contained impurities 
are broken down under the influence of the 
electron bombardment and the resultant lib 
erated impurities either produce backemis 

40sionefects orarevolatilized and destroythe 
emissive qualities of the filament. - 
Such carbonaceous coatings have also been 

dificult to cause to adhere to themetal sur 
?faces,and are usually hard to free of ad 

45sorbedand absorbedgaseousimpurities., 
One of the objects of thisinvention isto 

provide a method of coating metal surfaces 
with substantialypurecarbon. 
Another9bject9fthisinventionistopro 

50 vide a method whereby a closely adherent 

25? 

30 

substantially pure Carbon coatingmay be ob 
tained onmetalsurfaces. 
Another object ofthisinventionisto pro vide agas-free closelyadherentsubstantialy 

pure carbon coatingupon the metal surfaces 55 
of the plate_(anode),grid,and supports of 
elegtron discharge devices. 
Anotherobject of thisinventionisto pro 

vide an electrode suitable for use in electron discharge devices whichissubstantiallyfree 60 
of_deleterioussurface impurities decompos ableundertheinfuenceofelegtronbombärd-? 
ment,and whigh is coated with a closely ad 
herent heat radiating carbon layer,substan 
tiallyintegral with but only superficially at-65 
tachedthereto. \ 
Other objects and advantages will be ap 

parent asthe methodis more fully disclosed. 
Myinventionsubstantiallyis comprised of 

two ? each containgtwosteps 1. Deoxidizingandcarbonizing, 
2. Degasifying and surfage cementing. 
The carbonizingstep in the first operation 

is dependent upon obtaining an oxide-free 
metal surface to deposit the Carbon upon, I 
have also foundthatthesubsequent degasify 
ing andsurfacecementingstep is dependent 
uponthisprocedureasitisessentialthatthese 
metal_parts be free of oxygen carrying com 
pounds. - 

This surface deoxidizing is obtained by 
means of heating the metal bodyin a reduc 
ing gas(hydrogen)prior to carbonizing, 
thereafterthe metal surfaceiscarbonized by introducing into the reducinggas a propor 
tion of a hydrocarbon_of the parafin series 
and heating the deoxidized metal to a tem 
perature.suficient to efect decomposition or 
dissociation ofthe hydrocarbonvápor. The 
two stepsin this operation are madein a con 
tinuous or consecutive mannerwithoutinter 
veningexposureto anyothergases. The de 
positedcarbonthereuponisformedina dense, 
coherent layer_on the surface of the clean 
metal b9dy Uponcoolingtoroom tempera-- 
ture this coating is treated by the second 
9peratiq?of my process to.efect consolida 
tion andfirm cementation ofthe carbon upon 
thesurface ofthemetalbody. 
Inthe second operation the coated surface 199 
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preferably be of the wire wound resistance 
type electriefurnace although the tempera 
ture_is suficiently low to permit the use of 
gas fired furnacesif desired, 

Dissociation of the petroleum ether when 
passed over heated nickel and nickel base 
alloys occurs between 700°C to 900°C but 
most satisfactory results with nickel are ob 
tained at temperatures between 775° C. to 
8259 C. - - 

Whenthe furnacetemperature has reached 
approximately775°C.theflow ofthe hydro 
genis diverted through the petroleum ether 
by_closing valve 8a and opening valves.85 
and8gandthe carbonizingcontinuedwithin 
theindicated temperature range for a period 
of time suficient to efect complete surface 
coating By regulating the gas flow with 

-respect to the diameter of the carbonizing 
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tube,length of heatingzone andsurface area 
to be carbonized a uniform timeinterval may 
be established, 
TnpracieeThave observedthe folowing 
? in the carbonizing of nickel sur 
B.CeS2? 

Length sue| 
heating are8 ear Gas flow 
zone bonized 

sauare loubigfeet 
Inche8 Inche8 | ?iches | per hóur 

2 18 200 0.5 
4 60 2,200 2?@ 
8 69 11,000 4,0 

Under these conditions the time interval 
is approximately one hour. 
Tiave foundin the practice of this car 

bonizingmethodthat the direction ofthegas 
flow throughthe carbonizingehamber should 
be reversed at frequent interyals. I prefer 
toreverse thegasfowat10minuteintervals, 
in orderto equalize,if possible,the garboniz 
ing efect at both ends of the carbonizing 
chamber. - 

At the conclusion of the carbonizing 
process the_furnace is_turned of and the 
chamber and contents allowed to coolto tem 
peratures below300°C.,perigdicaly revers 
ingthe hydrocarbonsaturated gas fow until 
after the temperature has been lowered to 
5009 C. 
temperature the hydrocarbon gas may be 
shufofandan atmosphere ofpure hydrogen 
passed through the chamber. - 
The cooled carbonized metal parts are 

then cleaned of the excess loosely adherent 
carbon by brushing or by_tumbling in saw 
dust,and are ready forthe second step in 
my process,\ - 
The second step comprises a high ten 

perature vacuum treatment for the purpose 
of removing adsorbed or absorbedgases and 

Thereafter until cooled to room 

3 

in the accompanying drawing(Fig,2)is 
similar to that usedin the carbonizing pro 
cedure with the exception that instead of 
gas flowing throughthe chamber1,thecham 
ber is hermetically sealed and connected in 
any suitable_manner to an exhaust system as 
indicated,yherein a vacuum approximating 
025mm.of mercury may be obtained within 
the chamber. Valve 8 is placed in between 
the evacuating means and the chamber to 
facilitate handling. - 
The carbonized.metal parts,after cleaning 

of the excess carbon deposit,are placed in 
the chamber and heated by any suitable 
meansto between850°C.to 950°C,for from 
one to one and one-half hours Qr until a gas 
pressure of not more than 0.25mm has been 
maintained for a prolonged period of time. 
The heating of the metal parts during the 
degasification process should proceed from 
room temperatures to the maximum tem 
perature with regular increases in the tem 
perature gradient while evacuating the lib 
eratedgases continuously.as_liberated. 
The degasified carbonized parts should 

then be cooled to room temperature before 
exposure.to the air and until used in the 
construction of electron discharge devices 
should be protected from undue exposure to 
absorption of atmospheric gases as the car 
bon is now in a highly active absorptive 
state? , - - 

The carbon coating will be found to pro 
tect the surface ofthe metalfrom undue for 
mation of surface metal oxides during both 
the vacuum treatment and subsequent expo 
sure to air prior to incorporation within the 
electron discharge device, 
Niekelpartssotreated and carbonizedsub 

stantiallyas described will be found to have 
thereon a closely adherent carbon coating 
which moreoveris substantially free ofelec 
tronically decomposable intermetallic com 
pounds whigh.would deleteriously afect_the 
operatingeficiency_of the hot cathode of an 
electron discharge device,and moreover will 
be found to be substantially free from dele 
terious and dificultlyevacuatedgases. It is 
believed that the temperatures employed are 
notsuficient to efect appreciable formation 
ofmetallic carbide formationexceptinsofar 
asis necessary to cause adherence of the de 
posited carbon to the surface of the metal 
body. 
When these metal parts are incorporated 

within anelectron discharge device theywill 
be found to more eficiently radiate the heat 
energy than heretofore obtained by other 
*ethods ofapplying the carbon coating and 
therebyreducing andsubstantially eliminat 
ing that source of"back-emission° trouble 
which the uncoated electrode material nor 

to eause the complete cementation of the de-S mally would develop. In addition thereto, 
?? carbon to the surface of the metal 
ody. The apparatusemployed as indicated 

theligh degree ofpürity obtainedinthe car 
bon deposit substantialy,eiminates that 
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Source of"back-emission"which hasbeenen 
Countered in prior processes from the elec 
tronicaly decomposable compounds inad 
vertentlyincludedtherein. - 
?Having broadly outlined the scope of my 

invention andspecifically described the same 
as regards to niekel,itis obvious that many 
departures from the specific process may be 
made without departing from the nature of 
thesame. Bythe process as described with 
nickel and yithin the temperature and times 
spegified,Thave beenabletosuccessfuly car 
bonizeiron,various.nickel aloys with man ganese,iron,chromium, copper,etc. More 
refractory metals,such as molybdenum and 
tungsten would require substantialy higher 
temperatures to produce the sameefect asis 
at present obtained with nickel,iron or the 
alloys ofthesemetalswithothermetals, 
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Such variations are anticipated as should 
fal within thescope ofthe following claims. 
Whatis claimedis: 
1. Themethod of producingadherent car 

bon coatings on metal surfaces which com 
1?ises heatinga metalfirstin an atmosphere 
of agas redugingwith respect to the oxygen 
compounds ofthe metal thereafterintroduc 
inginto saidgas atmosphere without inter 
Vening exposure of the metal to Other gase8 
a proportion of the vapor of a hydrocarbon 
9f the parafin series,and continuing the 
heating of the metal body,the temperature 
of heating approximatelythe decomposition 
temperature of the hydrocarbon vapor em 
ployed. - - 

2. Themethod offorminganadherent car 
bon Coating on nickel surfaces comprising 
heating the nickel to approximately 800°C. 
in an_atmosphere of hydrogen subsequently 
introducing into the hydrogen atmosphere 
a proportion of the vapor of? hydrocarbon 
ofthe parafinseriesand continuingthe heat 
ing untila suficient depth of carbon coating 
has been obtained. - 
3 The process of forming an adherent 

Carbon coating on the surface of refractory 
metals,the oxides of which aréreducible by 
hydrogen,which comprises heating a metal 
body to approximately 800°C.in an atmos 
phere of püre dry hydrogen to efect redue 
tion and removal of the oxygen compounds 
of the same,and thereafterintroducinginto 
the hydrogen atmosphere the vapor ofa hy 
Grocarbon of the parafin series and continu ingthe heatingatthesametemperatureuntil 
surface carbonization has become efected, 

4. Theprocessofforminganadherent car 
bon coating on thesurface of.a nickel con 
taining metal,which comprises heating a 
nickel containing metai in an atmosphere of 
pure dryhydrogen to temperatures approxi 
mating 800°C. to efectsubstantial removal 
of the oxygen containing compounds therein 
and.thereon and thereafter introducinginto p 
the hydrogen atmosphere the vapor of a hy 
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drocarbon ofthe parafin series,and continu 
ingthe heatingatthesametemperatureuntil 
surface Carbonization has become efected. 

5. The process of forming an adherent 
carboncoatingonanickelsurfacewhichcom 
prises heating the metal body in an atmos 
phere of pure dry hydrogen to temperatures 
approximating 800° C. to efect substantial 
removai of the surface oxides and thereafter 
introducing into the hydrogen atmosphere 
the yapor of petroleum ether,and continuing 
the_heating at the same temperature until 
Surface carbonization has become efected. 
6.The Process of ?reating eiectrodes for 

use inelecron discharge devices yhich com 
prises heatingelectrodesina pure dry hydro 
gen atmosphere to efect reduction and re 
moyal of oxygen containing compounds 
therein and thereon and thereafter carboniz 
ingtheeleaned metalsurface byleatingthe 
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electrodesin anatmosphere containinga pro 
portion ofa hydrocarbonoftheparafinseries 
tothe degompositiontemperature ofthesame, 
withoutinteryeningeXposure to atmospheric 
gases. 

7. The process of treating nickel elec 
trodes for use in electron discharge devices 
which gomprises heating nickelelectrodesin 
a pure dry hydrogen atmosphere to tempera 
tures approximating 800°C.,and thereafter 
introduging into the hydrogen atmosphere a 
proportion of the vapor of a hydrocarbon 
9fthe parafnseries and continuingthe heat 
ing at approximately the same temperature 
for a suficientinteryal of time to efect sur 
face earbonizing of the nickel electrode. 
8.The process of treating electrodes for 

use in electron discharge devices which com 
prises deoxidizing the electrodes by heating 
in a pure dry hydrogen atmosphere,carbon 
izing the cleaned surface by heating in a 
vgDor of a hydrocarbonof the parafinseries 
withoutintervening exposureto atmospheric 
gases and thereafterefecting cementation of 
the carbon coatingto the metal base andsub 
stantial degasification ofthe carbonizedelec 
trodes by heating the same in a high vacuo 
prior to utizing the electrodes asincorpo 
rated parts ofanelectron discharge device. 

9. Theprocessoftreatingnickelelectrodes 
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for use in electron discharge devices which 
comprises deoxidizing the nickel electrodes 
byheatinginpuredryhydrogenattempe? 
turesapproximating800°C. carbonizingthe ? 
deoxidized surface by introducing into the 
hydrogenatmospherea proportion ofa vapor 
of a hydrocarbon of the parafin series and 
continuing the heating without intervening 
exposureto atmosphericgases,andthereafter 
degasifying and cementing the garbon.coat 
ingto the metal surface of theelectrodes by 
heating them to approximately900°C.in a 
vacuo of the order of.25 mm. of mercury 
riortoincorporatingthe electrodesinto th 

electron discharge device. - - 
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10,As an article of manufacture,deoxi 
dized nickel coated with a ?iy pure 
adherent carbonfilm. - 

11:As an article of manufacture,deoxi 
@ dizednickelcoatedwithanadherentsubstan 

tially pure degasifed carbonfilm? 
12. As an.article of manufacture,an elec 

trode for electron discharge deviees com 
posed ofdeoxidizednickelcoated with anad * herentsubstantialypure carbonfilm. 
18,As an article of manufacture,an elec ?rodeforelectrondischargedevicescomposed 

of deoxidized nickel coated with an adherent 
gas-freesubstantialy Pure carpon flm. 
Intestimonywhereof,I have hereuntosub 

scribed my name this23rd day of May_1928. 
CHARLES V.?IREDELL. 


