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This invention relates to the art of Car 
bonizingmetalsurfacesandnorepartieular 
1y relates to a method of carbonizing nickel 
Grother metals which are used as the grid 
and plate materialsin electron disoharge de 
vices. 
In electron discharge devices such as radio 

tubes,power tubes,ete.,it is customary to 
*pplyto the anode surfaceanadherentgoat 
ing of carbon to augment the heatemissivity 
or the heat dissipating property of the ma 
terial of the anode. In electron discharge 
devices utilizing one of the so-called"oxide 
9ate"typecathodesthereisatendencyfor 
the alkaline earth metal oxides comprising 
the cathode COating to sputter and be de 
posited upon the grid and the anode and 
when considerable power Outputisemployed 
it is often found that the anode and grid 
electrodes beeomeineandesced sufeientlyfor 
the sputtered or deposited alkaline earth 
metal oxides to beCone emitters ofelectrons. 
It has also been determined thatin electron 
disgharge deyices utilizing other type hot 
cathodes and employing extremely high 
anode orplate voltages thegridelectrode be 
9omes suficiently incandesced by electron 
bombardment to substantiallyemitelectrons. 
Itis customay to.eliminate the tendency 

ofthe anode and gridelectrodesto emit elee 
trons under the above deseribed eonditions 
by coating these parts with a closely adher 
ent carbon coating as the carbon coating not 
Only prevents the emission of electrons due 
to the relatively high temperature to which 
it must.be heated beforesuch emission may 
be Obtained from the carbon surface but the 
black surfage obtained therebyincreases the 
heat radiating.ability of these metal parts 
and decreasesthe operating temperatures at 
anygiven Output current, 
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It is essential that the carbon surface of 
such cooperating electrodes in electron dis 
Charge deviges must be substantialy pure 
and must also be substantially freé from 
@eleterious,adsorbed or absorbed gases or 
intermetalic Compounds reducible or dis 
80ci?ble byeeetronic bombardment toyield 
products which are deleterious to the elec 
tron emitting hot cathode member ofthe de 

vice The_carbon coating must also be 
Strongly adherent to the metal surface and preferablyentirely coveringthe same 
The physical.gharacteristics of deposited 

garbonvaries with the method of depositing 
it. In.general,that deposit which is best 
suited for radiation of heatis most satisfac 
tory for the purpose of thisinvention. 
It_has been proposed heretofore to efect 

the deposition of the garbon by heatingthe 
netal body to elevated tenperaturesin hy 
1rogar99n gases, It has also_been proposed 
to facilitate the deposition of carb6n ünder 
*ese gonditions by first oxidizing the sur 
*ce Of the metal body and then Heatingto elevated temperaturesin hydrocarbongáses 
whereby the catalytic action of the fetal 
Oxide and the metal particles produced 
*herefrQm by the reducing action of the 
heated hydrocarbon gas feilitates the de 
Comp9sition of the hydrocarbon gas and 
deP9sition of the carbon upon the metal 
surface. 

It is customary in the art to carbonize 
the metal sheet comprising the anode or 
plate material prior to forming or shaping 
the anode It is also ctistomary to carbon izethegrid wires priorto formingthegrid, 
*s intlis waythetwo steps ofoxidizingfol 
lowed byearbonizing maybe conducted con 
*ecutively and-in a continuous manner. It 
is esential for the pure garbon coating thus 
9btained to bestronglyadherent to themetal 
base and substantially not disturbed orre noyed bythe subsequentforming operations 
asit is Obviousthatitwould beinexpedient, 
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to repeat a carbonizingoperation to replace? 
Or to impart a carbon 
forming operation. °·°? 

It is also essential for the successful andapplication oftheformedorshapedca 
bonizedsheet orwire,(thatisplate (anode) 
orgrid(control)electrodes),that the metal 
?odyandthe carbon coatingbesubstantialy 
?reed of deleteriousgaseous andintermetai 
le cqmpounds subsequent to the forming or 
81aping 9peration and prior to the utiza 
tion of the same in the electron discharge 
devices. 

It is one of the objects of thisinvention 

coating folowingthe 
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to provide_an improved method of Carbon 
izing metal surfaces whereby a closey ad 
herent substantialy pure carbon surface is 
obtained, 

It is another object of this invention to 
rovide a substantially pure adherent gas 
ree carbon coating upon cooperating eleC 
trodesin an electron discharge device. 

It is another object of this invention to 
improve the method of depositing carbon 
upon metal surfaces. 
Other objects and advantages willbecome 

apparent as the inventionismore fully dis 
closed. 
In accordance with the objects of myin 

vention I have determined that I may im 
prove the carbonizing step of the hereinbe 
fore mentioned prior art process of garbon 
izing metal surfaces,through the addition 
to the Carbonizing hydrocarbon gas heret0 
fore employed of a proportion of the vapor 
of a liquid hydrocarbon such as petroleum 
? petroleum naptha,benzine and the 
1Ke? " 

I have also determined that after coating 
the metal surface and forming the same to 
desired shapes,Such as plate orgrids bythe 
method hereinbefore mentioned? may fur 
ther improve the formed article by subject 
ing the same to a heat treatment,step at 
elevated temperatures in a continuously 
maintained high vacuo,whereby all or sub 
stantially all the deleteriousimpurities in 
troduced bythe saidforming operation,such 
as oxides,greases,etc.,and the adsOrbed Or 
absorbedgas content of themetal body and 
carbon coating are substantialy removed.9r 
rendered substantially non-decomposable 
under subsequent heat or electronic disso 
ciation efects. - 
By this general improved process.I ?m 

enabled to produceanode orgrid articles for 
use in electron discharge devices with a 
minimum ofshrinkage loss and a maximum 
in material and operating eficiency. 
As a specific embodiment of the appliga 

tion of thisinvention,the invention will be 
described with respect to the forming of 
carbonized grid electrodes and reference 
should be made to the accompanying draW 
ingwherein: 

Figure l shows.a side.elevational view 
partlyin cross section of the_9pparatus em 
ployedin the continuous oxidizing and Car 
bonizing steps of the process of Carbonizing 
nickel wire which is subsequently to be 
formed into grids for use in electron dis 
charge devices;and - 
Figure2shows partlyin cross-section the 

vacuum apparatus I may employ in the 
third or degasifyingstep of my process. 
As may be noted in Figure 1,the wire1 

which is to be carbonized is wound on the 
unwinding head2,from whichit passes over 
a movable wheel contact 3,electricaly Con 
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nected byspring contagt4 to any convenient 
electrical energy supply source such as the 
battery 5 herein indicated. The.wire 1 is 
then passed vertie?ly downward through 
oxidizing furnace 6 which may be an Ordi 
nary glass or iron tube_movably mounted 
in position as shown and from thel}Ce into 
carbonizing chamber 7 maintained in Close 
relation thereto and which may be made 
from anordinaryiron tuberigidly mounted 
in position as shown and thence OVer.a seC 
ond wheel contact 8 entirely enclosedin box 
mounting 27 and.electricaly Connected by 
spring contact 9 back_to the other side of 
battery 5 over Yariable resistance 10 con= 
nectedinseriestherewith. The Current and 
therefore the temperature of the wire,may 
be controlled by the variable resistance 10 
From the Second contact the wire is COn 
ducted to winding head 11,actuated by 
mechanism not shOWn. 
The Carbonizing gas utilized in the Car 

bonizing chamber 7 which,con!prises the 
main feature of my invention,is substan 
tially obtained by passing_any hydrogarb9n 
gas, such as acetylene,yhich may_be 9b 
tained from a compressed Source,Suoh asin 
dicated by cylinder 12,through a liquid 
hydrocarbon,such as petroleum ether The 
hydrocarbongasis conducted by conduit 13 
from the cylinder12 to the bottom of Cham 
ber 14,which is filled to an appreciable 
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height with a liquid hydrocarbon 158ugh as 
petroleum ether,Betroleun naptla and the 
like. The gas bübbles released by gonduit 
13in chamber14 passes out of the Chamber 
through conduit 16,the volume or pressure 
thereof being controlled by flow meter 17, 
and is then passed into the carhonizing 
chamber 7. Gas exits from the Carbonizing 
chamber 7 are provided at the entrance 
orifice 18 and exit orifice 19 of wire l being 
Carbonized. 
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A siphoning means for replenishing the, 
liquid Hydrocárbon in chamber1?is shown 
in Figure 1,wherein chamber 20,siphon 
ically conneeted by connection,21,is filed 
from an external soirce with liquid hydro 
carbon as desired through Opening22. 
In Figure 2 the apparatus l may employ 

in performing the third or degasifying step 
of my process is shown,with the Vaeutin 
chamber 28 in position in a furnace,which 
may be heated in any Convenient manner 
such as by wire wound resistance electrical 
heating units asindicatedat25,Within the 
vacuum ghamber areshown.(26)in position 
two batches of formed articles SuGh asgrid8. 
The exhaust means such a8 merCury 
difusion,oil,or standard molecular vaeuium 
devices are indicated but not shown as they 
form nointegral part of theinvention. 
Inthe specific embodiment of the practiee 

of my invention I will describe the process 
I employ in the Carbonizing of 8 mil(008 
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inches)nickel wire for use in forminggrid 
electrodes. 
The spool of nickel wire is placed.upon 

the unwinding head 2 in Figure 1,and 
passed over the contact wheel 3,thence ver 
ticaly downward through the oxidizing 
furnace 6 and carbonizing furnace 7 over 
.second gontact wheel 8and thence to wind 
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ing head 11, 
Suitable adjustment is made in variable 

resistance 10 of the electrical circuit from 
current supply source indicated as battery 
5,to incandesce the,nickel wire stretched 
between the two contact wheels 3 and 8 to 
give a wire temperature whieh wil suitably 
afect the decomposition of the hydrocarbon 
atmosphere and deposition of the carbon up 
on the surface thereofin the desired condi 
tion. 

length of wire exposed to the oxidizing con 
ditions in furnace 6 to approximately11 to 
12inches,and the length of wire within the 
carbonizing furnace 7 to approximately 35 
to 36 inches,or approximately 3 times the 
length thatis exposed to the oxidizing con 
ditions. I find this a good general rule 
to follow as I may consequently regulate or 
vary the speed of the wire through these 
furnages and the rate of hydrocarbon gas 
flow into the carbonizing chamber with 
greater ease and uniformity in result if 
some such standard relation between the ox 
idizing and carbonizing operationsis estab 
lished. With .008 inch nickel wire I have 
found that the required current to give the 
requisite temperature in approximately 48 
inches incandesced length vill vary from 
2.85to 3.0amperes at40to 50 volts, 
Inasmuch as there is no accurate means 

available to measure the actual wire tem 
perature within the carbonizing chamber an 
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approximate estimate thereof only may be 
made ft.is believed that the temperature 
is approximately 800° C. to 1000° C. but 
reference.hereafter will only be made to 
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*elevated° temperatures rather than def 
nite_temperatures.,_ 
With thissize wire the inside diameter of 

either the_oxidizing chamber 6 or the car 
bonizing chamber 7 does not need to be over 
1% inches_and the carbonizing gas flow 
therethrough does not need to exceed 0.10 
cu. ft. per hour although it may be varied 
from.05 cu.ft. to 03 cü,ft.per hour with 
out deleterious results. With this gas flow 
range bubbling_through petroleum ether 
having a specific gravity approximating 
.620 or petroleum naptha specific gravity 
approximating.680(at 20° to 30° C.)the 
amount of liquid hydrocarbon vapor carried 
along is suficient to efect the desired 
amount of carbonization on the heated wire 
surface. The wire speed through the fur 
nacos may be varied from 2 to 5 ft,per 

3 

minute but I prefer to maintain a constant 
speed closely approximating4 ft. per min 
ute. Under these conditions a carbonized 
wire of approved appearance is obtained 
having a heavy.adherent velvety black car 
bon coating ? is extremely resistant to 
being removed during the forming opera 
tion. 
The carrier hydrocarbon I prefer to em 

ploy is acetylene which may readily be ob 
tained upon the market in a high state of 
purity compressed into cylinders. Whereas 
I specifically preferacetylenegas,other hy 
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droearbonsofthe acetyleneseries which are 
gases at room temperatures may be utilized 
if desired,provided they may be obtained 
in a suficientlypure condition and substan 
tially free from deleterious volatile impuri 

- tiessuch assulfur,arsenic and phosph6rous 
For thissize wire I prefer to limit the compounds which subsequently deleterious 

1y react with and efectively destroy the 
electron emissivity of associated hot cath 
odes in an assembled device. - 
Other liquid hydrocarbons_than those 

specified may be utilized including those of 
the parafine series having relatively high 
boiling points 90 to 150°C or higher,such 
as kerosene,and I mayeven augmentor in 
crease the vapor pressure of Said.liquid hy 
drocarbons bythe application of heat either 
to the liquid hydrocarbon or to the Carrier 
hydrocarbon.gas. - - 

IMany variations and departures of this 
specific embodiment or description_may be 
made withoutessentially departingfrom the 
nature of my invention. - 
After the incandesced wire has traversed 

thelength ofthetwo furnaces,oxidizing and 
carbonizing respectively,it is wound upon 
winding head 11,Figure 1. 
The earbonized wire is then wound upon 
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grid supports and attached,thereto in the 
üsual manner following which the formed 
gridis subjected to the third or degasifying 
step of my process. - - 
As above mentioned,? have found that 

such carbonized metal bodies tenaciously re 
taingases which aresubsequently dificult to 
remove when the formed metal parts are 
put through the usual degasifieation step in 
the manufacture of electron discharge de 
vices. [therefore take the formed grids and 
place them in nickel or molybdenum boats 
and insert them in a Vacuum chamber such 
as indicated in Figure 2. The particular 
apparatus I employ in this step is substan 
tially comprised of a calorized iron.tube 28 
approximately 5% inches inside diameter? 
hermeticalysealed at one end and connected 
at the other endin any suitable manner to a 
Vacuum pumping system.,There are many 
ways ofacc6mplishing this general result 
and the apparatus disclosed in Figure 2 is 
just illustrative of one method,which gives 
ready ineans of inserting and removing the 
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treated degasifed grids The vacuum 
chamber and the englosed grids are then 
heated to 850°-950°C.in any suitable man-? 
ner such as by gas or oil burners or as in-, 
dicated in Figure 2,by electrical heating 
elements 25. 
At thistemperature practicaly_all of the 

adsorbed and absorbed and all deleterious 
impurities such as Oil,grease, oxide com 
pounds are substantially decomposed and 
converted to.gases.or,inert carbide con 
pounds,and the applied Carbon Surface sub 
stantially cemented to the base metalthrough 
cementation to the intervening metalic Car 
bide core. 
After thorough degasification the Vacuum 

Chamber and enclosed metal parts are cooled 
to room temperature before exposure to the 
atmospheric gases, I have noted that the 
type of carbon coating I obtain through de 
composition ofthe liquid hydrocarbon vapor 
in association with the hydrocarbon gases 
is more graphitoidalin nature whereit Con 
tacts with the metal surface and appears to 
be Overlaid with a velvety black amorphous 
carbon coating which is substantially less 
susceptibletogas absorption than the Carbon 
coating heretofore obtained by decomposi 
tion ofgaseous hydrocarbons_alone_such as 
casing head gasOline. The degasified Car 
bonized metal grids may be re-exposed to 
atmospheric gases without the reabsorption 
of deleterious amounts of dificulty remOV 
ablegases,and may be incorporated in eleC 
tron discharge devices in the usual manner 
and will readily give.up this adsorbed gas 
content upon heating by induction in Vagno. 
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Bythe pracice of the specialcarbonizing 
gas mixture of my invention I am substan-? tially able to produce a_superior C9ating tQ 
that heretofore obtained wherein the metal 
surfaceiscoated with substantialy pure Car 
bon frnly and adherently cemented.to the 
metal surface by aninterposed metalic Car 
bide layer,and from.this naterial I *m en 
abled to produce without deleterious loss or 
destruction of the carbon Coating,formed 
and shaped artigles such as grid elegtrodes 
which when subjected to thedegasification 
step of my invention provides a fnished 
cafbon coated article which evidences 
superior qualities from a manufacturing,as 
sembling and operating standpoint from 
what has heretofore been prepared. Although I have specificaly describeq my 
invention with respect to the carbonizing 
of nickel.wire.for?forming *e grid eleer 
trodes,itis obviousthatiteouldrequire but 
1ittle modification to adapt the process to 
continuously carbonizing sheet metals or 
carbonizing other wires,such as.t?gsten, 
molybdenüm.nickel aloys and similar re 
fractory metals usefulin an an?logous man= 
ner orforthe carbonization offormed metal 
bodies,and such variations and modifica 
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tions are anticipated as may fall within the 
scope of the following claims: 
What is claimed is; 
1. The process of carbonizing the surface 

of nickel which comprises first producing 
an oxidized surface thereon and then expos 
ing the oxidized metal.at elevated tempera 
tures to the action of a hydrocarbon gas 
of the acetylene series eontaining a_propor 
tion of the vapor of a petroleum_ether. 

2. The method of coating nickelwire with 
an adherent carbon coating which comprises 
initially oxidizing the surface of said mickel 
wireand thensubjectingthe wire atelevated 
temperatures to the action of acetylenegas 
containing a proportion of the vapor of the 
petroleum ether. &/ ? 

3. The method of forming an_adherent 
carbon coating onnickelsurfaces which com? 
prises initialy oxidizing the surface and 
then subjecting the oxidized surface at ele 
vated temperatures to the action of acet 
ylene containing a proportion of the vapor 
of a liquid hydrocarbon of the parafine 
86I°1e8? 

4. The method of forming an adherent 
carbon coating onnickelsurfaceswhich com 
prises initialy oxidizing said Surface and 
then heating said oxidized metal body to 
approximately 800°C. to 1000°C.in an at 
nosphere of acetylene containing a propor 
tion of the vapor of a liquid hydrocarbon 
of the parafine series. --- 

5. The method of forming an.adherent 
carbon coatingon nigkelsurfages whichcom? 
prises initialy oxidizing_Said surface and 
then heating Said oxidized metal to approx 
imately 800° to 1000° C. in an atmosphere 
of acetylene containing a proportion of the 
vapor of petroleum ether. 
In testimony whereof,I have hereunto 

subscribed my name this 23rd day of Jan 
uary1929. 

CHARLES V,TREDELL. 
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