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This-is-a continuation-in-part-of ‘my co~-pend=:
ing-application, Serial No: 165,093 filed May:29;
1950, now abandoned.: )

My present invention relatées-to the -carburiz-
ing-of metallic surfaces and more particularly-to
a process for carburizing the surfaces ofthoriated-
tungsten electrodes:of the type-used-in electron
discharge . devices.

In the manufacture of election :discharge deé-
vices, particularly those designed for high- power:
output considerable difficulty has been met-in-ob-
taining, carburized thoriatéd tungsten electrodes
having uniformly . satisfactory. characteristics:;
One. serious disadvantage in the manufacture of’
such electrodes has. been the,poor and unstable,
emission obtained. Other-disadvantages of proc-
esses in use have to do with the wide variation in
the characteristics. of hioth the electrodes and the;
tubes in which they are incorporated: Sincesuch.
devices often use extremely high values.of voltage
and. current. the foregoing critically affect satise.
factory operation thereof,

It:has been. found.that the. tungsten carbide.

layer on thoriated tungsten electrodés may, vary,

in crystalline structure from. a massive phase cor-

responding. to. WC.to- a.seeond. massive.-phase cor-

responding t0.WaC.and then through.a.laminated.
phase. in:. which.. the: carbon. concentration.. by.
welght per-cent varies.from:3:16.t0.approximately.
2.45.. In general, there was:found to.be an abrupt.
line-between the-WC phase,,6.12. per.cent.carbon.
and the massive W2C phase, 3.16 per cent carbon..
As.indicated. in the article.“Carbide.strustures.in

carburized thoriated. tungsten . filaments;” G..W..
Horsting, Journal of. Applied. Physics,. vol, 18,:No..
1, p.. 95, January. 1947, the.laminated: phase.has.
been:found to.be:the. preferred: form.of, fungsten;;
carbide: for thoriated. tungsterr emitters.. How-.
ever; known. processes. of -carburizing: have failed.
to- produce . uniform.. results..and. have- required

costly activation-at high-temperatures after. the:
emitter has-been maunted in.an-electron diseharge-

device.

A principal object of my invention:is.the Drovi~:
sion’ of a:process- for- manufacturing- carburized:
electrodes having improved.and stable-emission;

Another-object.is the provision-of-an improved:
process: for pre-earburizing . thoriated. tungsten:
electrodes. -

A.further-object is.the provision:of.a process.for-
precarburizing. . thoriated. tungsten. electrodes:
which insures. the-formation.of-the desired.-crys--
talline-phase. ..

Yet .another object.is;the provision. of: suehya:
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- ture-of the-electrode- I have-introduced hydrocans=

method for preearburizing whichpermits the:use:
of . preferred.: eleetrode: shapes: axnd: structures:
which:-will thave-full stable:emission-at the opers:
ating: temperature- without: requiring: hight tems:

* berature: aetivation-after it'iy mounted in & vac=:

uunr tube:: :

Still. another-object-is-the:provision ofa process:
for pre-carburizing thoriated tungsten:-elé¢etrons
emitters- and forming a preferred-tungsten ear-

- bider layer: having a..laminag- structure.

In carrying. out-one-embodiment-ofr my:-novel:
progess,-I-have heated-g theriated-tungsterr.elees
trode in: an-inert ‘atmesphere:torrecrystallize: the:
tungsten.. Then while-maintaining the tempera:

bon-vapor into-the-atmosphere: Therhydroes:
bon-vapor-content-of: the -atmosphere: was: mgin::
tained while the:temperature-of the electrodeswas:
maintained for a desired-peviod of -time; - I-have:

" then: raised: the: temperature ofthe: electrode;-cut:

off . the-supply- of-the: hydrocarbon: vapor;: and:
maintained:the electrode-at the -elevateditemperax::
turein the-atmosphere-in.which the:hydrocarbon:
vapor concentration: wass rapidly ‘beirg: depleted:

- have: found-the- carburizedz:thoriated‘“tlmgst:‘efri\
emitters ‘thus . formed-to-have: the desired: lamijz-
nated phase crystalline structure: Stichz elees:
trodes give- uniform. stables electronyemission=at
the operating temperature without requirirg:fire
ther activation treatment;

‘The novel:features -which I beliéve toslerchiye
acteristic:of;my-invention:are-set forth-with' pars:
tieularity: in: the> appended- claims:: Theyinvens:
tioniitself:will-best be understood ‘by:reference:to:
the following: deseription taken: irconnectioniwith:
the:accompanying . drawing in"which:

Figure:1.is & semisdiagrammaticrview ofiam ap=
paratus-for carrying outemyinvention;: and :

Figure- 2: is &/ reproduction: of: & phototiickok -
graphrshowing a: sesment of & tHoriated tungsten:
electrode magnified: 400 tintes:

I'preferably carry:out:my-process and carburiza
the: electrodes: prior:to: assembling: tHelsame in:
the:mount or: supporting: stiueture: becatiss! of:
advantages which are: gaifled as’ will “be poihteg!
out: FHowever; my>process is: iot?limited e pres:-
carburizing>and also’lénds itself to “the:carburiz
ing’ of - electrodes after: they are: ificorporated® it
the mount-structure of:an election:discharge-des-
vicerand provides‘greatly improved- electrodeés:

InFigure:1 I have:illiistratéd onie form of ‘appas
ratus: which: T have- conveniently used" to pres-
carburize: a- thoriated ‘tungsten eleetion: emittor-
or-eleetrode:10 havingereducedportions: |1 “whieh”
function: as: heat! lossi- correction: means. - s’
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mounting heads 12. Electrode 10 is conveniently
mounted by means of its mounting heads {2 be-
tween two slotted and grooved supports 13, 14
which are each supported from electrically con~
ductive members 15, i6 in any suitable manner.
Members 15 and 16 are connected to the terminals
of a source of electrical power (not shown) by
leads (1, 18. Member 15 is insulated from stand-
ard 19 and supported thereon. Member 18 is con-
veniently slidably connected to standard {9 in
such manner as to permit axial elongation of
electrode 10 when heated.

Cooling means in the form of tubes 20 con-
nected to a controlled source of dry hydrogen
direct the coolant which is inert with respect to
thoriated tungsten, at reduced portions {1 and
serve to maintain portions 11 at a sufficiently low
temperature to prevens their burning out or being
carburized.

Bell 21 is movably mounted and may be lowered
around standard 19 and the parts supported
thereon with its lower end 22 open to the atmos-
phere if a light gas is used; with a heavy gas,
filling from the bottom would be necessary. Tub-

ing 29 opens into bell 21 and is connected to *

controlled sources of gases to be introduced into
the bell to form an atmosphere most favorable
to carburizing.

As pointed out above, it has been found that

the laminated phase of the tungsten carbide °

structure is that desired while the massive WC
and WaC represent undesirable constituents and
are to be avoided if the desired emitter is to be
obtained. In Figure 2 is shown a segment of a
carburized thoriated tungsten electrode as repro-
duced from a photomicrograph and is a magni-
fication of 400 times. All of the lines 23-26 rep-
resent boundaries of the photomicrograph while
surface 27 is a veproduction of a portion of the
outer surface of the electrode. Line 28 running
through the specimen shows the sharp interface
between the core and the carbide in the finished
product. Core 31 has as shown the recrystallized

structure of thoriated tungsten while the lami-

nated phase of tungsten carbide is clearly appar-
ent in the region 38 between interface 28 and ex-
terior surface 27.

In accordance with my improved process I con-
sistently form the vreferred laminated phase of

tungsten carbide ranging from 3.16 to 2.45 per &
cent carbon. To attain these results I have found

it to be essential that the temperatures, hydro-
carbon vapor concentration and duration of heat-~
ing be critically controlled. If the temperature
to which the electrodes is heated is too low, a
shell of carbon forms on the thoriated tungsten
electrode which gives it undesirable characteris-
ties. If the temperature is too high, the depth
of penetration of the carbide may be excessive
while a surface layer of decarburized thoriated
tungsten may be formed depending upon the car-
bon content. 'Too great a concentration of hy-
drocarbon vapor prevents the formation of the
preferred laminated phase and results in either
the massive WaC or WC phases, Too small a
concentration generally results in a decarburized
or carbon-starved surface layer with an internal
layer of the carbide which does not reach the
surface. The length of the heating time interval
is also critical. If heating is too prolonged car-
bide penetration will be excessive. Since tung-
sten carbide is extremely brittle this condition
must be avoided. On the other hand, if the heat-
ing period is too short the depth to which the
electrode is carburized will be insufficient to pro-
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duce the desired effect. The carburizing reaction
is extremely rapid at elevated temperatures and
must be carefully regulated.

T have found that an initial heat treatment of
approximately 20 to 40 seconds at a temperature
between 2575 degrees and 2625 degrees K. serves
to recrystallize and stabilize the tungsten suffi-
ciently to aid in obtaining a much more uniform
product. This is carried ouf in an inert atmos-
phere. By inert or inert atmosphere, I wish if to
be understood here, as elsewhere, that the gas or
vapor does not react unfavorably with thoriated
tungsten and is substantially inert with respect
thereto. Though the heat treatment is highly

3 beneficial, it is not essential and may be omitted.

On completion of the recrystallization and
without allowing the electrode to cool hydrocar-
bont vapor is admitted by introducing a gas mix-
ture of hydrocarbon with an inert gas. Heating
of the electrode is continued at a temperature be-
tween 2575 degrees and 2625 degrees K. for cne
minute. During this interval the hydrocarbon is
broken down to hydrogen and carbon; the carbon
combining with the hot tungsten to form a sur-
face layer of tungsten carbide. This carbide is
of the massive WaC type.

I then raise the temperature of the electrode
substantially to between 2775 degrees and 2825
degrees K. and simultaneously cut off the supply
of hydrocarbon vapor but continue to admit the
inert gas. The electrode is maintained at this
temperature for about two minutes in the rapidly
waning hydrocarbon atmosphere. This insures
that this part of the reaction is one which is car-
bon-limited. The penetration of the carbide layer
becomes greater. The percentage composition of
the carbide layer becomes reduced below 3.16 per
cent carbon and to the range of between 2.45 and
3.16 per cent carbon; thus forming the lami-
nated phase.

Tt is to be understood that substantial varia-
tions in the cross-sectional thickness of the metal
being carburized may require or permit corre-
sponding changes in the duration of the heating
times; temperature being held constant. Iow-
ever, the variations may be readily determined.

Hydrocarbons other than benzene which may
be mixed with hydrogen to form a carbon bearing
vapor include acetylene, toluene, and Xxylene.
Non-hydrocarbons which may be mixed with hy-
drogen te form a carbon bearing vapor include
colloidal particles of carbon, aniline, and diethyl
ether,

Other hydrocarbon and non-hydrocarbons may
bhe mixed with the hydrogen to form a carbon
pearing vapor provided they vaporize readily, de-~
compose into their elements to produce free car-
bon at the carburizing temperature of the elec-
trode, and do not have other elements, which ad-
versely affect the electrodes bheing earburized.

As a specific example, thoriated tungsten elec-
trodes 10 have been mounted in the apparatus
of Figure 1 and pre-carburized. Electrodes 10
were substantially trapezoidal in cross section
having a width of .057 inch narrowing to .040
inch with the narrow face rounded. The thick-
ness from front to rear was .037 inch. The elec-
trode was approximately 8.6 inches long. The
reditced portions {1 are cooled by Jjets of pure dry
hydrogen as shown in Figure 1. Bell 2 i, 24 inches
high and 14 inches in diameter, was lowered and
the electrode heated for thirty seconds at 2600
degrees K. in an atmosphere of pure dry hydro-
gen which was continuously flushed through the
bell at the rate of 40 cubic feet per hour; the end
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22" of " the ‘bell  being« ofen- 1o~ the-atmospliere:
Then while niaintaining the eléetrode 4t the tém-
rat reof ‘2600:gé LT AL ogelvngoTy 3, BT

maintained ‘at-a tempeiatire -of 2600
fofa peyisd of byt o
~I"formed the benzolate
the: 127 cubie™ feet* per* hour: of “hydrogen’ first:
thtougha dryerénd then'thirough an ‘atmosphere:
of befizene vapor ini a'¢arburétor: ‘The-carhuretor:
had:an: internal- diameter of 4% inches with o
pool of benzene at room tempersture:” The hy::
drogen-infet*and outlet-are both .200 in. internal
diameter tubing with their openings 5 inches

aboVé'tHe surface of: thebénzene: THe wallsof
the carburetor extend four inehes above the sur-
face of the benzene and then taper inward at.an
angle of about 45 degrees. B
" The ‘source. of hydrocarbon is. then cut:offland
with. the flow of the ':hyd’fogen.maintam ,..the
electrode was thén simultaneously held at a tem-
perature of 2800 degrees' K for o minutes,

Cathedes having thoriated.tungsten emitters:
carburized-by my_ process. have-uniform: stable
* electron emission at the operating temperature of
2000 degrees K. and do not require further acti-
vation. Though I have described my novel proc-
ess in connection with one specific type of cath-
ode element which is particularly useful in super
power devices, cathodes have also been success-
fully made in accordance with my process having
entirely different shapes or structures. In such
case, the duration of the heating is modified in
accordance with the cross-sectional thickness of
the cathode or elements and the extent of car-
bide penetration desired. Though gases or vapors
other than hydrogen or benzene may be used,
I prefer these as most consistently providihg a
uniform stable electrode. It is apparent, there-
fore, that many variations may be made without
departing from the scope of my invention as set
forth in the appended claims.

I claim:

1. The process of carburizing a thoriated tung-
sten element, comprising heating the thoriated
tungsten element in a carburizing atmosphere
containing inert gas and hydrocarbon vapor at
sufficiently high temperature to decompose the
hydrocarbon, and then continuing the heating of
the thoriated tungsten element at 3 higher tem-
perature in an atmosphere in which the hydro-
carbon content is rapidly decreasing.

2. The process of carburizing a thoriated tung-
sten element, comprising heating the thoriated
tungsten element to a predetermined tempera-
ture in an atmosphere containing inert gas to
which hydrocarbon vapor is being continuously
added, and then stopping the addition of the hy-
drocarbon vapor and continuing the heating of
the thoriated tungsten element at a higher tem-
perat:ire in said atmosphere in which the hydro-
carbon content is rapidly decreased.

3. The process of carburizing g thoriated tung-
sten element, comprising heating the thoriated
tungsten element in an inert atmosphere at a
predetermined temperature and stabilizing the
crystalline structure, then while continuing to
heat said element at said temperature adding hy-
drocarbon vapor to said atmosphere said temper-
ature being sufficiently high to decompose the
hydrocarbon to create and maintain a carburiz-
ing atmosphere, and finally discontinuing the ad-

~hydrogen: by ‘passing:
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ditiom:of hydrocarbon vaper-and: continuing: to:-
h‘éa‘;ti'saidsel'ement'ié;tta';zsub’s_tantially:‘highér;te
peratite whilésthie: hydrocarbon: vapor:i- conterit’
ofithe: atmosphereisrapidly:being depleted.

4. The'method: of:carburizing 4 thoriateq:tunmg=:
steri: element; comprising: heating said: thoriated:
tungsten: element. at @ predetermined:tempersas-
blire ify - carburizing atmosphere' to 'whish: cars:
bon bearing:vapor s added: Yo maintaif the: cars:
born: éoncentration: and: forming -aslayer ‘on-said
element which: is substantially: the massive: phase:
WiC, $aid témperature being high:enough:to:dex:
compose said vapeor:and:thén reducing the:addi=:
tion-of carbon: bearing: vapor and continuing:to:
Leat-said: element:in-saiq: atmosphere:in which:
the carbon ¢ontent istrapidly: reduced: ard cons:
vertingrsubstantially all of:said WaC to the:lamis-
nated phase: o o

5 The-method: of : pre=carburizing: a- thoriated:
tungsten-element; ‘comprising heating said:-thoris.
ated tungsten- element: ata predetermined:tems-
pérature inan atmiosphére containing:inert: gas:
tolwhich carbonrbegring:vapor isbeing-addéd and”
forming a surface layer of a predetermined thick:

5 nesswhiehiszsiib'stantial»ly!entirely:imassivézpha;se

tumgsten carbidé-on said-element; said-tempera=:
ture: beéing high enousk to decompose:said:vapor:
and-then-decreasing: the: addition of carbon:hear-
ing vapor and continuing to heat said element in
said atmosphere the carbon content of which
is rapidly decreasing and converting substantially
all of said massive phase tungsten carbide to a
layer of greater thickness of substantially all
tungsten carbide of laminated phase.

6. The method of pre-carburizing a thoriated
tungsten element having a portion of reduced
thickness, comprising heating said thoriated
tungsten element at a predetermined tempera-
ture in an atmosphere containing inert gas to
which carbon bearing vapor is being added and
forming a surface layer on said element which
is substantially all massive phase tungsten car-
bide while preventing the formation of such a
layer on said portion of reduced thickness, said
temperature being high enough to decompose said
vapor and then reducing the addition of carbon
bearing vapor and continuing to heat said ele-
ment at a higher temperature in said atmosphere
in which the earbon content is rapidly reduced
and converting substantially all of said tungsten
carbide to the laminated phase, while at the same
time continuing to prevent the formation of a
carbide layer on said reduced portion.

7. The method of carburizing a thoriated tung-
sten element, comprising heating said thoriated
tungsten element to a temperature between 2575
degrees K. and 2625 degrees K. in an atmosphere
containing an inert gas and to which gz hydro-
carbon vapor is being added and forming s sur-
face layer on said element of predetermined
thickness which is substantially entirely mas-
sive phase WaC on said element, and then stop-
ping the addition of hydrocarbon vapor and heat-
ing said element to a temperature between 2775
degrees K. and 2825 degrees K. in said atmos-
phere, the hydrocarbon content of which is rap~
idly decreasing and converting substantially all
of said layer of W:C to a layer of greater thick-
ness of laminated phase W»C.

8. The method of carburizing a thoriated tung-
sten element comprising heating said thoriated
tungsten element to a temperature between 2575
degrees K. and 2625 degrees K. in an atmosphere
containing dry hydrogen and to which benzene

5 vapor is being added and forming on said ele-
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ment a surface layer of predetermined thickness
which is substantially entirely massive phase
W2C, and then stopping the addition of benzene
vapor and heating said element to a tempera-
ture between 2775 degrees K. and 2825 degrees K.
in said atmosphere the benzene vapor content of
which is rapidly decreasing and converting sub-
stantially all of said layer of WaC to a layer of
greater thickness of Jaminated phase WaC.

9. The method of carburizing a thoriated tung-
sten element comprising heating said thoriated
tungsten element to a temperature of about 2600
degrees K. in an atmosphere containing dry
hydrogen and to which benzene vapor is being
added and forming on said element a suriace
layer of predetermined thickness which is sub-
stantially entirely massive phase W2C, and then
stopping the addition of benzene vapor and heat-
ing said element to a temperature about 2800
degrees K. in said atmosphere the benzene vapor
content of which is rapidly decreasing and con-
verting substantially all of said layer of WaC
to a layer of greater thickness of laminated
phase W2C.

10. The method of pre-carburizing a thoriated
tungsten element having a portion of reduced
thickness, comprising heating said thoriated tung-
sten element at a predetermined temperature in

[}

10

20

25

8

an atmosphere containing inert gas to which
carbon bearing vapor is being added and form-
ing a surface layer on said element which is sub-
stantially all massive phase tungsten carbide
while cooling said portion of reduced thickness
and preventing the formation of such g layer on
said portion of reduced thickness, and then re-
ducing the addition of carbon bearing vapor and
continuing to heat said element at a higher fem-
perature in said atmosphere in which the carbon
content is rapidly reduced and converting sub-
stantially all of said tungsten carbide to the lami-
nated phase, while at the same time, continuing
to prevent the formation of a carbide layer on
said reduced portion.
WILLIS E. HARBAUGH.
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