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Tungsten Carbides <>

INQUIRY: Information is request,ed on the process used in the manufacture of
tungsten carbides, including plant layout, personnel and capital
required.

INFORMATION SUBMITTED:

In its broad ou.tline, the process on making tungsten carbide
cutting tools, wire drawing dies:, header dies, gages a.nd other industrial
products consists of preparing the powder carbide of tungst.en, mixing it
with 8. binder (such as coba~t) into compacts of desired forms, and sintering
these to get the desired sht~s, hardness, strength and other attributes.

Though this pa:.ttern appears simple, it soorl,becomes evident from
a detailed study that the techniques involved are different from those
generA.l1y used in powder metallurgy.

Ina survey made among the manufacturers of the necessary equipment"
andtecbn~,cianse~ri.enced in carbide making,the following steps have been
efiablished as the pattern peculiar to this industry.

I. ..... ... Making the e&rbide Powder of Tungsten: . The powders of commercial
tungsten (w) and lampblack are weighed and mixed in a ball mill. (Indicated
by Item I. on the plant layout). This mixture is carburized in a carbon
resistor f'urnace or in a graphit*) crucible of high frequency. (Item 2 on
the plant layout). The charge is gradually heated in the furnace~~tiJ. the
flames die out, then hydrogen isintrodueed.

Heating continues until the temperature is gradually raised to
25QOOF. and held there for about two hours. After this the furnace is
aU?wed to cool sl.ow1y under the protection of hydrogen.

The mixture is then pulverized in a crusher (IteJiJ 3), then milled
to tiner powder (Item 4) and screened. (Item 5).

(Por additional details see ADDENDUM A)

II. Mixing this carbide powder with a binder: In most cases the binder
metal is cobalt , which is 99% pure, and should pass through a screen of 200
mesh.

Mixing is done by mil'ling them together wet, to the desired
pulverization in a ball mill. (Itern 6). In this process each .carbide
molecule becc.es coated with a :continuoue layer of the binder metal; a.
coating which aides in the necessary adhesion ot the particles.



The dies, molds and pooches must be tailor-made to insure uniform
density distribution in the compact, and they must be designed large eno!Jgh
to contain more powder tha.n the ultimate article, (after final sintering);
i.e. they must be from 15% to 18% oversize due to consiaerab1e shrinkage,of
the mixture during the pre-sintering operation which follows compacting.
(The dies are indicated on the plant layout sheet ~s Item 12).

/:;:"~->,

As production increases with time, a hydraulic press may be acquired
for larger pieces and heavier pressures.

III. Compacting the ¥.iXtiure into Various Shapes: The mixture can now
be formed into any-variety of the shapes needed in industry.' This 1s done
in either of two ways: (a) 'By cold pressing the compacts into shapes in ,
dies, then heating them in batches,and finally fusing them through a
sintering proco'ss; or, (b) by a hot-pressing and sintering process cone
simu1taneously. .

Each batch so mixed- must be caref'ully cheeked with specially
built -particle measuring instruments, and great care is needed in the mixing
process to get a batch. adeqttately coated. (Actual cementation takes pla.ce
later. in the final sintering process).

(For additional details see ADDENDUM (B) AND (el

The compact so mixed is now ·passed through a dryer,
the .fluid. (Item.7). ./

,~~

_ This 1s.followed by fine screening, {IteJllS}aft~rwhich t
is mixed with fine '. paraffin to facilitate handling·and pressing. (I

(a) In the cold-pressing process the powders are shaped in special
dies, into rode, cylinders, flats, and hundreds of oth~r forms. Or the
miXture may be powoed i.l1to crucibles and tampedrinto them loosely, avoiding
carefully the creation of air pockets. -.,

Pressure is applied either in a mechanical press, which may be
c&Jr...type, crank-type, a tuggle or a knuckle-joint type. (Item 10); and/or
ina tableting machine for tool-tip shapes and similar articles. (Item 11).

Pre-aintering is done in a box-type furnace, with the compacts
surrounded by a protective atmosphere,sllch as hydrogen or dissociated
amonia, at a temperature of looo-l600oF. . '

-2 ...

IV. Pre-5intering: Atter the press had duly compacted the mixture in
the dies to rough sizes and contours,. the resultant forms are removed and
pre-sintered in a furnace to get a cohesive structure similar to that, of
chalk, permitting easy shaping.

'ilhen the tableting machines are used, the compression-cycle for the
"pills" is rather slow. This is found, however, to be the most effective
.thod in carbide making, provided there is sufficient ddmand for each
shape and size of the tablets.

(For additional·1ntormation see (ADDENDUM D).



(For further information see ADDENDUM F)

(For additional information see ADDENDUl": E)
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Hardness is measured on a Rockwell A scale,
diamond indenter. (Item 17).

VII.

The equipment used .for hot-sintering is quite complicated in both
des:J.gn and construction. The powdered mixture comin£~ trom the ball mill is
p1aced in a graphite mold, heated to sintering temperature for about fifteen
minutes, while at the same time pressure is applied to the compact.. Heating
of the mixed powder and die may each be done separately, or· the die alone
nay be heated and the powder get its heat by convection, or both may be
heated si1lU1taneously in an electric resistance furnace that surrounds t
die, and placed inside the workil\.g spaee of the press. In all C&8es the
process is enveloped in a non-oxid:iiing, hprotective atmosphere.·

(For additional information see ADDENDtw G)

VI. Hot-5intering: While the above described technique is rega... ·ded
the JOOst efficient method of production, the hot-sintering method 'will
produce somewhat harder and denser carbides with no loss to the ultimate
strength of the product. Carbides produced by the first method haYe a
Rockwell A ,hardness of 92, whereas the hot-pressed carbi:des have a Rockwell
A hardness of 95.6, with a denser microstructure which gives the product
superior st.rength, toughness and higher cutting properti.es.

In this operation the parts are deposited in carbon boats, packed
in granulated carbon of aluminum oxide, and pushed through the furnace, or
the compacts may be placed on gr"phite discs while .sint.ering is being done.
The charges must be protected against decarburization and exidation·by
surrounding theDi todth a neutral atmosphere, and heated at a temperature
that varies between 21500 and 25500 F'., a.nd then moved to the cooling
~hamber.

v. Final Sinterj~ng: Starting operations on a 'small scale, for
experimental purposes, the batch-type furnace used for pre-sintering. (shown
under Item l3) can be used" Later a continuous-feed arrangement and tube
furnace may be added.

The usual method is to place a batch of the compacted forms freely
on a tray, pour inert, i.nsulatiIl8 powder such·aft ,alumina around them, put
t.he trays in a container, and: push one batcha.ft.er another through the
f'urnace. (Item 13).

After careful cooli:ng, these rough, inaccurate pre-sintered torms
of ohalk-like consistency are~ removed from the furnace to the in-proeess.
storage, (Itenl 14) or are sUbjected to the final shaping operations. (ttem
15). This may be done by facing, drilling, shaping, turning, grindingd.nd .
other forming operations before the final sintering process.

I
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ADDENIlJ}o!A.

Pure !ungsten Powder: This can now be bought ready tor use. It
is made by reducing tungstic acid with sugar carbon. The metal so obtained
is very pure and adequate tor carbide maldng.as it cements readily.

Carbon: The carbon powder (lampblack) analysis should prove to
be 99.20% pure carbon, the rest being impuritiesot ash and moisture, with
density 2. If same is produced, by the decompositinn ot petroleum by heatJ

the maker should guarantee _that it ha~ been purified by benzine, alcohol'
or ethet". If the incamplete combustion of a hydrocarbon-li~. acetylene
was. used, this may be accepted as' a carbon ingr~dient, since such a mixture
is even PUrer than lampblack. The usual porportion is 6.7' kg of lampblack
to 100 kg of W. powder. '

The building: There are approximately/OSOO square feet of useable
noor spaCe. Naturally, there are many types or buildings that could be
used iJ:l this instance. "

X. Manpower requirements. In the fev shops where carbides are made,
there have been marked improvements in the process, due entirely ,tOt-he tact
that the "technicians have studied carefully, on the spot, the many variables
which determine the high quality required. And whiJ.e there is no ena-ting
paper which covers in detail 'every phase ot carbide manufacture, or all the
improvements introduced during the recent past, there arll! available Dumerou
instructi'Je and illustrated details in the technical press" in symposiums
on powder metallurgyJ and in specn:al reports on the resulta ot inves1;igations
'and tests made by experienced metallurgical sCientists and carbide shop, .
1iechnicians. However" none cot these empirical or" technical data can ta.ke
the place of the experienced and skill gained by actual practice.

Also, it should be remembered, 'that carbide technicians disagree
in many respects on the advantages or disadvantages of certain processes
in the making of carbides J and also, that in many respects the production of
these hard metals is still a trade secret. There is, however, unanimous
agreement on the single point , tnat successfulmanutacturing depends chiefly
on the know-how acq..p.red bi the technicians charg.~, With t.be management ot
the shop, and with the operation of each individual piece otequipnent.

MANPoWER Requirements (for 50 Ibs. per day):

General superintendent, per year 12000.00
Controller .8500.00
2 application technicians 16000.00
2 maintenance men 120~. 00
S machine operators in the shop 40000.00
5 mechanics in tool room- 37500.00
2 instrument specialists 16000.00
4 helpers l2OOO.00

First year manag~ment,. and labor., •••• 154000.00



ADDENDUM B.

Binder Metal in the I-unure: The physical prGperties of' the
tungsten carbide-cobalt base mixture are grea~1y influenced. by the quantity
or the binder metal. Hardness decreases steJ.a.dily in the .fi nished product"
with compositions up to 6% cobalt to lower 7ralues in metals with 20% cobalt.
However, it 3hould be noted" that the tran~,erse rupture strength increases
at the same time steAdily with the rising qobalt content" until nearly
~'1O,OOO p.s.i. can be ilssured for composit~ons containing asmucb as 20%
cobalt. For these extreme variations in th\~ characteristics charts are '
now available so that carbide makers can ftrnish the proper c:.rbides either
with increased ductility and resistance to distortion, or with higher rat$.gue
and imPict strengtb. (See list of carbide ma'aufacturers given) " ,

When, for instance a ,pecial tool is required for machining tough;,
at-cl.ngy steel materials" a mixture of titanium carbide (:instead or tungsten
carbide) powder with a cobalt binder i8 used. Or" wherei~cre!-3ing1T'
difficult demands are placed on certain cutting tools" titanium and/or
tantalum carbides. are sintered with iron-base alloys to lend them unusually
high ~mperature - resistant properties.-

ADDENDUM C.

Hixing by milling; The carbides of tungsten thus made" are now
ready to be mixed and pulverized with powdered cobalt in a ball mill. The
drum is lined with tungsten, Stellite or stainless steel, and the balls are
usually ma.de or cobalt, same as the binder metal. As a protective atmosphere
either hydrogen or cracked propane is used, or the powders may be millf!d in
the presence or water, or some other organic solvent to prevent oxidation
ot the powder.

Duration or milling: This may last from several hours to several
da7S, until tests prove that the cobalt binder cannot be separated magnetically
frem the carbide particles. Po~er 80 produced is now ready tor the next
processing" that of compacting into various shapes. Extreme care must be
exercised during mi.xing" or local ~oncentrationswill show up ill the
fi.trl.shed carbides when checked on the photomicroscopic speci.mens~

ADDENDUM.D

Compactihg the mixture into various shapes: To insure map-.
cohesive strength of the cOJDpacting atoms, a8 the pressure i8 applied on the
ties, the operator is obliged to. tollow certain rules he himself JIIIlst
establish atter repeated experiments. This ia because the compacting
technique is controlled by such variables a8; (a) Size or the particles in
the mixture, (b) Pressure applied in the dies, (c) Time required for the,
fiow of the mixture :in the dies, (d) Ratio between length and width ot ·'1;hit
die., (e) Abrupt changes or projections in the dies, (t) Tolerances requ1r~4.

There are presses which applJr pressure in one direction or i~ two.
In the latter case multiple punches are used with indirldual IIIOvements"
ftlocities and pressures.
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ADDENDUM. G.

The dies are usual~y heated in a carbon resistance furnace wi
tbe current passing 'directly through the dies, or through the PcUJ1ehes.
die assembly may also, be heated ion a h1,gh-trequency induction-type

In another modification ot the resistance heating process a .'
current or hish amperage is passed directly through the mixed powder Wi1e.
the necessary pressure is beipg app!.ied.'C .

In all cases protective atmosphere is essential.

ADDENDUM H.

The ettectlwness,ot carbide manufacturing equipnent'ia in direc:
ratio to the skUl and ,~xperience or your shop technicians. '

- -, i

, And lIfhile there is now available plenty or ba~~<;; technical
intormation on the subject, JlUch or the equipnent atill bas to be ..de on
t.he spot to £it particular jobs.
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Tungsten Carbide

Inf'omation is requested on techniques and eqilipnent for sintering an
ing tungsten carbide cutting tools and on tool designs.

:NgJIRY:

In the carburization prDcess a mixture of metallic tungsten powder and
)ileus carbon combined by heating them together to t.he temperature of molten steel
vanced methods of perfozming thecarburizing operation depend on the useo~ a spe
electronic induction furnace. The intimately mixed tungsten and carbon _powders·
charged into a graphite crucible, and the temperature of the crucible and its c
i.e raised through a. closely-controlled cycle.

The tungsten cEl:!'bide manut'acturing plant of today is considerably dif
from the plant c£ a few years back. The present superior earbide plants,equi
techniques permit the carbide to be produced to consistent1y high standards.
esses used today by the relatively small number of American manufac'bn-ers of c
are basical.l.7 similar. The f'irst steps in making cemented tungsten carbides are
duetion of cobalt oxide to metallic cobalt and the carburization of tungsten. T
the coba1t oxide, the material is p1aced in "boatsli of a special heat andcorro
sistant alloy 1drl.ch move through a continuous-type furnace. ~ere, high-purity
at elevated temperatures acts as the reducing agent.

'lbe next major processing s1;;ep is the miring of tungsten carbide and
the proper proportions tor the grade desired~ The cobalt is a cementing agent.
ables the .formation of the carbide-to-carbide bond,. Ball, milling of the Co-TiC ..
follows. The mills are filled with naphtha after Charging to exlude air and avoid.
tion. Wat.er is also commonly used £or this purpose. A:fimU. screening operation .
sures the ccmplete ranoval of large particles :from tr..e polftiered m:i.:xt.ure.·

Two procedures are commonly used tor~ producing useful carbide shapes rea'
for the sinterlng furnace. One of these is pill pressing to :final shape a tab!
machine. The other is the production of relatively large-size billets f
shaping using h,eirostatic jmpacting. +be formed pieces, still in ·the soft
then placed on a graphite tray and lowered into the· sinteringfurnac:e.·.
menta in furnace design and operation use high vaCUlml· tecbni~es am ele .
tion beating. A vacuWll of tbeorder ot 50 microns is coDDllOn in this op
tering 'temperatures usualJ.y approae1l JO()CPF. Close control·of· the heat"
cycle 1s gained by the use of an elaborat.e system of electronic equipaen
ingcycle and the.length of stay in the furnace are· determined by the·
-.terial. ~lDd_ the properties desired in t.be finished- piece..




