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',TunQSten Carbides.

: ,IWQUIRY' Information is requested on the process used in the manufacture of
: : ~tungsten carbides, 1nc1ud1ng plant 1ayout, personnel and carital

requlred. ‘ : =

INFORyﬁTION SUBNITTED'

G , In its broad outline, the process on making tungsten carbide
cutting tools, wire drawing dies, header dies, gages and other industrial

S products consists of preparlnp the powder carbide of tungsten, mixing it

with a binder (such as cobal%) into compacts of desired forms, and sintering
: these to get the de51red sh&pes, hardness, strength and other attributes.

: ' Though this pattern appea“s simple, it soon becomes evident from
a detalled study that the technigues involved are different from those
generally used in powder metallurgy.

, Ina survey made amang the manufacturers of the necessary equlpment
: and technicians experienced in carbide making, the following steps have been
3 oatabllshed as the pattern peculiar to this industry.

I. Maxing the Carbide Powder of Tungsten: - The powders of ccmmer0131
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 furnace or in a graphltr crucible of high frequency. (Item 2 on
the plant layout). The charge is gradually heated in the furnace antil the
_flames die out then hydrogzen is introduced. B

Heating continues until the temperature is graduslly ralsed to
25000F. and held there for about two hours. After this the furnace is
~allowed to cool slouly under the protection of hydrogen.

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

(For additiona) de;talls see ADDENDUM A)

| :,II. Hixlng this. carbide powder with a b1nder~ In most cases the binder
metal is cobalt, uhich is 99% pnre, and snould pass through a screen of 200
mesh.

Mixing is done by milling them together wet ta the desired 5
,~pu1ﬂarization in a ball mill. {(Item 6). In this process each carbide
. molecule becomes coated with a continuous layer of the binder metal; a

1":,,coating which aides in the necessary adhasion of the particles.




Each batch so mixcd mnst be carefully checked with specially—

’Vca;bullt particle measurlng instruments, and great care is needed in the mixlng

"‘1& ~the fluid. (Item 7).

1 77process to get a batch. adeqpately coated. (Actual cementation takes place
S 1aner in the final sinterlng process).‘kg e \

(Por addltional detalls see ADDWNDUM (B) nnn (c}

The compact so- mdxed is now passed through a dryer, to get rid of

This is follcwcd by fine screenlng, (Item 8) aft r;uhich the powder“ff: f£

}"c}ciis mixed uith finc paraffln to facilltate handling\and pressing. (Item ey

: _III .- Compactlng the Mixture 1nto Varlous Shapes. The mixture can now é’ 
" be formed into any ‘variety of the shapes needed in industry. This is. done o
“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

c; aintering proccss, or, (b) by a hot-pressing and slnterxng process cone

& »simnltanecusly. -

(a) In the cold-presslng process the powders are shaped in speclal“3 o

"dles, into rods, cylinders, flats, and hundreds of other forms. Or the
. mixture may be poured into crucibles and tamped into them 1oose1y, av01d1ng
: carefully the creation of air pockets. : :

¥ Pressure is applled either in a mechanlcal press, whlch my be
1 cam-type, crank-type, a tuggle or a knuckle-joint type. (Item 10); and/or
in a tableting machlnc for tool—tlp shapes and similar artlcles. (Item 11).

As production 1ncreases with time, a hydraullc press may be acquired3 
for 1arger pieces and neav1er pressures. .

The dies, molds and punches mnst be tallor-made to insure unlform
‘density distribution in the ccmpact, and they must be designed large enough:
to contain more powder than the ultimate article, (after final sintering) ;
i.e. they must be from 15% to 18% oversize due to consiilerable shrinkage of
the mixture during the pre-sintering operation which follows compacting.
(The dies are indicated on the plant 1ayout sheet as Item 12).‘

: ﬂhen the tableting machines are used the compresclon-cycle for. thev
~c"pills" is rather slow. This is found, however, to be the most effective
method in carbide making, provided there 1s sufficient demand for each
~ shape and size of the tablets. c

(For additional 1nfcrmation see (AnnEnaan D)

w, Pre-Sinterlng. After 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 slmilar to that of
vchalk, permitting easy shaping. Qxc; : :

: : Pre-s;ntering is done in a box—type furnace, w1th the ccmpacts L
surrounded by a protective atmosphere, such as hydrogen or dissociated

‘V5‘famonia, st a temperature of 1000-16009F.

..2,-’




‘The usual method is to place a batch of the compacted forms freelyfV;*”‘V*

on a tray, pour inert, 1nsulat1ng powder such as -alumina around them, put s

© the trays in a contalner, and push one batch after another through the
~furnace.: (Item 13). |

After careful cooling, these rough 1inaccurate pre-sintered forma ,jﬁf“‘”
of chalk-like con81stency are. removed from the furnace to the 1n-process G
~ storage, (Item 1) or are subjected to the final shaping operations. \ftem‘f?i
~15). This may be done by facing, drilling, shaping, turnlng, grlndlnp und
other formlng operatlons before the f1na1 slnterlng process. o :

{For additlonal 1nformat10n see'ADDmNDUh'm)

‘V. - Final Sinter:ng' Starting operdtlons on a 'smell scale, for L &
experimental purposes, the batch~type furnace used for pre-sintering. (shown e
~under Item 13) can be u_Pde Later a continuous-feed arrangement and tube
Ifurnace may be added.~~ ' : ' ; : : o

, In this operation the parts are dep031ted in carbon boats, packed
in granulated carbon of aluminum oxide, and pushed through the furnace, or = -
- the compacts may be placed on graphite discs while sintering is being done.r‘l~‘ P
The charges must be protected against decarburization and exidation by |
surrounding them with a neutral atmosphere, and heated at a temperature
 that varies between 2150° and 25500 F., and then moved to the cocllng
¢hamber. ‘ , ;

" (For further 1nformat10n see ADUEJDUM F)

vi. Hot-olnterzng. While the above described technique is rega*ded as
the most efficient method of production, the hot-siutering method will
produce somewhat harder and denser carbides with no loss to the ultimate
strength of the product. Carbides ‘produced by the first method have a ;
Rockwell A hardness of 92, whereas the hot-pressed carbides have a Rockwell

A hardness of 95.6, with a denser microstructure which gives the product
fsuperior strength, toughness aqd higher cutting propert]es. ‘ :

The equipment used for hot-sintering is qulte complicatedAln both
design and construction. The powdered mixture coming from the ball mill is
placed 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, cr the die alone
may be heated and the powder get its heat by convection, or both may be =
heated simultaneously in an electric resistance furnace that surrounds the
die, and placed inside the working space of the press. In all cases the
process is enveloped in a non-oxl&izlng, ‘protective atmosphere.];\

(For additional informatlon see ADDmNDUF G)

vii, Teating: Routirne controls must. be applied at each stagg of the i
entire carbide making process. The physical testing of these hard metals is
rather difficult and so far no standa“ds have bezn accented for certaln,; i
fphases of it, g -

g Hardness is measured on a RockwelluA scale,‘eqnipped u1th a ~_.w
diamond indenter. (Item.l?). ~ L T




' "ariat,ions in "h_ 'conbination of the ingredient powders, are
termined. (a) X-rey diffraction methods: {Item 17} and/or by (b)
uring the electricaly resistance of the carbide pieces. (Item 18) .

’Porosity is ‘revealed by microscopic studies of the po]j hed :
ard metallographic specimens aft he surfl.ccs have becn*:i;‘
prepared with diamond polishing powdcr. (Ite ;

al ‘a'f! '1)'303 arek used to check the ;,ext.ent of the combined
‘ bide powder. (Item 22)' P e

Cutting property tcsts ofl the tools 'are a.ctually made on a lathe,
i d steels of known chip producing properties.

eqm.pment‘ Hydrcgen and amonia gas dryer, amonia dis-

le ';z:;;cg;;-rcnt nmiting device to protect 1wolybdenum heating
ia -1inders ; control panclsc, automtic temperaturc e

(listed under tt.‘ ‘ i L

12 Carburizing fumace W R R S Ty 5000.00 el e

3 Jaw crusher = _i; LI e f e 2600000 ¢
4 ,Pulverizing mill e 0 2000000 L i
5 Screen el R T e 900,06
S ;:‘6*«§Wet ball milling equipment bbbl D e 2250.00 0
B Pinescreener - %000
9 Paraffin mxing eqnipment o 65)0.00 L
o ;,‘~~10,“~,‘Campacting Press : o o 8500.00
12
13
14

11 Tabelting machine R e e D - 7500.00
12 Dies, 20 pisccs Al 2000400
e ~‘In-process atorage cquipncn“t. e . 0.
~ 15 YVarious machine tools for ahlpl‘{ opcrationl S 15002.00
T 16 ESin‘t.cring mactiine (done on item b) S 5000 -
17 to item 22 inclusive, for testing \Equlpment . 80000 -
235upporting ‘equipment, including foundations, L .
. electrical installations, motors, g;enera?:.ors,q
- air conditioning, lighting, ete. | 1.0000 00.
A “%Tool room cqnipment, gagea, care a.nd ma.in- s St
;,.-tczzance 00018 e P T e 2 o oo;
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e The building. ‘There are approximately 3500 sqnare feet of useablek“
- floor space. Naturally, there are many types of buildings that could be -

‘,‘5used in this instance. :

,Xa~, S thpower reqpirements. In the few: shope uhere carbides are made -
" there have been marked improvements in the process, due entirely to the factg;l
_that the technicians have studied carefully, on the spot, the many variables

~ which determine the high qpality required. And while there is no existing

paper which covers in detail ‘every phase of carbide manufacture, or all the
~ improvements introduced during the recent past, there are available numerous
~instructive and illustrated details in the technical press, in symposiums
~.on powder metallurgy, and in special reports on the results of investigations
. ‘and tests made by experienced metallurgical scientists and ca.rbide shop
- technicians. However, none of these empirical or technical data can take
the place of the experienced and skill,gained.by actual practice.

~Also, 1t sho&ld be remem)ered, that ca.rbide technicians disagree

S in many respects on the advantages or disadvantages of certain processes

in the making of carbides, and also, that in many respects the production of
these hard ‘metals is still a trade secret. There is, however, unanimous
agreement oni the single point, thst successful manufacturing depends chiefly
on the know-how acquired by the technicians charge? with the management of
the shop, and wit,h the opera.tion of each indlndu&i piece of equipment.

- MANPOWER Requirements (for 50 1bs. per day)

General superintendent, per year ' ,12000.00'
. Controller , - +8500.00
2 application techmcians ‘ . +16000.00
. 2 maintenance men ~ ~ -12020.00
. 8 machine operators in the shop = 40000.00
-5 mechanics in tool room : 37500.00
2 instrument specielists i 16000.00
4 helpers ; 12000.00

First year manafrement and labor, ces .15&000 OO,

ADDENDUM A.

Pure Tungsten Powder' This can now be bought ready for use, ‘It’ L
is made by reducing tungstic acid with sugar carbon. The metal so obtained
‘is very pure and adequate for ca,rbide making as it cements readily. g

Carbon: The carbon powder (lampblack) analysis should prove to
be 99.20% pure carbon, the rest being impurities of ash and moisture » with
density 2. If same is produced by the decomposition of petroleum by heat
the maker should guarantee that it has heen purified by benzine, alcohol
or ether. If the incomplete combustion of a hydrocarbon-like acetylene “ L
was.used, this may be accepted as a carbon ingredient, since such a mixture =

~is even purer than lampblack. The usual porpor’cion is 6 7 kg of la.mpblack

to 100 kg of W. powder.

’ 4-’6 -




~ ~cobalt, For these extreme variations in th\. characteristlcs charts are

ADDEXDUM B.

Binder Metal in the Mixture: The physlcal prepertles of the cho
tungsten carbide-cobalt base mixture are grea%ly influenced.by the quantlty
of the binder metal. Hardness decreases steadily in the finished product,
with compositions up to 6% cobalt to lower yralues in metals with 20% cobalt..‘ o
However, it should be noted, that the t"ans rerse rupture strength increases
at the same time steadily wlth the rising cabalt. content, until nearly L
490,000 p.s.i. can be assured for comp031t ons cont.alm.ng as much as 20%

‘now available so that carbide makers can furnish the proper curbides elt.her 2
~with increased ductihty and resistance to distortion, or with higher fatlgue
and 1mpact. strength. (See list of carbide manufacturers g:uren) ot £

When, for instance a ppec:.al tool is requlred for machlm.ng tough 3
s*»ringy steel materials, a mixture of titanium carbide (instead of tungsten
carbide) powder with a cobalt binder is used. Or, , where :anreasmg
difficult demands are placed on certain cutting tools, titanium and/or
tantalum carbides are sintered with iron-base alloys to lend them unusual].y

~high temperature - reslstant propertles.

ADDENDUH C.

Hi}dng by mllling, The carbldes of tungsten thus mde , 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 made of cobalt, same as the binder metal. As a protectlve atmOSphere
-.either hydrogen or cracked propane is used, or the powders may be milled in
the presence of water, or some other organic solvent to prevent oxidation G
of the powder. ~ '

: . Duration of milhng. This may last from several hours to several =
days, until tests prove that the cobalt binder cannct be separated magnetically
frcem the carbide particles. Powder so produced is now ready for the next
~ processing, that of compacting into various shapes, Extreme care must be
 exercised during mixing, or local concentrations will show up in the
finished carbides when checked on the photomicroscopic specimens.

ADDENDUH D

- Compacting the mixture into various shapes. To insure maxinum e

cohesi.ve strength of the compacting atoms, as the pressure is applied on the

dies, the operator is obliged tc follow certain rules he himself must ‘
sstablish after repeated experiments. This is because the compact.ing ‘

" technique is controlled by such variables as; (a) Size of the particles in

" the mixture, {b) Pressure applied in the dies, (c¢) Time required for the

flow of the mixture in the dies, {d) Ratio between length and width bf the
dies, (o) Abrupt changes or projections in the dies, (f) Tolerances requirf-*d. | ey

" There are presses which apply pressure in one direction or in two, L

In the latter case multiple punches are used with individual movements -
"nlocities and mssures. S , ;




2 cast iron and non-ferrous meta.ls
, han when makin earbides for

s ‘*garbj_dg does not depend so mnch on the cementing action of the binder mate
~ {cobelt) as on the formation of a strong carbide skeleton during the final
~ sintering. During this process ‘the carbide particles are drawn together by,
. surface tension forces. The extent to which ‘Ideal bonding takes place

~depends on perticle size, their distribution in the grid and whatever my

interfere with this actlon such as impurities, inclusions or oxide filma

e ;that may be present.’

= ‘!'he formation of t.he various pattems is very eﬁdent when the
“?m.cmstructures of different carbides are examined. For instance, the :

- crystals of a tungsten carbide-cobalt mixture will show the tungsten’
'~ particles with sharp Bdges as they are imbeded in the cobalt matrix, er
. the mixed crystals of Ti. C. & W.C. are. nodular and darker in color shile
e ,"L;those of"tm Ta. c. hava rounded corners. : LR eheena

klso ’ it shonld be noted , that 1n some shcpa




- :gatmephere; proper nilling requirements end the advantsges of hot-pressing.

i are s“hmm how tungsten carbide forw*(he basis of most ¢

oy . When & ‘box-type furnace is nsed for beth pre—sintering and fi
sintering operations as in our plan, it is recomended by uell-known
authorities that a disasociated ammonia pretective ges be used. This allmts
the high temperatures required for smtermg, uhile af. the same time a
'.ow—dew—point can be. maintatned. : ' fan it

p' ADIENDUM G.

e i 'I'his is done in a heated die, the powder being pressed into the

, die while the temperature is raised to 2500°F. , and kept. for several

. This method is expensive because the grapluc dies are destroyed after
each pressing. L i , g

The dies are usually heated in a carbon resista.nce furnace with
~ the current passing directly through the dies, or through the pune.hes. ‘ ‘Ihs
' die assembly my also. be heated in a high-frequency induction—type furnace :

- In another modifi.cation of the resistance heating proeess a:
current of high amperage is passed directly through the mlxed powder whl e
the necessary pressure is belng app.led o : Nl

T : Selection of one ‘or the o‘ther type depends entirely on the
gt ’thcrough understanding of t.he rele'zionship between pressure s heat and time‘

Inall cases protective atmsphere is essent1a1 el
‘,ADDENDUMH.‘ R

The eftectiveness of carblde manufacturing equlpnent is in dlrect. .

ratio to the skill snd experience of your shop. techniclans. -

J knd while there is now available plenty of bes*n techmcel o
i information on the subject, much ef the equlpnent st.ill has to be made on‘f
the spot to fit }nrticular 3obs. e

BIBLLOGRAPH!; = T:,

: : Article deals nth some new improvementsgi‘*‘ S
: in the processing of carvides with titanium additz.ves, their conpositions .
and advantages of high tenperatnre resistance. ; e

; E i Iron Age. Feb. 5/ 53. The importance of careful powder ferming
e emphasized and the cechmques or shaping, after pre-eint.ering are des

e Prcduct:.on Engineering. April 1953‘ Rece b advances are shoun,
“as described also in Stahl Und Eisen, Oct. 11/51., including the basic
technology of ‘carbide making, carburising, applications of prctect v

Hetanurgie. April 1953. The properties of tungete

are mixed and the melting points of cementing (bending) are 51 =n. Tt




V : . -\can Society for Hetals. A brlef revz‘.ew o! ‘
‘eharacteristics 5 bend t.ests > rumace eq, "plnent .

- ; . s t Hany of these are controversial -
‘ut. mrth studying It ‘should be remembered, that in many respects carlnde "
; ; }»;»;k ! cret‘ Vsinee snecessful mnufacturmo depends o




- shaping using hydrostatic impacting. The formed pieces, stiil in the soft stage,,

e . usually in the form of bar stock, is cut to. 1engt.h and then mach:med and groun‘d

Tungsten Carblde =

; }i@ IRY: Infomtlon is requested on techm.ques and eﬁapnent for s:.nter:mg and shap—-
: ing tungsten carblde cuttmg tools and on tool des:.gns. : S

}NFOMTTOH sumn‘rm

' The tungsten carblde manufactnrlng plant of today is consmerably dlfferent,
from the plant of z few years back. The present superior carbide plants, eqtn;ment and
techniques permit the carbide to be produced to consistently high standards. The proc-
esgses used today by the relatively small number of American manufacturers of carbides g;
are basically similar. The first steps in making cemented tungsten carbides are the ‘re-
 duction of cobalt oxide to metallic cobalt and the carburization of tungsten. To retiuce

the cobalt oxide, the material is placed in ‘boats" of a special heat and corrosion re-
. sistant alloy which move through a continucus-type furnace. ‘iere, hlgh-punty hydrogen

~at elevated tenmeratures ‘acts aa the reducing agent.

- In the carbur:.zatlon process a mixture of metallic tungsten powder and amor-
phous carbon combined by heating them together to the temperature of molten steel. Ad-
- vanced methods of performing the carburizing operation depend on the use of a special
electronic induction furnace. The intimately mixed tungsten and carbon powders are o
~ charged into a graphite crucible, and the temperature of t.he cruclble and 1ts cont.ents
is ra:..sed through a closely-controlled cycle. i

o ‘The next major processing siep is the mix:mg of tungsten carbide and coba..t in
: the proper proportions for the grade desired. The cobalt is a cementing agent and em

~ ables the formation of the carbide-to-carbide bond. Ball milling of the Co-TiC m:ixturo

follows., The mills are filled with naphtha after charging to exlude air and a.void ondgm

~tion. Water is also commonly used for this purpose. A final screening opera 10:1 en-
sures the canplete ranoval of la.rge particles from the powdered mixbure. ‘ e

i T procedures are comonly used for® produclng useful carblde shapes reacbr
. for the smtering furnace. One of these is pill pressing to final shape in a tableting
- machine. The other is the prodnctlon of relatlvely large-size billets for furthe;

~then placed on a graphite tray and lowered into the sintering fumace. recent develop
ments in furnace design and operation use m,gh vacuum techm.ques and electronic 1nd =

~ tion heating. A vacuum of the order of 50 microns is common in this operation. Sim

. tering temperatures usually approach 3000°F, Close control of the heating and coolin
cycle is gained by the use of an elaborate system of electronic equlment. The B

~ ing cycle and the length of stay in the furnace are determlnea by the amlysi of he
~mteria1 and the propertles dcs:.red in the flm.shed pzece. M

g ’Ihe fabﬁmion of: standaawd t'arblde cutting tools ona mass productim .
; ~requ1res modern plant layout and materials handling techniqxes, The sintered c

des:u-ed shape and tolerance. g

It uiu e seen that the methods used e the United smt]



more camplete discussions of the techniques and equlpment in-
;‘forred yo rafbrences 1—3 of the appended bibliography., Il

fdesxgn of speciflc types of cutting'tools (for form grin
) iwidely scattered ‘throughout the various technical p
ire“an extremely comprehensive blbllograph

vnr, the inqulrer is. referreu to an sxcellent ‘publication (referenc
1 t‘atlons and de31gn data on. all major forms or cutting t__wﬂ

’7;'~?Refegénces;]‘[_ﬂfxﬁ»F*'iwf/f‘=

New York 17, New rork '

'rUSs?sectlon\of this information., For a detailed,survey ‘f'v

: rjblde cutting tools are qpite detalled, and complete 1nformation cannot, “”




