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IMPROVED HARD FACING MATEIUAL FOR ROCK BITS 

Fi9td gftfre lmntion 

5 
"nlis invention relates to impsovcd wcat1-rcslstant bard facing compositions applied to 

wear surfaees on teeth on bits for drilling oil wells or the like. 

lflckmund lf'cbe lgyegfto,n 
Bits for ckiUing oll wells and the like commonly have a steel body which is connected at 

the bottom of a drill String. Steel cuttcf cones are mounted on die body for rotation and 
1 O engagement with the bottom of a hole being drilled to crush. gouge. and scrape rock for drilling 

the well One important type of rock bit rcfem:d to as a nlilled toolb bit has soughly triangular 

teeth protruding~ the surtace of the cone for engaging the rock. The principal faces of such 

a milled tooth that engage the rock are usually dressed with a le.yer of hard facing material to 
resist wear. The specific tooth geometry fonns no part of this invention. 

15 Conventional hard filcing usually comprises particles of tungsten carbide bonded to the 

20 

steel teeth by a metal alloy. In effect. the carlJide parti~les are suspended in a matrix of metal 

fonning a layer on the surface. Most bani facing on rock bits employs steel as the matrix, . 

although other alloys may also be used. 
It is quite common in refening to the material in the hard facing merely as "carbide" 

without characterizing it as tungsten carbide. The metal carbide principally used in hard facing 
is tungsten carbide. Small amounts of tantalum carbide and titanium carbide may be present. 

although considered to be deleterious. lt will be understood that as used herein. reference merely 
to "carbide" means tungsten carbide. 

25 
A typical tcdmiquc for applying hard facing to 1he teeth on a IOCk bit is by o>Cyacetylene 

or atomic hydrogen welding. ~welding •mc111 or stick is Conned of a tube of mild steel sheet 
enclosing a filter which is primarily carbide parrlcles. The filler may also include deoxidlzer for 

the steel. tlux and a resin binder. The bald facing is applied by melting an end of the rOd on the 
&cc of die tooth. The steel tube melts to weld to the steel toOth and pavvide the matrix for the 

30 

35 

carbide particles in the tube. The deoxidiar alloys with the mild steel of the tube. 
Three types of tungsten carbide have been employed for baud. king. Possibly the mast 

common is crushed cast carbide. Tunpcen forms two carbides, WC and \V2C and lbcrc can be 

an essentially continuous range of compositions chercbetween. Cast carbide is typically a 

eutectic mixture oflhc WC and WlC compounds, and as such is subsfoic:hlometric. that is, it has 

less carbon than the more desirable WC ronn of tungStCn carbide. Cast carbide is frozen from 

the molten state and comminuted to the desired particle si7.C. 
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Another type of tungsten carbide is so..callcd macro.crystalline tungsten carbide. This 

;~aterial is essentially stoichiometric WC in the form of single ctyStats. Most of the 

·~line tungsten carbide is in the fonn of single Cl)'Stals. When larger particle sizes are 

'examined, it is fowid that some biaystals of WC are formed. Macrocl)'Stalline WC is desirable 

·for its toughness and stability. 

The third type of tungsten carbide used in hard facing compria'es cemented tungsten 

-carbid~ sometimes referred to as sintered tungsten carbide. Cemented tungsten catbide 

comprises small particles of tungsten catbide (e.g.. I to IS microns) bonded together will\ cobalt 

Cemented tunpten C8'lbide is made by mixing tungsten cubicle and cobalt powders. pressing the 

mixed powders to fonn a green compact. 8nd "sintering"_ the composite at temperatures near the 

melting point of cobalL The iesulting dense cemented carbide can then be comminutcd to form 

particles of cemented tungsten carbide for use in hant facing. 

Although mild steel sheet is used when fonning the tubes. the steel in the hard facing as 

applied to a rock bit is a hard. wear resistant. alloy steel. This occurs by reason of the oxidizers 

such as silicon and manganese mixed in the tiller in the tube and dissolution of tunpteo, carbon. 
and posmbly cobalt, ftom the tungsten carbide during welding. There may also be some mixing 

with alloy steel from the teeth on the cone. 
20 It is important to provide as much wear resistance as possible on·t~e teeth of a rock bit 

eutter eone. The eft'eetive life of the cone is enhanced as wear resistance is increased. tt is 

desirable to keep the teeth protruding as far as possible ftom the body of the cone since the rate 

of penetration of the bit into the rock formation is enbanced by longer teeth (however, unlimi~ 

length is infeasible since teeth may bleak if too long for a given rock formation). Al& wear oc:cuQ 

25 on the teeth, they get shorter and the drill bit may be replaced when the rate of penetration 

decreases to an unacceptable level. It is desirable to minimize wear so .that the footage drilled 
by each bit is maximized. 1his not only decreases direct cost, but also decmses the frequcn")' 
of having to "round trip" a drill string to replace a wom bit with a new one. 

U.S. Patent 4~44,774 discloses a hard facing material for use with the teeth of rock bits 

30 thatcompdses a mixture of cnishcd cemented tungsten carbide having a particle size in the range 
of from 20-30 mesh. and mac:rocrystalline tungsten carbide having a particle size in the range 

of from 40-80 mesh. Such a hard facing material is known to provide a £,'Ood degree of wear 

resistance and abrasion piotedion of the inner teeth. and somewhat improved wear resistance 
of the gage surfaces or the cone and gage row of teeth. 

JS Due to the unique wear encountered on the gage surfaces of the cone and teeth along the 

hole wall~ it is desired that an improved hard facing material be developed for use in providing 

imptoved wear resistance and abrasion protection for such gage surfaces. and for other non-gage 
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teeth SUtfac:es as well. Advances in wear resistance of bard acing am desirable ta incmise the 
duratio1t during which a hole diameter can be maintained. to enhance the footage a drill bit can 
drill befon: becoming dull. and to enhance the rate of pcnetratlon of such drill bhs. Such 
improvements uanslatc dircttly into Rduction of drilling expense. 

BrlefSummaa of the Invention 

There is, therefore, provided in practice of this invention according to a presently 
prefcmcl embodiment. hard facing materials for both an iMer iow of rock bit teeth, and gage 
swfaces of a rock bit cone and gage row of rock bit teeth. A hard facing material f'or the inner 
aow of rock bit teeth comprises a blend of types of tungsten carbide, and a higher pioportion of 
tungsten carbide relative to the binder steel than had previously been consideted feasible. The 
composition for such hard facing comprises more chan 68% by weight filler and a balance of 
steel. Preferably the steel is present in the tange of from 18% to ll% by weight, with filler in 
the n.ngc of fiom 68% to 82% by weight. the filler preferably comprises ftom 20% to 3S•.4 by 
weight single cl)'Sta1 monotungne'! carbide. WC, from 65% to 80% by weight particles of 
cemented tungsten carbide. and a balance of steel deoxidizer. 

All. improved hard facing for the gage surfaces of the cone and gage row teeth comprises 
steel in the range of from 18 to 32 percent by weight. and filler in the range of from 68 to ·g2 
percent by weight. The filler is cemented WC and cast WC &ee. and i~udes greater than 95 
percent by weight 1ingle crystal monotungstcn carbide particles, and a balance of dcoJ:idizer. 
The single c:aystal monotungstcn carbide particles have a particle size primarily less than about 
200 mesh. The improved hard fAcing material displays an improvement in weadabi'asion 
iesistance of up ta 6S percent when (:Ompared to prior types of hard facin8 materials employing 
cemented tungsten carbide, cast ~ungsten carbide. and b1ends of cemented, east. and single 
cl)'Stal tungsten carbides. 

iliiiU 
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Brief Qgcripffon of the Drawings 
These and other features and advantages of the present invention will be appreciated as 

S the same becomes better undeistood by n:Ccrcncc to the following detailed description when 
considered in eonnccdon with the aecompanying drawings wherein: 

IO 

IS 

20 

30 

35 

r11- 1 Is a perspective view of a milled tooth rock bir constructed according to principles 
o!this invention; and 

Fig. 2 is a fragmentary cross section of an exemplary tooth on such a rock bit. 

----
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Description 
An exempla&ymillcd tooth rock bit comprises a stout steel body 10 having a threaded pin 

s 11 at one end for connection to a conventional drill string. At the opposite end of the body there 
are three clittcr cones 12 for drilling rock for foming an oil well or the like. Each of the cutter 
cones is rotatably mounted on a pin (bidden) extending diagonally Inwardly on one of the three 
legs 13 extending downwardly fiom the body of the rock bit As the rock bit is ro1ated by the 
drill string to which it is attached, the cutter cones effectively roll on the bottom of the hole being 

to drilled. The cones are shaped and mounted so that as they roll, teeth 14 on the cones gouge. 
chip, crush. abrade, and/or erode lbe rock at the bottom of the hole. The teeth 140 in the row 
around the heel of die cone are referred to as the pge row teeth. They engage the bottom of the 
hole being drilled near its perimeter on "gage." Fluid noales IS direct drilling mud into the hole 
to cany away the particles of IOCk created by the drilling. · 

tS Such a rock bit is conventional and merely typical of various arrangements that may be 
employed in a rock hie. For example, most rock bits are of the three cone variety iUusrrated. 
However, one, two mi4 four cone bits arc also known. The arrangement of teeth on the cones 
is just one of many possible variations. In fact, it is typical that the teeth on the three cones on 
a rock bit differ from each other so that different portions of the bottom of the bole are engaged 

20 by the three cutter cones so that collectively the entire bottom of the hole is drilled. A broad 
variety of tooth and cone geometrics are known and do not form a specific part of this invention. 

Exemplary teeth on such a cone arc genemly triangular in a cros,,-section taken in a radial 
plane· of the cone. Such a tooth has a leading flank 16 and trai~ing flank 17 meeting in an 
elongated crcst 18. The fl- of the teeth arc coveied with a bard facing layer 19. Sometimei 

25 only lhe leading &te of each tooth is covered with a hard facing layer so that differential erosion 
. between the wear-resistant hard facing on the ftont Oank of a tooth and the less. wear-resistant 

steel on the trailing face or the tooth lends to keep~ crest of the tooth telatively sharp for 
enhanced penebation of the rock being drilled. 

The leading face of the tooth.is the face that tends to bear against the undrilled rock as the 
30 rock bit is rotated in the hole. Because of .the various cone angles or teeth on a cutter cone 

relative to the angle of the pin on which the cone is mount~ the leadiq flank on the teeth in 
one row on the same cone may race in the direction of rotation of the bit. whereas the leading 
Oank on teeth in another row may on the same cone face away &om the direction of rotation of 
the bit In other cases, particularly near the axis of the bit. neither flank can be unifonnly 

35 regarded as the leading flank and both flanks may be provided with a hard facing. 
There arc also times when the ends of a tooth, that is, the portions faeing in more or less 

an axial direction on the cone, arc also provided with a layer of hard fating. This is particularly 

- -- -- - ·- -- -----
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true on the so-called gage surface of the bit which is virtually always provided with a hard 
facing. The gage surface is a generally conical surface at the heel of a cone which engages the 

S side wall of a hole as tho bit is used. The gage surface includes the outer end of teeth 140 in the 
-.Wted gage row of teeth nearest the heel of the cone and may include additional area nearer 
the axis or the cone than the root between the teeth. The gage smface is not considm to 
iilelude ~ leading and trailing flanb of the gage row teeth. The gage surface encounters the 
side wall of the hole in a complex scraping motion which induces wear of the gage surface. In 

. 10 some embodiments. ban.t facing may also be applied on the shirttail 20 at the bottom of each leg 

on the bit body. 
Such str\letme of a milled tooth rock bit is well known and does not fonu a specific 

portion of this invention. which relates to the specific h_ard ~acing material Ctnploycd on the teeth 
of a milled tooth cutter cone. 

l 5 ThUSy in practice of this invention, the hard facing material compnses a mixture of 
relatively larger particles of cemented tungsten carbide and relatively smaller particles of single 
crystal monotungsten carbide, WC. The carbide particles are in a matrix of alloy steel welded 
to the alloy st.eel of the teeth of the cutter cone.. · 

As used herein, cemented tungsten carbide refers to a material fonned by mixing particles 
20 of tungsten carbide, typically monotungsten carbide, and particles of cobalt or other iron group 

metal. and sintcring the mixture. Jn a typical process for making cemented tungsten c;arbide. 
carbide and cobalt particles are vigorously ~ixed with a small amount of organic wax which 
serves as a tempomry binder. An organic solvent may be used to promote unifonn mixing. The 
mixtmc may be prepared for sintering by either of two techniques: it may be pressed into solid 

2S bodies often referred to as green compacts; a1tcmativc1y. it may be formed into granules or 
pellets such as by pressing through ascreen, or tumbling and then sc=ned to obtain mon: or less 
unifonn pellet size. 

Such peen compacts or pellets are then heated in a vacuum filmace for rust evaporating 
the wax and then to a temperature near the melting point of cobalt (or the like) which causes the 

30 tungsten carbide particles to be bonded together by the metallic phase. Aft.er sinu:ring. the 
compaets aR crushed and screened to a desired particle size. The ctUShcd cemented carbide is 
generally much moce angular than dtc pellets which tend to be rounded. The sintered pellets tend 
to bond together during sintcring and are cNShcd to break them apan. These arc also screened 
to obtain a desired particle size. Cemented tungsten carbide tiom such compacts may be made 

JS specifically for use in hard facing, may be manufacturing scrap from making other products. or 
may be scrap from worn out tungsten carbide products crushed and screened for this purpose. 

This Sheet Has Been Replaced 
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Single ciystal monotungstcn carbide is commercially available fiom Kennametal. lnc •• 
Fallon, Nevada. This material is sometimes known as macro-crystalline tungsten carbide. 

S . This material is to be distinguished from so.called cast tungsten carbide. Cast tungsten 
cad>ide bas approxima~y the eutectic composldon between bltungsten carbide. W2~ and 
monotungsten carbide, WC. The cast carbide is typically made by resistance heating tungsten 
in contact with carbon in a graphite crucible having a hole tlwugh which the resultant cut~tic 
mixtuie drips. The liquid is quenched in a bath of on and is subsequently comminuted to a 

10 desired particle size. Cast carbide is brittle due to iesidual stresses from this thermal treatment 
and, wheA used in a bard facing composition attached by welding with alloy steel. may deplete 
mbon tiom the steel since the' carbon content is substoichiometric with respect to the stable WC. 

Hard faclrig is applied to the teelh and gage sutface by welding with a "rod" in the form 
of a mild steel tube containing either the particles of mixed cemented tungtten carbide and single 

t 5 cl)'Stal WC, or the particles of single ceystal WC. H~wcver, it is to be understood within the 

scope of this invention that methods other than that ~ifically described can be used to apply 
the hard facing material of this invention. 

A hard facing material for hard facing the inner rows of teeth comprises a mixture or 
crushed cemented or sintered tungsten carbide particles having one· or more different range of 

20 particle size, crushed cast tungsten carbide particles. mac:rocrystaUine tungsten carbide, 
deoxidixcr and resin binder recited in U.S. Patent No. 4,944,744, which is hereby enclosed by 

reference. 
A composition within the tube for hard facing inner rows of teeth, that is. rows other than 

the gage row and surfaces of the cone other than the gage surface. employs 20 to 30 mesh 
· 25 cemented tungsten carbide. In an exemplary embodiment. them is a minimum of 6S% of the 

carbide particles retained on a 30 mesh scn:cn. No more than lOOAi is mained on a 20 mesh 
screen, and no more than 2S% passes duough the 30 ~esh screen. None of the patticles arc 
larger than about 14 mesh. The grain size of the tungsten carbide grains in the particles of 

cemented tungsten carbide are in the range or from about one to fifteen microns. The binder 
30 content in such a cemented tungsten carbide is preferably in the range of &om 60.4 to &o/o by 

weight and is preferably cobalt Preferably the material is substantially he of tantalum carbide 
and titanium carbide. · 

The single crystal WC is preferably in the range of from 40 to 80 mesh. Thus, a majority 
of 1he crystals are smaller than 40 mesh and at least 80% of the ciystals arc lirger than 80 mesh. 

35 No more than S% of the crystals should pass through I 00 mesh screen. 

The ratio of particle size of the larger panictes of cemented tungsten carbide to smaller 
monocrystalline carbide can be in the range of from about two to five. A larger ratio is less 
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dcsi~b\e since the smaller particles can be so small that excessive solution in the alloy steel 
matrix may oceur. A size rado of three is preferred. 

S With such particle sia ranges _for the cemented tungsten carbide and the single csystal 
monotungsten carbide. the cemented carbide particles are about dm:e times as large as the single 
crystal WC. The 30 mesh material has a pasticle si7.e of about O.S2 mm. and 80 mesh .material 
has a particle si7.C of about 0.17 rnm. 

The weight ratio of the larger particle size cemented tungsten carbide to the smaller 
10 particle size single ciystal WC~ in the range of from JS: 6S to 80: 20, and preferably in the 

iartge of ftom 6S: JS to sO: 20. In a particularly preferred embodiment, the proportion oflarger 
• cemented tungsten carbide is 75% by weight ..,d the smaller particle si• single crystal we 
is 2Wo.. A substantial proportion of the cemented carbide is prefetred for enhan= toughness 
of the hard facing. 

IS ln addition to the carbide in the fdler in the tube. it is desirable to include up to five 
percent by weight of deoxidizer and temporaiy resin binder. A suitable deoxidi7.er js 
silicomanganese obtained &om Kemtcmetal, Inc .. Fallon. Nevada. The nominal composition of 
the silic:o-manganesc is 65% to 68% manganese, 15% to 18% silicon, a maximum of2% carbon. 
a maximum of O.OS% stilfur. a maximum of0.3S% phosphorus. and a balance of iron. Pteferably 

20 about four percent deoxidizer i$ used. A small amount of thennoset resin is desirable for 
partially holding the particles together in the tube so that they do not simply ran out during 
welding. A half peicent is adequate. 

An exemplary filler composition can be made up using 2Skg of 40 to 80 mesh single 
crystal monotungsten carbide. 7Slcg of 20 to 30 mesh crushed cemented tungsten carbide. 4kg 

. 25 . of silico-mangancsc dcoxidb:er, and O.stcg of phenolic resin binder. The particles 8rc coated with 
··me resin suspended in an alcohol solution which is then dried. After the tubes arc loaded with 
the filler and the ends crimped, the ends are dipped in a solution of phenolic resin in alcohol to 
add some binder at the en.ds. 1he binder is then heat cured to temporarily bind the particles 
together. 

30 The proportion of filler to the weight of the steel tube within which it is enclosed in an 
exemplaiy embodiment is 70% to 80% filler and 20% to 30% tube. These proportions C8ft vary 
by plus or minus 2%. Thus. the weight of filJer is in the range of f'rom 68% to 82% and the 
weighf of the tube is in the range of &om 18% to 32%. This results in a higher proportion of 
carbide in the hard facing than in previous hard facing materials where the weight ratio of the 

35 carbide to the steel is about 60: 40. 
To obtain a weight ratio of filler to steel of70:30, a S/32 inch (4mm) diameter tube is 

made with steel sheet having a thiclcness of 0.017 inch (0.43mm). Roughly the same proportions 

-·- -----·· ·----
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are obtained in a 3/16 inch (4.Smm) diameter tube by making it with steel sheet 0.02 inch 
(O.Smm) thick. 

s The hard facing material is applied to the faces of the tooth by heating the face to a 
welding~byano~oratomic hydrogen toldi. When a suitable tempcratwc 
is reached, the above-described tubular welding "rod" is melted onto the race of the tooth. In an 
exemplary embodiment, the thickness oflhc hard ~cing layer is about 1/16 to 3/32 inch (l .6 to 
2.4mm) Dissolution of the stlico-manganese in the rnlld steel of the tube. possible dissolution 

10 of some of Che tun~en.. carbon, and cobalt of the carbides, and mixing of metal fiom the body 
of the cutter cone nwlts in an alloy steel matrb: for the carbide parti~les. Microscopic 
examination after the cutter cone is carbudzcd. quenched, and tempered indicates a Martcnsitic 
phase ttansformatlon in the alloy steel matrix of the hard facing. 

The hard faeing provided in praetice of this invention has proved to be more wcar-
lS resistant on the- inner row teeth of milled tooth ~utters than the prior hatd facing employing 

single Cl')'Stal we. Comparisons were made by hard facing alternate teeth on a cutter cone with 
the prior hard facing materials and with the improved bard facing material provided in practice 
of this invention. In every bit where this was don~ the teeth having the improved hard facing 
was as good as or better than the prior hard facing. In many bits prior hard facing showed a 

20 much greater amount of wear than the teeth having· improved bard facing fonned of a high 
proportion of relatively larger panicles of cemented tungsten carbide and relatively smaller 
particles of single~ monotungsten carbide. 

The i~provement in performance of the hard facing translates directly into increased 
footage of well drilled and increased rate of penetration, ~th of which translate directly into 

2S lowered costs for the driller. 
The enhanced performance may arise from a variety of factori. Generally speaking. the 

cemented tunpCcD carbide is tougher than either the cast carbide or the single crystal carbide. 
~having relatively large paltides of cemented tungsten cad>ide provides a toughness to lhc 
hlld facing which taists breakage. further. the single ciystal monotungsten carbide is a tougher 

30 maiedal than the cast earbide which is subject to residual suesscs. and even cracks. due to rapid 
quenching ftom high temperatuae and subsequent comminution. 

Further, the single crystal monotungsten carbide is harder lhan the cemented c;arbidc and 
therefore moic RSistant to wear. It also provides a hard material whh sharp edges for effective 
cutting of rock formation as the rock bit is used, the cemented carbide tending to be more 

35 rounded and with fewer sharp edges. By mixing relatively larger partidcs of cemented tungsten 
carbide with relatively smaller particles of single crystal tungsten carbide. denser packing of the 
carbide particles can be obtained than when there is no difference in particle size. Thus. the 

Been RJeplaced 
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proportion of carbide to steel in the bard filcing mattrial can be higher~ nominally. about six to 
ten percent higher. 

S The pvpordon of Cllbidc in the hard facing is detennined largely by the proportion in the 
weldtng "locl" used for applying the hard facing. Some dilution may OQCUL" by alloy steel fi'om 
the aud'ace of the tooth on the c:utter-eonc. This ditUtion is not a large eontributor since in a 
typical epplkadon ofhard facing to a milled tooth cutter cone for a rock bit. the thickness of hard 
facing is in the order 2mm. The amount of dilution depends to some ~on the technique 

10 employed by the welder applying the hard facing. 
The carbide content In the bard &cing can be estimated by metallogmphlc examination 

of a cross section through the hard facing. lhe approximate areas of the carbide and binder 
phases ~ be dctennine:ci- From this, the volume peiceruages of &inder and cubide can be 
estimated, and in tum the weight ~tages. Since use of dcoxldtzer in the tlller or a welding 

IS tube is essential to producing void li'cc binder phase. the dilution of the carbide filler can be 
laken Into account and the ratio of filler weight to tube weight approximated. A hypothetical 
tube type welding rod tan be projected ftom a hard facing deposited on the surface by other 

techniques. 
Thus, for consistency in this specification. the proponion of carbide tO alloy steel in the 

20 bard facing is considered on the basis of carbide content in the stick used to melt the hard facing 
onto the sutfacc. As pointed out above, the filler of c:arbide. binder and deoxidm:r is 70% to 
80% by weight (plus or minus 2%) of the stick and the mild steel tube is 20 % to 30% by weight 
{plus or minus 2%). The filler is about 96% carbide (plus or minus 2%). with a balance of 
deoxidim and binder:. Thus. as deposited, the carbido content, if both "minus" tolerances were 

2S to occur could be as low as 64% by weigh~ and if both ,.pl\JS'l tolerance levels occUITCd could 
be as high as 79% by weight. It is genaally found in practice that the actual carbide content of 
the bald facing as found on the faces of the teeth on the toek bit after welcfUlg is more than 65% 
by weight and pld'aabl,y 72% or more. However, regardless of such factors. as· used in this 
specification. the carbide content is ICferred to as the filler content of a tube used to weld the 

30 hard facing on the face of the rock bit tooth. · 
The high packing density of the relatively larger cemented tungsten carbide particles and 

relatively smaller single clJSfal carbide panictes is appropriate for iesisting hypothesized wear 
mechanisms for hard facing material. One mechanism for wear is believed to be fracture of 
carbide particles. Tough.er carbide such as cemented tungsten carbide and single crystal 

35 monotungstcn carbide enhance resi$tancc to this wear mechanism. 
The other postulated Wea!'. mechanism comprises "cxtrusion11 or yielding and consequent 

wear of the binder phase securing the carbide particles to the substrate. Wear of the binder 

This Sheet Has Been Replaced 
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leaves carbide particles exposed and unsupported for possible ftactwe. One way of enhancing 
wear resistance of the binder is to make it stronger and harder. An alloy steel binder as used in 

s pracdec of this invention provides such hardness and strength while retaining sufficient 
toughness to keep the hard facing intact. 

Another way of cahandng wear ICSistancc of the binder b to n:ducc the mean distance 
between particles so that the binder layer is thinner. This can be done by having smaller 
~but this may diminish the cutting ability of the teeth on. the cutter cone. The enhanced 

IO pactdngdemi1y and higher proportion of carbide to bjnder provi~ in practice of this invention 
also reduce the mean distance between particles or thickness of the binder phase which may be 

subject to deformation and wear 
Ill portions of a rock bit whece abrasion by rock fonnation is a more significant wear 

mechanism ~ impact of rock surfaces on the bard facing. a high proportion of single crystal 
15 WC may be employed with ~ times the weight percentage of larger particles than smaller 

particles, and with the larger particles being three times as large as the smaller particles. This 
provides a suitable particle size distribution for reducing the mean lee path of binder between 
adjacent particles.· In this way the abrasion resistance of the hard single ctystal WC can be 
advantageously combined with the resistance of the binder to extrusion and wear that would 

20 leave the Carbide unsupported. 

Generally speaking. the proportion of carbide to steel in the .hard facing should be 

maximi7.ed Cor best weat resistance. This desidcrat\lrll is promoted by employing two different 
sim particles for enhanced paclcing density. This tends to decrease toueJmess of the hard facing. 
Touglmess is maintained by employing larger particles of cemented carbide and smaller particles 

25 of monocrystallinc carbide which have gzcatcr toughness than cast carbide. The properties of 
the hard facing in the hmh environment encountered by a melt bit me not simple ftmctions or 
particle sia and proportion since diere is intcaacUon with the matrix as well. 

An improwd hard facing material for hard facing the 
gage surfaces of the cone and gage 10W teeth comprises ultra-fine particles of macrocrystallinc 

30 tungstencalbide, deoxidixer and resin binder. The improved hard facing material is free of both 
cemented tungsten cmbide and cast tungsten caibide. 

A composition within '!'e tube fbrbanl &icing the gage surfaces of the cone and gage rows 
of teeth comprises single crystal WC having a particle size primarily of less than about 200 
mesh, preferably in the tange of tiom about 200 to soo mesh, and more preferably in the range 

35 of from 200 to 32.S mesh. Thus, in a preferred embodiment. 80% or more of the crystals are 
smaller dtan about 200 mesh. In a prefened embodiment comprising 100 10 325 mesh $tnglc 

- - - ---~----------·--- - --
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crystal WC particles, the single crystal WC has an average particle size in the range of from 
about 30 to 70 inlcromc=. 

5 It is desired that the filler comprise pater than about 95 percent by weight $ingle crystal 
WC. In addition to the single crystal WC in the filler in the tube. it is desirable to include up to 
five peicent by weight of clCOJddizer and temporary resin binder. Suitable deoxidizers are those 
pre'liously described above for the bard facing material mlxtwe. Pieferably about four percent 
deOxidiar is used. A small amount of thennoset resin is dcsUable fot partially holding the 

to paiticles together in che tube so that they do not simply fall out during welding. A half ~nt 
is adequate. In a preferred embodiment~ the filler comprises in the range of from 9S to 98 
pesa:nt by weight single crystal WC. 

Ancxcmplaty filler composition can be made up.using I OOkg of200 to 325 mesh single 
crystal monotungsten carbide. 4kg of silico-manganese dcoxidizer, and O.Skg of phenolic iesin 

IS binder. 

The proportion of filler to the weight of the steel tube within which it is enclosed in an 
c1'emplary embodiment is 70% to 80% filler and 200.4. to 30% tube. These proportions can vary 
by plus C)r minus 2%. Thus, the weight of filter is in the range of &om 68% to 82% and the 
weight of the tube is in the range of from 18% to 32o/o. To obtain a weight ratio of filler 

20 to steel of70:30, a 5/32 inch (4mm) diameter tube is made with steel sheet having a thickness 
of 0.017 inch (0.43mm). Roughly the same proportions are obtained in a 3/16 inch (4.Smm) 
diameter tube by making it with steel sheet 0.02 inoh (O.Smm) thick. · 

The improved hard facing material is applied to the gage surtaces of the cone and gage 
row teeth in the same manner previously described for applying the bud fticing mixture to the 

is inner row teedL 
The impoved hard filciiig poyided in practice of this invention is more wear-resistant on 

the gage surfaces of the cone and ·gage row teeth of milled tooth cutters than hard facings 
employing cemented or~ tungSten carbide particles. mixtures of such particles with single 
crystal WC particles, or single csysta1 WC particles having panicle sizes above about 200 mesh. 

30 ASTM G6S low speed abrasion tests show that the improved hard facing materials of this 
invention display up to 6S petCCnt improvement in wear/abrasion resistanc:e. measured as 
material volume. when compared to embodiments of the hard facing materials descn"bed above 
used for the inner row teeth. 

The improvement in performance of the improved hard facing is believed due to the 
35 contribution of the ultra-tine particle size of the single crystal WC particles to Conn a facing 

surface having an ultra-fine grain structure that is highly wear/abrasion resistant. Generally 
speaking, the use of such ultra-fine particles in fomdng the improved hard facing material 

.. ------
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psoduces a bard tacing having extremely good wear and abrasion tabuncc, but having reduced 
toughness. Hard facing materials formed iom larger single ctystal WC panlcles have better 

S toughness and display l~ breakage. 
For this reason it is desired that the improved hard facing material be used on the gage 

surfaces of the cone and pge row teeth. to provide improved mistance against the aggressive 
wear and abrasion caused by continuous rubbing against the hole wall. However. it is to be 
understood that the improved facing JM~al can be used on non-gage surfaces of the cone and 

to cone teeth. includ'mg inner row Ceeth. depending on such factors as the nature of the subterranean 
matcriaJ, dniling conditions. and the aa~ of hole being drilled. 

IS 

20 

2S 

JO 

35 

Other modifications and variations of hard Cacing tor a rock bit will be apparent to one 
skilled in die art. It is. therefore, to be understood that within the scope of the appended claims, 
this invention may be practiced otherwise than as specifically described. 

· 11iiii~ 
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.' »at g Q•imecJ ts; 
t.. A tock bit hard facing comprising: 
steel In the range of from 18 to 32 percent by weight; 
filler in the mgc of &om 68 to 82 pcscent by weight. the filler comprising~ 

at least 9S percent by weight single crystal monotungston carbide particles; and 
a balance of deoJt(di?.er. 

10 2. A rock bithazd f4dng as recited in claim l wherein the single ciystal monotungsten 
carbide particles have a particle she primarily lea than 200 mesh. 

3. A rock bit hard tadng as ICCited 1n claim 1 wherein the single crystal monotuJlgsten 
carbide particles have an average particle sia in the range of fiom 30 to 70 microns. 

IS 
4. A rock bit hatd facing as recited in claim l wherein the filler comprises in the range 

of from 95 to 98 percent.by weight single crystal monotungSten car:bide partjcles. 

S. A rock bit hard facing as recited in claim I wherein the filler is both cemented 
20 tungsten Qrbide and cast tungsten carbide free. 

6. A rock bit comprising: 
a body; 
at least one a1tting cone rotatably mounted to an end or the body, wherein the cone 

25 includes a gage sud8ce at a heel portion of the cone; 
a number of teeth on the cone. whaein the teeth include gage row teeth located near a 

heel of each cone. wherein the gage surtacc of the cone and an outer end of the~ row teeth 
include the rock bit bani tacing as Reited in claim l. 

30 7. A rock bit as recited lad.aim 6 wherein dte teeth include inner row teeth located 

35 

nearacentccoftheconc, wbecein the inner row teeth include a bard facing material comprising: 
steel in the 18!1ge of ftom 18 to 32 pciccnt by Weight; and 
filler in the range of &om 68 io 82 peteent by weight, the filler comprising: 

&om 20 to 6S percent by weight single crystal monotungSten carbide particles; 
from 35 to 6S percent by weight cemented tunssten carbide particles~ and 
a balance deoxidim. 
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8. A rock bit as recited in claim 7 wherein the single ctyStal monotungstcn carbide 
particles of the bud facing material on die inner row teeth have a particle size primarily between 

5 40 and 80 mesh. 

10 

9. A rock bit as iecited in claim 7 wherein the single crystal monotungsten carbide 
particles and the cemented tungsten cazbide particles bave an average particle size in the range 

of ~m 200 to ~00 micrometers. 

10. A rock bit as recited in claim 7 wherein the cemented tungsten Cllbide paiticles 

have a particle sb:e primarily between 20 and 30 mesh. 

11. A rock bit hard facing comprising: 
1 S steel in the range of from 1 S to 32 percent by weight; 

a filler in the mnge of ftom 6810 82 percent by weight. the filler comprising: 
in the range of tiom 95 to 98 percent by weight single c:eystal monotungsten 

carbide particles having a particle size primarily less than 200 mesh; and 
a balance of deoxidizer. wherein the filler is both cemented tungsten carbide and 

20 cast tungsten carbide free. 

25 

12. A rock bit hard filcing as recited in claim l l wherein the single crystal 
monotungsten carbide particles have an average particle size in the range of from 30 to 70 
micrometers. 

13. A lock bit hard facing as recited in claim 11 comprising in the range of from 70 to 

1S percent by weight filler. 

14. A rock bit hard facing as recited in claim 11 wherein Che single crystal 
30 monotungstcn carbide particle$ have a particle size in the range of from 200 to 500 mesh. 

Titis Sheet Has Been Replaced 
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15. A rock bit hard facing material fOr gage surfaces of a rock bit cone and gage row 

teeth on the cone, tho hard filclng material comprising: 

S steel in the mage of fiom 18 to 32 percent by weight; 

filler bl the range of fi'om 68 to 8l peicent by weight. the filler comprising: 

greater than 9S percent by weight siaglc ctyStal monomngsten catbtdc particles 

ha.Ying a particle sia primarily less than 200 mesh, and having an avenge particle sb:c 

in the mnge of fiom 30 to 70 micrometers; and 

t 0 a balance of dcoxidizcr. 

15 
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16. A rock bit cornprising: 
a body; 

s at least one cutting cono rotatably mounted to an end of the body, wherein the cone 
indudcs a gage sur&.ce at a heel pottion of the cone; 

a number of teeth cm the eone. whesein the teeth include gage row teeth located near a 
heel of each cone and an inner row of teeth locat.ed near e. center of the cone. wherein the gage 

surface of the con.e and aR O~ end of the gage IO\V teeth incl~c a hard filcfag comprising: 
10 stccl in the range otliom 18 to 32 percent by weight; 

15 

filler in the iangc of from 68 to 82 percent by weight. tho filler comprising: 
at least 9S percent by weight single ay$t8l monotun~ carbide particles 

having a parlicle size primarily less than 200 mesh; and 
a balance of deoxidi7:. 

17. A rock bit as secitcd in claim 16 wherein the hard facing comprises in the range of 
from 70 to 7S percent by weight filler. 

18. A rock bit as recited in claim 16 wherein the tiller comprises in the range of from 
20 9S to 98 percent by weight single crystal monotungsten carbide particles. 

19.. A rock bit as recited in claim 16 wherein the single csystal monQtungsten carbide 

particles have an average pm:ttcte size in the tange of &om 30 to 70 micrometers. 

25 lO. A 10ck. bi~ as recited in claim 16 wherein the single cty&tal monotungsten carbide 
particles 1-ve a particle size in the range of from 200 to 325 mesh. 

ll. A rock bit as teeited in claim 16 wherein the inner row of teeth include a hard 
facing material comprising: 

30 steel in the range of fiom 18 to 32 percent by weight; and 
filter in the range offtom 68 to 82 percent by weight, the tilter comprising: 

Crom 20 to 6S pcttellt by weight single cryscat m0notungsten carbide particles 
having a particle si7.o primarily between 40 and 80 mesh; 

fiom 3S to 65 percent by weight cemented tungsten carbide particles; and 
JS a balance deoxidizer. 
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22. A roc1c bit as RCited In claim 21 wherein the cemented tungsten carbide particles 
have a pemcle size primarily between 20 and 30 mesh. 

liii~f 


