1 4 APR 2004 TI TANI UM CARBI DE/ TUNGSTEN BORI DE COATI NGS Rel at ed Applications
‘Copendi ng application Serial Nos. and , filed on even date herewi.th and
assigned to the common assi gnee hereof discloses subject matt &rAPRANGN i s
related to the present invention. Background of the Invention Field of the
I nvention The present invention relates to titanium carbide/tungsten
bori de coatings having excellent corrosion and wear resistance and to a
process for preparing such coatings. Mre particularly, the invention
relates to hard, dense, |ow porosity, corrosion and wear resistant coatings
containing ultrafine particles of titamri @m-carbi de and tungsten boride
precipitates dispersed in a netallic matrix. The invention also relates to
a process for preparing such coatings in situ by thermal spray and
di ffusion reaction techni ques. Throughout the specification, reference
will be made to plasmpi2AQIBRr 6XRBYDENTUNGISTEAL BORIDEUCOAFIRES techni ques
for depositing coatings. Typical detonation gun techniques are discl osed
in US. Patent Nos. 2,714,563 and 2,950,867. Plasma arc spray techni ques
are disclosed in U S. Patent NeelaraSAgdliamticngl6, 447. O her thernal
spray techniques are also known, for exanple, so-called "high velocity"
pl asma and "hypersonic" conbustion 1 4 APR 2004 2

Copending application Serial Nos.

and , filed on even date herewith and
5 assigned to the common assignee hereof discloses
subject matter which is related to the present

invention.

Background of the Invention

Field of the Invention

10 The present invention relates to titanium
carbide/tungsten boride coatings having excellent
corrosion and wear resistance and to & process for

preparing such coatings. More particularly, the
invention relates to hard, dense, low-porosity, -

15 corrosion and wear resistant. coatings containing
ultrafine particles of titanium carbide and tungsten
boride precipitates dispersed in a metallic matrix.
The invention also relates to a process for
preparing such coatings in situ by thermal spray and

20 diffusion reaction techniques.

Throughout the specification, reference
will be made to plasma arc spraying and detonation
gun (D-Gun) techniques for depositing coatings.
Typical detonation gun techniques are disclosed in

25 U.S. Patent Nos. 2,714,563 and 2,950,867. Plasma
arc spray technigques are disclosed in U.S. Patent
Nos. 2,858,411 and 3,016,447. Other thermal spray
techniques are also known, for example, so-called
"high velocity" plasma and "hypersonic" combustion

30



spray processes, as well as the various flane spray processes. Heat
treatnent of the coatings is necessary and nay be done after deposition in
a vacuumor inert gas furnace or by electron beam |aser beam i nduction
heating, transferred plasma arc or other technique. Alternativeldehtfill§ on
techni ques such as slurries, filled fabrics or electrophoresis, followed
by heat treatnent, are also known. Still other nethods include

si mul t aneous deposition and fusion utilizing plasna transferred arc, |aser
or electron beam surface fusion with or w thout post deposition heat
treatnment. Background Art Cutting tools are usually nmade of tungsten

car bi de-cobalt alloys. These alloys are-ekttenely hard, strong and tough
and exhi bit excellent wear properties under nost conditions of use.
However, a problemw th these alloys has been that tungsten carbide is
subject to oxidation at tenperatures above about 540C. \Wen operated at

t hese el evat edsprepperatasseesfopsawgliugsaithed vpeliosd, fdwmme sgnayol s nade

of these alloyg, Leeasaahe' fieleat BLORRKL 6% 2AE chafdugal lps crack, spall or

chi p. Chem cal *vapor deposition. techniques have been used to inprove the
wear propert|eBeaﬁGSﬂ§x|aaﬁ|@ﬁYrb§|§P§ﬁcéf6?ftdﬁ@@ﬁéﬁiéékﬁmd@-cobalt

cutting tools bxcdsméttmere gasnfhéﬁ%eoart bgaellwé@cr@rb%relaaﬁ (Ti B2) on
the surface of the parts. O interactions en Ti B2 .and WO/ Co at

el evat ed ?enpé?ﬁ?ﬁr@%ama iﬁﬁHCFFPﬁlﬁﬁPGEnﬁs te8asERIT eshSHESTED i crons
thick, is fornaelcoartbehéﬂrtaeﬁne_i;ubhe A14eARBt20@4 deposition

techniques such as slurries, filled fabrics or
electrophoresis, followed by heat treatment, are
also known. Stlll other methods 1include

10 simultaneous deposition and fusion utilizing plasma
transferred arc, laser or electron beam surface
fusion with or without post deposition heat
treatment.

Background Art

15 Cutting tools are usually made of tungsten
carbide-cobalt alloys. These alloys are extremely
hard, strong and tough and exhlbit excellent wear
properties under most conditions of use. However, a
problem with these alloys has been that tungsten

20 carbide is subject to oxidation at temperatures
above about 540°C. When operated at these elevated
temperatures for any sustained period, cutting tools

made of these alloys loose theilr wear propertles and
frequently crack, spall or chip.

25 Chemical vapor deposition techniques have
been used to improve the wear properties and
oxidation resistance of tungsten carbide-cobalt
cutting tools by depositing & thin layer of titanium
diboride (TiBz) on the surface of the parts. Due

30 to interactions between TiB2 and WC/Co at elevated
temperatures, a thin f£film which is less than about

30 microns thick, is formed on the surface of the



3 cutting tools which contains CoWB and Ti C conpounds. Titanium carbi de
has a hi gher oxidation resistance than tungsten carbide and is nore
stabl e. Consequently, the formation of a film containing these1dohﬂbmﬂﬂs
i ncreases the wear resistance of the cutting tools. Vapor deposited filns
containing CowB and TiC are furthernore limted to use with only a few
substrates, particularly tungsten carbide-cobalt alloys. It would be
advant ageous therefore to develop Ti C WoB coatings which can be applied
to a variety of substrate materials. Summary of the Invention According to
the present invention, there is provided ;a_famly of titanium

car bi de/tungsten boride coatings having excell ent abrasion and corrosion
wear resistance and which are conpatible wth a variety of substrate
materials. These coatings conprise hard, ultrafine, titanium carbide

ticl dt Ld i pi_tat di d, d talli tri
Phe tuo phases CRBELRE,EBRYS PRERPLRSnEaThs s o d Torume. per cant of
the coating. Thempoahdeg hTdtanhamdeasdidie dlasuta HigHer oG CRIBOO
(HV.3) and is cggg?éga e“%kﬁﬁfgﬁﬂE§§EEggB§?§§§;§§4fié(héggnn 800C. The

coatings of the presenﬁélnve y "a“process which
conpri ses depos$téhye. onfonaegqubptiat, e themforasitdain o fhlarfddds powder

m xture Coﬁposeéoﬂia§ﬁ?ﬁéaEﬁeEB”Eg&g@hﬁdknih%Q%%%e triPSfedt first
conponent contalning tungsten carbrde and a second conponent containing
boron and at | eE®$istance of the cutting tools.
Vapor deposited films containing CoWB and
TiC are furthermore limited to use with only a few
substrates, particularly tungsten carbide-cobalt
10 alloys. It would be advantageous therefore to
develop TiC/WCoB coatings which can be applied to a

varlety of substrate materials.

Summayry of the Invention

According to the present inventlon, there

15 1is provided & family of titanium carbide/tungsten
boride coatings having excellent abrasion and
corrosion wear resistance and which are compatible
with a variety of substrate materials. These
coatings comprise hard, ultrafine, titanium carbide

20 particles and tungsten boride precipitates dispersed
in & metallic matrix, the two phases constituting
from about 30 to about 90 volume percent of the
coating. The coating has a hardness of about 700 to
1200 DPH300 (HV.3) and is capable of withstanding

25 temperatures up to about 800°C.

The cosastings of the present invention may
be prepared by a process which comprises depositing
onto a substrate a mechanically blended powder
mixture composed of separate components inéluding at

30 least a first component containing tungsten carbide
and a second component containing boron and at least
one metal selected from the group consisting of



one netal selected fromthe group consisting of 1 4 APR 2004 4 ni ckel,
cobalt and iron, said powder m xture including titaniumin the first or
second conmponent or in a separate third conponent, at |east one 10f Pg?@
first, second or-third conmponents having a nelting point beIOM/abou# 60,
and then heat treating the as-deposited coating. The heat treatnent
effects a fusion reaction between the deposited elenents resulting in the
formation of wultrafine particles of titanium carbide and tungsten boride
di spersed in a netallic matrix. The coating can be deposited onto the
substrate using any of the known deposition techni ques above or a simlar
technique. In a preferred enbodi nent of'tﬁe'present I nvention, coatings
containing titanium carbide and tungsten-boride precipitates are applied
to various substrate materials. Brief Description of the Draw ng

Figure 1 is a photonicrograph taken at a nmagnification of 220X show ng a
typi cal as- depdsliaksi c‘ifgﬁ o aRE oty $HLY ROPIESSBEXERE®Nnti on. Figures 2

i's a photoni cr agicARiY ok e ©dn fum NBYNEHE CRLt O Of 4ddanshovhpenénbeat
et e cont | Ao Ukl T PSSR ST SR BT L S
m croscope ( SEMhesfavwsty, isecondirgedhiitdi dotpenents having a
5 melting point below about 1200°C, and then heat
treating the as-deposited coating. The heat
treatment effects a fusion reaction between the
deposited elements resulting in the formation of
ultrafine particles of titanium cerbide and tungsten
10 boride dispersed in a metallic matrix. The coating
can be deposlited onto the substrate using any of the
¥nown deposition technigues sbove or a similar
technique.
In a preferred embodiment ¢f the present
15 invention, coatings containing titanium carbide and
tungsten-boride precipitates are applied to various
substrate materials.

Brief Description of the Drawing

Figure 1 is a photomicrograph taken at a

20 magnification of 220X showing a typical as-deposited
coating according to the present invention.

Figures Z is a photomicrograph taken at a
magnification of 440X showing a heat treated coating
according to the present invention.

25 Figure 3 is & photomicrograph taken at a
magnlfication of 3500X in & scanning electron
microscope (SEM) showing in enlarged detail the
microstructure of a typical coating according to the
present invention.

30 Figure 4 is a group of curves comparing the
welght galin of coatings prepared according to the
present inventlon and conventional coatings when
exposed to an oxidlzlng environment.



m crostructure of a typical coating according to the present invention.
Figure 4 is a group of curves conparing the weight gain of coathqgngz%%
prepared according to the present invention and conventional coati ngs en
exposed to an oxidizing environment. 1 4 APR 2004 5 Description of the
Preferred Enbodi nent The coatings of the present invention are preferably
applied to a substrate using thermal spray processes. In one such process,
i.e. plasma spraying, an electric arc is established between a
non-consumabl e el ectrode and a second non-consunabl e electrode spaced
therefrom A gas is passed in contact with the non-consumabl e el ectrode
such that it contains the arc. The arc-—cént-aining gas is constricted by a
nozzle and results in a high thermal content effluent. The powdered
coating material is injected into the high thermal content effluent and
I's deposited onto the surface to be coated. This process and plasma arc
torch used therein areDdesecibhédni nfUtSe Patedrirddst EnREAmErt The plasm

spray process produces eposi coat j | LS e , and
adherent to the substraﬁ} ﬁ?ég§§553| é@“@dﬁ?%%€n§|§§9§§§§P§t§§§f

irregul arly shaped erialos aypld eshl ta sa csubstwate whs thgatbermadr | ocked and
mechani cal |y bg@%g;tﬂ%dyggségynr¥ﬁ arale ﬁﬁéﬁa%go%§§%§ug§é[aﬁgaségother

nmet hod of agplying the coatings to a substr etonat1 on gun
(D- Gun) depdsi BPERY IR&y At H1qSIGAF BF2i 5§ seetabhishedybeiwesnwat er - cool ed

barrel which i%dﬁﬂﬁﬂﬁﬁuﬂé3¥e|éﬁébtrode and a second non-consumable
electrode spaced therefrom. A gas is passed in

contact with the non-consumable electrode such that
it contains the arc. The arc-containing gas is

10 constricted by & nozzle and results in a high
thermal content effluent. The powdered coating
material is injected into the high thermal content
effluent and is deposited onto the surface to be
coated. This process and plasma arc torch used

15 therein are described in U.S. Patent No. 2,858,411.
The plasma spray process produces & deposited
coating which is sound, dense, and adherent to the
substrate. The deposited coating also consists of
irregularly shaped microscopic splats or leaves

20 which are Interlocked and mechanically bonded to one
another and salso to the substrate.

Another methdd of applying the coatings to

a substrate is by detonation gun (D-Gun)
deposition. A typlcal D-Gun consists essentially of

25 & water-cooled barrel which is several feet long
with an inslde diameter of about one inch. 1In
operation, a mixture of oxygen and & fuel gas, eg.
acetylene, In a specified ratio (usually about 1:1)
is feed into the barrel along with a2 charge of

30 powder to be coated. The gas is then ignited and
the detonation wave accelerates the powder to about
2400 ft./sec. (730 m/sec.) while heating the powder



with an inside dianmeter of about one inch. In operation, a m xture of
oxygen and a fuel gas, eg. acetylene, in a specified ratio (usually about
1:1) is feed into the barrel along with a charge of powder to bq g&g%jﬁ
The gas is then ignited and the detonati on wave accelerates the 'p %o
about 2400 ft./sec. (730 msec.) while heating the powder 1 4 APR 2004 6
close to or above its nelting point. After the powder exits the barrel, a
pul se of nitrogen purges the barrel and readies the systemfor the next
detonation. The cycle is then repeated many tinmes a second. The D Gun
deposits a circle of coating on the substyate with each detonation. The
circles of coating are about one inch (25°m) in dianeter and a fewten
t housandt hs of an inch (i..e., several mcrons) thick. Each circle of
coating is conposed of many overl apping mcroscopic splats correspondi ng
to the individual powder particle ver | appi ng re interl ocked

3. The 3 gglats
and bonded to e8tRS8t hRr °&nBPOVE kS BEALERE BOW thout TEE8s(TA%t i al al | oyi ng
at the interfacpokhereekitihenpl paegent, af puigeciofchasriogent lpairgest i ng

deposit are closely. controlled_to..build-u noQt ti of uniform
t hi ckness and fBenPﬂFﬁ?ieagabEFPgésshggFi%5%§§8 ?82i%ﬁgln%%FESses in the
appl i ed coati ngdefsnatfener alheutgclehédspaheer eepeadeidnganyattdmiesi aused in
t he thernal SPray.BRrycess will have essentially the same conposition as

: 5 %c . : :
the applied™ coafrng itself. Wth some thernmal spray equi pnment, however,
changes in conposition nipebB-Expeéerasits a circle of coating on

the substrate with each detonation. The circles of
coating are about one inch (25 mm) in diameter and a
few ten thousandths of an inch (i.e., several

10 microns) thick. Each circle of coating is composed
of many overlapping microscoplc splats corresponding
to the individual powder particles. The overlapping
splats are interlocked and bonded to each other and
to the substrate without substantial alloying at the

15 interface thereof. The placement of the circles in
the cbating deposit are closely controlled to
build-up a smooth coating of uniform thickness and
to minimize substrate heating and residual stresses
in the applied coating.

20 As a general rule, the powdered coating
material used in the thermal spray process will have
essentially the same composition as the applied
coating itself. With some thermal spray equipment,
however, changes in composition may be expected. 1In

25 such cases, the powder composition will be adjusted
accordingly to achieve the desired coating
composition.

Although the present invention will be
described hereinafter with-particular rteference to

30 coatings prepared by the plasma arc spray process,
-1t will be understood that any of the known
deposition techniques mentioned above or similar

techniques can also be employed.



such cases, the powder conposition will be adjusted accordingly #q gpmngye

t he deS|red coating conposition. Although the present invention will be
descri bed hereinafter with particular reference to coatings prepared by
the plasma arc spray process, .it will be understood that any of the known

deposition techniques nmentioned above or simlar techniques can al so be
enpl oyed. 1 4 APR 2004 7 According to the present invention, wear and
corrosion resistant coatings are applied to netallic substrates by plasma
spraying a nechanically blended powder m xture contai ning separate
conponents including a first conmponent containing tungsten carbide and a
second conponent containing boron and at jeast one netal selected from
the group consisting of nickel, cobalt and iron. The powder m xture w ||
al so include titaniumin the first or second conponent or in a separate
third conponent. The first, second or third conponent, preferably the

second conponent Conta'ﬂbEGrQQhEntoS@ﬂ%|?r@%%%taiﬁﬁéﬂﬂﬁﬁyﬂﬂdg<ﬂess t han

about 1200C. The as-deposited coating I hen heat treated 'at an el evated
t enperat ure suf®PEi EAFTOBOREFESARLENEORPORARES FTEhEDPAIWESY tH xture. At

these tenperat U:ﬁ@ﬁalﬂiéfﬂﬁb@ﬁré'ﬁd30’89"'E§§|5ﬁ&e§§3}r'a9'1%g @ccur between thf
e therm Spray pr,ocess, sone O

thin overl appi S 0S
whi ch contain tﬁ% g%?ﬁ cg BPQEQCBHﬂSEEnFi%FPWeoFQMtPH@GPg titanium
ot hers of wi chsepatatea t¢bmepohenos- tantadinpgaalfliey tcemapoeintni th or

wi t hout containing tungsten carbide and a second component

containing boron ﬁnd at least one metel selected
from the group consisting of nickel, cobalt and
iron. The powder mixture will also include titanium

10 in the first or second component or in a separate
third component. The first, second or third
component, preferably the second component
containing boron, should have a melting point less
than about 1200°C. The &s-deposited coating is then

15 heat treated at an elevated temperature sufficlent
to melt this component in the powder mixture. At
these temperatures, diffusion and chemical reactions
occur between the thin overlapping splat deposited |
by the thermal spray process, some of which contain

20 the tungsten carbide component with or without
titanium, others of which contain the
boron-containing alloy component with or without
titanium, and still others of which contain titanium
when no titanium is employed in either of the first

25 mentioned components. These diffusion and chemical
reactions result in the substitution of titanium for
tungsten in the carbide phase and reaction between
tungsten and boron to form boride precipitates,
because the affinity of carbon to titanium is

30 greater than that to tungsten. The titanium carbide
particles and tungsten boride precipitates are
uniformly dispersed in the metal matrix.



titanium and still others of which contain titanium when no titaniumis
enpl oyed in either of the first nentioned conponents. These diffusj ﬁM
chem cal reactions result in the substitution of titaniumfor tﬁLSQ@gg I'n
t he carbi de phase and reaction between tungsten and boron to form boride
precipitates, because the affinity of carbon to titaniumis greater than
that to tungsten. The titanium carbide particles and tungsten boride
precipitates are uniformy dispersed in the netal matrix. 1 4 APR 2004 8
Essentially no reaction takes place between the powder particles during
deposition so that the splats, before heat treatnment, retain their initia
powder conposition. The coatings of the pre8ent invention may be prepared
using a two conponent system that is, a first tungsten carbi de conponent
and a second boron-containing alloy conponent with either the first or
second conmponent or both containing titaniumor alternatively, a multiple

conmponent syst eRkBByitha1epPheye@actieonmiskied @ P BEIUeersiHeem i S
enpl oyed in those

erploved 1 {hosgogaes putie il ARy ety STRL AL, per ope o
enpl oyed i n thosspiateat befierehdéeati ttrieetment, retain their initial
powder composition.
5 The coatings of the present invention may
be prepared usihg'a two component system, that is, a
first tungsten carbide component and & second
boron-containing alloy component with either the
first or second component or both conteining
10  titanium or alternatively, & multiple component
system may be émployed. The multiple component
system 1s employed in those cases where titanium is
not employed in either one of the first two
components. The multiple component system may &also
15 be employed in those situations where it is '
desirable to include additional elements in the
metal matrix. '
The formation of coatings containing
titanium carbide and tungsten boride may proceed
20 according to one of the following equations:
(1) (W.Ti)C-M1 + (MZ-B) - WMiB + TiC + (MZ-MI)

- - 1 -
(2) WC Ml + Ti + (Mz B) = WMlB + TiC + (M2 Ml)

(3) WC-M, + Ti-B + (MZ—B) - WMJ)B + TiC + (MZ-M")

1 1 1

wherein Ml and M2 are at least one metal
25 selected from the group
consisting of nickel, cobalt
and iron and optionally any
other metal or metal alloy;
is boron

B
30 My o= M] o+ MY




desirable to include additional elements in the nmetal matrix. The
formation of coatings containing titanium carbide and tungsten bﬁahqﬁquy
proceed according to one of the follow ng equations: (1)(WTi)GC +
(M-B) -* WIB +TiCc+ (MM (WML + Ti + (M-B) -~ WB+ TIC + (M-M
) (3)WC-ML + Ti-B+ (M-B) i WMB + TiC+ (M2-M) wherein ML and M2 are at
| east one netal selected fromthe group consisting of nickel, cobalt and
iron and optionally any other netal or netal alloy; Bis boron M = M +
MBf 1 4 APR 2104 9 In addition to the elenents nentioned, M and M2 nmay

al so contain small anounts of other elenents such as carbon, oxygen and
nitrogen. The proportion of titanium tungsBer, carbide and boron used in
t he powder m xture determ nes the volune fraction of both the titani um
carbide and tungsten borides that precipitate in the netal matrix.
Generally, the ratio of tungsten to boron should be kept in a range from
about 0.4 to about 2.0. Thg rfddor oin ttd atheneleneatbonensiabedt M. 0. For

opti mum wear and corrosi on properties t he vol CLEO titani um
carbide and tung®&¥hMpHana %c‘?(ﬂ?tt%jt’bssql%lf éegg%% ?n%ksﬁgﬁ%ﬁ be

mai ntai ned in a reAargRedtLBEdPHEHs ItorpoakySdn and nitrogen.
The proportion of titanium, tungsten,
> carbide and boron used in the powder mixture
determines the volume fraction of both the titanium
carbide and tungsten borides that precipitate in the
metal matrix. Generally, the ratio of tungsten to
boron should be kept in a range from about 0.4 to
10 about 2.0. The ratio of titanium to carbon is about
1.0.

For optimum wear and corrosion properties,
the volume fraction of titanium carbide and tungsten
boride precipitates in the coating should be

15 maintained in a range from about 30 to about 80
volume percent. Typically, the volume fraction of
the titanium carbide particles will be about 15 to
30 volume percent whereas the volume fraction of the
tungsten boride precipitates will be about 30 to 50

20  volume percent.

1t has been found that coatings can be
prepared with a volume fraction of tungsten borides
in the above ranges if the elements in the

. boron-containing alloy are kept within the following

25 proportions: from about 3 to about 20 wt. % boron,
0 to about 10 wt. % molybdenum, 0 to about 20 wt. %
chromium, 0 to about 5 wt. % manganese, 0 to about 5
wt. % aluminum, 0 to about 1 wt. % carbon, 0 to
eabout 5 wt. % silicon, 0O to about 5 wt. %

30 phosphorus, 0 to about 5 wt. 7 copper and 0 to about
5 wt. % iron, the balance being nickel, cobalt or
iron or combinations thereof.



vol ume percent. Typically, the volune fraction of the titanium carbide
particles wll be about 15 to 30 volune percent whereas the vol une

fraction of the tungsten boride precipitates will be about 30 to §04APRHM4
vol ume percent. It has been found that coatings can be prepared with a
volume fraction of tungsten borides in the above ranges if the elenents in
the boron-containing alloy are kept within the follow ng proportions: from
about 3 to about 20 wt. % boron, O to about 10 wt. 9L nol ybdenum O to
about 20 wt. % chromum O to about 5 wt. % nanganese, 0 to about 5 w. %
alum num O to about | w. % carbon, -0160-about 5 w. ". silicon, O to

about 5 wt. % phosphorus, 0 to about S w. % copper and 0 to about 5 w. %
iron, the bal ance being nickel, cobalt or iron or conbinations thereof. 1
4 APR 2004 - 10 Most any boron-containing alloy can be used to prepare
coatings accordi ng toMisd pngséarcniaeetiningsallany cas beeuakldoy satisfies
the requiremnts rteh%ocalcfihggl Qeces@@@ﬁg% AHld Presenthi ch are

particularly SUIte arln coat | ngs accordlng to the present

e 1n
i nvention ar &Y ni ﬁ%iBPé- E? ot ‘EI?AIS‘EI_&IE”IS h€ONTAI NI NG ALLOYS 10
Conposi ti on (nm:ngJttetﬂeﬁtAI lody tNe. 8l £FS6 1 d&h FsGctBalmncal3o$$3-5 2. 75-4

3-50.6-0. 9 1%@@%&%%%%@%%1?&% S @1 803 % MP%ise 1n preparing

coatings according to the present invention are
given in Table I below.

TABLE I

BORON-CONTAINING ALLOYS

10
Composlition (weight %)
Alloy No. Ni Cr si B Fe cC
1 Balance 13-17 3-5 2.75-4 3-5 0.6~0.9
15 2 Balance 6-8 3-5 2.5-3.5 2-4 0.5-Max
3 Balance 3-4 3-5.4 8.8-10.8 2-3.5 0.32-Max
4 Balance 4.5-6 2.3~-4 5.6-7 1.5-3.8 0.41-Max
5 Balance 3.2 2.5 6

It will be realized of course that the
20 boron-containing alloy may not be required in those
-cases where the titanium-contsining alloy or
compound incorporates boron, e.g. TiBz.
It is important in the practice of the
present Iinvention to heat treat the as-deposited
25 coating at a sufficlently elevated temperature for
the boron-containing alloy to be fluid enough to
promote the diffusion reaction, typically about



3Bal ance3-43-5.4 8.8-10.8 2-3.50. 32- Max 4Bal ance4.5-62. 3-4 5.6-7
1.5-3.80.41- Max 5Bal ance3.22.5 6 It wll be realized of course thqt hﬁ?ﬂﬁp
boron-containing alloy may not be required in those cases where tﬁb

titaniumcontaining alloy or conpound incorporates boron, e.g. TiB2.

| mportant- he practice of the present invention to heat treat the

int

It is

as-deposited 25 coating at a sufficiently elevated tenperature for the

boron-containing alloy to be fluid enough to pronote the diffusion.
cally about 1 4 APR 2004 - 11 1000C. The heat treatnent
tenperature can be substantially higher than 1000C if desired, e.g.
1200C, but the tenperature should not be $¢

reaction,

affect the substrate.
heat treatnent tenperature for times sufficient to
and/ or diffusion between the

| nportant,

The heat treatnent of the coatin enera

typi

ano

an inert gas

occurs.

10

-high as to detrinentally

The 5 as-deposited coating should be maintained at
pronote the reaction
conponents of the coating. Alimted, but

about

Udo®¥e di s il £ e@féé?ﬂeﬂf?%‘flﬁpé%é@uréoc%t Bet he substrate.

carried out in a vacuum or

fﬁkbﬁﬁﬁﬂt#ﬂkkﬂrﬁ&&ﬂ%ﬁyth¥%e1%%ﬁf t tEafREATeEan®n8 - achi eved
by surface fusigibpr OCEFSES, pieh ﬂ%l&@b@@&t@ﬁebgﬁmwaﬁat beago

transferred plasna ar c, duct i on he tin er techni ques | ong as
the time at el'Bi&h Eﬂwé#%ﬁ%ﬁ%ﬁ?% %f?gg?%ﬁtF sﬁBgftrB p&gfective
atnnsphereiﬂsrysxﬂehnhfmgﬂlddumimp sbégndfbeam&inxedabﬂoatohahhe coati ng

treatment temperature for times sufficlent to
promote the reaction and/or diffusion between the
components of the coating. A limited, but
important, amount of diffusion reaction occurs also
with the substrate.

The heat treatment of the coating is
generally carried out in a vacﬁum or an inert gas
furnace. Alternatively, the heat treatment can be

~achleved by surface fusion processes such as

15

20

electron beam, laser beam, transferred plasma arc,
induction heating or other technigques so long as the
time at elevated temperature is sufficiently short
or a protective atmosphere is provided such that no
significant oxidation of the coating occurs.

An advantage of the present invention is
that the coatings can be applied with success to
many different types of substrates using the known
deposition techniques described above or similar

" techniques. However, the substrate must be able to

25

30

withstand the effects of heat treatment without any
harmful result. Suitable substrate materials which
can be coated according to the present invention
include, for example, steel, stainless steel, iron
base alloys, nickel, nickel base alloys, cobalt,
cobalt base alloys, chromium, chromium base alloys,
titanium, titanium base alloys, refractory metals

and refractory metal base alloys.



20 An advantage of the present invention is that the coatings can be
applied with success to many different types of substrates USIngévﬂﬁZWP
deposition techni ques described above or simlar techniques

substrate nust be able to 25 withstand the effects of heat treatnent

Wi thout any harnful result. Suitable substrate materials which can be
coated according to the present invention include, for exanple, steel,
stainless steel, iron base alloys, nickel, nickel base alloys, cobalt, 30
cobalt base alloys, chromium chrom um base alloys, titanium titanium
base alloys, refractory netals and refracg%iy netal base alloys. 1 4 APR
7004 - 12 Coatings of the present inventi are nost advantageously
applied to substrates of carbon steel, stainless steels, and superall oys
(e.g., iron, nickel and/or cobalt base alloys). 5 The thickness of

coati ngs prepared according to the present inventjon %eferaII%Evarg from
about 0.005 to about 0.0469&Ngs. o XhePresent plnvepslan PERePRFE). The

m crostructures @Eddﬁt ugmysaﬁptigﬁ ﬂé)guwxmf&t¢@vcﬂtcaﬂbane sonewhat
conpl ex and not fuI und ﬁ ood. Ho ver tudi es so

far conduct ed thét TS Qén?%ﬁ?@a ¥€%Ss§%a ate hard
phases conpr|3|nguddr%ﬂﬂdknltandenunmhﬁIn(hﬁ$mfalb¢£s)and tungsten boride

casenti al |y Srystalline. rdlt el ot od (¥ SrepdBld 1 12 d phase
and has a | ow p&@ceexisiing yto the present invention generally vgry
from about 0.005 to about 0.040 inch (1.3 X 10° to
1.0 X 103 micrometers).
The microstructures of the coatings of the
10 present invention are somewhat complex and not fully
understood. However, it is known from studies so
far conducted that the coatings conteain essentially
two separate hard phases comprising ultrafine
titanium carbide particles and tungsten boride
15 preciplitates dispersed in a metal matrix. The metal
matrix 1is essentially crystalline, relatively dense,
softer than either hard phase and has a low
permeability.
The size of the titanium carbide particles
20  and tungsten. boride precipitates will vary depending
upon several factors including the heat treatment
temperature and time. However, the average particle
size will usually be sub-micron, typically from
_about 0.5 to about 3.0 microns.
25 Generally speaking, the hardness of the
coatings varies in direct proportion to the volume
~fraction of the hard phase. It is possible, for
example, to tailor the hardness to a particular
range of values by varying the atomic ratio of
30 tungsten to boron within the powder mixture. The
hardness of the coatings is typically about 800
DPH300 (HvV.3).




The size of the titaniumcarbide particles 20 and tungsten boriqf R 2004
precipitates will vary depending upon several factors includin ﬁg %3 t
treatment tenperature and tinme. However, the average particle size wll
usually be sub-mcron, typically from about 0.5 to about 3.0 mcrons. 25
Ceneral |y speaking, the hardness of the coatings varies in direct
proportion to the volune fraction of the hard phase. It is possible, for
exanple, to tailor the hardness to a particular range of val ues by varying
the atomic ratio of 30 tungsten to boron within the powder m xture. The

har dness of the coatings is typically ab 800 DPH300 (HV.3). - 13 An

| nportant advantage of the present invention is that the diffusion
reaction between tungsten and the boron-containing alloy takes place at
relatively | ow heat treatnent tenperatures, e.g., 5 about 1000C. Although

t he exact reason for thi henonenon_ is_n nder st 00 Lt 1S believed to
be due to the build-up %f ﬁ?%%r{%'?ér%‘ﬁa%%%gsgg g’ﬁ% gﬁ?g%ggat I ons i nside
the | anel | ar splratentdror eies/eshat hidte ad f Hepbon t eelaobiontbetwebstrat e by

thermal 10 spr 3%{“{%}5* ﬂftgﬁtboﬁ%m@eﬁg?&%ﬁ?g%g@rg%ggé R?%Senor mal |y

formed by conv casting or presse Si g I cantly
hi gher tenper@&turmssiatively ghenthgat htreayeent 1BOOFETFREERShi GREF »

tenperatures argdigualdop<de! i AR Abgh Othd SeXBSt 568868 £BHCthOst he | ow
heat treatment tenperatures required in the present coating pgocess, t he
r

substrates can HERIRENInte HPt HRACEHOMr nt bl 121 petigved to Dbe
due to the build-up of high internal stresses and

dislocations inside the lamellar splats or leaves
that are deposited onto the substrate by thermal
10 spraying. 1In contrast, metal borides and carbides
are normally formed by conventional casting or hot
pressed methods at significantly higher
temperatures, i.e., greater than about 1300°C.
These higher tiemperatures &are usually detrimental to
15 most steels. Due to the low heat treatment
temperatures required in the present ccoating
process, the substrates can now be coated without
any harmful effects.
The following examples will serve to
20  further illustrate the practice of the present
invention.

Example I
A number of TiC!WZCoBZ
prepared by plasma spraying powder mixtures of a
25 tungsten carbide-cobalt alloy, titanium diboride
(TiBz) and Alloy No. 2 on AISI 10181 steel
specimens measuring 3/4 x 1/2 x 2-3/4 inches to a
thickness of gbout 0.020 inch (0.5 mm). The mix
formulation was as follows: 50 wt.% (WC-10 Co) + 10

coatings were

30

1AISI 1018 steel is a low carbon steel (approx.
0.18C, balance Fe)




The follow ng exanples will serve to 20 further illustrate the phﬁ§JWEQMQf
the present invention. Exanple -1 A nunber of Ti C/ W2CoB2 coati ngs

prepared by plasna sprayi ng powder m xtures of a 25 tungsten

carbi de-cobalt alloy, titaniumdiboride (TiB2) and Alloy No. 2 on Al S|
10181 steel specinens neasuring 3/4 x 1/2 x 2-314 inches to a thickness of
about 0.020 inch (0.5 mm). The nix formulation was as follows: 50 w.%
(WC-10 Co) + 10 30 1AISI 1018 steel is a |low carbon steel (approx. 0.18C,
bal ance Fe) 1 4 APR 2004 - 14 wW.%TiB2 + 40 wt.. Alloy No. 2. The Wto B
atomc ratio was about 1. A polished cross-section of the as-deposited
coating is shown in Figure 1. The- coatlngjpas a. lanellar structure
consisting of 5 irregular shaped splats-fitmy adhered to one another and
to the steel substrate.. The splats were forned by inpact. of WC Co, TiB2
and. Alloy No. 2 pomders in the nolten or sem - nDIten condition on the

substrate. The- Slt a he eat, tf ed, for one
hour at. & terrpé"r a"&ud[g' (0 ab wot ?08%1 O(Y 1'%07 .@é uum o?éargon. . Figure
2 shows the _coaﬁnangstnardtmﬁasaf&mmaa-t t& amh‘esinedAsroshommﬂ.he coating
consi sts of a pdf'mc% GRALd saxn“& %dﬂﬁrgiéf Wy fﬁ’“ﬁi QFged by

di f fusi on reacti on bet we e coatln teri s and strate. The
i nterdiffusi on Zee CQﬁer}Jm)dlﬁs %) k@%‘d&ﬁ O?W@F%e W@I%H\tha‘?f

finger-like isronthegdamasdharaigiei®ed firmly adhered to one

another and to the steel substrate. The splats were
formed by impact of WC-Co, TiB2 and Alloy No. 2
powders in the molten or semi-molten condition on
the substrate. The‘&s—deposited coating was then
10 heat treated for one hour at a temperature of about
1000 to 1075°C in vacuum or argon. Figure 2 shéws
the coating structure after heat treatment. AsS
shown, the coating consists of a primary coating and
an interdiffusion zone formed by diffusion reaction
15 between the coating materials and substrate. The
interdiffusion zone was about 50 to 60 micrometers
wide with a finger-like iron-boride phase scattered
along the diffusion zone/substrate interface. The
primary coating contains & great number of fine
20 particles distributed uniformly in a Ni-Cr-Si-Fe
matrix. The particles were identified as TiC and
WZCoB2 prhases by X-ray diffraction and EDX
analyses. The TiC and w20032 phases were formed
by substituting T{ for W in the carbide and reacting
25 W and Co with B during diffusion, and chemical
reaction between WC-Co and TiB2 splats, because
the affinity of Ti to C is greater than that of W to
C. 1In Figure 3, a scanning electron micrograph
reveals TiC and W,CoB., phases with a particle

2 2

30 size less than 1 micrometer. The w2CoB2 phase

exhibits a characteristic light contrast, while the
TiC phase exhibits a dark contrast dispersed in the

matrix.




al ong the diffusion zone/substrate interface. The primary coating contains
a great nunber of fine 20 particles distributed uniformy in a Ni-ﬁ) g% fﬁﬁ
matri x. The particles were identified as Ti C and WCoB2 phases by %- 49
diffraction and EDX anal yses. The Ti C and W2CoB2 phases were formed by
substituting Ti for Win the carbide and reacting 25 Wand Co with B
during diffusion, and chem cal reaction between WC-Co and Ti B2

spl ats, . because the affinity of Ti to Cis greater than that of Wto C. In
Figure 3, a scanning electron mcrograph reveals Ti C and WCoB2 phases
with a particle 30 size less than 1 mcronmeter. The W2CoB2 phase exhibits
a characteristic light contrast, while th Ti C phase exhibits a dark
contrast dispersed in the matrix. 1 4 APR 2004 - 15 Metall ographic

exam nation of the coatings revealed an apparent porosity in the range of
0.5 to 0.75 percent and a hardness ranging fromabout 700 to 1100

DPH300(HV. 3). 5 Abrasiv r les of.th CoB2 c tlngs
prepared above were deﬁ@¥ﬁ$ﬁ% Réﬁhéf61§?%ﬁ fhoﬂr§¥vgﬂﬁ/?ﬁﬁ PEHhee

abr asi on test d&&w@ﬂnﬁian1dﬁﬁﬁﬂéﬁtﬁmﬂm@htlﬁSi@OthePrmngduoé .51 nothis
test, the coat r S m agai nst
a rotating \/\/nezlij mo%nét@é]ﬁﬁ oro rfaééﬂﬁ%?g pXrﬁgFﬁ%u%%%m %tgﬁeeﬁé

abrasive (i.e. ,tc0-1AP &HM%B)Eﬂllca Sand) was introduced betmeen t he

coating ands the rubber tvel e AN EStoM@SL {08 a8 £deh& the 15 direction of

t he abrasive flow. The test specinens
TiC/W CoB2 coatings prepared above were

determined using a standard dry sand/rubber wheel
abrasion test described in ASTM Standard G 65-80,
Procedure A. In this test, the coated specimens

10 were loaded by means of a lever arm against s
rotating wheel with a chlorobutyl rubber rim around
the wheel. An abrasive (i.e., 50-70 mesh Ottawa
Silica Sand) was introduced between the coating &and
the rubber wheel. The wheel was rotated in the

15 direction of the abrasive flow. The test specimens
were weighed before and after the test and their
welght loss was recorded. Because of the wilde
differences in the densities of the different
materials tested, the mass loss is normally

20  converted to volume loss to evaluate the relative
ranking of the materials. The average volume loss
for these particular coating specimens was about 1.4
mm3/1000 revolutions.

The TiC/WZCoB2

25 subjected to erosion tests. These tests were
conducted according to standard procedures using
alumina particles with & nominal size of 27 microns,
and a particle velocity of about 91 meters/sec. at
two impingement angles of 90° and 30°. The erosion

30 rates were found to be about 128 and 26
micrometers/gm, respectively.

coatings were also




were wei ghed before and after the test and their weight |oss was reﬁﬁﬁﬂﬁ?'
Because of the wide differences in the densities of the different 4
materials tested, the nass loss is normally 20 converted to'volune loss to
evaluate the relative ranking of the nmaterials. The average vol une | oss
for these particul ar coating speci nens was about 1.4 8/ 1000 revol utions.
The Ti G W2CoB2 coatings were also 25 subjected to erosion tests. These
tests were conducted according to standard procedures using alum na
particles with a nom nal size of 27 microns, and a particle velocity of
about 91 neters/sec. at two inpingenent angles of 90 and 30. The erosion
30 rates were found to be about 128 and 26_ mcroneters/gm respectively. 1
4 APR 2004 - 16 The abrasion and erosion resistance of the coatings were
considered to be excellent when conpared to other conventional coatings.

I n another series of tests, oxidation 5 neasurenments were nade on two

Ti G W2CoB2 coatings of different, conposition and.conpared._t cqQnv I onal
tungst en car bi de based coafﬁh s?bﬁﬂgPO%nﬁﬁﬁtEB?Sprgg?Fgﬁt8$C8a§E gﬁ%ple
coating was det ergoaerhgy wees ueongiddeedet ghbegakaellefti whegr ans/ cnR)
and the tinme of exposure to th I i z] Lk¥O he results of the
test are showniléﬁﬂ %§4F3|§%Q§?|9%@*%@5??“?%r9§§g%8ﬁgg that the
conventional WC. coatings eknid@neeer sspeiant Pl taetght oJABBLMABN heated to

tenperat ur ess15 ofy SR G SHOWR Y £4EYCoh- tho SPTEMIZECRGWeT
coatings of different composition and compared to
conventional tungsten carbide based coatings. The
amount of oxidation of each sample coating was
determined by measuring the weight gain

10 (micrograms/cmz) and the time of exposure to the
oxidizing environment. The tesults of the test are
shown in Figure 4. It will be seen, for example,
that the conventional WC coatings exhibited
substantial weight gain when heated to temperatures

15 of 650°C as shown by curve A. A somewhat lower
weight gain was exhibited by =& TiC!WZCoB2
coating made from a powder mix formulation Pl
comprising 50 wt. % (WC-10 Co) + 8 wt.% TiB2 + 42
wt. % Alloy No. 2 as shown by curve B. However,

20 little weight gain was exhibited by a TiC/w2CoB2
coating made from & powder mix formulation P2
comprising 50 wt. % (WC-10 Co) + 10 wt. % TiB2 +
40 wt. % Alloy No. 2 as shown by curve C. The
latter coating exhibited little weight gain until

25 exposed to temperatures above about 900°C.

Exgmple J1I
A number of TiC/WCoB coatings were prepared
by plasma spraying powdetr mixtures of & tungsten
carbide-cobalt alloy, titanium diboride (TiBz),
30 cobalt and Alloy No. 2 onto AISI 1018 .steel

specimens measuring 3/4 x 1/2 x 2-3/4 inches to &
thickness of about 0.020 inch (0.5 mm). Additional




wei ght gain was exhibited by a Ti G WCoB2 coating made from a pogqfr ﬁ&@g
formulation Pl conprising 50 wt. % (WC-10 Co) + 8 wt. 7% TiB2 + 4 &f.
Alloy No. 2 as shown by curve B. However, 20 little weight gain was
exhibited by a Ti G WCoB2 coating made froma powder m x fornulation P2
conprising 50 wt. % (WC-10 Co) + 10 wt. % TiB2 + 40 wt. % Alloy No. 2 as
shown by curve C. The latter coating exhibited little weight gain until 25
exposed to tenperatures above about 900C. Exanple Il A nunber of Ti C WCoB
coatings were prepared by plasma spraying powder m xtures of a tungsten
car bi de-cobalt alloy, titaniumdiboride (TiB2), 30 cobalt and Alloy No. 2
onto AISI 1018-steel specinens neasuring 134 x 1/2 x 2-3/4 inches to a

t hi ckness of about 0.020 inch (0.5 mm). Additional 1 4 APR 2004 - 17

cobalt was used in the powder m xture to favor the formation of WCoB

rat her than WCoB2 as in Exanple |I. The mx of formulation was as foll ows:

50 wt. % (WC- 10 Cahgh t1Qadt 'ﬁs-gd-%zin"’ ta'ﬂe Wowd Ik Eut.t@ favdc Whdo Co. The
Wto B atonmic ratio was about 1. as coati s wer e heat
rested for onefRsHatden é\fpé“cé’t%rféast a‘gﬁﬁ? W in vacuum or
argon. After hegikawpaat TNt THehenicoaif rmmﬂrzﬂ:molmbaaml Bodahd:md The
breci pitates di SPerded (Her T G & FEwieth Bl B Wy Unepd P
preci pi t at esSwadol.egs + Rén wtalfoulo.l ity oh.tolR dtomiessabio tvese
TiCYV[DB.coating%OWQsl The as-deposited coatings were heat teated
for one hour at femperatures of about 1050 to 1075°C
in vacuum or argon. After heat treatment, the
coatings were cooled and examined. The coatings had
10 a lamellar structure of splats containing TiC and
WCoB precipitates dispersed in a Ni-Cr-Si-Fe
matrix. The size of the precipltates was less than
about 1 micron.
The hardness of these TiC/WCoB.coatings was
15 4in the range of 700 to 1100 DPHsOOO(HV.Q).
Abrasive wear and erosion properties of the
coatings were determined using the same test
procedures described in Example I. The sand
abrasion wear rate of these coatings was about 1.9
20 mm311000 revolutions. The erosion wear rate to
glumina particles at 30° and 90° impingement angles
were found toc be apprdximately 30 and 130
micrometers per gram, respectively. The abrasion
- and erosion properties of these coatings were
25 considered to be good to excellent.

Example TII3I
A number TiC-rich TiC!sziBZIWCINC2
coatings were prepared by plasma spraying powder
mixtures of tungsten - titanium carbide-nickel alloy

30 and Alloy No. 5 onto AISI 1018 steel specimens
measuring 3/4 x 1/2 x 2-3/4 inches to a thickness of
sbout 0.020 inch (0.5 mm). The mix formulation was




15 in the range of 700 to 1100 DPH3000(HV.3). Abrasive wear and g %Qggmu
properties of the coatings were determ ned using the sane test L res
described in Exanple |I. The sand abrasion wear rate of these coatlngs was
about 1.9 20 m®B/ 1000 revol utions. The erosion wear rate to alumna
particles at 30 and 90 i npi ngenent angles were found to be approxi mately
30 and 130 mcroneters per gram respectively. The abrasion and erosion
properties of these coatings were 25 considered to be good to excellent.
Exanple 111 A nunmber TiCGrich Ti C/VWeN B2/ WO WC2 coatings were prepared by
pl asma sprayi ng powder m xtures of tunggteen - titani um carbide-nicke

alloy 30 and Alloy No. 5 onto AISI 1018 steel specinens neasuring 3/4 x
1/2 x 2-3/4 inches to a thickness of about 0.020 inch (0.5 my. The nix

formulation was 14 OR 1 - 18 as follows: 60 wA (W Ti) C- N + 40 w.
Alloy No. 5. EBefaiidﬁBOSl%(ﬁde:le l(rwgsmr@ heali t+ o0 agt . % 1 xRe hour at
a tenperature of about _1045C in on and the qPOIed The
coatings had aN8-| anel FBF §FrG@P8P s ﬂﬁﬁ%ﬂ%& FrogEtedd  veni B2

di spersed bet ween HﬁéohoWB2anamtmehg&naturdWoﬂ)&Hﬁuﬂ%ﬂ0#&?0xinThe har dness
of these coatings, was about 0 operties
D88u08° o o8 e Pt et s etk sehh e A Y

of the coatlng using 't e st'anhdar sand/ r ubber
wheel test HestambidiarnsExangiueel ofTifd neavraesde tatres afe TE ardind to be

1.3 rnn8/1000 W,NiB, dispersed between WC or WC, particles
in a Ni-Cr-Si-Fe matrix.
The hardness of these coatings was about
900 DPH300 (HV.3).

10 Abrasive wear properties of the coating
were also determined using the standard dry
sand/rubber wheel test described in Example I. The
average weoar rate was found to be 1.3 mm3/1000
revolutions. The erosion wear rate to glumina

15 particles (feed rate of 1.2 gm/min, velocity = 91
m/sec) at 30° and 90° was 30 and 126
micrometers/gm. The erosion properties of this
coating were also considered to be very good to

excellent.
20




revolutions. The erosion wear rate to alumna 15 particles (feed rate of
1.2 gmmn, velocity = 91 misec) at 30 and 90 was 30 and 126 1 4 APR 2004

m cronmeters/gm The erosion properties of this coating were al so
considered to be very good to excellent. 20 1 4 APR 2004 - 19 CLAIMs: 1.
A wear and corrosion resistant coating on a substrate, said coating
conprising hard, ultrafine, titaniumcarbide particles and tungsten boride
precipitates dispersed in a netal matrix, the two phases constituting from
about 30 to about 80 vol une percent -of 19the coating, the bal ance being
metal matrix; wherein the average size of the titaniumcarbide particles
and tungsten boride precipitates ranges from about 0.5 to about 3.0

m crons. 2. A coating according to claim1l wherein the titanium carbide
particl es copsiinsi-e about 15 to 30 volune percent of the coating and the
tungsten boride precipitates constitute about 30 to 50 vol une percent of
the coating. 3. A coating according to claiml| wherein the atomc ratio of
tungsten to boronzi nweakrd epati agricsibet weenisabout foakiard 2n0 and t he
atomc ratio of titaniumt.o carggggis about 1.0 4. A cog&%g%%according to

claim 1 havi NP i dnesdiSr  “48 706" 5 968 DPE3Bo ( 8 A coating
accordi ng totttaminm wheneiidet hepaetadlesrat rand | S toopposed dfomtdel east one
et al SeleCtSQeé{é{ at%@ed9%889589nﬁ%5§ié%%éﬁ ﬂytggﬁl’tﬁgb€$é ﬁgg%ésron'
constituting from about 30 to about 80 wvolume percent of
the coating, the balance being metal matrix;
wherein the average size of the titanium carbide
particles and tungsten boride precipitates ranges from

about 0.5 to about 3.0 microns.

2. A coating according to claim 1 wherein the titanium
carbide particles constitute about 15 to 30 <volume
percent of the cocating and the tungsten boride
precipitates constitute about 30 to 530 wvelume percent of

the coating.

3. A coating according to claim 1 wherein the atomic
ratic of tungsten to boron in said coating is between
about 0.4 and 2.0 and the atomic ratio of titanium to

carbon is about 1.0

4. A coating according te claim 1 having & hardness of

about 700 to 1200 DPH300 (HV.3).

5. A coating according to claim 1 wherein the metal

matrix is composed of at least one metal selected from

the group consisting of nickel, cobalt and iron.




1 4 APR 2004 - 20 6. A coating according to claim1 wherein the substrate
is a mterial selected fromthe group consisting of steel, stain|k¢£R2W4

steel, iron base alloys, nickel, nickel base alloys,

cobal t,

cobalt base

all oys, chromium chrom um base alloys, titanium titanium base all oys,
refractory nmetals and refractory netal base alloys. 7. A coating according
to claiml1 wherein the tungsten- boride precipitates conprise WCoB2. 8.
coating according to claim1l wherein the tungsten- Boride precipitates

conprise WNi B2. 9. A coating according to claim7 wherein the tungsten-

bori de precipitates conpri se WCoB

6. A coating according to claim 1 wherein the substrate

is a material selected from the group c¢onsisting

steel, stainless steel, iron base alloys, nickel,

base alloys, cobalt, cobalt base alloys,

chromium base alloys, titanium, titanium b

of

nickel

chromium,

ase alloys,

refractory metals and refractory metal base alioys.

7. A coating according to claim 1 wherein the tungsten-

boride precipitates comprise W;CoB;.

8. A coating according to claim 1 wherein the tungsten-

Boride precipitates comprise W;NiB;.

9. A coating according te claim 7 wherein the tungsten-

boride precipitates comprise WCoB.

A




