~facing conpositions are the nost common type of overlays that are used in
brastve environnents. A vari ety. of wel di ng techni ques are used to deposit
these materials, but oxygen- acetyl ene wel ding or flace spraying using
wire, rod or powder is*probably the nmost Wi dely used. A conmon technique is
to dep05|t the materials in one or nore | di ng passes and then
subsequent'ly remel faQhgf sRck DOLHRPOSd tthil dditt HRarBANEyFRr of dhekieyethat
wel ding torch or, in sone cases, by furnacing. All of the wetding |,
t é¢hni ques i nvol vease)mea.Oin abramvei eyiohbetdndssubdstaatagysof f@ddiagnd hence
dilution of the 'deposit with substrate nmetal. The npst commonly used hard
faci ng conpositi ontechndques dratwsedbyo tdeposhiethesm mebetiedy , ft meysdns: (ASM
in Metal Progress, Vol. 112, No. 6, Nov. 1977,
- facing materials cﬁﬁ‘i’a’lﬁf‘ﬁd’el‘?g‘% 8r9§1%| @?ﬁ“ybegdﬁl’r’c‘g CEE cc?ﬁ‘p83| tions

hereinafter are glven J.n. wei ght gent ) tun ML.gar i de as |ted
crystals or.grains PPYdes &%@ggpab %d“l‘ 57 w‘agi? Hg e REAT T § rfm“?, but

oy ar hE Rost™ (ST
are‘general ly Veryipr.-&ot hl:..f%g@tt &@%&enﬁpgaﬂ o3k chacKe &.&aﬁggss and
are difficult to apply wthout cracking, excessive oxl- datio etfc. The .

next nost abrasi ongh&ihehagibsbqtchtilgCidid1BbdLF:8d Thal Eepboer ABVhCLRASS 4
al'loys consisting of Ni (nickel) and Co (cobalLt) base alloys. The Co-base

al | oys of sub-cl assade oxoatdiffierr(tt wabdingnyomhdof; @easdenfasas,seyuti on and

hence may forma limted volunme fraction of tungsten carbide by
precipitation duri fyraasépeng ALThes sheviglidiye tegbniguer inyolve some

10 melting of the substrate surfzce and hence dllutlcn of the
| deposit with substrate metal. .
The most commonly used hard fa@i&g compositionS
are tasuléted by the Americanr Sociaty for Metals (ASM) in
Metal Progress, Vol. 112, No. 6, Nov. 1977, p.49: The
.ASMiQ;ass 5 hard facing materials ccntéining-TS'to.QG:weight :
percent (all compositions hereinafter are given in weightl
. percent)'tungsten carbide as wmaited crys;als or grains in -
a cobaltebase‘alloy are the most wear resistant, but are
. generally very brittle with poor mechanical shock resistance
20 .- and are difficult to aﬁpi} without cracking, excessive;oxi-
| dation, etc: The nextlpnsﬁ abrasion resistant hard fzcing
materials are the.ASH class 4 alloys consisting of Ni (nickel)
' and Co' (cobalt) base alloys. The Co-base alloys éf sub-class
4A contain W (tungsten) and C (carboh) in solution and ﬁence
'may form a limited volume fraction of tungsten carSide by
precipitation duriﬂg cooling. These overlays, as ﬁell as

those of class 5, are usually aaolied using a flwx covarlng,

The ASM cl ass 5 hard '

g



Yose of class 5, are usually applied using a flux covering, inert gas e
roudir.g or sone other means to minimze oxidatien during deposition and
dbsequent fusing. The N -base alloys of subcl ass’ 4B are Known as

sel f-fluxing" alloys and contain (boron) and Si (silicon) to formtheir

~~own flux. During initial depositiof or post deposition renelting, post of
.. these fluing eligeeftghsCoaEivatnMokNsddie o iR A lned dQSnBIGifé X dbOLdnNE
surface of the deposit formng a. slag. Al though the self-fluxing all oys3‘"'*
- are normal I'y usiedihy dehesttiseal atels sulidegyent fustuRsi ThalNiybaserhilbexs i n a
m xture wit-h un- 10 nel ted tungsten carbide gra| ns to inprove t he
t oughness of 't 0 evirsdass K@ aré karvmy asl I' 98- Ehopimgh rﬂllexamde i s that of
Patel, U S. Patents 4,013,453 and 4, Q75, 371 in which a nickel -base all oy
" containing 0.5 @BCSI’BBaﬁ"EPR?"% "1‘"(5! é’-s{sﬁléc?ﬁ X & W“t“ht'%e‘wfﬁ Y5t omerat e and
flame sprayed. Patel onal avoj ds_si gnlf ant ?EI i on between the

' tl
WC particles a It %%5‘1‘[}1 d(?p??ét P% Yo Pfﬁteg P?/s"ttg‘ﬁ% xl'eﬁﬁe °’povvder size
d distribut f f |1
ontarn up-t o e of T ) gk CapmRL O RLLS] ik 210V

and Si are taughid bloatobs dHe LhrficeRa¢ @Rk p84br GA3miwy af fEag. - special
case of the alloys of his inventicn which contain, in addltlon 3 to 10 M

(ol ybdenum amitﬁcﬁgh &I'Qseléfeﬁbp&ng alloys are normally used by them-

selves, they are occasionally combined in a m_uture with un-
- 10 melted tungsten carbide grains to improve the toughness of
the class 5 hard facing alloys. A recent "_e':::axnple is that
of Patel, U. S. Patents 4,013,453 and 4,075,371, in which
a. nickel-base alloy containing 0.5-to 5 B and 0.5 to 6 Si
is mixed'with a WC'-\Ii agglomerate and flame spr ayed Patel -
: intentionally avoid.. sigm.:ica'u: reaction between the Wwe
partic¢les and the metallic matrix to preserve the initial
péwdar. size and distribution of WC grainms. |
The most'éommonly- used self-flixing alloys -contain
up to 3.5 B and. uﬁ to 4.5 Si. Ni-base alloys with up to 6 B.
20 -and Si are taught by -'Iéur‘ in U, S. Pat':ent" 2,875,043 for the

: special case of the alloys of his "nvenf'icn wh:.ch contain, .
in adait:.on, 3 to 10 Mo (molybdenum) and 3 to 8 Cu (copper).

_ The latter presumably increases the fluidity of these other-
wise conventionally used self-fiuxing alloys. He does not
teackh the use of ?t:hese alloys with a car‘nide hard nhase or
for any othex purxpose than c'-:"?en-acetylene spray a'ElGlI‘lP
including remelting. .

Quass in u. S. Pa!;.ent 3,341,337 teaches tha



The latter. presumably increases the fluidity of these other- w se :
®onventional |y used self-fluxing alloys. He does not teach the use of thes
alloys-with a carbide hard' phase or for any other. purpose than
oxygen-acetyl éne spray' wel ding including remelting. Quass in U S. Patent
- 3,341, 337 teaches the adni xture of bori &acid to Ni, Co or Fe (iron)
Wase flanme spray povglixtore) gensest adiangs har, ded @l PE)(1x¥h) bagE FiskBOUt an
adm xture of tungsten carbide grains, to prevent .oxidation ¢uring ot
deposi ti-on. Most ofsprae jordee QXyfet-Sacienytmniei haal Fycimedt, wichvaparithaid on
ot as slag.- It iis not intended to re- act with or formpart of the deposit.
Schrewelius in U - SaPateintuds 025 c8es tepacdrbsde leyaprod ot brrvest exidenpor ous
corrosion resistant coating by oxygen acetéll ene flanme spraying-of a_m xture
of a metal 10 a‘ﬁt?lzgt%welg-"@r- bissnoE dRerIrifgetishps iFentignally
specifically teaches thaﬁgboth conponents_have a L tin go‘i nt, greater than
[err]-and that most HS% RS BEPEHIEOD ALaft Hd8as Woff POhcFFRded %507t of

its fluxing action. ,Jthi$ui %rpag{d'hggj.@rolf J.nmportant, he teaches,
0 fin

Yt deposit.
since Bis often detrinental t I nal dgepsg?sils". Noguchi, et al. in

~ Nippon Tungsten Review, Voi.slhfSRtus ¥378) agosedsdsimss8ahavecaascribed a
variant of the - . .
' the production of a nonporous corrosion resistant coating
by oxygen acatylene flame spraying of a mixture of a metal
.10 _end 2 to 40 B or bc;ron containing compound, He specifically
~ teaches that both ccmponents have a._mel_t.:ir;g point greatsr
than 1306°c- and that most of the boron i::: volatized as boric
acid as a result of its fluxing action. ';ﬁis is particularly
impoft‘ant,' he teaches, since B- is often detrimental to the-l_

final deposits. .

Noguchi, et 2l. in Nipoon Tungsten Review, Vol. 1

' (Sept.. 1974) pages 54 to 58 have described a variant of the
_normal WC (tungsten carbide) self-‘lxnciﬁg mixture for oxygen-
.aéet:yiene spraying, namely a preallojred powdér containing
20' 'great:er .t.:h_an 25 WC, 8 to 12 Cr (chromiua), 2 to.4 Fe; 5 to
6 (8+si+o0), .‘balané:e Ni. The specific amount of B, Si and
C is unspecified and presumabl_y' could be zers for any one. --
Aithou_gh glens;e cozatings are reported with betﬁer wear re-

-

sistance than seif_-fluxing alloys blended or mixed with WC,

300) (811

- - > - - 2 3
hardness values hereinafter given in kg/=n" as measurad om the

the harduess of the coatings (less than 1000 DPH

diamond pyramid hardness scale with 2’300 g load), is sciil B




_nor mal. WC (tungsten carbide) self-fluxing mxture fbr;' oxygen- acetylepe &
\&“ prayi ng, nanely a prealloyed powder containing.20 greater than 25 WC,
&)

to 12 & (chromum, 2 to.4 Fe, 5to 6 (B+ S + C), balance Ni. The
T or any one. ' Al though dense coatings ageé reported with better wear, re-

ecific amount of B, Si and Cis unspecified and presumably could be zero

sistance than sel f-fluxing alloys bl en Oy WX Wi Moo t dness:of
the coat’i ngs (I'g"'é’ts‘ef héaRr%nl e['gir/“r %‘aﬁ%ﬁg&l na%ﬁe@s%% l‘J\é'Agt ec:agltg ter H
given in kgl[-err] ~ as rmpasyied O aifesdi aempd eydaBhd daandagsagsgal e with

~a 300 g load), is still I"ower t-han conventional detonation gur. (d-gun)
WC- Co coatings. daweld1dRpes ikl hddte sod fx@r bvddiays has cbesinge X penderavan :
wel d- deposited hard facing overlays or coatings, none have approached the
si ntered tuhgst eappecoadiiedethe B incaredr twisstemoarbiibese thefessrédisgraace Wi del v .
used where the sintered products cannot be applied. Another type of :
mat eri al , pl asneNonatheleganthayaere vigsly wasd hlere uthed s ivrerad grofuars for
wear -resi stant appli- cations requiring only relatively thin coatings,
usual ly 10° %90 B2 H2d-i nches thick, and noderate hardness, up to

about 1200 {err] but usuglly |ess than 10 er Ope, of _the most usef ul
. classes of conpositions ﬁg?ﬁ}eﬁi s”peurogo%%teggai’ pﬂsm- amoi gun ec?

ingé, has been used for many vears for wéar-resistant.appli—
cations requiring:only relatively thin'coating;,.usually
10 "0.002 to 0.020 inches thick, and moderate hardness, up.to
| ...ab;ht 1200 DPH3OO-£ut usually less tﬂan %g&O.DPﬂsoo.. Oue
' of the most useful classes of cow?ositiohs for this purpose
-‘has beép the family of tungsten carbide-cobalt coatings
: ;ugusua;%y_y§;h.10_;g 25 w:.%.cdbalp)z _As with ail as-écated
piaémalﬁn& deﬁoﬁétioﬁ'gun éoaéiﬁgs, these_tﬁnéstéﬁ-carﬁiée-'
" cobalt coatiﬁgs have some intercomnected porosity. is
porosity rédnces the corrosion resistancé ofithe coating
‘ and, to soge degree, its wear resistance, pafticularly
its sbrasive wear resistance. Thus, while these coatings
20 . are used véry successfrlly in a wide variety of'a&hegive
weaf-situations, they have been used'wich much more limited
success in severe abrasive environmentsl
| Compositions similar to the Self-flﬁxing hard
~ facing alioys have been adapted for plasma deposition where
they are generally.used;without post d§gosi:i§n fusion of
the.coaﬁing. They sizply increase the fluidity 6£ the

molten powder particles as they impact ou the surface being



has beenthe family of tungsten carbide-cobalt coatings (usually with 10

- %5 w9 cobalt). As with all as-coated plasma and detonation gun coatings,

()

these tungsten carbide- cobalt’ coatings have sone interconnected porosiry.
.-This porosity reduyces ‘the corrosion resisE@nce of the coating and, to sone

dégr ee,

var,i ety of ‘adhesiv
| T ted success, in

Its wear

r

_ esi stance, particularly? ts abrasive wear resistance.
Thus, whil e these coatehgsdmprentiadiy frcddivaliey PeticicdestuPryticteabondiss

e, wear, situations,_.th have be used wi'th nmuch re
ST 2o AOES BHF T ARHEoE: I BET IO RS eRPFA o

e ot hey oo dond el ol N9 Rl ¥S. Ve Deoh 43Pl Lokl ag TR HEngst L on

where they are gener

‘coat i ng.

as they inpact on the surface being

They . si

“dsed hout p position fusion of

1L 018856 1thsnd lebk ditlsy ®fndt Be HDbbSIIREOVSIEoRB4L Cl s

coated and potentially facilitate .

particl e-to-parti clweba)dEilgcdhbousHdsahdAGabs e dof ddtXRE 0 aelibdthntt he reésul t
I s pressurably a denser, stronger coating with | ess interconnected

porosity. Typical c{fitpsiig krgest) ond ttoi dowkdmitheimednirg pbinatndircoress n
boron, silicon or phosphorus both to act as a reductant

(fluxing agent) and

‘to lower the neltirfhep8iwidisnes fbe awsaly veed|as dntipeorasheinears S2¢ined as

![(r; ;Bgufase of hard Jl%gkﬂg{ sel f-fl uxing al Iigygéuj?ron I's usuall %.bg‘rn(:asent up

. 10 ..

o

ISR

- success has been achieved in plasma deposition in incressing.

s ing alloys. - Bdron Yy present up to

3.5 wt.% and silicon up to about &4 wt.%. Phosphorus is

used less frequently than boron or silicon. While some

_ the density and strength of the deposits'iy using these so-~

Y

_ Co component (15 to 39 wt.%), nickel-aluminua (0 to 10.5 wt.%)

"ealled. self-fluxing compesitions, complete sealing has not

been achieved and no substantial strengthening due to’ the
.férﬁétién of new phaséé containing

noted.

The use of the sawme self-fluxing alloys mixed with
a2 tungsten carbide-cobzalt powder for plasma deposition qf.a
coating is alsc known in the art. As in the case of use of

self-fluxing alloys. by themseives, the flasma éprayed mixed

" coatings are not remelted or fused after deposition, and

again the purpose of the self-fluxing component is to

increase fluidity in an attempt to reduce porosity and to

act as a localized reductaat. A particularly complex
plasma sprayed coating is taught by Crocwell, et zl., in.

U. S. Patent 3,236,255 that consists of a tungsten carbide-

silicon or boron has been -



-5 Wi\ % and silicon up to about 4 wt.% Phosphorus is 10 used less
r-égde tl'y than boron or silicon. Wile sone success has been achieved in
plldsnmg deposition in increasing. the density and strength of the deposits

gl ng these so- called self-fluxing &onpositions, conplete sealing has
not been achi eved ang< 0 sg&stapti I treggthg 'ng ggf to the formation of
new phases ‘contHhPhg %1 PP OO B2 idfoh 1S pEertIndtinys 1 & 88 6t ¢ he sarrr":g;L
sel f-fluxing al LS. AT ' t.an hdezcohalt . pawder for plasn
“deposition of ah?‘x%% t%iﬁgy:’@ gf’g‘(’)—}'ﬁgﬁhﬁ’h t ée)bg(rg?‘.g ‘%gt%‘hgt eREOR of use

of 20 i self- b Nghe (S oY e £BL P03y m xed
coatings.are noiESI ?Emnﬁhggéﬁfgs%?ggtg%eﬁgﬁé%gﬁ g%\‘jaﬁggdﬁgd‘gi %9,% he purpose
of t-he sel f-fl uwai-Mg &QpBaSSHY. '§1t§1‘ﬁ:uFHC£ eR8Ceddeniedil \eoPordhtabEempt to
reduce porosity and to act as a localized reductant. A particularly conplex
pl asma sprayed theathventisn] aghself- fOroimpeklloyt whén used, bonBaikat ent

3,936, 295 that consisrs of a tungsten carbide- Co conponent (15 to 39

wt. %, nickel-addf fd Em7P0B tamd18.® tat 599 Si witid thesk ellemadgshgenum (26.7 to -
85°wt.% alloys and a self - fluxing alloy (0 to 47.8 w.% . The basis of
this invention §o5ning thedr wsugh ssli-flwedngt Aetdoheal |y reacting Ni-Al and

Ni - Mo ccnponents. Althoygh non-essentjal component - of
) . fpone . igvaéiety oéamethods haverggen attempted in an

effért to £ill or infiltrate the porosity of various coat-

10 ings or other pcrous bodies. For example, the porosity in
-plasma orlé-gun coztings has been filled ﬁith various organic
qgméodnds (éuch as epoxies) to improve coféosion resistanée :
at low t?mperature§ however, at about 260°C or les§, these -
m;perialg decoméoée and lose their efficaéy as a sealant.

5 imaceily thase sialents’dan only pendrrate the coiticg
with-difficulty and seldom completely seal the full thick-.
ness of.the coating. They add very littie, if any, mechanical

. strength to the_Qoating and have been shown tb add virtuallf
nothing to the abrasiocn resistance of the ésatiﬁg;

20 Goetzel, et al., in U. S. Patents 2,942,970, N
2,581,252 and 2,752,666 éeaches a method of producing a
carbide structu;al body (not a co#ting) by first froducing

'a very porous ské}etqn (30 to 70 p;rcent pofosity, higher
than.can be obtained by plasma or d-gun) of the carbide
with a2 low fraction of metallic binder énd then infiltrating'

this skeleton with a ductile, heat and corrosion resistant

Ni, Co or Fe base alloy. There is no mention in the



the invention, the self- fluxing alloy, when used, contains 2.75 to 4.75 B-ggéy
‘and 3.0t05.0Si with these elenents per- formng their usual self-fluxin
‘action. A variety:of methods have been attenpted in an effort to fill or
infiltrate the porosity of various coat- 10 i ngs or other porous
-bodies. For exanple, the porosity in plasma or d-gun coatings has been

filled with various organlc compounds (sfich as epoxi es) to.inprove

corrosion resistag gﬁevaetnn ¥ 'i:ﬁgnfér an'{aﬁesf'o‘eA?Vfr( h@&n@gy{ iTnGEﬁJ or |ess,

tfiese. - materi al s"deconpose and [ osé £ ca Cy as a sealant. -

" Nbreover, these. sqakfthantaRa0Ny nRENRLER! rhanaeabd r&cv&éela ghh fdnipcul ty and
sel dom corrpl etely seal the full thick-. ness of the coati ng. They-add very

little, if any, npcbstintail shtengtth $axrisbe wwatéqidranshthad dieheen shown to -
add virtually nothing to the abrasion resistance of the coating. 20-

Coet zel , et al., iresifcaBce Rmdehish AuOAAiey0, CB:BRL, 282 adnd i V5X.666
teaches a method of producing a.carbide structural body {(not a coating) by
first produci-ng aPgbest 3@?%2%@%?%3(80’"{"61% -ﬁé%i%’ﬁ‘f: PABIELY, hi gher

t han can be obta1ndby T8 Of of th car Wi halo .fraction
of - Mot al |10 bindePLaty ZRelFIERPTIED ackng SETFCE) SFeb b 18F  HeaPERAALERE: heat

and corr osi on fes'faif;ntm%ltr%eerca'ésw@%sdféé,Oxmclpgm b gagrention in

cementation. In another metﬁod of coating these fully

infiltrafed.bodieé, Goetzel et al, in U, S, Pateat 2,859,338
10 teaches a coating made by flrst coating the - fully dense,

infiltrated carbide bcdv with an undercoat or bond coat

of an Fe, Co or Ni base alloy with 0-20 Mg (magneSLum),

0-5 B, 0-12 P, -4 Si, 0-2 Me' (mangarness) 0-2 C, the alloy11°

elements not exceedlng 20 pe*cent of the. total'composition.:f_

Thzs bond coat is then GVercoated with a primary coating of

the Ni-Cr type 4 to 10 times as thick as the tmdercoat, and

' tﬁe coated parﬁ heat treated-to diffuse the bond coating

into Eotﬁ thé;primary coating.and the base paterial. 3, si

and P are used primarily to lower the melting point'of the
20 boni.coat to'alloﬁ;dif%usion/infiltraCion af_ﬁhe primary

coating without méltinc ir, Yo reaction with the primary

éaat{nv ox base material is taught or the use of 3,

Si or P as other than a relting pol ;t depressant and there

is no criticality of B, SL or P content other than ‘enough

to depress the celting.pdint.

' Breton, U. S. Patent 3,743,556, uses a somewhat



rence of the use of 3, Si, or P (phosphorus) In the infiltrant and, by 4
ssity, they nust. be excl uded I n any substantlal amount to satisfy the
regui rement of heat resistance and hi gh ductility. Goetzel, et al., in U

~ Patent "2, 612,442 teaches a corrosionn resistant coating-of Cr, Zr
~Czirconium, A (alum num or Si, for the preceding, fully-infi Itra;e.d

car bi de bodies, principally by pack cen@nt ation. In another nmethod of I
coating these fubliyﬂlam-f tédtndbedl ﬂQOiﬂilxﬁ‘mCﬂQtsEadepekiéA anl Pe UNiSor Rat ent Aoy
2,899,338°'1o . teaches a coating nmade by first coating the fully dense,

i nfil trated car bbdse Eldyy witt A substngher,c oladn ar’bmrdoﬁd'eﬁilbéf'aaaﬁa;iatto or Ni
base alloy with 0-20 My (nmagnesiun), 0-5 B, 0-12 P, '0-4 Si, 0-2 M
"(manganese) 0-2 ¢digpada| Yoy Fag, Seodealisy ?floﬂméi(@éedﬂrﬁg-)zobqfé'r éayersof the
total conposition. This_bond coat is then overcoated with a prinmry coating
of the Ni-Cr typ?eﬁr‘ﬁ g218 i H%%‘%?"f‘f’n?k“%?‘?‘ﬁ@‘ﬁﬁ"r&ﬁr c9gthe %ﬁast H&®coat ed

part heat treated_t fuse the bond co t 4,010, bo"gh t rlmary
coating and the Sﬁégni%% ée &e“g PO¥S A ar ersd:se prr fnng'fl ﬁ;gl to |1 ower the

mel ting point. of M@se%ome oulagpciage_@t %Qeeérl Q¥ ik U QAbE DTt rati on of
the primary coating wthout nelting 1t. No reaction wth.the primry

coating or base rRt&ldmkatertaighhisdreddprotfiRroin Terd oF hdtdaesdldier than a -
mel ting point depressant and there is no criticality of B, Si or P content
ot her than enouglweko mbspsbueet hdierbhve Hgupdithat tBriagotmcnnuue‘s s Baitlent
3, 743, 556, - uses a somewhat

. to those taught by Breton result in coating having a haxdnass

_ 10. ~ 1less t_:han 100G DPH300-_-. _
- i’.t; is also known in the art-that gorous metal
struotm_:es- (not coatings) can be infill:ra.‘:ed' w:.th a lower
melting!metal;_ e.8., Gebaurer, U. 8. ?atent 1,342,801, who
simply used a metal ct lower :r.elt ng po:.nt: or Boane, in
| U. S: Patent 2, 401 221 who teaches the 1nf11traulon of
'porous compacted :.ron briquet;es with copper presaturated |

with iron to minimize reactiom.

None o'f'._th'e preceding methods have, however, either
20 ! singly or in combination provided completely satisfactory

methods or materials to greatly improve tha zbrasive wear

R SR

_and corrosion resistance of coatings. It is the intent,
therefore, of this invention to provide a. unique coating
systen that is compl ctely sealed, to prov:.de corrosion

protection, and has excellent wear res:.stance, approaching or,

equc.l ing that of sintered solid tungsten carb...-e.



5|n1lar techni que in that be flrst dep05|ts an-Fe, Xi of Co base al l oy on
*a substrate, then a layer of "filler" material (dianmond, WC, TaC, hard
aIons bori des, etc.), both Yayers being held in place with an organic

bi nder.. ‘On heatlng, t he organlc bi nder deconposes.and the first layer nelts
and infuses the outer layer. Breton .does not disclose any data . -

. characterizing his end product in terns of- hardness or wear, resistance. W
hgge found that using techniques similar to those taught by Breton result
i'n coating-having a hardness 10 | ess {®an 1000 [err] It is al so -known

in the art-that. porous metge %H:H&Ei‘&-e& baeta %qaewqalc&én,b&xalcnéﬁéntrat ed
with a | ower rreltlng netal; e.g., CGebaurer, U S. Patent 17342,801, who .

sinply used a net aétthamé]S}V\Eéaﬂ‘TEhﬁ cdlgoammtesm.j@urdaecmgsnc&h b ok ent
2,401,221, who teaches the infiltration of porous conpacted iron briquettes

wi th copper ' presathy atackingt dniiquerNi-base @mlivye withat verietioo® cakbidee
precedi ng met hods .have, however, ejther 20 - singly or in conbination
provi ded conpl et eI§ﬁ5§ét¢@FaE$*br1§‘ ?Fét%oﬂ%d 6P ®ht @P?‘Ei!es' @#CQVG@E It9a% npr ove

‘the abrasive wear gnd corrosion reS| t ance of coat t he ‘i ntent,
therefore,. of this en%ﬂﬁ%ﬁetat‘)‘ b s £T i (fﬁédtf@aif §?§%"ﬁ"n‘i’?ﬁat is

'confpl etel y seat ed, céi%iggf\é §§t‘fb?l£ﬁ&s %ndensity to boron content, as- more

fully described hereinafter.
Cne embodi.meut of the invent::.on resides in a

10 ' method for proaucz.ng wear and corrcsmn resistant coatings.

There dre two principal methods of producmg the coatings of
~ this inovention although those sk:.lled in the art may dev ..op
ﬁseful §a.riants within the scope of the invention. One
~_method, for 'conjve._r;ie::_zc_e; desig-qg't_:ed_ _the two-layer method;
3 co;nsists. of first depositing by pl;sma: or d-gun a layer .
of & metal carbide (with or without a meté.l binder) ). then
deposzting 'by a variety of means. a -second la.yer of a reactive
- Ni-base: alloy a.nd finally heat treating the coated article
to cause the second la..yer to melt, penetratas the first
20 = layer and z;eact with i!t. The secon-d method, .for: convenience
des.;t.g"n;ated the '_one—laye_r method, consists of‘ depositing, by
plésma or d-gun, a mixture of a metal carbide (with or without
. 2 metal binder) and a Ni.-;base reactive met:al.and then he.at
treat‘ing the co-at:e.d. article to cause the reactive metal to

melt aad rezct with the m.et:al carbide component, Either

method can ‘be U»S::d w:t.;."m I-'e Ni or Co basa substrates. A

N



ction, and has excel |l ent wear resistance, approaching or equdling t hat-
ntered solid tungsten carbide. 10 The invention is based on the ~
very that such extrenely wear and corrosion resisant cdatings can be
\ by reacting unique N -base alloys with a variety of carbide based
coatings.in situ, and on the further discovery that the structure and
hardness of the coating is dependent on a critical relationship of density~.
to boron content, as nore fully described hereinafter. One .enbodi ment of e
the invention resi me?ﬁké‘ fotde of d{EHL05h faP&/oQ:r EQ%C:&Q WRA i dub Qs on
resi stant coatings. ere are two principal nethods of producing the
"coatings of this igu/rkifd ahdhaugd thBosedskiddngth idF the cattidgny rievel op
~useful variants within the scope of the invention. One nethod, for _
conveni ence, desi gstatudd Behaoted-thay chenpldsod, oxc drgrins depafltion eceposi ti ng
by plasma or d-gun a layer of a metal carbide (with or without a_netal .
bi nder), then depoBiaiefigresyls Ipapi HARPropaviiBa s dnsdToRBeatay cthag 72 reacti ve
Ni - base alloy and finall yé{?gt trﬁati ng the coated article to cause the -
second | ayer. to mePErCeREMh FREFERE  irst 20 | ayer and react with it..
The second nethod, for cONYGRLENRCEwRE naAted: dele 0 nenbAve ponEdag,
consi sts of depositing, by S _ _

' ' starting materials for providing the wear and corrosion-

-

resistant c;o_at:ing of the invention. in the two-lay;e-r method
of the :‘.nvéntion, f:he first'_iayér consists of ‘a metal carbide

10 which may be a tungsten, éhromiug.n, v.an.ad..ium,. hafnium,
titanium, zirconium, niobi.um,- molybden;m.'or tantalum carbide
or mixtures or com;;ounds thereof. The metal carbide may be
used with up to 25 wt.% of a'met:-fl binder chh as Co, Ni,

'Fe or their ;n;f.k;g’res .qr- alloys. The reai:ti_.ze__-meta]‘. of the
secpnd layef' is & nc;el.-nickel base é;iioy w.’é.t:h an unusually
high boron conténi:. The-speci.fic compbs:i:i_én vé.r:‘.es‘with
- the spécific metal c.arbide, method of deposition and heat °
treatment time and tehperature, but falls within the range

__ of §.0 to 18.0 B8, O t_:d 20 Cx, O to 6_.0-81, 0 to 5 Fe, |

20 . balance Ni, when the density of ‘the first layer in the

two-layer method as deposited is greater ﬁhan g5 percenth
of theoretical. .'rhe range of boron-i.s 6.0 - 18.0 when. the
: density is between 75 to. 95 ?éfcent of'_i:heoretical-. The
' metal carbide compriSe.s 40 to 75 wt.z of the total com~
position of the two layers. .
. In the one-layer method the novel starting powdef

counsists of a mixture of the metzl carbide listed above and



. plasma or d-gun, a nmixture of a netal. carbide (with or without a netal
b| nder) and a Xi-base reactive netal and then heat treating the coated
~article to cause'the reactive netal .to nelt and react with the netal
'car bi de conponent.. Either method can be used with Fe, Ni or Co base

%ubstrates

A limted amount of diffusion and/or reaction with the
Substraté occurs and increases the bond strength of the coating.

It should

be noted that the plasnma or d-gun de&)leon tech- niques result in a |layer

having a densigy :QE?&

may be a tungsten, chrAnbtheg ewbartichentothakaiinpntiohanesimes zix @oni um

ni obi um ol ybdenum or tantdl um carbi de or

The net al

Co, N,

layer is % noVeRtigpcRuichphas ahewsfess t3reaReTfiana0) Mitgnob¥ibRatont ent .

The spemhc,cogg sition varies with the specific netal.carbide, nethod of

- deposition ande reqragt hedhtpordsicyand tenperature, but falls within the

range

10

15

20

25

According to the present invention, therefore,
there is provided a coating-o_n- a metallic su'bs’crat':e,' said
coating consisting of an outer zone having a hardness
of 1000 to 2200 DPH, and an interdifrus_s.én zone

between the outer zome and the substrate, said oufer

zone consisting of a metallic matrix iizcluding dis-

persed particles of metallic borides, carbides and
in’cermetallics selected from tungsten, chromium,
vanadium, hafnium, titanium, zirconium, niobium,
molybdenun and tantalum carbides, bo:i;les and compouﬁ.d.s
thereof in. combination with cobalf and nickel, said
outer zone having a composition in weight percent of
1.5 to ..'.10.8 percent boron,. 0 to 3.6 pe rcent silicon,
12.75 t0 75.15 perceat ironm, m.c£=l and cobal" v'itb_.

the balance being selected from tungsten, chromium,

- vanadiuvm, hafziuz, titaniun, zirconium, nicbium,

molybdenu=, tantaluaz and cardon.

The use of plas=a or d-gua deposition for the
first-layer in the two-layer cethed is eritical because it
is necessary that this fizst lav.e:' have a de:sity greater
than 75 parcext of theoretical (zuch greater than the porous

bodies taught by Goeizel or the layer tec hnique taught by

m xtures or conpounds thereof.
car dpardngegn Besvisddas tirodpcado InSagprdanse wighethe ¥i-nder such as
‘Fe or their mxtures or alloys The reactive netal of the second

WGl =410 T WEr L8 9!:5&99%311—9@45. 74ng} her enbodi ment

resides in a novel ef as Starting materials fof providing the wear and

"COrr-osion- regp s;;antocQaglmancgaaesimqnjl on. .In the two-layer nethod of
the invention, the first |layer consists of a metal carbide 10 whi ch



of 6.0 to 18.0 B, 0 to 20 &, 0to 6.0 Si, O0to 5 Fe, 20 bal ance N,
wiier t he density of the first layer in the two-layer nethod as deposited is
\m—ga er than 95 percent of-theoretiggr. The range of boron is 6.0 - 18.0
.the density is between 75 to 95 percent -of .theoretical. The netal
ide conprises 40 to 75 wt.%of the total com position of the two
| ayers. In the one-layer nmethod the novel starting powder consists of a ;;
m xture of thepppic) €8rdindevd isStesnaboyerand censkhfinatagddtfglretipks. (The™ -
metal carbide conprises 75 to 40 w. 7% of the total conposition.) Another o
enbodi nent of kgheoddlepit AR tesitdesldyerananhaticyy ba @piidsthyapbagazoduced in
accordance With the in- 5 vention which has a hardness greater than 1000
[err] and has o d+gwr depusdtianl porwsslil ybutAgapralicagradvele e eppiited
invention, therefore, there is provided a coating on a netallic substrate,
sai d coating cdM¥sPeharngediodanssilt 8F SAYRELay PhtF FoPRGRELss PRISLcTY 1000 to
2200 [err ~and an, interdiffusion zqne betwgen the outer zone and the

substrat® sai BBt SPIRt 9Bosi*BEFHY ~0F- a TMet3t I“i"Ef’rﬁﬁ'FFi %25 udi ng di s-
persed particl %igg%.ab m@h%édﬁ%@&fs’i@?& 16aL 4851 ANd LM SL R ald; ks Sel ected

from tungsten, _
density of greater than 75 parcenc, again to insure a final

structure that is substantially pore free and has requisite
hardﬁess. "Standard powder cethods such as slurries or

10 elect:bpho:esié cannot achieve this high a density. Paysical
wvapor deposition cannot depesit carbidas and s§uttering tech-
niques, though perhapé technically possible, would be im-
practiczl. 'This invention can, thereiore, be distinguishted
from muc$ of the prior art on the basis of the density of an

15 'initial layer zlone.

‘The microstructures of the resulting coatings zza



1o vanadi um hafnium titanium zirconium niobium nolybdenum and T
_tantal’'um car bi des, borides and conpounds thereof "in conbination with cobalt

and nickel, said outer zone having a conposgj4ion in. weight percent of 1.5
t0--10.8 percent boron, 0 to.3.6 percent silicon, 20 12.75 to 75.15

percent iron, nickel and cobalt with the bal ance being selected from

tungsten, chrom umyeypnadbtél aRafdipdd dd t8EIspaLiZi 60RIdsTidH @BUM -
nokybdenum tantal umand carbon. The use of plasme- or d-gu deposition for
the 25 first-|ayeropsrtibr diveetsly eariiie)otkdctivs idetablandesbsaeatd, i S
necessary.that this first |ayer have a density greater than 75 percent of
t heoretical (rmuch -Themtar ndmful ke ywdevamwolodidsis @eghtally Goetrred or the

| ayer techni que taught by 13 Breton) to achieve a virtually fully dense -
final coating. ThéhgkcdiRdreagréreisetehe afnsbinfByenfdeRRr haylb&espPie ed by
pl asma or d-gun deposijion,.as | ], but may_alternatively _be applied by
ot her met hods such ”§§?}SIW‘PT‘Z€’§, &‘F%@F?Bﬁ"ﬁd?eﬁes ?°fﬁﬁ'/§ifc§}g§"r5t Iilg}&%l"por.
deposition or sputtsering....l e ~| a h Lwdaqu
deposition iscrit ii%a otwgc%ytee\gemegér%g?% %ﬁﬁgl é%tetng%ysl"%?é%rwgé? gcrn%t ﬁ%tna]75

percenc, again to idaspidesd dFdidlicsllyuchatednt e Lonsddo8idNkhe dorpROlRyf F €€
and has requisite .

-

of the total coating. This reaction may take the form of
dissolution of the metal carbide followed by-preci;itation
10 of new phases or, t§ some-extenﬁ, the same phaée in.a new
R ﬁorphd}ogy; or it may involve a solid:staﬁé reaction. Not -
- only does a uniform distribﬁticn.of carbides result, but
a unifdfp distriﬁution'of sorides And/or comélex metal boro-
cafbideﬁ.' In addition, the coating becomes virtually fully
" dense with ény-femaiﬁiﬁg'Small-;ﬁiume-fraﬁtioh'df porosity
écmpietely encapsulated. As a resulit, the substrﬁte.is
completely protected f:om.corrosion, and corrosion of the
coating is limited to the exterior surface.
The discovery that such reactions are useful is
20 surprising in view'of the esteblished art of infiltrating
| porEdS bodies or coatings while'deliberately.trying to avoid
or minimize reactions; e.g., as in Goetzel, Breton, Patel,
Gebaurer and Bourme. ?he reactive metals of this iavention
are also distinctlf'diffé:ent than the self-fluxing alloys
used in combiration with =etal carbideg for plaéma depesition,
. or even oxygen-acetflene spraying (Rbguchi, ASM, Goetzel,

etc.) im that the boron conteant 1s much higher fo= the



hardness. Standard powder nethods such-as slurries or 10 . "
| eéct rophoresis cannot achieve this high a density. Physical vapor
osition cannot deposit carbides aHal sputtering tech- niques, though
- .’_i_ger haps technically possible, would be im practical. Thirs invention can,
i *thgrefore, he di§tin ui shed {ﬂrom much f theytl)-é rt on the basis of the
sity of an-Bh#sm2 °at|’ﬂ§?| feRAsity cﬁ‘i‘&s" H CPoRtT et tes of the ;/
esul ti ng coat ver onpl.ex and. cific -
conposi ti on. anhg%’r(?p F1hon %?%ﬁgf‘gr?a@gr%} u&%ggc??\r}ewd%f scannd substrate. -

They are not “f yLly wader st 0oy étd15%1%?1§ra4%’%%¥ﬁ%@at the reactive

nmetals of this Invention not on y wet netal carbides (and penetrate -the
pores of the fiesdhihayede kBhidR1tM0 shayfiasgBiftodyied b édbticet hey react with
the metal carbides, drastically changing-the conposition and norphol ogy of
.the total coat ithg. reiibvsl loEactid bozom iuk ik depes frdom wf peeesad ution of the
nmetal carbide foll ewed by pretipitation 10 of new phases or, to sone -
extent, the sadetpimeotal effectsw nk disorkrgy dlsginctlyedifFenanty han solid state .
reaction. Not only does a uniformdistribution of carbides resul t, but ‘a

uni f or mi di st i B¢ Giching 4R RE&EHRR 6|'- oo LS IRgt 241958y FiME8r bi des.. 1 n

addition, the bgec S_Vi tua .jul Ly dense.with Lany remai ni ng
snal |- vol une f%g%t‘ﬁ%ﬁno’rn% o%ﬁafé ve of'this Invention ar

intended to form hard phases such as borides and complex
10 boraocarbides and not be consumed zs 2 flux.
)  The coating thloknesses in the two-layer method
 seem to be llmlted to those nermally encount red Ln.plasma
or d-gun, depositionr; i.e., sbout 0.020 to 0,030 inohes. -This
limitation is a function of specific_oomposition,.coaﬁing
' peramete;s, and substrate geomeofj-end-is dué to the
cumulative fesidual stresses generated_du:ing deposition.
In fhe one—laye* method ho"ever, it has surprisingly been
fourd that extrem_ly thick coatings, often ex <ceeding 0.100 .
dnches, can be deposited. This significant advantage of the
20 one-layer over the two-layer method is counterbalanced to

some degree by the slightly harder ccatings obtained with the

same compositions with the two-layer method.

One of the oajor compositional embodiments of this
inventioﬁ utiliZas tumgsten carbide as the metal carbide.
When the two-layer nedhod.is used ‘it conSieos of fiost apply-

ing =2 coetiog of tungstan carbide-cobalt by plesme or det-

onation gun deposition and then applying a second coating of



conpl etely encapsul ated. As a result , the substrate is conpletel y

ISrot etted from.corrosion,

exterior surface. The discovery that such reactions are useful is 20

surprising in view of the established art of
coatings while deliberately trying to avoid o6 mnimze reactions; e.g., as

I n.Goet zel, Breton,

this invention are also distinctly different than the self-fluxing alloys

Pat el , Gebaurer and Bourne: The reactive netals of

used in conbir.ation, WstRe{0pbal Gakbiviese Al vpAasRe dRPEsivhl 8fbosBELSYEN

oxygen- acetyl ene sprayi ng (Noguchi, ASM Ccetzel, etc.) ‘in that the boron
content is nmuch highef tyoslireg, eledbrqphasessg osttci. ngmd( &inaldpdsaatdag density
75 to 95 percent of theoretical). Retention and utilization of a high con-

centration of boron Fee ¢patedarticldi ¥ &r B3ruuphet lpaet Baadis Agkemprrature

Schrewel i'us and Quass o,tri to ensure the renova the Qoron durin
deposition to prevenf“%%f??‘ifegg%ﬁ ST se.‘b_°ultt§ s'-aﬁsoggzd? s{gf"ng‘ﬁ y &1 er ent
t han the teaching and tice -] hng 0 + Sl in
the reactive netal s 8?%%%3& %e?é ?@J,Jt‘LL&'?QhQ ficaiés %(%tf%% %a;r: Sﬁggtg{; such’

as borides and conpl gx, 1§he comp&¥iRg8s HisdgsudeRdEdtothdEiconidaRInA I sartd ux. .

10

20

| nvert fon are i ntende

equivalent of tungsten carbide and 0 to 25 cobalt. The .
specific carbon content may range from about 4.6Q to 6.13

when stoichiometric WC is used or about 3.20 to 6.13 when

.'part of the carbide is nomstoichiometric. It may contain

up to 2.0 Fe and, 2 reasonable amount of ﬁrage impurities.
Thus, the first coating of tungsten.carbide-cobalt'may

consist of a mixture of phases of WC, WoC and Msc (CogW4C, -

ete,) with the baléncg.of the cobalt in a metallic form,

The composition of the powder for the second coating is

6.0 to 18,0 B, 0 to 6.0 Si, 0 to 20 Cr, 0 o 5.0 Fe and the

balance Ni. The preferred ranges for the two coatings

"are for the first coating the equivaleﬁt of tunésten carbide-

10 to 25 Co and for the second coating 6.0 to 11.0 B for
plasma or for d-gun, 2.0 to 4.0 Si, 3.0 to 15.0

Cr, 0 to 2.0 Fe and the balance Ni. It should be recognized
that some shift in composition is possible during élasma or
d-gun deposition. The ratio of the secend_ccatiﬁg to the
first cdating is ; fﬁnctiqn of the specific alloy coum-

positions used for each coatiﬁg; In thickness, the ratio

. ranges £rom about 0.2 to 1.2 with a preferred range of

- 0.3 to 1.0. This corresponds to a weight ratio of about

and corrosion of the coating is limted to the

g

{46

infiltrating porous bodies or



Iy encountered-in. plasma or d-gun deposition, i.e:,_about 0.020 to
0 inches.  This limtation is a function of specific conposition,
coaji.ng paraneters, and substrate geonmetry and is due to the cunul ative
edl dual stresses generated during depositi-on. I'n the one-|ayer nethod,

| however, it has surprisingly been figund that extrenely thick coatings, e
. often exceeding 0.100 inches, can be deposited. This significant advantaegé
of the 20 . one-layer over the two-layer nmethod is counterbal anced to

sone degree by0.08etas(0i.6hi | e mubarratsaticwgsitionafere 4oviath there sane
conpositions with the two-1layer nethqd. One of the gajor co si tional
enbodi ment s ofSRFIRE SHHETRS BY Fei f‘?323r§°‘tuﬁb‘_§‘feén°’éaﬁf’g%‘é PREceFetal
carbi de.- Wien the tvo-{ayer, TEINOY J.pieeUnbler 30 4aEScdl bldsthe aPPIY- Tng
a coating of tungsten carbide-cobalt by plasma or deC- onation gun :
deposi tion anduddeRe 3RELYiyRY Feth8q ONXd usfll kRE 19 ent1ohbechshb ek Qe base _
reactive netal by plasma or d-gun deposition or by slurry, electropheresis,
etc., and finaddpyshbeizgi by plhsns eat dcguar dépobbtian a ccacimgneonpésedrt gas to a
temperature sufficient (for exanple, about 950-- [err]) for the second
coating to melef apoheinwatef the dr gere coERINARttndOne £OFPIHERR '

consiSés of eSSentially_tuﬁgsten carbide-0 to 15_C6. This

component may consist of a mixture of phases'of e, WiC

and MEC 2C03W30, etc.5 with the balance oﬁ tﬁe cobalt in a

10' metallic form. A Sﬁail amount of ironm or other eigmgnts azy
.be.present in this componenﬁ. The specific caﬁbdn content
may.iangé'froﬁ about 4.60 to 5.13 when stoicﬁiomé;iic we

1s used to about 3.20 to 6.13 whe# pért 65 €h§;carbide is . -

nonstoiéhiometric; It may contain ﬁp.ﬁo 2.0 Fe and a reas&ne
able amount of trace impurities. - . |
| 'Tke éecﬁﬁd.cégponent_may'Se a singié alloy or
a mi#ture qf.alloys.with a total compositién 6f.6.0 to |
18.0 B, O to 6.0 Si, O to 20.0 Cr, O to 5.0 Fe. 4n example -
of a mixture of alloys would be 40 to 60 wt.%Z of an alloy
2d of 14.0-to'19;6 B, 0 to 3.5 Fe, O ﬁa 1.0 si, balance nickel -
and 60 to 40 wt.% .of an alloy of 2.0 to 4.0 B, 2.0 to 6.0 Si,
1.0 to 5.0 Fe, 0 to 20.0 Cr, balance nickel. The mixture of
components consists éf 75 to 55 percent of:the first (tungsten
carbide) compenent and 25 to 45 percent of the second (re-
active metal) compoﬁenﬁ. The coating:ﬁéy be 2§piied to any

1£on,”nicke1 or cobalt base alloy substrate. R

After the coating is applied, the component is heat



i,t. The conposition of pewder for the first coating is the equivalent of
tungsten carbide and 0 to 25 cobalt. The spgeific carbon content may rang
from about 4.60 to’6.13 when stoi chi ometrict is used or about 3.20 to.
'6.13 when 10 part of the carbide is nonstoichionetric. |t may contaim
up to 2.0 Fe and, a reasonable ampunt of trace inpurities, Thus, the first
caating of” t ungstteertedr Bt de tenpraturmpicarasiter thpnad30° %t faxe 20tigghases of
WG [err] and [err% etc.) with the balance of the cobalt in a netallic
form The conposSREEAIERE (89 cHHRIERATEPR 1 FE/ ek (HiEtioR: PRigerR B9 to 18.0
B,. 0to 6.0 Si,.0to 20 Cr, O to 5.0 Fe nd.th Falagce Ni_. The preferred
ranges for the tRB"RTUPFARE 5P% FPBFB1e ‘?iiﬁé‘f‘t% aPPndPRESRGUFT ANt of

t te bi de- e10: 4.0 _2 f ; d ing 6.0 to 11.0 B for .
20 0! L aam or Fodidflsfin/Hafiibs’ HorduRRCRIE ERBLSML © 010 37 e and

the balance Ni. It .shoul dyfent&6RaPhdRel N BORsS il £4k@QEPQSELLON S,
possi bl e daring plasma or d-gun ‘deposition. The ratio of the second

ccating to the fihest meatddiy afe Febynokhbix ehdtdir APEEully vakbeytoalt
_‘positions used for each coating. In thickness, the ratio ranges from about
0.2 to 1.2 with &Koptiigsrrade banthe tFo-lLafet methdd cPhébstcgereednds to a

wei ght ratio of about 17 : .
) o ‘four zones. The outermost zone contains some large, angular
particles in 2 metallic matrix with a fine dispersion of
10 very small particles, the second zone contains so.'r.ew_hat smaller
~ angular particles than i:he outer zone aq_d-ag'-ai:n a dispersion
of very fine particles in a metallic matrix, the third zope
coﬁs_:’.sl:s of a gradient of particles in 2 metallic matrix,
increasing from the substrate outward, and finally the fourth
- - zona is a parrbw ba_nd_ of .interdiffusian_-/ reaction with the -... 7. "

.substrate. X-ray analysis suggests that the predominate .
pha.ses in the fi_.rst.th'ree zones are as shown in 'l'able_. 1

. below.

7%



L

A 9 to 0.65. The substrate conposition for any of these coating’ systen;s
JJ5e any iron, nickel or cobalt Y¥ase alloy. \Wen the netal carbide chosen
ungst en carbi de and the one- | ayer met hod i s used, ‘the invention

a mxture of two or nore corrpo,neni;o. One. conponent consi sts of ‘essentially
tungsten carbide-0 to 15 Co. Thi.ga—j‘én%

- phases of WC, W2C and [err] with the balance of the cobalt in a 10
metallic form A small anmount of iron or other elenents yd_'ggﬁpresent in.
thi s component Jhe speC| C cont, nge fr t 4.60 to
6. 13 when st oi %%Teorretrl C V‘T\gj%g ?}g%%gto ab'gﬂc%r gmé?)és?o 6.13 }gwopart of
the...carbide TS nonstol cntonetric. 11U may contarnm up to 2. 0Fe-and a
reason- abl e agwtext of tra@fx"u;?pu{i ties. Thewgecond conpQnemizzgey be a’
single alloy or a m xture loys with a total conposition of 6.0 td 18.0
B, 0 t0°6.0 SiSe®ndo 20.0 W%, 0 to 5.0 Wgi'By1+ewanpl e of 1200A2000r e of

al l oys would be 40 to 60 wt. %of an alloy 20° ° of 14.0to0 19.0 B, 0 to :
3.5:Fe, 0 to 1Ttng baI an‘ﬁ:}?1 ﬁzckrel and 60 t #C40 wt. % of 300-alMBy of 2.0 to
4.0 B, 2.0 t-o. OS|, p 5.0 E Oto 20.0 Cr, bal ance nickel. The

m xt ure of con’b Heént s cons stSCBf to 55 percent of the first (tungsten

car bi de) conponent and §1tlo+4§ ¢ Of the second (re- active netal)
conponent. The coati ng Bf S 0 any iron, nickel or cobalt basé
-aIon substrate. .

5, Mzwzc or MaW3C

_Typical hardnesses of the'variqﬁs zones are élso éhbwn in
. Tdble I. L _
- The microstructures of coatlnﬂs made by the one-
- layer method are also very complex and not completely under- 
_ stood. The outer major portion of the éﬁatiﬁg, consists of
" a dispersion 6£ fgirly coarsé angular.hard particles, presumably
WC, and a'fé:y dense finer dispersion of several types of
particles, 2ll in a metéllic matrix. A narrow inner zone
20 consiéés of a substantial amount of a hard pha;e-whidh may be
‘present as large blocks of almost contimuous pa’ticles.or a
flne dzsper51on of pcrflcles, depending on the specific
composxtlon and heat treaatment used. Finally, there is a
narrow interdiffusion zone between the qoating.and the
substrate, Typical hardnesses of the outerzos: zone are 1000 °
to 1800 DPHsqq.

A wide variety of other carbide systems can, of

onent may consi st ‘of a mixture of .™

Oﬂsi sts of depositing by plasma or d-gun deposition a coating corrposed. of -



After the coating is applied, the conponent _is heat - 18 treated at a @
_fenpetmure of greater than [err] for a tiae sufficient to cause reaction
and/ or diffusi,on between the conporients of the coating. A linited, but

‘i mpoag tant - armunt of diffusion/reaction occurs with the substrate. The

m erostructures, Ofcoai?e r6& WskhaNeh GaALALAIS :@ﬂ‘ézeehﬂeahvémea Tegpyare very

cogpl ex and are not ful ’l'y under st ood. "Coati.ngs made by the t wo- | ayer nethod

coqgi st general | y eebndiQyr etcd1@6nt FAEradtrOEfMet ZahRasdidsai sreSbaEn | ar ge,
angul ar particles in a netallic matrix with a fine-di spersion of 10 very

smal.l particies, - vhetakedowitly ohe Tonsml NS/ T pgsbets . SMle eptizmuguitarice
particles than the outer zone and agaln a dispersion of very fine partlcles
in a metallic mateExa giventdfichidey GREL cmpendon Bite srgebfficerieavndarticles in

a nmetallic matrix, increasing fromthe substrate outward, and finally. the,
fourth zone is2a SAFFAHCBaSY6PRF REePHIFLUEIDAPE FRCEFBIF #FEMTLAR subst rate_ .

X-ray analysis su %eﬁl_'gs tha{ the redom nate phases in the first three
zones are as _shq al'&Bf"érﬁ LA R ' .

!

. Several examples of this invention follow for the
purpose of teaching one skilled in the art how to practice
the invention. The examples are not in any way intended to

.10  limit the scope of the :.nvention. -

o Example 1 _
| ' Specimens 1/2 x 1/2 x 1 inch of AISI 1018 steel
_ . R .(nouiina.lly 0. 18 C 0. .75 Ma; _Bal Fe) were first coated on a
- 1/2=x1 inc‘x face with Alloy 1 to a thickness of .005 to
15 .QZO inches a2s shown in Table 1.
Alloy 1=W-il Co -~ 4.1 C (Tungsten carbides + cobalt)
Alloy 2 was then plasma sprayed over t:he f:n:st
coating to various t"zic'«cnesses as shctm in Table II.-
Alloy2=Ni.-93B-273:.-3261:-23::3
20 ‘Ihesé coatings were then heat treated in vacuum for e:.ther
one hour at 1100°C, one houxr at 1160°C, or five m.r-utes at
1160“(: . The coatngs after heat treat:v_en:: had the hardnesses
shown ir.x Table II. It was found that the ratio of the secand
coating to the first coating Is very img;ortanc in developing

25 the best microstructures in the final coating. If the amount



Tabl e I Hardness, Zone : Maj or Phases - M nor Phases - [err] a
~Quter [err] ' .~ 1300-2200 Second WC
ornN . . 1200-2000 Third<l [err] .~ . W
3@{) 700 where . . [err] [err] [err] 10 - : [err]
‘Yypycal hardnesgses of the vari.ous_ zones are, al own_in .Table I|.. The
m~€r ost ruct uregéo‘?neccs)?i ?n%gggaﬁ%%g rE‘)@y -att%ée‘gtﬁe-m? ;Sif;!/é%pr?@fﬁ%n& éfe’e‘k‘%l SO very .--.
conpl ex and n%ufﬁ'@f%&&?!ﬂée%&%&‘c&I:QHQ:w*lI%@BEefulrI'}J dndRQLELPN of the ™
. coating, consists of a dispersion of fai r‘ly coarse angul ar hard particles,
presunably WC, aadctha ¥&¥al dedsife hdtekell TGS @0 Sie SeVWEFArel ypASsOf
particles; all in a netallic matrix. A narrow inner zone 20 . consists
of a subst anti atcamednin aheatdsar spexiimaes wifi ebl ey the phibwast Sbcdtar ge
‘bl ocks of al nbst continuous particles or a fine di.spersion of particles,
~dependi ng on t keasingsthen Eherresieivws Anid Roatessrbamedaht us€dedFinal ly,
there is a narbgw i nterdiffusion zone bet yeen .t he copating and the

substrate. TyPrEEAstRUTHHTES BT HATHOPEL FELATEIE FRFS HFs #6087t ¢04800 [err]

A _\M de vari ?t yaﬁhc%gge&ecqrég Irda%igyégseggefe%géd Osfince_ the .35 ratio ’

tended to exhibit bands of i::etal—_r-ich material that were

éofter than the 'balanc'e- of the cqa.ting. The hardness of the
10  coatings with a ratio of .45 was lower than those with .35

‘or .40 except at the lowér heat treatment temperature. . The
éoatings heat treated at either .1100 or 116-0°c for one hour

 Were simf't.lar with the exception of the .45 ratio coatings
while those held at the shorter time for five oinutes at
1160°C ha‘.ci'sqgeWhé.t lower hardnessés'. A _Jéeview of "the

| micréé- tructures anci the fxardﬁesses in.d:-'.cat:e that the- ratio
by weight of .30 to .45 is useful, but- that the ratioc of

| about .35 to .40 is preferred. - | . '

See Table II on the fellowing page 21..



cqurse, be used to advantage with this invention. For exanple, excellent
m croséructures and hardness have been obtained with the Ti C and VO WC

‘wear and 5 corrosion -environnent of Use and_the relative econonics of the
coati-ng systems. Several exanples-of this ifi¥ention follow for the purpose
of ‘t.eaching one skilled in the art how t o practice the invention. The
exawpl es are.not in any way intended to 10 limt the scope of the

i nvention. Exanple 1 Specinens1/2 x1/2 x 1 inch of AISI 1018 stee€l
(nomnally 0:18 C 0.75 M1, Bal Fe) were first coated onh a 1/2 x 1 inch
face with Aloy 1 to a thickness of .005 to 15 . .020 inches as shown in

Table Il. Alloy 1 W11 Co - 4.1 C (Tungsten carbides + cobalt) Al{oy 2 was

then plasma sprayed oy® fhe first coating to various thicknesses as shown
in Table Il. Alloy 2= f%3A 8 -ful S L3220 43 Fe 20 These -
coatings were then hefﬁ treated By umrfg)h |thergq-§e hour at -[err],

or.e hour at [err]. or & vig Tt es"aﬁerﬁ]ﬂ -‘Tqﬁe dsoatifngs after heat
treatnment had the har ¢ghps¥es shown in Table Il. It was found that the ratio

of the second S
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systens. The opti mum choi ce of a gi ven carbide will depend on the specific .



coati-ng to the first coating is very inportant in devel oping 25 the.beste
Jm crostructures in the final coati- | f the anount of the second

ating relative to the first coat%%% is in- sufficient, the first coating
|| not be fully penetrated and the total coating not well bonded to the
sMbstrate. .This occurred in the test specinens of all but the thinnest
‘first coatings when the ratio 2or |ess by wei ght’ . Good CoL

8 :
m crostructures were dgvel.oped waen he ratio was,. ¢..40, .al t hough t¥fe
.40 ratio was preferr egp'é‘fir‘i‘c?gst% x fd.'“f"'én%feélgg lgi’%ismetelbands of

~metal -rich materj_ak,tha M) fAer 4 t |.an fqthe ating. The
har dness’ of th‘ggﬁfo‘léﬂc%%%\%ﬁggé%/t&hagal Irigg? oﬂg Q'%ng '\Q/v?asog'l lémt/tel)r f'?‘ an those.
With .35 or .48, x6600esakndiiC1h 0B e NAA! wiktP 3! FRAL I GG &l MRS,  The
coatings heat treated at either 1100 or [err] Tor one hour were simlar
with the excepiisedord coBingibas alhefi HAlkeddverhites fifnsecheld at the
shorter .tine for five mnutes. at 1160 C had senewhat | ower hardnesses. A
revi ew of 't hethlicknestesusitavnesn dlaile i Ihatginbgsplesnadipcaye tipat the rati-o
by weight of .30 to .45 is useful, but that the ratio of about .35 to .40
is preferred. exspos LEioas| gsash fen dhe ot aconfl repasine 1ayer vere: o :

Alloy 3 NL - 7.0Cr - 3.5 B - 4.5 Si ~ 3.0 Fe

4 Ni-15.6B
10 - 5 NL-3.8Cr-6.0B8-2.55si
6 NL-3.8Cs-9.43 '

Various ratios of thickness cf second c_oati:ng' to first coat-
ing were us.ed as shown in Table III. The coated specimens
were then heat treated at 1100 to 1160°C for 1 hour in
-wacuum, Because the. heat treatment had not been._.aptir..xized,
_ tﬁere wére some areas of high metallic conter;ﬁ and low |
‘bardness; however, the predominant hardnesses are shown in

‘Table III. The specific microstructures were found ﬁo _be a
function of th'e ratio of the secoud coating to the .first:.'

20 coating. In .th.e case o:i_‘S Alloy 3 it was found that all of t’ﬁe

- eoatings had a2 porous ov.'zter layer and; under the conditions
used, that the _re-sidual stress of the final coating was such
th;u: those coatings with a thickness ratio of second coa.éi.ng
to first ccating.bf greater than .8 lifted du;._-i;;ig coating.

' Those with a lower racio exhibited some porosity in the oﬁter
zone of the coating. When Alloy & wé.s u.sad for thg_. second
ccating, a much higher reactivity with the first coé.ting and

the substrate was observed.. When a high ratio ¢f second



23 [err] 23 Exanple 2 Specinens 1/2 x-1/2 x 1 inch of AISI 1018 steel . (i%
were first coated on 1/2 x 1 inch face with Alloy | to the thicknesses

“shown .i'n Table ]Il with a plasma spray t@&&h. A second coating was then C
applied over the first to the thicknesses shown in Table Il also by plasma:/
spray. The conpositions used for the second coating layer were: A'loy 3 -

Ni ~Z.0 O -3.5 B -4.5Si -3.0 Fe 4 Ni -

( 15.6,. B 10 . . 5
i.@s8 COr -6. B -Xoptdpe do Eiyst goaripg vas ysed, ArtRAeLdiATisY M¥FEEhi ckness
cf second coating to first coat-.ing.were used as s mnq' [11. The
coat ed 'speci nens We?aé"tt'"ﬁ%f HERT ‘gt‘é‘dg%? °¥1%0 6" F%F?]g'#‘c%rla%yﬁgur in :

vacuum - Because' t B Gals 4 GAIIEDE thatka! vDRRY BRIHEL ZRfle. T RaKE were

sone areas of high netallic content and | ow hardness; however, the .
predoni nant har dness@mraf£:is80VWr hiad abberdeht. tebBe-sRe] fHdtredL @st& UCt Ur es

were found to be a function of the ratio of the second coating to the first
' " uniform microstructures were cbtained with quite high
uniform hardnesses. The use of A‘lloy' 5 resuléed in
generally acceptable microstrﬁctures but with oé.casiona.l .
high concentrations of -infiltrant: 'in the i;:mer half of the
coating at high second coating to first coati;tg ratios,
10 Alléy 6 when used as a2 second coating resulted .i.n acceptable
microstructures at all ratios, thus the pfgs ence of any B

- significant amount of Si is not necessary. '

See Table iII_ on the following page 24.



- 28 g coating.

ss of the f
o of second

~hi gher reactivi
When a high rat
extraordinarily
a fairly wder
heat treatnent

obtained with g
general |y accep
concentrations

second coating

coating resulte

presence of any ss

the followng p

Table II;

In the case of AIon 325t was found that all of the coatings

a porous outer |pmyer and, under the conditions psed, that the residual
inal fpoating was.such that those coatings with a thickness -

coat|ng to first coating of greater than .8 lifted during

ing Those with al lower ratio exhibited sone porosity in the outer zone
of the coating..

Wheh Al loy 4 was used for the second coating, a mich e
ty with the flrst coating and the substrate was observed. .«
io of second ‘coating to first coating was used,

| ar@e particles were found in"the outer zone acconpani ed by
angézpf hardnesg valges in this zone. Wth lower ratios, or
tengsy ature, hofyeverg. nmore-uni formm crostructures were

ui &2hi gh uni form hardnesses.. The use of Alloy 5 resulted in
taf® mcrostructures but with occasional high
offinfiltrant in the innér half of the coating at high -

t&fifrst coating ratios. 10, .Alloy 6 when used as a second
ddn facceptabl e microstructures at all ratios, thus the
. |f&29ngnannunt of Si is not necessary. See Tabl e 111 on
A S$SR 8558 2882 933
o] 35382 “32°3 5288 853
L]
-l
[
so| i
oW
-l O
87 .
Sal o~ oo~
uTl 299 NAR3 A83% 383
- Q
g'u o . . . -
>
(=]
[ o)
-
<
o1
o
8. 3
33 0 5
L s
] ) _ T
Q4 i
§§l OOOO OOOO 0.0.Q.O‘ ooc - o—
Qo : o
Eo 3
. B )
c <«
(=}
h <
. (=
=
-
3
! - o
* S
Ely > a0 % 5
8§01 3 ) Y ) 2
og -5 L) ~l i -t
g QO ~ - [ i N
wao| < < < < g

»



23. 0 [err] ©26° ExanDIe 3 Specrnens 1/2 261/2 X-1 and 1/2 x 1 x 3 inches
of A SF 1018 steel were coated on a 1/2 x 1 or 1 x 3 I nches face with allo
1 by plasma deposition to a thickness of about .009 inches and then a
second coating with.a total conposition of Alloy 2 in Exanple 1, but

consi sting of a mxture of 50 percenkxaioiey3 3 and 50 percent Al I oy 4 was
appli.ed, al'so by plasma deposition, to a thickness corresponding to a

t hickness ratio of the second coating to the first coating of 0.81, 10 .
0.85, 0.90. These coati ngssmsriee!tshég 2 hed?2 % dased] 13rx 40%0? ingbesiafut es at
1100 or 60 mi nutes at [err The resulting mcrostructures_for_-all_ the
coatings were generAgtWy‘%éc’éﬁiﬁabﬁ'%%?ﬁeﬁaﬁ’%ﬁe%é%s tatgitng ? rioches Agceo -
1597 DPH300 except _f ratj o heat treate f 6r mn. (1304
[err]) There.was Irt"?gl; atlg°¥ferb§n% 55581 WA TR - g%ecrhbﬁqleéxcefptag?ﬁ%t t hose
heat treated at [ erpboWsichies|dunidlat 30%&%&&%@14@%&@%:;{ RLEek Aton

'_1100C In all cases on the basis _
of Alloy 2 in Example 1, but consisting of a mixture of 50

. percent’Alloy.3 and 50 perceat Aiioy 4 was applied, also sy
‘plasmz deposition, to a thickness corresPOadinc.to a thickness
ratic of the second coating to the first coating of 0.81,
10 © 0.85, 0.90. These ceatzngs were then neat treated for 60 or-
120 minutes at 1100 or 60 minutes at 1150°c. The resulting
‘ microstructures for all the coatings were generally aéceptable
with.haranesses ranging'from 1478 to 1597 DPH3qq exceét for
the .9 *atio heat treated at 1130°C for 6Q min, (130’ DPHJOQ)
There was 11tt1° di‘:erence between the specimens except that R
those ‘heat treated at 1150°C were gllghtly softer thaa those
heat tteated_at 1100°C. In all cases on.tﬁe.hasis of the
'eicrostructares and the hax dnesses of the coatings these

' sPecimens would be expected to have extremely good wear o

20 . resistan-e.

- Example & .
The plungers used in stimuiation pumps for oll well
applications to pump sand slurrys undergo severe sbrasion and
normally have an extremely short service life. To. determine

the performance of the coatings of this invention vis-a-vis

prior art coatings, the three plungers in a triplex pump

g =4 ;e mbma = ————— —— e - —— .- —————



i crostructures and the hardnesses of the coatings these speci nens woul d be
pected to have extrenely good wear 20 ~ resistance. Exanple 4 The
ol ungers used in stinulation punps for oil well applications to punp sand
~=slurrys undergo severe abrasion and normal |y have an extremely short
_ service life. To determ ne the performance of the coatings of “thisg
i nvention vis-a-vis prior art coatings,2The three plungers in a triplex .=
punp 27 were coated. with three different materials: Col nonoy 6, a
trade- nane of Wall-Colnonoy, Inc. (14 C - 3.0 B- 4.5S - 45 Fe - 0.7 C
- bﬁ' ance n{eifgé%ccwahiﬁdht&m\x&baaﬂﬁre&le@xy@earmetylm@oﬁw ?_,facﬂgae%-_
t echni ques, L- - : 4 a detonation gun goat, ng.applied:by Union
Car bi de Cor por”éf“Fo%?%}ﬁg%ﬁﬁﬁ%‘?ynggﬁ' Rﬁ%s&l ﬁvg{h Fon _!"'%cfm_‘dﬁlog"%ﬁ S a
regi stered Tr @d@ Ob+ balankee plalkelerapplied Y. Ftandaed asxyigan-chicatplare, habbut
19.inches |ong _Wwth lengthe, ol i.nches. The s l.fic
coati ng of th%?cf%%ét%fﬁgﬁaggé “Pgﬁ &'ﬁ-ga?oesﬁpr&;gs dﬁ?%?uég‘ %)r/' gggpqlf}gng a -
first coatingapplied df WilonyCarbide Larppritipasand aOc@ltingnahdbis iAvertiond

coating 050085v¢8§.§¢}&)§};¢{%1%‘<r9 15t0rdf 04l a3 h@oﬁ‘fng%%’f obbl D5t vas

~ then applied. Bo . these Toati1 ngs were applied asma depoSition..
The P' u.nger Wain&lt@sn igeﬁtamgéé'ﬁt Sehwat 19 inches lo_rig with a2 coated length

of about 14 inches. The specific coat;in_é'_ of this im}ention

used for this test was produced by .ap_plying a first coating
10 of Alloy 1 to a thickness of 0.011 iz;ches. A second coating
0.0085 inches thick of 50 we.% Alloy 3 + 50 we.% of Alloy &
was theﬁ applied. ‘Both of these .coatin_gs were applied by |
plasma deposition. The plmge:f'-was then heaf:"treated at
ﬁoow‘ in vacuum for 120 minutes. The éoa.t;ing vas then
ground and iapﬁéd le#ving a final cbatiﬁé th:':ckness of about
0.012 .inches-.' .The pump was assembled and rum :I.n typical field
. sérvicé mﬁ'il the Colmonoy 6 co;tiné failed. At 'tpis p.oi.nt .
in.timé, che.f.w-is aﬁpeaa:e& to bé significantly worn, But ‘
i.iz bettef.édndi;ﬁion than the baimotxo'y 6. i‘he- coating of this
20 = invention, on the othe:; hand, showed only an insignificant
amount of ‘wear and was assembled into another pump with two’
new Colmonby 6 plungers. Again the pump was run until the
Colmonoy 6 coating failed and again inspection revealed t.hat
the coaciﬁg of this invention was still ve,ry.serviceable.
This sequence was repeated and it was- found that the coating

of this invention lasted four to six times as long as plungers.

coated with Colmonoy 6.



[gzrr] in vacuum f'or 120 minutes. The coating was then ground and | apped
| eavirfg a final coating thickness of about 012 inches. The punp was '.
assenbl ed and run i*n typical field service til the Col nbnoy 6 coating '
‘failed. At this poi.nt in tinme, the Lw 15 appeared to be significantly worn,

" but™in better condition than the Col monoy 6. The coating of this 20

i nvention, on the other hand, showedgeBhdieas i nsignificant anmount of wear
anfi_was assembl éd i nto anot her punp With two new Col nonoy 6 plungers. Again
“the punp was run.until -the Epédimeny o aoeddiagy fofi kifksgnshap@al #nd Nspect i on
reveal ed that the coating of this invention was still very serviceable.

Thi s sequence was reqpasttioandas shewminfBaid THED wéne coxttedngidf at hi's
invention lasted four to six tines as long as plungers. coated wth

Col nonoy 6. Exanphs t5eagdes rﬁaﬂélw & W Retsropl eqardng @hép@s‘cﬁﬁ%ﬂ

if?‘é?lslt LﬁSSaaiﬁiﬁn#‘ésgvffTﬂ% ofALfo13 AEPE GrAetf aiier 47 e 8, 5 Fantily,
Chen hok 1 sat o | BHATATRBTOND | ”TF%%? ot ol et Rkt MRURD

structures simlar §0 .08 aQbiﬁior‘ES' 1%@*@: sl ¥s Wol fod mﬁu&‘aat 'm-'éySt em
were obtained on all of the sanples wth

structures similar to those obtained prevmous;y with this
coating system were obtained on all of the samples with

10 the exception of minor differences in tﬁe diffusion zone,
dependlng on the speciflc comQQSLtion of fﬁe substrata, .It

. 'has thus been demonstrated Lhat Lhese coetlngs are appllcable
ta a w1de variety of steel substrates,

See Tables IV(a) end IV(b) respectrvely on the

. f°11°WlnS pages 28 and 29 respectively: -



“respectively.

surface with Alloy I
~coating of a 50:50 nixt{t&

PR

~

the exception of ninor dlffereﬁees in the di f fusi on zbne, depend| ng ,
he specific conposition of the substrate. It has thus been denonst rat’ed
these coatings are-apgdlicable to a wide variéty of st®el substrates:
Tabl es 1V(a) and | V(®)
29 [errd §
112 x 1 x 3 inches of  ASSE

Table IV(a

ICQacing Proceghing Conditions

t

Steel

e

Heat Treatment

. Coating Thickness

0%

Time (hr)

Alloy 3&4/Alloy 1
Thickneas Ratio

Alloy 1 (mils)

Size of Coated
Surface (in)

Composition

(given in
‘Table 1V(b))

respectively on the foll ow ng pages 28 and 29
30 [err] [err$ [eld] Exanpl e 6-Speci nens
1018 steel werespl asia sprayed on a 1 x 3 inch-.

hi ckness of .01d inches, then with a second vl
oft’Ali'-;oygr 3candn4 t@aadshlckness of .009 inches.
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The speci-mens’ weré then heat treated at [err] for-60 min. in vacuum The . .-
coat egdnsurface was ground snooth and a dry sand abrasion test run. The '?Zf
coating of this invention 1ost 10 slighthy less volune of material than™
di d Car bol oy 883 (WC-6- "Co, a tradenane of neral Electric Conpany), a
S|ntered tungsten carbide material, and about one-fourth that of LW 1N30,

a d-gun turgsten carbi de-13 cobalt coating.applied by Union Carbide
Coﬁg@ratiOn. Exanpl e 7 Specinmens of AlSI 1018 steel "1 x 112 x 2-3/4 inches

were coated 0.010 to @ 012 inches thick of Alloy 7 Alloy 7 - W- 9.50 Co -

4.55 C (tungsten carbldes + cobalt) with a d-gun on the I x 2-3/4 inches

faces. Separate sanplles 20 " were them overcoated with a layer of Alloy
2 to thickness - - ratjfios of 0.3, 0.4, 0.5 and 0.6 or melght rati os of -
about .16, .21, .26 d 9320 respectlvel¥ The t est speC|nens wer e then
heat treated in vacqu1q5 1&10 to err] or ‘two hoursg The resultant
m-crostructures weréds previously described. The harness of the coati ng
was found to vary witH the thickness ratio, being .1252, 1483, 1407 and 1249
for the 0.3, 0.4, 0.5and 0.6 ratio coatings, respéktively. Exanpl e 8
. Speci mehs of 1x3_§§/A|nghegsLeelo(ALSI 1018)jH '
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were plasma sprayed with mxtures of -alloys 1, 3 and 4 as shown'in Table Vs
dMhg speci nens were then heat treated in vacuum at tenperatures ranging from
1 }b to [err] for times ranging from5 to 240 nin. .The mi érostructure of

ng A was quite porous and that & coating C not very-uniform Coating
B, however, had a very uniformmcrostructure, mnimal closed porosity and
a hardness of 1200 to 1500 in tI&xapPle 6 .outer zone and 1113 to 1374 in the
~inner zone. These coatings could be appl i ed to unusual _thicknesses on ar’

flat surface, (greater SR&FL=30Yh&n} %idt Aeshes pF tAI8E. 1018 gfselsand abrasi on
test of coatin

sul ted in_.about half .t rat g‘a un WC- Co
coating and sl eg?ﬁ??“sd'raeé?%aryeflh%atﬁexvaeéf’c zi‘f‘é?%‘f T%bg{%?y % a pressed
and si nter ed. v%tg‘f;t'.% %l gf\{ogg.a{ﬁéﬁgs, then with a second. coatlngng)Qs' tion A
677. Alloy 11
16. 5% Al 1 0y 4 §p.50 mixture of Alloys 3 and 4 §§ é%&éﬁ&\és %518085%:1%%9)’ 3
1825%AIIOy4C : 0% Aloy 1 20..0%Alloy 3
20: 07. Al oy 4the speclmens were Ehen'beat t*eated at 1130°C forx-60 wmin.
in vacuum. The coated surface was ground smooth and a dry
sand abrasion test ruit, The coating of -this inventlon lost
10 | 'slightly less volume of material than did Carboloy 883 (WC-6-
Co, a tradename of Gemeral Electric Company), a sintered
| tungsten carbide material, and about one-fourth that of IW-
. IN30, a d-gun tungsten carbide-13 cobalt coating applied by

Union Carbide Corporation.
: t . .

Examnle 7
sPecimens of AISI 1018 steel 1 x 1/2 x 2-3/4 incnes
were c-oate.d 0.010 to 0.012 inches thick of Alloy 7 |
Alloy 7 = W - 9.50 Co - 4.55 C (tungsten carbides + cobalt)
with a d-gun on the 1 x 2-3/4 indhss faces. Separate sampies.
20 were ﬁhen:a#ercoate& with a layer of Alioy 2 to thicknéss - e
retios of 0.3, 0.4, 0. 5 and 0.6 or welght rat;os of about -
.16, .21, .26 and .32, respectively. The test spec1mens
were then heat treated in vacuum at 1110 to 1120°C for two
hours. The resultant microstructures were as previ ously .
described. The hardness of the coating was found to vary
| th the thickness ratio, being 1252, 1&83, 1407 and 1249

for the 0.3, 0.4, 0.5 and 0.6 ratioc coatings, respectively.



3, 3 'Exanol e- 9 Speci mens .of Al'SI 1018 steel were plasma sprayed with
arrfxtur;es of Alloy 1 and Alloy 2 in the ratios shown in Table VI to
‘thi.cknesses of .060 to .063 inches. They were then heat treated in vacuum
~to 1050 to [err] for 30 mn. The hardn of the outer zone of the coatlngs
_i§sshown in Table VI. Coating D was somewhat porous, E less so and F, G
and H had only a very few smal | pork’iﬁ&&ﬂéthe pores were closed). 10

_T BL? \2/| C?HDOSI ti on,. [er r]gpﬁcimens of 1 Qa%dn?jé i-tcﬁgs ns%ﬂelchl.ISI ﬁHs‘}y 1

' ég52 E o '_ wizéeeé(i&sma sPrayed with még\‘g.u:es of alloys 1, %éﬁSAQZS

1133 H 63 O shown in Table V. The s%@c zens were then heailt.&%aEéérm{ e 10
Specinens 1/- x 1 x 3 inches of 1018 AI'SI steel 20 were coated on one 1

X 3 inches face wvhénm et Xtemperaferes. 2Hgidy |foyr DOAE &6 136678 Ifoy fides a
t hi ckness of 0.030 inches. The speci nens were then heat treated in vacuum
at [err] for 30 nikengifgefrasdl té 740 mindnethe wherosBaacturer p£ Risasing A

denonstrates that, as in the case of the _two-l|ayer system
was quite porous and that of ccating C nof very uniform.

Coating B , however, had a very wmiform microstructure,
minimal ¢losed porosity and a hardness of 1200 to 1560 in the
10 outer zone and 1113 to 1374 in the in_ner zone. These coatings
_ could be applied to unusual th:.cknesses on a flat surface
(greater than .030 inc’n) m.t:hout lift:.ng. A dry sand abrasion |
| test of coating B resulted in about half the wear rate of
a d-gun WC-Co coating and slightly greatex tba-; the wes

~ rate of Carboloy 883, a pressed and sintered WC-Co.

' Table V |
Coating o | Composition - :
Ao 672 Alloy 1 |
' | 16.5% Alloy 3
20 o . 16z Alloy b
B | . 63.5% Allay 1
18.257% Alloy 3
' 18.25% Alioy &
c L " 60.0%2 Alloy 1

| 20,0% Alloy 3
20.07% Alloy 4



Si is'not” necessary in the one-layer systemeither. 3+ Exanple 11 - .« « ¢ &

Spesi nens of AIS 1018 steel tubes 4 inches in dianeter, 6 inches long were
ed with mxtures of Allays 1, 3 ardh 4 to a thickness of .064 to .078

2s- as shown in Table VII. The spefinens were then heat treated in

jacdum at [err] for 30 mn. The hardnesses of the outer zone of the ,

resulting coatings is shown in TaE¥3@ele|? Tapl € VI | Conposition, w.% -

. S . ,.v
Fg: (rj]nelss 10 g(?))-atSI n%peci%"g of ;'*JISI 1018A| L9 gwere plasm{‘égggy‘r]e% '
$ 63.5 18: 25 a 413281 %o che ratioPInGim ta 219
14. 6 SRR G = 1ol ces o é'gg L and 41160° dn she ratioPdhdun da L

steel were pl asn@bﬁ?@’&e‘% Qi krdes¥es JANCOET 266,043t Dachedl, Xt THe§ Wérel8. 25
percent of Alloy 3, 18.25 percent of Alloy 4 and the bal ance WC (a

stoi chi onetric ¢RepMAE Bfea¥déd. ihdvizutint to 105@Cto 1060%0efat 30 miler). A dense
m crostructure was obtai ned when the speci nens. were heat treated at [err]
~for: one hour i nThathamnesthefhthadnuter abne foé thmicratingss 19 Ghowpeky |

Teble VI. Coating D was somewhat porous, E less so and F,

G, and H had on’lj a very few small pores (all the pores were

closed). _ ~
10 - - . Table VI .
Composition, wt.% | " Rarduess
Coating Alloy 1 Alloy 2 . .. DPHzqq
T 73 ) 27 - . 1452
E 70 ' 30 _ | 1435
LF .67 .33 1265
e 65 35 1133
" 63.5 - 3.5 T 1189
| Example 10
Speciméns 1/2.x 1 x 3 inches 6£ 1018-‘ AISi"’ste"e.l"
20 were caated on one 1 x 3 inches face with a m.xture-. of

63. 57; Alloy 1 and 36.5% Alloy 6 to a th:.ckress of 0.030

" inches. The sp_eci.mens were then heat treated in vacuum
at 1060°C for 30 min. - The resulting hardness was 1542 DPH4q -
This demonstrates that, as in the case of the two-liyer syétem?

| Si is not necessary in the one-layer system either.



'Exanple 13 Specinens 1/4 x 1 x 2 inches of a nlckel base alloy (N - 22 Cr C?ED
*498%5 Fe- 9 M- 1.5Co- 0.6 W- 1.0 Si - 1.0-En - 0.10 C) and a cobal t
base alloy (Co - 22 & - 22 N - 14.5 W3.25 M0 - 0.35 S - 0.10 C - 3. 0:

Fe™. 0.9 La) were . plasma coated on aI X 2 inch face with a m xture' of

18. 25 percent Al loy 3, 18.25 percent | ani and the balance Alloy 7.

Speci nens ‘were heat ‘treated in vacuu ] for 30 min., [err] for 10
., and [err] for 30 M ng HarAResss YakHeR1Wes el 16bes 14 HhcREY h126 [err],
respectively for the coatlngs on the nickel base alloy and 1219, 1187 and
1228 [err] respect aumlared) 6t heckRbabig hase cakkey swicd hﬂ.xﬁihfdsOSEFM.Qbylée was
simlar to those obtained on steel sub- strates. 10

Exanpl e 14 Seaml es3, s3 @eefl & ubi agthickaesls 6 DOGS 6L .DTR Hashésomg shddnl20

i nches wal | thlckness was coated on the . O D. with 0.010 inches of Alloy 1,
followed by 0.7 toim. @bﬂﬁl‘bﬂnes@er gpecizens 3‘5‘90‘*@“4’&?%!‘-‘5;%#3%%‘} o) of Alloy
2 or a 50:50-w.%mixture A\I,Q,\Bq\é % and 4. After heat treatnent in vacuum
for 2 hours at . [er?’f‘“ﬁ‘i‘ea'fdt?ég & EPnt J0riHRFSNESSES| O nP**%&nd t he

steel substrate regpyedy Be LESEENodbhRES 197 15RR L Gur s JrknChes | ong by

’{

1.0 |nches

" 7gable VII
- . | Compos it:ian,’ we %l Hardness
. - 10 Coating Alloy 1 “Alloy &4 Alloy 3 DPH300 :
1 63.5 .. 4.6 219 1278
3 635 1.5 1825 0 s .
X 63.5  21.9 146 1117

: 33_32&53.2
Specimens 112 x1x3 incnee of AISTI 1018 steel |
were plasma coated on 2 1 x 3 inch face with a mixture of
_18.25 percent of Alioy 3, 18.25 percent of Alloy 4 and the -
balance we (é stoichiqmetr:'..c compound of W-6.13 C with no _
‘ .2.0 __ "metal binder). A dense miex rostructure was obtained when
t_he. speciamens were heat. treated at 1040°C for 'one',hour' in

- wacuum,. The hardness of the coating was 1010 DPFH . - . :

-Example 13
Specimens 1/4 x 1 x 2 inch'es of a nickel base alloy
(¥i - 22 Cr - 18.5 Fe - $ Mo - 1.5 Co - 0.6 W ~'1.0 si -
1.0 Mn - 0.10 C) and a cobalt base a'llo.y (Co - 22 Cr ~ 22 Ni ~

14.5 W - 1.25 Mn - 0.35 Si - 0.10 C - 3.0 Fe - 0.9 La) were

T e e ¢ i e o oy e > e s b smvem sbvmmmmme  wme  memer. s b e v e = n e - v e e e e



LR, were subj ected to- corrosive attack by subnmersion in 20 =~ aqueous . 2
x1t'i ons of each of the following nedia, 50 wt.7. NaOH, 5 wt%|[err] 5 w.%
enfr] ‘and 20 wt. % HCl . Tests were c_ongu.et ed at roomtenperature and at the
e ti i [ c?nsfor a period of-5 to. 9 days. in
gst cases; little or no corrosive attack ‘rgl on the external surface of

the coati ng couPiRr¥¥ 693%ad,/eR 2 ¥ Hdash s%’\‘/’ér G EaRitHES BhdBried in 4:;
boi | | ut f f cts 0.00
RSk e Proa iR 08 seerh dhags X aft SRS hAPRRRIBES" 0 dence
of internal cor r705| c?;:é&gc-éx gﬁghg LEM tlgevgesg_&rg@mg@aé egrs face in

any of the sanpl es eclnmens of 1/2 x 1 x

3 inches AlSI 1Qi8 stegbovebe m ashP, daROsbed ﬂMvtbot?d%ndQéﬂh&é”eS of '
(75/25 VC/WC) + 2 Nl + 2 Mo and a mxture of 50 wt.%Alloy 3 and 50 wt.

Al l oy 4, then healuds eated 180, IA77catsd 126 DPR teaipirca‘u‘.ﬂm sg£oat i ngs that '
cont ai ned. 50-55 wt.7. of the mxture of All oy 3 and 4 resulted in
Telatively finethescssingonr the asckdlabase mdtey \mﬂub@-%f 1u8sendo 1250 [err]

when heat treat ed at 1050 Q'res&eocqgge{)p 19.1e c%&ﬁsbagxgq?.o& 1@"‘7&
300

microstructure was sim:.lar to those obtained on stecl sub-

s
F—3
strates .

10 _ Examole 14 _
| Seamless steel tubing 1 inch 0.D, x 6.5 inches
long = 0.120 inches wall thickness was ;:oated on the 0.D.
with 0.010 inches of Allcy 1, followed by 6.7 to 0.8
s ;::-_,chickness rat:l.o (0.35 to 0.40 we:l.ght rat:.o) of Alley 2
or a 50: 50 wt.?.’. m:ucture of Alloys 3 and 4. Lter heat . . -
" treatment in vacuua for 2 hou:.:s at 1100°C, .the tubes were
cut into rings 0.5 in, long, and the steel Suﬁstraté removed.
~The resultan.é. rings of coat-ing,' | 0.5 inches long by 1.0 inches
6_.-_D., we;.;e subjected to- éorrosﬁ’éf attack by stbmersion in |
20. aqueous solutions of e!'ach of the following @.edia.,j 50 wt.%Z
NaOE'I-,' 5 wt.% HNO3, 5 wt.% HyS0; and 20 wt.% HCl. ‘Tests
were conducted at rooa teméeracure and at the reséective .
boiling points: o;‘ the 'soiuﬁiohs for a period of 5 to 9 days.
In mo.st cases, lit#le or no corrosive attack (£0.001") omn
the externai surface of the coa.::_ing coul;! be c.absar'.red. The
mbst severe at:tack.was cbsei:ved. in boiling HXO4 solutionm,

where a wmiform scale of corrosion products 0.004 in. thick

-



" ire0|nens of* 1/2°x 1 x 3 inches AISI 1018 steel 15 were pl asma depositeo
Y B. bl ended nixtures or TiC and a mixture of 50 wt.% Al loy 3 and 50 wt.% _

AIon 4. Coatings that contained 45 or 50 wt..% Ti C and were heat treated
at ~1020 or [err] for 1/2 hour |n_vacuun1y|elded har gdness val ues of

1050 1200 [err] 20 ' Attention i$s directed to our copending
pat-ent application 7917719 which clakgg a powder conposition for deposition

by_a mnet hod producing a coating havi an as-deposited density greater than

75 percent th60535 &e el edaaggt al ybsSte*rcagse’re.S Thergl{.cég ggaetkziiggnchea\/i ng hi gh
wear and corroston resi S?

ance, onmposi t1on ‘conpri Sing
conponents  (Rk 1dM8abi (Herb O 09@&1‘1:‘0951@5 | P20t ket . % of at
| east one binder taken fromcobalt, iron, nic and alloys thereof and 100

abe Am @I TIN Wg BASPeawe Hs o (30 8

to 75 wt. % of ahohe@@tsuef&mﬁaénycafmh@essﬂea éersteeralungsten 5 chronium
vanadi um hafnium titanium zi rconi um ni obi um nol ybdenum and t ant al um
car bi des, and com pounds thereof; (b) the second conponent consi sting
-essent- ially of a single. aIon Bxacglarilt ure of alloys with _ .

-5 . Specimens of 1/2 x 1 x 3 inches nIS;. 1018 steel
were plasma depesited with blended mixcures of (75/25 ve/ue)
+ 2 N + 2 Mo and a mixture of 50 wt.% Alloy 3 and 50 wt.%
Alloy 4, then heat treated at various times and ¢ peratures. =
COatings that can:ained 50-55 wt.% of the cu'.:::u:é of Alloys
10 3 and 4 resulted 'in relatively fine .microstructures and hard-

ness values of 1150 to 1250 DPH,, when heat treated at 1050

or 1060°C for 10 minutes.

Exampie 16
. ' Specinens of 172 x1 % 3 inches ATST 1018 steel
| 15 'V:Ié're plasma deposited with blended mi:xéu:es of TiC and a
mixture of 50 wt.% Alloy 3 and 50 wt.% Allpy &. Coatings
that fcon:aine.d 45 or 50 wt.% TiC and wera haat c'realted_ 'a:.
1020 oﬁ 1030?(_:' for 1/2 hour in vacuum yieldad hazdness values
of 1050-1200 DPHyyq- " |
20 ' Attention is directed to our copending
patent application 7917719 which claims a powder
composition for deposition by a_method'pgodgcing a
coating having an as—depositéd density greater
than 75 percent theorstical on a metal substrate,
25 - such coz “g having high wear and corrosion
resistance; said composition comprising two or

more components



a total conposition of 6.0 to 18.0 wt.%boron; 0 to 6 -w .Wésiliconé Oe
A0\ wt . * chromium O to 5 w.% iron; balance nickel; said first conponent
--eonprdsing 40 to 75 wt. %of the entire conposition. 15 ~ The -

. copendi ng application also clains néfﬁods of producing a coating on a

r metallic substrate. which conprise depositing the conponents of the above
conposition on the substrate, heating the deposited coating and cooling the
coating, allowing the form 20 ation of borides,_carbideg nd i nternetal
phases. resulting KB)a &58t f3&SHaRARPORGRY FRALSFERE o tﬁa 01000 [err]
CLAIM5 1. A coating on a npetallic sybstrate, said, coati onsisting of an
outer zone R2v¥hg a°ﬁaP§né§§Qﬁ_Qﬁﬁﬁ$¥Qg§§d@a$%?rfr%ﬂdcﬁﬁg%ﬁverdiffugion

ESEELEH o s“?gg,hgﬁs;#&ﬁ’#é?@?ﬁ&fﬂ%%@%f%t?&ﬁa@'é‘hgpiﬁiﬁﬁr S of metallic
siting ¢ o St 3 : of | |
vanadi um hBAURE PPN GR B RO TAGrranes SEoR BaBERRRN and tant al um

carbideg, bgg&%es and conpQaunds

mium, vanadium, hafnium, titanium, zirconium,
. niobium, molybdenum and tantalum carbides, and com-
pounds thereof}
(b) the seéond'component'consiSting essent-
ially of a single alloy or a ﬁixﬁu:e-of alloys with
10 a total compésition of 6.0 tb 18.0 wt.% borén; O'
to 6 Wt.% siiicon; 0 to 20 gt.%‘chromiﬁm; 0 to 5
wt.% iron; baianqe nickel; |
said first component comprising 40 to ?5 wte.
% of the entire composition. N |
15 . The copending application also claims methods -
of producing a coating on a metallic subéfrate.which
| comprise'deﬁoéiting the'componenté oiftheiabove"
composition.on the substrate, heaxing'the_deposited'
coating and cooling the coating, allowing the form-
20 ation of borides, carbides and intermetallic phases .
resulting in a coating having a hardness greater than

10CO DPHBOO'



on'ﬁ'05|t|on in weight percent of 1.5 to 10.8 percen

percent silicon,

hereof in conbirnation with cobalt and ni.ckel, él d m@ mﬂlmmuﬁ

12.75 to 75.15 percent iron, nickel =and co

t e bal ance bei ng.sel ected from tungsge&f, chr om um . vanadi um haf ni um
titanium zirconium ni obi um nol ybg@g ant al um and carbon. 2 A coating

as~clainmed in claim|l

I ent 20

iniron,

wherein the

in part or in whole;, has a

g%%cjentratlon bei ng hi Slhgéel’ %E%% oﬁo? b&lt%ﬁa%%m @ne and’t%ﬁ%‘ "at the

outer. surf ace. o’sai.
zone, in part or

£hé 08bh00eREnG! Bl ﬁt%.a'z'gd% Yo oL S Dbl oaut er

gradi he parti cl e I ze of

car bi des, borldiesqmooggpgg@gs])pﬁereo ﬂffﬁ?fd gl er near-
the i'nter- diffusion zone and I argeP near & outer surface. 4 A codting

as cl ai ned

g N sdRides ¥her Subebhfone BRRIH dlifstRifd | | §aL@r 8L

bori des or “conpounds thereof is predomnantly tungsten.”5. A coating as

cclaimed in cl sidhs besEsbihdcohameltalnlie lﬁﬁmcm@l@dﬂ@g aketi des or

conpounds 5 t her eof

10

.15

20

25

is predomnantly titanium:*

persed particles. of metallic borldes, carbides and

intermetallics selected._from tungsten, chrom:.um,

vanadium, hafnium, titanium, zirconium, niobium,

molybdenum and tantalum carbides, borides and compounds

thereof :Ln com’bination with cobalt and nickel,' said

outer zone having 2 compos:.t:.on in welgh.t percent of

1.5 to 10.8 parcent boron, O to 3.6 pnrcent sa.l:.con,

- 12,75 to 75.15 percent iron, nickel and’ cobalt w:Lth

the balance be:Lng selec’ced from tungsten, chromiun,.

vanad:.um, hafnium, tl‘bam.um, z:.rconlum, niobium,

molybdemm, tantalum and carbon.

2

A coa’r.::x.::lo as claimed in cla:.m 1 where:.:a.

" the .o_ut:er zone, in part or in whole, has a grada.ent '

in iron, nickel and/or cobalt concentration, with the

concentration being higher near the inte'rdiffusign

zone and lower at the oubter surface.

3.

A coating as ‘claimed in claim 1 or 2 wherein

‘the outer zone, in part or in whole, has a gradient |

in the particle size of carbides, borides .or compounds

thereolf, wi"L'h the size being smaller near the inter-

diffusion zone and larger near the outer surface.

4.

A coating as claimed in claim 3 wherein the



as claimed in claim3 wherein the metal in the netallic "
%!mi' mwmuﬂmgounds thereof is predom nantly vanadium 7. A =

Yodl im3 wherein the 10 netals in the netallic

8 aldes, borlaes or conpounds thereaddare a mixture and/ or conmpound of '
predom nantly vanadi um and tungsten.- 8. A coating as clained in-claim3
wherein the metal in the nmetallic carbides, borides or conmpounds 15 Na

thereof is ppedam Hantyhe GWRM1Ie Sardiess]iberades! arnﬁdmhﬁu@ﬂlé_ one of ‘w
clains | to 8 wherein the netallic substrate is steel. A coating as

claimed i n claiedebfaid Jtnicminantly abulgstenbef ore descrlbed wth refer-
20- ence to the Exanples. The text of the specification has been reproduced
by phot ocopyi ng the SApplA cardisimg | gs nelaiyedsini plaim 3l whereiconttm n a few
amendnents which are difficult to read. The original typescript containing
t hese anendmmutamnﬂnlﬁhérmannikibouarbtdesenberides bire cBapenndd fi ce

‘5  thereof is predomlnantly titanium.
6. A coating as claimed in claim 3 wherein the
" metal in the metallic carbides, borides or compounds
.thereof is predominantly vanadium. |
7. A coating as claimed in claim 3 wherein the
10 metals in the metallic carbides, borides or compounds
thereof are a mixture and/or compound of predominantly
vanadium and tungsten.
8. A:coating as claimed in claim 3 wherein the
metal in the metallic carbides, Borideg or gompounds
15 thereof is predominantly chromium;
| | 9. A coating as claimed in any one of claims |
1 to 8 wheigin the metallic:sﬁbstrate is steel.
© 10. A coating as claimed in claim 1 snd
' substantially as hereinbefore described with refer-

20 . encento the Examples.

e .. b

The text of the specification has been reproduced by photocopymg the applicants original
typescript. It may contain a few amendments which are difficult to read. The original
typescript containing these amendments way be inspected on the premises of the Patent Office



