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(57) Abstract

(54) Title: COMPOSITION FOR PRODUCTION OF A PROTECTIVE GRADIENT COATING ON A METAL SUBSTRATE BY
ELECTRON BEAM EVAPORATION AND CONDENSATION UNDER VACUUM

- The invention relates to the field of elec-
tron beam technologies of production on a metal
substrate of functionally gradient protective coat-
ings with the outer ceramic layer or metal-ceramic
layer by evaporation and subsequent condensa-
tion at moderate temperatures of the substrate
(300 to 500 °C) of mixtures of metals and metal
oxides having different melting temperature and
vapour pressure at the evaporation temperature.
To achieve a high strength of adhesion of the coat-
ing to the substrate at moderate temperatures (300
to 500 °C) and high hardness the proposed com-
position contains. Sn and Cr as metals, and ALO3
and Cr203 as metal oxides.. To improve the adhe-
sion strength and hardness of the coating A1 and
MgO can be further added to the composition.
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20 In this Connection over the last 5 to 10 years, the coati n&
were perf ect WO 99463127 devel opnent of a certain (functional) PGraH2MRPOISs
t he conposition and structure in the- direction fromthe substrate to
the coating upper |ayers. This problemis especially ur gent for

protective coati MO'ST]

deposited onto n?q rﬂrﬂjﬂm liﬁblfél
sci ence has al readyq p 47&3%
the functionally gra(}f A i ( '

No. 1, 1995). Fiil§ofthR3nveéntibased prinarily on up-to- date t echnol ogi es of air

pl asma spryrn ZKPSi vacuum pl asnma ayi ng (VPS LPPS) and el ectron
beam vapou? 8@93“@1@ mlates)mhngieldmgd tecknalogy of prodiucingron a

R R %ﬁ#&a@@gﬁmme” o R B ceai o

conposi tion, fiepiNcefbni b ration and Ofubs&lileff’ fiSlF With Pito@Efate
No. 4,248,940 of 03.02. 815"5‘e éovva S g’? al), q[hée}:ﬁ{e %3r ?ent ‘(!??gltlﬁ{r?g\/\nth

t he external subsmtectempnmesr (m@-soo‘msoﬁmmm@zfmwa alloydend oxides havmg
ceramcs is prgduced w.th two i dent sources of air plgsm by spraying
by a o o AR pelting roiberelifs ot vapors THUHER o fhe, Hopbiatian tsyperature. In
(15-40) %50 ( 19a&i§ﬁl°£ﬁ"thé Qn\Qﬂmon relates to the field of protective coatings on parts of titanium
alloys used in gas turbines, and more specifically to a2 composition for production ofa

protective gradient coating on a metal substrate.

Prior art
It is known that a weak link in the substrate/coating system is the flat interface
15  between them. The difference in the physico-mechanical properties of the substrate and
" the coating, primarily of the thetmal factors of linear expansion and the Young’s
modulus, as well as the urevets1ble reactions, for mstance oxidation, on the interface
during operation, lead to premature failure of the coating and deterioration of the item
performance. ' .

20 - In this connection over the last 5 to 10 years, the coatings were perfected by
“development of a certain (functional) gradient of the composition and structure in the
direction from the substrate to the coating upper layers. This problem is especially

o nrgent for protective coatings with the external ceramic layer of oxide ceramics
~ deposited onto metal surfaces. | | |
25+ By now a new direction of material science has already formed in the field of

e .ptotectwe coatings, namely the ﬁmchonally gradient protective coatings (MRS Bulletin
K v.20 No.1, 1995). This area is based primarily on up-to-date technologxes of air plasma
E -f-?-""spraymg (APS), vacuum-plasma spraying (VPS, LPPS) and eléctron beam vapour

deposition of coatings under vacuum (EB-PVD). Used here are both spraymg of

30 " individual coating components from several sources and of complex compositions

wlnch predetermine the protective coating composition, from one source.
- For instance, in the US patent No. 4,248,940 of 03.02.81 (G.Goward, et al), the
: _gradxent coating with the external ceramic layer of ZrO; - Y203 and ZrO, - MgO oxide



1.0) %, the bal ance being Ni-Co alloy and the powder of the %A&?om CS.
Al so known WQII¥6M2INi Cr| (Zr O2- 8%r2(8) and [Zrr] gradient coatl
produced with LLPS by spraying from one source of conpositions of a m xture

of povvders vvith an increasi ng content of ceramcs (S. Sarrpath et al.
MRS Bul | etin, 9 d%ﬂéna&n%an'cesofanlasma a
appr oach, but SI ng |s aﬁl‘s%:k%pg%l d 1n production of prot e(s:?ave By

gradient [err J;exmpmmla pbiwder\bf the hlgh-tempcratudelaﬂpy (35-40)3Cx-C10415)64A1(0.01- 10
Sur f d Coat Technol 8 19
E:J(racflfgnageani{% IF&’gS salance ogyalv%%&y( dgﬁng\ﬁ %&ﬁ@xﬁm?%di ent

concent rati on of Sféln%" Wbk’ oo MR NCARAORIATION g NRHOF BB coath

achi eved ly vpfodatédwithl LLPS by spesying from onp aoarcetff songjositions cofas imixtuxe df

ST et ur al _ anBOWReTE Sy incrasE o o FHEios CySuBpHth.st AbKeh Bulletin, v.20,

N. Cherr ar di (N%Lf@gg% %%erl and) Press Pol ytechni ques et Universitaires
P

Ronmandes, 1- 446) . Devel opnent of

functional ly gradi Anémﬁlaffﬁpptbhctwlbat asiflg APS,ds ulsoupplied b piddaction of protective
thi ckness of protective coatin i S a nandat or%; but | nsuffl .cient condition
for producti | ograéumt Ni€rCo. ating onsTih6Al-4Y ditan iahyacetsal. A
certain g ra ! etween t he substrate
and the f ct ﬁ%gﬁﬁ?&@%ﬁ{%vswléﬁﬁé%ggg hi gh strength
of the coating adthdcﬁBn‘b@aﬁﬂt@ch&U ﬁ:stdgphed)ﬁsth&lMGﬁs:ﬂgudlmtb@nd
this zone is created by stinmu atlngthe ffusion processes in the

contact zone, ceits p§rNiGoCrAIY tynemmsmcﬂceh alloyse Jehei ehangeoft spmcentpationcob some

Phrough a i oRePEREcRare: teohotiarhcibstoway sl by Yefatioph A the brocess

deposi tion, OparAhefers WFC 8vdporations Sndfconbenshtios t(LR he 8kC Thikd! hetesmational

actions. For .~- instancé, for nickel-base al oys t he range, of
t enper at uk®s Symposiumeani Stuctmal ande Kunotipnak Gradient Materials, ed. B.Ilschner and

N Cherrardi (Lausanne, Switzerland) Press Polytechniques et Universitaires Romandes,
' (l994),p441-446)
" Development of functionally gradient compositions and structures across the
thickness of protective coatings is a mandatory, but insufficient condition for production
20 of hxghly reliable substrate - coating combinations. A certain gradient transition zone is
" required between the substrate and the functionally gradient coating, which provides a
high strength of the coating adhesion to the substrate. In the above process variants this
zone is created by stimulating the diffusion processes in the contact zone, either in
- deposition of coatings at the expense of preliminary high-temperature heating of the
25  substrate (item), or through a hxgh-temperature annealing of the item after the coating
o 'deposxtlon, or by a successive use of the first and the second thermal actions. For
B instance, for nickel-base alloys the range of temperatures of pre-heating and annealing is
e equal 0900 to 1100°C. |
' '_ |  High-temperature heating and annealmg are not only additional process
30 operations, but also a sort of barrier limiting the range of materials and articles onto
which protective coatings can be deposited by the above methods. These limitations are
related to the possible change of the item material structure and of the shape of the items
proper at high-temperature heating and long-term annealing. Also noted should be the



equal to 900.to 1100[err] C. h-t enper at ure heat
anneal i ng ar é”ﬂg?ﬁ%#y addi tional process 3% oper ati ons, buti’a Sg@%ooglo
of barrier limting the range of materials and articles onto whi ch
protective coatings can be deposited by the above nethods. These

limtations argossibility 6f|cohsiderhble ! iferikdSstidates develdin®linithe ¢datifipsraifier itigh-

structure and of the shape of the itens proper at high-tenperature
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possibility of conspderable in n n,t 0

?fter hi ?h Mynﬂﬁcﬁ ‘X‘ﬁh%@;aﬁﬁ ?ﬂ}&s&g@gﬁggﬁ)f ‘g’é‘bﬁ;‘hf’geﬂ‘f‘ ?jﬂ'«?ﬁ?’?ﬂé\%
0 room ermer?gai tective b Péresrinied in the ifebGori BP CRzatidh Gf coatin,

further inprov r?t f thg fungltlglsonal I yfj gradi ent protective coeﬁolanggss

can be per fSr ndepdsited atratim dempesatures with at siowlteneous formation Betweer tles substtatat
roomterrperatur Si us_{.or on_,bet wee strate .,
and the functi @f” M%ﬁiﬂ?w 8t e{hﬁbﬁh/oé’ ggﬁa*e’&ﬂgmf’? B, 2905, Whiche
whi ch ‘ﬂ&ﬁ gﬂeﬁ edf%@c@im{g'ﬁh aﬁ't@%é‘gﬁlﬁ

substrate vvlthgi6 e ngh étﬁ ppliyi ng subsequent -tenpag‘r;gfﬁdrgor
anneal i ng. applymgsubsethghten'npeqatmdanneahngof a prot ect | ve gradi ent

cl et on' beam ovapoFRFPUFH: dRCPIOGNHEHS O it AIFABr Sradiedt \S38atn vl dhe e¥ierme
can be sol ypd Pyra@diPlaydrth FmEAF&ittrate Byfstibh ‘B@mﬂ%@&p&f&h&}’ aritl condensation under
vacuum, such a task can be solved by applying a special composition made up by a
inixture of metals, alloys and oxides having different temperatures of melﬁng and

| vapour pressures at the evaporatibn temperature.

o The closest prior art for this invention and therefore taken is EP application No.
15 "97105545 4 of 03.04.97, pubhcatnon EP 0799904 Al, MPK® $23S 14/30, 14/06, 14/02,
' Bulletin 1997/41 08.10.1997 (B.Movchan et al.). Better properties are demonstrated by the

composition proposed in one of the embodiments of the invention of the above application )

~ for production of a protective gradient coating on a metal substrate by electron beam
| | evaporatxon and condensaﬁonun&eriracmnnbasedonamixtureofmetals and metal oxides
20 having different vapour pressures at the evaporation temperature, namely (% per mass) Al 5-
40, A;0; 60, Z1O; being the balance. Aluminium having a low melting temperature and the
highest vapour pressure at the evaporation temperature, is added to the above mixture. The
above mixture in the formofa‘oompacted.and annealed under vacuum tablet placed on top
ofaoeramicingotorinto a copper water-cooled crucible, is melted by the electron beam.
25 The vapour pressure of the tablet componentsatthe evaporation temperature is maximal for
" altminium and minimal for zirconium oxide, i.e. it is reduced in the following sequence Al -
>A1203->Z102. Therefore, aluminium is the first to start evaporating, then aluminium
oxide evaporation begins and zirconium oxide evaporates at the final stage. As a result, a
gradient of component concentrations across the coating thickness is created during

30  condensation. The first portions of aluminium while condensing on a preheated substrate,

interact with the surface layers of the substrate and actively participate in formation of the
- cdtﬁi:osiﬁon and structure of the substrate - coating contact zone.



m xture of netals, alloys and oxi des having different tenperajy\
mel ti ng and WO 99/63823pour pressures at the dvaporation terrpergé#@ig%mm
The cl osest prior art for this invention and therefore taken is EP
application No. 15 97105545.4 of 03. 04 97, publication EP 0799904 A, MPK6

5295 14130, 1406, 1hdlfive compositilpriingh d63A o ook bl halsrckict oruse!

al). Better properfies are nst conposi tion proposed
in one of thecathgdnwminhge bﬁworlmcondmms intthe cdsowheayth¢ temperatnre of the
for production of a praotective

el ectron ?eansubsttates mre!wm.d n‘gl & tﬂé%gt&‘!l“? ﬁ‘w Lg@nf%;bgé%%s
21t XE Ereee\?apor%ﬁl%ﬁ&{ﬁ‘inper g* ure, nanegmbz%% pe ‘Sé W%%S%%%Em

60, Zr2 bgi nﬂléﬁs&‘obﬁhﬁhmco&hngpfuwmwhmomwgﬂds@a@ t enper at ure and

Lot he above m xt uFel & areber of ibes SRS, HRNFH A PAFIHBC YR BPSLOR B G OLHE,

and anneal ed Iaced on top of a ceram c ingot or
into a copper%qé?ﬁ‘%%g#%ga&gﬁ?ﬁl is melted by the el ectron beam 25

The vapour pressur Therefdré)estilirbigeit i@qnamem oft credtioreof pernpasitionst ritableafour e

is maxi nmal for al um nium and m nimal for zirconi um oxi de ie. it is
reduced in thmwwﬁg@mer@ecwaﬂy gradient coafingscby slegtrep beameguapgration

al um niu s the fir [ t

evapor at [TjO{L b ncgng%ffaét?x}%%x r@%e@vag%lr a{ﬁgéhag%yﬁéﬂ eH&]ﬁaPpsPag 6&2?'5&
result, a  tempeidtares(3000fo SE0TCY) i Partivale On! metal sibstrars o litiniems Bdppérg or
thi ckness is created duri ng 30 condensation. The first portions of

al um ni um whi iren-basedalloysig on a preheated substrate, interact with
the surface layers of the substrate and actively .participate in formation
of the 8 y of the imvedtien r uct ure of the substrate - coating contact
zone.

The invention proceeds from the task of creation of a composition suitable for
15 deposmon of a protective gradient coating onto a metal substrate by electron beam
o 'vapour evaporanon and condensation- under vacuum at moderate (300 - 500°C)

";temperatures of the substrate surface, which, though appropnate selectxon of its

‘ omponents, would ensure the formation of a transition zone between the substrate and
* the functionally gradient coating, providing a high strength of adhesion of the coating to
20 - the substrate and its high hardness. _
The above task is solveci by proposing a composition for production by electron
beam evaporation and condensation under vacuum, of a protective gradient coatingon a
metal substrate, based on a mixture of metals and metal oxides having different vapour
’ pressure at the evaporation. temperature, which according to the
25 invention,contains Sn and Cras metals, and chromium oxide and aluminium oxide

'as metal oxides with the followmg ratio of the components (% per mass)

“Sn-1-13 _
Cr-1-40 ' This Sheet Has Been Rep

c, o TR

30 - "~ ALO; - balance.
"7 """ The method of deposition of the above composition by electron beam

evaporation and condensation under vacuum is described, for instance, in RU patent No.
2120494.

THIS SHEET HAS BEEN
REPLACED
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conposi ti on provi des good physi co- nechani cal characteristics of the
coating in a broad range of working conditions in the case when t he

temperature of they %gmaﬂa@u%@mﬁ&?&@a oAl 5o BRON St GRALIRD

deposition, is 900 to erature Joes Ho

undesi rabl e c(30010500°C) tempetatures uncbpwdueﬁdmoﬁeeoaﬁngrwitk@hlgh adhesion sthéngits
for which the coating proposed in the prototype, is designed. _
For a nunber 8® 5Sal | oys, however, in particular, those based on Ti;, Cu

_ g f
LT urgent 1 < JRdbBR! Bhilbodli S0 ke, sompoprn yig 5 B
product i ors of teatperatate vf 2327C tandnaithy tr asliximal capérn frestiite Cdte e

evapor ati on and condensatlon under vacuum on netal substrates

preheated up tesnesHureprovides at the inifial,pfage:ofieendepsationtthe forotation]of)3 thmtljlqmdd
t I i | ron- bage
B oyer " "l 'ol §gp WHIG! Bheterd '?fv%ﬁﬁ“@ﬁ“ Tecd OF the’ substrate gl detommings) fhe

proceeds f ronbéxhpoﬁwanafmm oftfic Ghnsitiew BORSofidofiface Ui t abl e for
deposition of a protective gradient coati ong onto a net al- substrate by

el ect ron beam vapoAﬁ e temperameoﬁm m50ﬂ1ceﬁmhmmwabbmsoluhihty incFi (aboutt
o LA RS e o e e o
the formati ongefr basd, m&r&m%ﬁ&%sﬁémmuw iekd18bid AGYs! e above liquid
functional Ty glu(;1 dv!vgtzt the substrate surface, smoothing the roughnesses of this surface and,
dissolving in the substrate material, does not form any brittle phases undesirable in
terms of the coating adhesion to the substrate.
15 In further evaporation of the composition according to the invention, a Cr-Cr,0;-
Al;O3 metal-ceramic coating is formed on top of the transition zone enriched in Sn, the
coating having a whole set of mechanical and physico-mechanical properties attractive
in terms of protective coatings, _namely high hardness, coefficient of linear thermal
~ expansion close to that of metal alloys, excellent oxidation resistance, good high
20” temperatute resistance, etc.
It is rational to further add Al to the composition with the following ratio of the
‘components (% per mass); '
 sn-1-13 . - .

Al-1-8 This Sheet Has Been Repl

_ LTy

Cr0;-0.1-10
~ ALO; - balance.
This is owing to the fact that Al, as well as Sn, has a consxderable solubility in
: Ti; Fe'and Cu; the above composition provides an increase in the adhesion strength of
30 the coating.
It is also rational for the composition to vontain additionally MgO with the
following total ratio of components (% per mass):

THIS SHEET HAS BEEN
REPLACED




coating, providing a high strength of adhesion of the coating tgﬁ%%%& is.

substrate anWOW¥94$3Ri7gh hardness. 6 : TheP4

sol ved by proposing a conposition for production by el ectron beam
evaporati on and condensati on under vacuum of a protective gradient coating
on a met al ?s gate "based on a m xture of nmetals and netal

oxi des havi ng di fferen vapour pressure at the evaporation

t enper ature, which ,AbctoBding to the invention, consi sts of Sn and

Cr as netals, and chrom um oxi de and al unm ni um oxi de as netal oxides
with the foIIovm ng Extl o048 the conponents (% per nass):

Sn - 1- 13 - Cr,0:-0.1-19,- 1-40 : Cr2B - 0.1 - 10
A1203 - bal ance. 23 ? The nethod of deposition of the above
conposi-tior by el ecMg0On 30ea30,evaporati on and condensati on under

vacuum i s described, for |nstance in RU patent No. 2120494.
AVENDED SHEET AL,0; - balance.

It is known (Cermets, Ed. J.R. Tinklepaugh and W.R.Crandall, 1960, Reinhold
Publishing Corporation), that MgO addition, similar to CrO; addition, to AlO3-Cr
cermets increases their density and ha'idnéss. ' _ ' _

10 " The composition according to the invention, produced by any metallurgical
process, in particular, by mixing and pressing of powders, provides good physical and
technological properties of the coatings produced by the method of electron beam
evaporation and deposition under vacuum onto a substrate preheated up to 300 to
500°C, high strength of the coating adhesion to the substrate and high hardness of the

15 coating,

Brief description of the drawings
:  The technical essence and principle of the invention is clarified by the examples
- ofits embodiment with reference to the appended drawings, where:
Fig. 1 shows the scheme .of placing the composition in the form of a tablet in a

20  water-cooled crucible;

. Fig. 2 shows the distribution of Sn, Cr, All ‘and O across the thickness of the
gradient coating produced by evaporation of the following composition (% per mass)
13%Sn - 13%Cr — 0.5%Cr203 - 73.5%AL0;.

A detailed description of the invention
25 The proposed composition for production on the metal substrate of a protective

ﬁmcﬁdnaﬂygmdieMmaﬁngdepositedbyﬁxemeﬂmdofelwuonbeamevapomﬁmmd

pmdensahonmdervamnm,mamxkneofmeﬂlpowdmmdomd&shavmgdﬁ‘eMvapom
pmsureattheevaporahontempmune,mﬂxefollowmgbasxcconcmu'aﬁoneﬁpermass)

) Sn-1-13

30 o Cr-1-40 : eet Has Been Replaced

- | \lIIlI\HIIIIHl\I\IllII\

THIS SHEET HAS RFEN g
REPLACED
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- conposition which allows its deposition at noderate ' (300 to
500[err] C) tenperatures and production of a coating with a high adhesion

strength aPgeseideCsfcSibin the composition, mmﬁwwdﬁﬁgcdxﬂﬁoﬁﬂMEHi‘s%
Sn as a lowneling conponent with the nelting enperature of

232[ err] C and figsttta mpommmwm;pmdepm&sm ag the ﬁ@dmla(p’érﬁtst smoothing the

tenperature prowds L] St a 0 atl.on e formation o

athin liquid™ f%&‘tﬁé]ggra@ WW@& Eﬁr‘f%@ ua%”e?'%‘{

of the SUbS”G&@ct%doﬂQherdﬁbMe/&mng transmoxpmesnawaa tﬁe Eﬁtf& 300 e
0

the transition zone of contact. At the tenperature o

500[ err]C i;nbllm:ghac(e)as(()ﬁfs;theleﬂn@u;leemfagmgtJ lis cispermen(t)al(l))aﬁmd that for depositlixlm/wﬁﬂne
F t.10 % 10 %
Thei ! base.  TROMECSIAE fip HFRScek SOmpoyition Sithint e B sendblasting Whidh srokizp .

the above i qwlgfofaboutl ng?%mt s the substrate surface, snoothing th_e

roughnesses of this surt di ssol vi ng in the substrate
materi al, does not Theadvantqgebnfthdmpbadmmpodmn;e&ﬂ:medltd thieEnc¥m bhés, are
coati ng adhesL n to t,h substrate. In further evaporatlon
of the conpos ﬁ%‘"‘?’gmﬂeﬁventlon a a-C23@ [err]

nmet al -ceram ¢ coatlng S forrred on top ofthe transition zone enriched in
Sn, the cHhiting having a whol e sdixaofplerbchani cal and

physi co- mechani cal Pr o erti attractive in te rotective

coatings, nanely hﬁg ?g COmRAsIon; eqmpenents; Weg’F ﬁ ﬁ%ﬂ“&%ﬂf’npﬁf

close to that maks)1%sn, 13%Cr, 03%CHO;, BERAYD;, €8 od
hi gh terrperature)re5| sotg’nceo et c - > ﬁﬁ?&gove ta |s aPt(g%

sol ved by. protablet n§2énumdm¢tcn and 6 gweighwas placecbinto a water-cooiiédaa'hélblb Fgm

evaporatlon aﬂj c(? ens i on under, vacuu of ot ective gradient
evaporation was perfo: bsequent condensation on 70 x

15 5x25 mm flat samples of low—carbon steel, copper and titanium at the temperature of
1300 °C under vacuum at the beam power of 26 to 28 kW and the beam current of about
1.5 A. At the distance from the source to the condensation surface of 320 to 340 mm,
~ the thickness of the gradient coating on a stationary substrate was 5 pm. The coating -
.. thickness is proportional to the tablet weight. For coatings of 6 to 7 pm thickness,
20 . sufficient is the tablet weight of 8to 10 g.
Concentration of Sn in the substrate/coating contact zone is also proportional to
~ the content of Sn in the tablet. Fig. 2 shows the distribution of Sn and other elements in
the contact zone and in the coating produced in evaporation of a tablet of the following
- composition (by weight): 13%Sn - 13%Cr - 0.5%Cr20; - 73.5%AL0;, of 40 g weight.
25 I The strength of the coating adhesion to the substrate and the coating quality were
-, .determined by the angle of bending of a coated sample before the start of delamination
or failure of the coating. The angle of bend of the above flat samples of low-carbon
steel, copper and titanium was determined by a three-point bending procedure with 18
mm spacing of the supports and 1 mm/min loading rate. Its value was about 90°

30 Microhardness H, of the coating surface was determined at 50 g load. Its value was 8 to
9 GPa.



coating on a netal substrate, based on a m xture of netals and net al 1>)<ll!}des

havi ng WO 9Y6313%r ent vapour pressure a8 the evaporation tR

whi ch, according to the invention, consists of Sn, Al and Cr as
metal s, and chrom um oxi de and al um ni um oxi de as netal oxides

W th the following ratio of the corrponentsmgrrass)

Sn- 1- 13 Al- 1-8 Cr - 1- 40

Cr23- 0.1 - 10 Under condmonsAmmu toathen cenditions of example 1, eléstroni beam
owng to the fact that Al, .as we nhasacnswlera sol ubi ity i
SR Sappiateh il o 070 50K 2% i ot

ZS/E E 5[');5 C[)) n SSH tErE_?_nﬁH:ﬁb 10f l%gl—%ﬁ%ﬂ §i€el, copper and txtanmm, of the followmg composition (% per
UA 009900010 mass): 68n - 3Al - 15Cr - 0.5Cr20;3 - 75.5A1,0;. The thickness of the gradient coating
on a stationary substrate was approximately 6 um.

The strength of adhesion of the coating to the substrate and the coating quality
were determined as in example 1, by the angle of bend of the coated sample before the
start of delamination or fracture of the coating. In this case the value of the angle of

10  bend was approximately 120°. Microhardness H, of the coating surface at 50 g load was

equal to 8 to 9 GPa.

Example 3.

Under conditions identical to the conditions of example 1 electron beam
evaporation was performed with subsequent condensation onto 70 x 5 x 2.5 mm flat
15 . samples of low-carbon steel, copper and titanium, of the following composition (% per
mass): 6Sn — 2Al - 34Cr - 1Cr,0; - 44MgO - 13AL,0;. The thickness of the gradlent .
coating on a stationary substrate was approximately 6 pm. _
The strength of adhesion of the coating to the substrate and the coating quality
, were determined, as in example 1, by the a.nglé of bending of the coated sample before
20 the start of delamination or fracture of the coating. And in this case the value of the

angle of bend was approximately 90°- 100°.
- Microhardness Hy of the coatmg surface was determined at 50 g load. Its value

- was 19 to 20 GPa.

This invention will find application in industry in deposition of the protective
25 . functionally gradient coatings on the articles of iron and copper alloys and especially in
- . the field of formation of protective coatings on parts of titanium alloys used in gas
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under vacuum of a protective gradi ent coating on a netal
substrate, based on a m xture of netals and netal oxides having

di fferent vapour pressure at the evaporatChAINMSnperature, which, according
to the I nvention, consist of Sn, Al and Cr as netals, and chrom um
oxi de, magnesi um oxi de and al um ni um oxi de -as netal oxides with

tlge follow ng 1% L;&Rﬁ{:siﬁ{;igf&%@mgﬁ%f Q%‘%&g@m&% coating on a metal sub%tz&r

- 0.1 - 10  electron beam evaﬁ&&mﬁ@n@%ndensahonmdervacuﬁ&@% bf! #8Rture of
It is knovvn (Cernets, Ed. R Tinkl epaugh and WR Crandafll, 1960, ©

Rei nhol d metalspgpd mtalgoxxs!sa phaving odifferent avapoyO prgssure oat, the nevapordtion
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produced by anetaR} ahd thirdiidth oxide and alumiliBmeSde hﬁ‘nﬂﬁ{ltdx?dﬂsa{}mhtlﬁ ‘1‘?
and pressing of powders, provides good physical and echnol ogl c§|

properties of mtieofthetcomponentsPepetimags)t he met hod of el ectron beam
evaporati on and CEIPOf rléon under vacuumonto a-substrate preheated up to
300 to 500[err]C, hi gh strength of the coating adhesion to the

substrategnd hi qi;yjp.rmess of the coating. ' on of
I i
Cr,03-0.1-10
ALOs; - balance

2, Acomposmonofclanml characternzed in that:tfurthercontamsAlmth
15 the following ratlo of the components (% per mass)
. Sn-1-13
Al-1-8
- _ Cr-1-40
Cr,0;-0.1-10
20 AlLO; - balance

3. A composition of claim 2 characterized in that it further contains MgO
thhthefollowmg ratio of the components (%permass)
Sn 1-13
25 Al 1-8

Cr-1-40 This Sheet Has Been Repl

oot WA

MgO - 30 - 50
Al,0; - balance

30

THIS SHEET HAS BEEN _.
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The technical essence and principle of the invention is clarifieg bxﬂ%&ﬁ

exanpl es of WO 99763127 it 5 enbodi ment with reference to the apﬁgﬂ'

drawi ngs, where: Fig.- 1 shows the schenme of placing the
conposition in the formof a tablet in/a _ wat er - cool ed cruci bl e;
Fig 2 shows the distribution of Sn, C, All and O across the thickness of
t he gradi ent coating produced by evaporation of the follow ng
conposition (% per nass) 13%6n - 13%r - 0.5%Cr 203 - 73. 5%Al 203.
A detail ed desciption of the invention The proposed

conposition for production on the netal substrate of a protective
functionally gradient coating deposited by the nethod of electron beam

evaporation and condensati on under vacuum is a mxture of neta
powder s and oxi des havi ng different vapour pressure at the
evaporation tenperature, in the follow ng basic concentration( per nmass):
Sn - 1- 13 ' Cr- 1-40 Cr203 - 0.1 -10
A1203 - bal ance. : ANMENDED
SHEET

ELECTRON BEAM

COMPOSITION IN
A TABLET FORM

CRUCIBLE

FIG. 1
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The advant ages of the proposed conposition, conpared to the known ones, are
illustrated in the foll ow ng exanpl es. 10
Exanpl e 1. A m xture of the conposition conponents in the
basi ¢ concentration-(% per ‘mass): 13%sn, 13%Cr, 0.5%0r 2C8,
73.5%A1203, conpfessed OTT PO e ST T tedtet—of—25—mm-ej anet er
and 6 g weight, mwas placed_ inpto a water-cool ed crucible'(Fig. 1), and
el ectron beame ﬁff ation had x f ormed with subsequ Iﬂcondensatian on 70
x 15 5 x 2.5 gmi\ at sanp+e$ of | ow carbon steg gopper and tifani um at
t he tenperature jof 300 [err] C under vacuum 2 i? -[bean1pomer of 26 to
28 kW and the bgam curNgnt of about .- 1.5 A Ai t e .di stance fpomthe
source to the cdndensati\)Xy surface of (320 to 340 ) , t he thijckness of
the gradient codting on & tationary sub The coatiing
t hi ckness is prq@portional \t Qahe” Nghtet alings of 6fto 7
[err] mthicknesg, l
Al
. I
Ny
| COATING , s
’—‘—(— —’-'
2
(7]

FIG. 2



2016%jgé65éent is the tablet weight of 8 to 10 g.

- UA 00990001
Concentratron’of Sn in the substrate/coating contact zone is also
propor.tional to the gonjent Qb SM*in tjte, tefl et. ,F.0.°2 shows the

di stribution of Sn and othé@r*e$enenfssin: 4¢ sotIte, con:ac:t.zdne and in the

coating produced in evaporgtioh of .a.t'abr et uf,*tha*fol Pauli hge*

conposi tion (bnzevﬁogétcbmpbm providéiFood fhysikGnichanical Xhaedet?istos of thed) g

wei ght. 25 The st th of fhe coatin hes ontothes
and t he c@&m&gwbmdtryn% qmgc%{i@m %“'B&et |Wﬂ‘?}§$

coat i ng. WRECRs) Bkl Bl ot SOOI Bosion, P°? 3, R0e;, e

trate
of a

steel , coRperatite doet abt wfemanmﬂnmchmgebwfahé rsuaemw ion tstresses! iim gickel
procedure wth 18 nmm spaci ng_of the supports and 1 nm m n | oadi ng

rate. |t salloxp fur which thesoatingprapeset %@M@PM&{’&@S@@*{ err] of the coating
f d
SE;J;ngF: \évas eﬁ&ra%%t%% g‘e%%&%dﬂ?‘?’%‘yneg’ l¥§en Ical ? e corﬁ’i ?ﬁ-)ons ot

exanpl e 1sucﬁ|tm1§dfraﬁré§%éﬁooh1gh. evapor ati on was perfor rred wi t h subsequent
condensation onto 70 x 5 x 2.5 mm fl at sanpl es of | ow carbon steel

copper and ti t'ﬁhﬁl’eﬁmdﬁ“{m@nfoﬂ ﬁmrgblempﬁm qf,gqmosmogs

yforesn -

3A1 - 15Cr O SQtzprotecuveﬁm 120 Tf}ﬁ Ehl akngiy %egmaevaenrtau nant'lng

condensation wunder vacuum on metal substrates preheated up to moderate
temperatures (300 to 500°C), in particular on metal substrates of titanijum-, copper- or
iron-based alloys.

Summary of the invention

The invention proceeds from the task of creation of a composition suitable for
deposition of a protective gradient coating onto a metal substrate by electron beam vapour
evaporation and condensation under vacuum at moderate (300 - 500°C) temperatures of
the substrate surface, which, though appropriate selection of its components, would ensure
the formation of a transition zone between the substrate and the functionally gradient
coating, providing a high strength of adhesion of the coating to the substrate and its high
hardness. '

The above task is solved by proposing a composition for production by electron
beam evaporation and condensation under vacuum, of a protective gradient coating on a
metal substrate, based on a2 mixture of metals and metal oxides having different vapour
pressure at the evaporation temperature, which, according to the invention,
consists of Sn and Cr as metals, and chromium oxide and aluminium oxide as metal oxides
with the following ratio of the components (% per mass):

Sn-1-13
Cr-1-40
Cr,0;-0.1-10
AlLO; - balance.

The method of deposition of the above composition by electron beam evaporation
and condensation under vacuum is described, for instance, in RU patent No. 2120494.

AMENDED SHEET
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tur bl nes. film wets the substrate surface, smoothing the roughnesses of this surface and, dissolving
in the substrate material, does not form any brittle phases undesirable in terms of the
coating adhesion to the substrate. _

In firther evaporation of the composition according to the invention, a Cr-Crzog,-AhQ
metal-ceramic coating is formed on top of the transition zone enriched in Sn, the coating having
a whole set ofmgchanical and physico-mechanical properties attractive in terms of protective
coatings, namely high hardness, coefficient of linear thermal expansion close to that of metal
alloys, excellent oxidation resistance, good high temperature resistance, efc.

The above task is also solved by proposing a composition for production by
electron beam evaporation and condensation under vacuum, of a protective gradient
coating on a metal substrate, based on a mixture of metals and metal oxides having
different vapour pressure at the evaporation temperature, which, according to the
invention, consists of Sn, Al and Cr as metals, and chromium oxide and aluminium oxide
as metal oxides with the following ratio of the components (% per mass):

Sn-1-13
Al-1-8
Cr-1-40
Cr:05-0.1-10
ALO:; - balance.

This is owing to the fact that Al as well as Sn, has a considerable solubility in Ti, Fe
and Cu, the above composition provides an increase in the adhesion strength of the coating.
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CLAIMS ° 1. A conposikion feor sgrodugtt op*of aprptetiive gradient
.coating on a netal substra-te by TS 6. selPgrron l:ea:n evaporation and
condensati on under vacuum- ba;ed oL A Juxturg, ot * ®.e? e metal s and

nmet al oxi des Vi d e aa;m#wa I sroledi
t enper at ur e, ?ﬁ a§9¥ %’H‘e{s Jﬂo ¥6’19 %YM %(?lat t he corrp%gl Ion cogl glyst s of
Sn and Celeetton beam evapomuamtmﬂst;ondmsa’em amflemvessneme ofndl PAPIGRIVE i de as
metal oxides, wth W ﬁ‘*ﬁ% th&ar Qﬁ{,%g( % per
mass) : q;mg on a mg%fsﬂﬁénla?eiﬁged on a muﬁure of %d gxiaed
-10 different vaﬁbﬁfﬁ)ressbml ahdhe evaporatlon ZWMOMQMWM sauthei on of

a prot ect Vgg?e ,ﬁ% %9%5%& 'E{l %ﬂﬁﬁﬁﬁ%\eo , magnesiym oxideSn@Ct  On
beam eva ens ion tﬁer vacuum se On%. m Xt ure of

met al s alunnnmmo:ndemsdnetelmdes fiellowing tativfofithe components (s amass):at t he
evaporation tegperajire char acterized in that the
conposition COfySi Bt of Sn, Al and Cr as netals, and

Cr-1-40
Cr0;-0.1-10

MgO - 30 - 50
AL O; - balance.

 is known (Cemmets, Ed. IR Tinklepaugh and W.R Crandall, 1960, Reinhold
Publishing Corporation), that MgO addition, similar to Cr;O; addition, to AlO;-Cr
cermets increases their density and hardness.

The composition according to the invention, produced by amy metallurgical
process, in particular, by mixing and pressing of powders, provides good physical and
technological properties of the coatings produced by the method of electron beam
evaporation and deposition under vacuum onto a substrate preheated up to 300 to 500°C,
high strength of the coating adhesion to the substrate and high hardness of the coating.

Brief description of the drawings

The technical essence and principle of the invention is clarified by the examples of
its embodiment with reference to the appended drawings, where:

Fig. 1 shows the scheme of placing the composition in the form of a tablet in a
water-cooled crucible;

Fig. 2 shows the distribution of Sn, Cr, Al and O across the thickness of the
gradient coating produced by evaporation of the following composition (% per mass)
13%Sn - 13%Cr — 0.5%Cr20; - 73.5%A1,0s. '

A detailed description of the invention

The proposed composition for production on the metal substrate of a protective
fimctionally gradient coating deposited by the method of electron beam evaporation and
condensation under vacuum, is a mixture of metal powders and oxides having different vapour
pressure at the evaporation temperature, in the following basic concentration (% per mass):

Sn-1-13

Cr-1-40

Cl'203 -0.1-10

ALO; - balance.
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g];dsgl um hl‘grﬁ"% W ta OXI es mvtﬁctu‘r’n lgﬂﬁﬂ{n I%A%% Q‘i‘mtimﬂaﬂty%gﬁ(i)de

of the conpgerinSbéain Rodp dﬁtﬁﬁ) and condensation urder vhcuuh3 based on a mixtar€rof: 1
-40 CT203 - 0 -10 MO - 30 - 50 . Al1203
- bal ance metals and metal oxldes lmvmg different vapour pressure at the evaporation
temperature, characterized in that the composition consists of Sn and Cr as
metals, and chromium oxide and aluminium oxide as metal oxides, with the following
ratio of the components (% per mass):

Sn-1-13
Cr-1-40
Cr;0;-0.1-10
ALOs; - balance

2. A composition for production of a protective gradient coating on a metal substrate by
electron beam evaporation and condensation under vacuum, based on a mixture of metals
and metal oxides having different vapour pressure at the evaporation temperature,
characterized in that the composition consists of Sa, Al and Cr as metals, and
chromium oxide and aluminium oxide as metal oxides, with the following ratio of the
components (% per mass):

Sn-1-13
Al-1-8
Cr-1-40
C1’203 -0.1-10
AlLO; - balance

3. A composition for production of a protective gradient coating on a metal substrate by
electron beam evaporation and condensation under vacuum, based on a mixture of metals
and metal oxides having different vapour pressure at the evaporation temperature,
characterized in that the composition consists of Sn, Al and Cr as metals, and
chromium oxide, magnesium oxide and aluminium oxide as metal oxides, with the following
ratio of the components (% per mass):

Sn-1-13

Al DT

Cr0:-0.1-10
MgO-30-50
A]203 - balance
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