. LMNCe3e: (: % 6Tql6 July 2003 TUNGSTEN CARBI DE COATI NGS AND WBRE¥EISER
PRODUCI NG THEM Technol ogy field T i i is related to the technol ogy
of the deposition of conposite surﬂ@“@%mmm possessi ng high resistance
to wear) erosion and chem cals. Mor citically, the invention is rel ated
to the technol ogy of the deposition of ‘8%t ngs containing tungsten
carbides and m xtures of themw th each other and with tungsten or free

carbon. Superhard erosi onyeRGSIHN CARKIDECCOAMINGSCORDI Ngs, i ncluding those
contai ning tungsten carbides, are w deI% used i n manufacturing various

articles and tools in pres®ROGESS R PRICINGHTHEM i ng. Such coatings
possess high resistance to erosion, chem cals and wear) and thus
substantially increase the fife of mechani cal engineering products and of
t ool s oper at Eecbuntbgy figkirandi ng conditions. Prior art Patent W&wm’yﬂm
describes a surface conposite systemw th high resistance to

erosion consisting of a mxture of tungsten (for plasticity) andssgst en
car bi de V2C fhémvBaiodne Selted Kb age t&ﬁ!ﬁ(ﬂo%l)@ﬂ thB GepsmRild b 8dthgositt RrfAkeA N

m xture of - tungsten carbide with netallic tungsten were obtai ned by neans
of physical WsiseNr PERSpBHIET high PBRCY\tos eaty i avefieny rgdt eberaindds.carlors from
separate sou e f U . Q S on. di fferent-type
substrat es t%)%}%gﬁ%@f H‘ée%@%%&%ﬁp?%ﬁa}é%?ﬁ ? ﬁ%é%@%ﬁc\%etg ﬁ% or?glsot"eontjc(?g Wde.
However, t hecdn&iitingfungsted bebides 0k rhintugstof theapwith dfh dilserwad Withaudgsand
internal stresses in the coatings increase sharply as the tungsten-carbon

| ayer grows)OrESSP®PRg i n del ami nation of the coatings. For this reason) it
is inmpossible to produce sufficiently thick coatings by the PVD net hod.
Furthernore, the physical vapour deposition 16 July 2003 nethod is

i ntrinsi cal | yupertapblerasidol end morrdsipo gedistant evhtingsatindgding rthosee pentaihingonpl ex

shape due to _the i sibility,of depositi.ng the coati on the parts of
t hepi t em shatfB&eH %ﬁéﬁ Ve lw(che%gsq n i‘B@'H'Lfacg’é'é% vaes 3‘2% A \9352%
deposi tion ppesaeday méhantlal Engint@ma! NSach CoaREY FOEAGE highl idistance to

erosion, chemicals and wear, and thus substantially increase the life of mechanical

engineering products and of tools operated uader demanding conditions.
Prior art

Patent GB 2 179 678 describes a surface composite system with high resistance to
wear and erosion consisting of a mixture of tungsten (for plasticity) and tungsten
carbide W,C (for hardness). These hard coatings made from a fine-grain mixture of -
tungsten carbide with metallic tungsten were obtained by means of physical vapour
deposition (PVD) by spraying tungsten and carbon from separate sources. The
tungsten and carbon are condensed on different-type substrates to form the said alloys

of tungsten with tungsten carbide.

However, the rate of synthesis of tungsten carbides is very low, and internal stresses
in the coatings increase sharply as the tungsten-carbon layer grows, resulting in
delamination of the coatings. For this reason, it is impossible to produce sufficiently

thick coatings by the PVD method. Furthennore, the physical vapour deposition



C VD process can be used to deposit wear and erosion resistaﬂPJB%é?P%gs on
substrates and on itens of conplex shape. In a typical CVD process for the
deposition of conposite coatings, the substrate is heated in the reaction
chanber, and the previously m xed gas reagents are then introduced into
this chanber. By varying the conposition of the reaction m xture and of the
paraneters of the process (tenperature of the substrate, conposition of the
reaction m Xy i iMhdidN19indpplicdblePfor FepUsRionbflddgtingd mt itdifls BT Sdriblex
tenperature of the gases supplied, etc.), it is possible to obtain a

vari ety of celapeniys to Ahpivapossibilicn/pf depopbng ther cqalings pethe patty elkthegtam ng
deposition, aonly the,f j makes it possible to forth tungsten
car bi des of %Fgéw u5?¥#€gg@g§mﬁg%g&%ghperature. For this purpose, one nay
use thermal deconposition of a m xture of tungsten hexafl uoride, hydrogen

and car bon-cgnt aj ni.n as i,n the CVD pr s.. Various regagents we used as
car bon- cont ai Fﬁllge“b‘%fgé’g?""éfiﬁ'?osapﬁé’f?ﬁ%emeh%?%%sstgcsﬁr‘@%’gf’%ﬁe € with
the aid of WaivahpRB&ss eRybEusal RESdpasit Wit Gad erdsion st 66ativgs o Eutisttes
conposi tions. For_ exanple, the thermal deconposition of dinethylether (DVE)
(EP 0 328 084udgonitymsicgmplexisharche for mati on of the ni xture WWBC

WW C+WBC, WHVW2C in the form of bitam nar coatings. The internal tungsten

| ayer of the coating is obtained fromthe as mxture WF6 (0.9 I/mn H2 (3
1/ mn Ar (4. On bnypigal VR pBicess Toe thexdepositidn égomipositetaatings) gha subisttatarie of

oG A By R, M B ST
Ui n) and . t tPATY S :
external coatipoWhikls infs &Qﬁtﬁkﬂ?@{ fv%@gﬂéacgmasﬁ b8t of¥hS refbtdn Ihiktud aced

DVE 2 16 July 2003 (0.55 Umn) a t a total pressure of 40 torr.
The ext er nal audsf thegargwpies dfshapisoetishéempareguncf thogubsteate tompesiian of typi u) | Ar

(4.5 1l mn) and,.DM u . 85 1 . . # o) torr.
Patent JP 91fFsYR wxfé'giﬁ?ﬁ%[%ne@)glr ﬁ%gsghqg\}vﬁe{%g %‘3‘?1&{0“5‘?6‘?@@&6@% éftg t ai ned
from a gaseoyasegsagplies; eaf), ¥EbpostiBleas dbtainianasictyiof bosingat onic ratio of Cto N
equal to 1:2Q and Hto Wequal to 1:15 at 400-900C. The patent cites the
production of WC fromthe m xture Wsari.nethylam ne: Hz=1:2:3 (the atomc
ratios are CM5q6n0cvl Wemhofis 8F tunddtén bdrbide rc@zltﬁlg'cﬁ:pésg@orﬁrm‘[}mh@ fRibri@90C and
the total pressure Is equal to atnospheric. A 70 lutt layer forms in 30

m nut es. Pat ewdthodPrr@B&7 BOgossibleo 86 G810 tuhgstom idathidesoaf bigha@aliatal iglayn an

al um nium substrate i s, ohtained froma sgous . mi xt ur e. .of 6, - d
aromatic hydroRRFHRE: 3\}(’{ 15 PYRPE P%ﬁfr%%g% rér('qalljgl 9 ogl-"%ﬁ ofédhﬁF%cg)gceedi ng
3 at tenper algigtier AORPRridd Ry@BEenhid 8ABSDEOMEaiting PB4 ZRECUBERbERES how a WZC
coating on a graphite substrate is obtained froma gaseous m xture of W6,
C3l-ib and H2 with inert gas. The preferred reginme: m xture W6: HZ=1: 3-1: 15
with an adm g Sl L i FF or T4l
0, 01-0. 3; th?atylgﬁspg%ag%gmjgpmt & LRAG Lok ‘?%%%fjgeo Bl (RS, 4563 A
19840929 desqropykme oyl witMEE aibaf Whigh pee wiay ayntleadist fungsten garbisdeiod o 0t ur e of
Wi6, Hz (nmolar ratio, W6: 1-12z=1:3-L. 15) and cycl opropaae with nolar ratio
in the m xtultWogOPAOHOPSat 5 substrate tenperature of 350-600C. The exanpl e
cited is the manufacturing of a WC coating on a copper substrate fromthe
m xture WFa: 40, fh: 320, Ar: 40, C-Hg: 10 enB/mn at 500C with a_growh
rate of 3.3 gontrAmple, te memasdwogmvﬂﬂ%el}til@é@ywm@M@(%%Pé%ﬂﬁéﬁg?ai n
non- col umar | am e . i > ' vapour
deposi 1 on. Tra ke FRHRLFITGERGAMC W | RAE: 4 2NAHRE WICIREIER

of bilaminar coatings. The internal tungsten layer of the coating is obtained from the

as mixture WF¢ (0.3 /min), H; (3 UVmin). Ar (4.0 Ymin) at 460°C. The external layer

containing a mixture of tungsten with W3C is obtained from a mixture of WF; (0.3
I/min), H, (3 Vmin) and DME (0.4 Vmin) at 460°C at a total pressure of 40 torr. The
external coating W+W,C is obtained from a mixture of WF; (0.3 I/min) and DME



16 July 2003 contain carbide phases consisting of WZC or WBC18UHi2Q0%r es of
"themw th each other. It is denonstrated that these tungsten carbon

al I oys, when depnsited on certain types of substrate, have a net of very
fine mcro-cracks all over the deposit. Coatings nmade fromthese all oys
have i nadequate resistance to wear and erosion. IEP Q 411 (AG Al descri bes
a nultilayer coating containing alternating | ayers of tungsten and a

m xture of t en W un car bi i n e forrm of. Cor a

m xture of t e‘gf }/'i“fn);%% E‘%’eq;r:oartlgﬁ Er’tg[]%rﬁg 3 ea%e@utg “a ¢ Sé@f’}?g]"?ﬁ%‘é'\gvgg’éﬁéﬁt'ﬁe

resi stance obbated fdies mittuie®m OB (0ani) 08t @5 Vin) asd ROEW0.8NUm@yat, t hat .
t he maxi mum conposi tion ef Fect i,s observed for layers with a distinct
boundary bet #&¢l aE‘ﬁérW“"TﬂF?“Teé’f&g\W‘Busl y not the case for the conjunction
of layers of tungsten and the m xture of tungsten with tungsten carbide
which is characteristic of this patent. Substance of the fuveQion It

fol | ows fromPateat JP1dA527 4il02H0288 dessribéscdiowdiuhgstenaratbideWetstobtaimed fobing f er ent

t echnol ogi es are used_ for oduction of.di therent t s ,0of tungsten
car bi des. | natWesO"%S'r%neucet?é)\&,%“’t anlririca‘imr’lmgﬁ Pitg an t%n%wi'?lvoeﬂ%/?gﬂ hl?gq'fag t‘gevel op
a universal teohneHeyWnsakaltg 1S 0408000°€. (The@hateai dited ke grbduckapvnwiar bi des,
m xtures of therrt and al so new carhides. Furthernore, .the probl em of

i ncreasi ng t ferhiedariye Y Femsthviamipe Farlid s 1o pismgsCOE s 6.0,

| mpor tant, bW@oﬁUm H&W rR8 IR R miAs §00°ER8k heABd Yrabkft is g 3 ance
are related specifically to hardness. A solution to these and other

probl ens is pmwasphiw. #y70 pmdayienfoems id) mimest o t he devel opnent of a new

met hod for the production of tungsten carbides and m xtures of them The
mai n di stinguishing feature of the nethod is the preliminary therm
activation Ofpaiche i ges PRar ROBOHONddstridd ho WP WIO eBREg Jinen SYBhiARSt S Oof a
tungsten carbide |ayer of a certain conposition depends on an activation

t enper at ur e thstraig is obigingd, ffipnoy gasepus,mixterg of Wits, HoEnd arogs@ichydigcabemt a
pressure in Rﬁ&l %ﬁ@&t &Eio%@w YRlah &5 2LIPRLHIC ekofathE® a@&%@&#&g%aﬁ”' al
pressure of the hydrocarbon reagent. Prelimnary activation of the

hydr ocar bons so@€ults in the formati on c~f the necessary concentration of
hydr ocarbon radicals and their associates Wth ~uorine in the gaseous phase
over a wide range. The proposed nethod makes it pbssible to alloy the

car bi des andlpgienmirxtgangeoaat At Pegabogvidediribby AbWNE WS chhtHy bAlar GapRR
conpositions. Fluorine, as the nost active chenvcal elenent, strengthens

t he i nt Er at ositestratgrisi obiained fiom p gaseops mixtuieefoWFneCahrand d& wih dictlegas| t i s

t he strengtheningof the interatoghc. pands.i o [ i produces
the incr easeq{ﬂﬁ pgcg?Taerﬁiers??chr[ﬁﬁé%er gvc%gg ?‘gsls'!%wftgﬁntag tgx%facl)#r\&naa i‘grﬁﬁ)cgf
oxycar bi de pheges iateadito ol ratio/0.0 018 de: mpesatdreldehe sibstiakecis@Sher hand,
fluorine stabilises the structure of the | owtenperature phases (tungsten
subcar bi des) %8%&-to the hi gh energy of the fluorine-carbon band. Along with
fluorine as an el enent, fluorine-carbon conpounds with ~arbon content up to
1 Sw%and fluorine content up to 0.5 wt % can be introduced into the
conposi ti an datehhEP 8420456 A t24RP 2 edesTiites chomtmiWaiLisaatingissvebtoingsd fromea
firstly) they increase t ar, ss. of .t Lungst en.carbj .and .secondl vy,
thejv st abi | iB&E°PHE" Fu"?ﬁh’rﬁe 61?@‘}"?% %%8@6&?% g'ﬁ'b‘c{;?ﬁ?“c’igksgﬁ‘ﬁﬂ%,eq’t“ﬁ‘e

i ntroduct i on peflarf dati®@ v K @Dk |0EL-0. B @ ardubstrased tempetaties ofBE@$00°C. pOhsi bl e to

obt ai n such tungsten carbi des as nonocarpjde WC) seni carbjde C and
subcar bi des RKamgls gitsdds the mapfacliyine ofig #I;Ib GPatf%é’“rf’eWPPifn%'bft@'ﬁFv%%‘FHF"des

makes it POSghiblf W, 40, H, 250 AFL AU €3 H,:Di0 AR a 306 With 2 bRRvih RikepRI | ayer
of which (dEposited on thé substrate - a construction materital or itens
made of it) 33 woMpesed of tungsten. The external |ayer contains tungsten
carbide alloyed with fluorine anal possibly with fluorinecarbon
conpositions, or mxtures of such carbides with each other and also with

t ungst en and Hpr £0 30800D AescdbeENRwaRp&tHauC fih© fralfBiodrdofimnat tamihdieuderasi t ed

conposition coati nﬂ h~~s an .inter n‘?l t Lingst en |l ayer of_thickness 0.5-300
Nm  The t hi cl6A®es 2Beys; #e qbainadnby cfieigiegl Yapoyy deposiffon.  The described alloys




16 July 2003 300 Eun. T he ratio of thicknesses of the inter Hat“aAdP3
external layers ranges from1l:1 to 1:600. In accordance with this

i nvention, tungsten carbides are deposited in the chenm cal reactor on the
substrate from a gaseous phase consisting of tungsten hexafl uoride,
hydrogen, a carbon-containing gas (e.g. propane)) and, optionally, an inert
gas (e.qg. argon). The carbon-containing gas is thermally activated before

bei ng i nt r oduzesh cabRIc! fHasds QRRLIingdYF WoetdrNW1¢: tor dx@RR-FWGn Jilaﬁeat%essur e
(0]

t
in the reactor ranges from2 to 150 kPa. The substrate i s heated

t enper at ur e A#bY- §O demmrrirated thap these wagsencahonalloysaywhemdepositddyuir asfein r anges

from0.2 to , e ti f i t o _hydrogen ranges
from 0. 02 to%%l%%ﬁf tﬁi{v?ﬁen%'é?é‘fﬁﬂﬁsﬁﬁl%? Os—?r%f @Hl%g:@%%gtd &Fe ﬂbﬁ kg ﬁ%gspr ocess
are det er m naadddieqe toiseallays hake inideqandiedivtande thiwehtind eddsighar bi de wi t h each
other or with tungsten or with carbon is required to be produced. Thus, to
produce tungsten nonocarbide WC, the prelimnary there ial acti nation of

the cafi on- coptoainy Bgs Qﬁsdés‘ériﬁé%néjHﬁﬁﬁ%@%oﬁ’t_iﬂg%ﬂﬁ%ﬁﬁ%raﬁet‘ﬁﬁtirgggp{y&%% The
ratio of propane to hydrogen is set in the interval 1.00-1.50, "and the
rati o of tungsssten and ahpikterg ef tungstethwith fungsign cadidesingthe GormimefeWeGr Wo€pondi ng

e Forl ows: goRHnROT YL B BnbhE- RO ARE o ARG BN RET e b 0 27
producti on off thengateddl BUWERT Didd@rodddiC df ¢ Jvildr, HdCyer) tigH-the Mfax@nain

0. 05Q 0. 055. A previously unknown tungsten subcarbide, W~ZC, w th hardness
3500 kG me, cappositian eflscinisiabaerved forJovesy withe distgh beundsrybetwegm shegbt ai ned

by the met hof,;proRBAGEN Rof mcsﬁsp\t@me%njlﬁa% SRyHE QFUGHdRR Sld i S

subcar bi de, propane was thermally activat'ed at tenperature 500- 700C. The
rati o of propiteebbungsieoyith wigstemearbide which is chatagtenistic «f thig p@led. 40 and t hat
o f tungsten hexa.fluoride to hydrogen was 0. U40-0_045. 6 16 July 2003
This process makes it possible to obtain m xtures of tungsten carbi des and
m xtures of $fRtdne Bf @RIuvéddenf r ee tungsten and carbon. The val ues of the
paraneters for these cases are shown ~n Table 1. Table 1

No. Conposi ti onPropane activation temerature, CPropane to, hydrogen

0707+ 0, 052, e B Ah B8 Ml e R o Arht el (o e sp o4
5-0. 0604. W Gedhnoldpiel -ab804d 40r the a6dudddn: 6f diffoSnl/WhesWH uVlste@cAtbidésOdnG5- 0. 70Q

_045- 0. 060G WC+W500-.7200. 70- 0. 900 8-.0.097.V\2C+V\6‘g0-7200. 70- 0..900. 08- 0. 098.
VBC+HWB60- 7008seonpectisn, e main aiapel s risagon 158 slsvaier a uawersalisctioney 10, vacrw

i ZC+VB00- BO0Radrg §felsible 95 oBtafi/ Al en¥hctibwr QarBiles. mitRmies 0 !tRbrd And alke new
carbides.

Furthermore, the problem of increasing the hardness of tungsten carbide_coatings
remains very important, because such key parameters as strength and wear resistance

are related specifically to hardness.

A solution to these and other problems is provided by this invention, due to the
development of a new method for the production of tungsten carbides. and mixtures
of them. The main distinguishing feature of the method is the preliminary thermal
activation of the hydrocarbous used in the CVD process. The synthesis: of a tungsten

carbide layer of a certain coruposition depends on an activation temperature that



As nentioned above, control of the content of active hydroca}ﬁo‘gwgogai cal s
wthin wwde limts is provided by neans of the prelimnary thernal
activation of the initial carbon-containing reagent. This nakes it possible
to form carbi de phases and m xtures of themw th &ee carbon content of up
to ISw% The therlttal activation of the carbon-containing reagent takes
pl ace in a hydrofluoric atnosphere, which provides additijonal formation of
f1 uori ne- canlades frai s0alts 85Rax be alt@algfredanie!in thenesctérakist vasied froM Pdol BYi Ng t he
car bi de pha and n}lxtur es of themw th fluorine and carbon, producing an
i ncrease in k&ﬁe ¢Ptial peeRgurs A U h¥drorboEeRERhi cal prioperties. Internal
stresses increase slowy as the coatings of single-phase tungsten carbides
grow, thus) high wear resistance is observed even with quite (hick coatings
(up to 300 Trchm@moyivaﬁmﬁbfﬁh? hydrbeirtrons nesite il the deinmtion e tirermchisgly

har dness are_due, t st.ron tQ nds th carbide |l attice and
the absence GFeFf@ m} gghs?’fi °°mgf"ﬁ ’8‘%%833 a?}é rllg)n 0% g‘ﬁ FEFBI51 Bstfe ef fect
in the coat igagsus phssecasr ddddiakgelr The pﬁopﬁs%ﬂbnal&m vakda 1ep6d§1b®é kedliognd
m xtures of themw th tung stenogﬁ} free carbon in this case | osjng sone

t

cheni cal andhefabidesndirinuxturesiol fem yith fnggine ﬂtﬂﬁé’tﬂoee%wh@kcmpwwgm en
carbi de i tiéie, GRTROMIRRKEE ERINGREhENC W aRIEALH FheRbrknbaildl tion to

the said m cropl astic effect his is very inportant where m xtures of
car bi des wi twhehnl ieperstratos mta the aghide lattlcvxeétrlsrtbfs:s@naﬂwmog pb theduterstaraic

coatingsinfrlcil n _assenbl | es snn invention and als
the descri bd® ﬂ%‘ﬁ'ﬁ%ﬁ%@ g”?"c@djéﬂ és P65 emr?gr é I§ BEPESS K510 ‘?

mul tilayer aeahid REmatibd Bf a;kycabnﬁtphag:s|1@1&ﬂ&)fqilrdljd6ﬂ'5ﬁiefstraﬁdrels aymf the
contai ning tungsten carbides _alloyed with fluorine and pogsibly with

f 1 uor ocar borptheshandi fyosing stapilises the sEUGHIR©Of Iﬂ@slowftemne@@r%amﬁﬁegﬂmcvh each
other and Wﬁhﬁcaﬁr&iﬁ&jhﬁém% gﬁgﬁé} dftfie ﬂgédr@—c%oh*%ﬁdmesses of the
anges? m .ﬁyto 1:5.

alternating layers he constructi on materi al
itself, with a bilam nar or multilayer coating deposited in accordance with

e PP 2 N o Sy ARl R SR SBRR SR o1 o
‘;g: b:"ggr o Fgﬂﬁt@ﬁsw o GRA T MRkAR doR&hS LE b @9&&%‘6&\ bGQRﬁb&chﬂ'gn@f theungst en

composition of the tungsten carbide. These admixtures have two rolés firstly, they

increase the hardness of the tungsten carbides; and secondly, thcy stabilise the

structure of the tungsten subcarbides. Thus, the introduction of ﬂuorim; and fluonne-

carbon admixtures makes it possible to obtain such tungsten carbides as monocarbide

WC, semicarbide W,C and subcarbides W;C and W ;C. :
;
The applic;tion of the new tungsten carbides makes it possible to gnanufacture a
bilaminar coating, the intemal layer of which (deposited on the '{substtatc - a
construction material or items made of it) is composed of tungsten. | The external
layer contains tungsten carbide alloyed with fluorine and possibly with fluorine-
carbon compositions, or mixtures of such carbides with each other aémd also with

tungsten and free carbon. '

i
.. ) i .
The construction material with the deposited composition coating has an internal
t

tungsten layer of thickness 0.5-300 um. The thickness of the external layer is 0.5-



with fluorine in amunts ranging fromO0.0005 to 0.5 wm % Acc})‘?ﬂfl)f%oq:;o a
second aspect of the invention, there is provided a material for wear,
erosion and corrosion resistant coatings conprising a m xture of at |east
two tungsten carbides alloyed with fluorine in anounts ranging from 0. 0005
to 0.5 wt % and possibly with fluorocarbon conpositions with carbon content
up to 15 wt% and fluorine content up to 0.5 wt% 8 16 July 2003 According

to a third asgegh. Qhe il mufemcissm,oftﬁaemerdaﬁ?dalr&vérﬁ@%ﬁrs%aﬁés 11

characterised in that it contains an internal |ayer consisting of tungsten
deposi ted ontod:@bstrate, and an external |ayer deposited on the internal

| ayer and contai ning the tungsten carbide. According to a fourth aspect of
the invention, there is provided a process for producing tungsten carbi des
by chem cal Inamoondagtepwith thiomventian, lnegsten cabbles et deposiiedginathenichdmicsl of

ases including tungsten h fluoride, drogen,, a carbon-contai ni.n as
gnd, olpti oﬁaﬁle ‘8‘,“ g’h%"rﬂ’?’f“%ﬁ?’,"“ﬁﬁéf‘%ﬂ‘*‘e?’ %%Hg?sﬁhflﬁé‘g %ﬁeeﬁbﬂﬁi@eﬁ? aigni ng
gas is ther nRjdrdgeacs E&%@%Mﬁﬁg%@@@.%@ﬁéﬁ it obRordaRY PRI &Taia!reggsgé? - 850C.

According to a fifth aspect of the invention, there is”provic )r ocess
for.the depofgen)onTlef carbrit-¢antpining gas & thempadly agtvited beforel bdimy gtrodicedungst en

and an exter gl gl 3%eHo, fﬂ&%hg%ﬂl%«?‘ﬂ%&?"méBPe%&rré’letﬁe WaaGe O %‘&?&é hates,

preferably on construction erral s and On Itens made frome em

char act er i setw 150 kPha(The kabstateds peavaicte Iempreratustet©01900°C, ol heoiatio 9f sirbgrs: (a)
n

pl acing the substrate in a chem cal vapour,h deposition reactor; (b
evacuat i ng t??é‘%&%t%‘?;to(%d“fgéat'iaﬂﬁestﬁ'gnsé?dosﬁisﬂ’ fhe ratio Pﬁ)““%ﬁi{?ﬁl yi ng
tungsten hexghbtigriddfo RodMdhi)ee Roin®.42¥8 oligact or; (e) retaining the

substrate in the said gaseous mediumfor the time interval necessary for
the formation of the tungsten |ayer on the substrate; (f) in addition to

thor mal 'y ARV 88 SR S S ASAYS Gha< o EHoR HeBtped dEpming o
which carbide or mixture of carbide with each other or with tungsten or with carbon
is required to be produced. Thus, to produce tungsten monocarbide WC, the
preliminary thermal activation of the carbon-containing gas is conducted at a
temperature of 750-850°C. The ratio of propane to hydrogen is set in the interval
1.00-1,50, and the ratio of tungsten to hydrogen in the interval 0.08-0.10.

The corresponding parameters for the production of single-phase tungsten
semicarbide W,C are as follows: 600-750°C, 0.75-0.90 and 0.06-0.08. The
parameters for the production of tungsten subcarbide W+C are: 560-720°C, 0.60-0.65
and 0.050-0.055.

A previously unknown tungsten subcarbide, W;C, with hardness 3500 kG/mm?,
greater than that of any of the known carbides, was obtained by the method proposed
in this invention, For the production of this subcarbide, propane was thermally
activated at temperature 500-700°C. The ratio of propane to hydrogen was within the
interval 0.35-0.40 and that of tungsten hexafluoride to hydrogen was 0.040-0.045.



- . . 003
16 July 2003 (g) retaining the substrate in the gaseous nedi &?n‘]?%rzrred at

stage (f) for the tine necessary for the formation of the outer |ayer

cont ai ni ng tungsten carbides and m xtures of themw th each other, with
tungsten or with free carbon. According to a sixth aspect of the invention,
there is provided a material conprising: a substrate made from construction
material; and a coating deposited on the said substrate, consisting of an

i nternal tunbiys precessyneskes Hpossiblexe ebtaiml mixtyres ofdurgsten warkgdads .and suietwresar bi de

|1 oyed with ine | ing f 00 0.5 wt% and
opt i onal 1y vifthe bR REPHRLRGL Bteliba’ HRFclus ie Smedad TS 15 wi oo

and fl uori necasgriresiiownpn fabl@.15 Wt % According to a seventh aspect of the

invention, there is provided a material conprising: a substrate nmade from

construction material; and a coating deposited on the said subdeblsde,

consi sting Eﬁofm m@;g{,g@lmgnungit enpiopiiy a0 ARpaeks™ Ml T REHsteh 0Nt ining a
t

m xt ure of e th dnmount s
n ..
(]

| east two t t ape I N f
ranging from 0. ‘9838 t\(I)\DO. gn\g/gvts% gﬁ%&g%| |t§}m\/(\)ﬂ§tgrh}g¥+uo_r“ﬂh 2

conposi t i ons—w-tHcachan—content 15 f pto
0.5 wt% Acgord %éﬁzg ei ghth as;@q"'b tHe Prdertd on, t HeY &Y prqvi ded
mul tilayer coat|mgovwe from alitersstying | qyepgoai7st urigst@.osﬁo.@@aye rs

cont ai ni ng fungst en car bi de. A(}cordi ng to ni nt h aspgct of the invgntion

there is prpd dedV£t¥fe€ess for th&UH&Kbsi tfi 0A-6810.6hul t|i | a-L45-8660i nds on
substrates,j pyefeor n conshruc#ﬁggh teri @l4§-086'bd iten&og@_g%s[)roqnthem
consi sting pf a terna lizng | ayents of tungstén and Tayerjs contarning tjungsten
carbi de or pist UNeEHW,CHHWIGSt en casTo-Ts Wit h 0gaakroot her , ¢.043-b.060ngqt en or
with free cprbof, said process|to include tthe follow ng stages: 8b 16

July 2003 (R)®pl EHY the substrat 890FY cHenPdi0Wapdur RIRLOPi on
reactor; (b aﬁv?w&Wg the redct oggo-1 heat ghg.gidee Sai d Gemaipbat ;] (d)
suppl yi ng tungsten hexafl uori d¢ and hydrogen to the rdactor; (e) retlaining
the substraf e8.i nWikedVWai d gasequs HEHETUM f ¢r 01668-%GSne |i nt @AYRD.0R@cegsary

for the for i Q.0 e tungsfen onjth trate; I adgition
to the sai d%ng&f‘é@rﬁgxafl uorijde %‘ﬂ%&;?ydr 289, Oéﬁppg\%

gen; - suppl vii ng ougly
thermal |y akctipvaved+saLoew- contai nsagegras t{o obhs.ggwactfor; .(gy-00et ai ni ng t he
substrate ih th¢ gaseous nedi um fornmed at

tage (f) fqr the tinme nedessary

for the forpdli pNWGtCt he out er {I ay&i0-8¥ht ailni 2éotlrﬁ%sten chtbPdd or
m xt ures of ~tungsten—Tctarbirdes wtheachotther;—wth—tungstemrand—wth free
carbon; stages (d) to (g) are repeated several tinmes in order to form
al ternating AayhtGodll dbav€ doatoladiith ayatest 6atiae Niydigcdrbuigaidealscwitiiihdes.
According to a tenth aspect of the invention, there is provided. a,.
const ruct i onVidgdigpIsas PryMsAibyithgng of ths hrelipupary thermalgetivation of the guligl g
consisting o t - er f (s W-Ya i) I r hdal tungst en
carbi de. ol oy PRRBE SAsE] Ing whkQOR'RRRE o] KR SR RIS d

mixtures of them with free carbon content of up to 15 wt%. The therinal activation

D=

of the carbon-containing reagent takes place in a hydrofluoric atmosphere, which
provides additional formation of fluorine-carbon radicals. Radicals of both types
take part in alloying the carbide phases and mixtures of them with fluorine and
carbon, producing an increase in their harduess and enhanced tribotechnical

properties.

Internal stresses increase slowly as the coatings of single-phase tungsten cacbides

grow; thus, high wear resistance is observed even with quite thick coatings (up to 300



ranging from0.000S to O S wt % and possibly with fluorocarbon1€dwpd@803 i ons
with carbon content up to 15 wt% and fluorine content up to OS W%
According to a eleventh aspect of the invention, there is provided
construction material conprising a substrate and a nultilayer coating
consisting of alternating |layers of tungsten and | ayers containing a

m xture of at |east two tungsten carbides alloyed with fluorine in anmounts
ranging from0.000S to 0.5 wt % and possibly with fluorocarbon conpositions
wi th carbon content up to 1 S wt% and fluoride content up to OS w% 8c
16 July 2003,uE)< drheirebenicalmesistinceaed pigbdatinkdstaye dife to the stipd insdtomoic of t he

t t d i ti
horr own 1 <Rt e FEBE Bl oot Hers: WIBRPERL | on i gi ven Lo the

deposition of these carbides as wear-resistant coatings onconstruction

materials and itens made of them That is why the exanpl es given bel ow
il lustrate tiBOM9sH bRt ATRicrontastis gifech innthe é%at'ags PRECANSS B PEH Obf

car bi des on SuRGdAHERCRSthECAU Y Rires PRV ith hin ?ﬁ@n fneardRlcaboflan gy restrict
the invention, because, for exanple, one can obfain other conbinations of

tungst en cardselesingsaerhe eheaticad abeleciioghemicalstdite nNetn drabeoatiaghefriunggten 16
Jul'y 2003 T 88%?@ Gec Jn%véhlr%h%é@&%u{) @oe?ﬁcé#[t’ﬁh{dﬁ{hoﬂ arpliex coatings

in which the Tayer coaklng contal ni ng I's or ungs en car bi de or
m xt ures of Itlhﬂ)pdmtlbeﬁ@zk This ik very important where mixtures of carbides with free carbon

are used as wear-resistant tribotechnical coatings in friction assemblies.

By using the proposed invention and also the described new method of coating
deposition, one can also obtain multilayer coatings with alternating layers of tungsten
and layers containing tungsten carbides alloyed with fluorine and possibly with
fluorocarbon compositions, including mixtures of these carbides with each other and
with tungsten or carbon. The ratio of thicknesses of the alternating layers ranges from

1:1to 1:5.

The construction material itself, with a bilaminar or multilayer coating deposited in

accordance with the proposed method, is also an object of this invention.

Therefore, according to a first aspect of the invention, there is provided a material for
wear, erosion and corrosion resistant coatings, consisting of tungsten carbide alloyed

with fluorine in amounts ranging from 0.0005 to 0.5 wt%.

According to a second aspect of the invention, there is provided a material for wear,
erosion and corrosion resistant coatings comprising a mixture of at least two tungsten
carbides alloyed with fluorine in amounts ranging from 0.0005 to 0.5 wt% and possibly
with fluorocarbon compositions with carbon content up to 15 wt% and fluorine content

up to 0.5 wt%.



each other and with tungsten and carbon is superinposed on a tlGdgig2ed38 | ayer
previ ously deposited on the substrate. The exanpl es cover bilam nar
coatings (internal |ayer of tungsten and external |ayer containing one or
nore tungsten carbides), and nultilayer coatings with alternating Layers of
tungsten and | ayers contai ning tungsten carbides. The construction materi al
on which the conposite coating is deposited (or its external |ayer relative
to the coating, in the case of binmetal) contains one of the foll ow ng base
materials: hard alloys (cenented carbides), ceram cs such as silicon

car bi de) si | Aconding tord thid aspectmif thelinvenkipadhere isrpramnidadn eamtins charastbrised oar bon
conposition terial.s et.c. veral .iron-cont.ai nin | 1 Qys, such _as_iron,
carbon st eel B Koonifs ghintemaP RIS cpreigting dF i diodSiicd on Bibtcs afart '
or ether matetéradldayer depobibee odnahd imvdrid) ldyesdnd conpinérg, thstungeen caglsilel, cobal t,
ni ckel) rhodium rhenium platinum iridium silicon, tantalum niobium
vanadi um tungsten, nolybdenum carbon) nitrogen, boron, their all oys,
conpounds anfcdbrdihg tRSfoudh BhpatoP tHelihwRtiuNtRiré RYFoviddder r6&ss for pEddasingat eri al
or its outer layer adjacent to the coating should preferably consist of
alloys with ginfliéhakiSaHy el @HGAES ApRiototiatrefied bibiRite ublhg e MONel

etc. In the case of depoSition onto chemcally active materials such as

iron, carbon P i . I i agh- s, cast
ron) ¢t ant SR A AR T, el Aallo B RRARE BLER T 0
titanium it ] f l et Btodnt I a C ' nt.al ni ng
materials che r%%(r:‘%bﬁ?ﬂnggigg%gn%rgﬁ%% y%‘r%‘getﬁg udgf‘]i;o 8%8% ga%q?ﬁ%g?%ﬁ'l oW ng
l'ist: copper, ,silyer ol cobal t, nickel, i .um rhenium platinum
iridium tan?cglvﬁtﬁﬁyg‘?%'l'egwgbﬁ'mm}ﬁ t8i5‘?‘?ﬁﬁra‘%k’f§r?3§ﬁg8ﬂ:d;nd boron. An internediate
coating of thickness 0.5-20 umis deposited by el ectrochem cal or chem cal
deposition from aqueous solutions, nelt electrolysis) chem cal or physical
vapour deposition (e.g. by nmeans of nmagnetron spraying) or_ by other

met hods. 9 Aderding o disinasped of the dpvsatignathereis arovifdgd aprersssdBE Bened nust be
heat-treated at tenperature 400900C for 0.5-1 hours in a flow of hydrogen
or inert gasdepositiemel eoatingsopnsifbips of a1 ivternghlagernfitengsign gnd preesteradl|lgyer esi st ant
to hydrogen fluoride, such as copper, silver, gold, cobalt, nickel,

r hodi um r hesontaipingtuagsitensvpcdrbidel \infy o sybstidtesyprefierhblyy de nepstructiongsatennls

ni obi um graphite, carbides or ceramcs, internediate coatings are not
deposi t ed. \andianunistneads fioin thempdheractstisgdan fhatithe faid prachss inclodesitd  of t he
proposed conposite coatings are manufactured by means of its deposition

ont o copper, folowingrstaggol d, cobal t, nickel, rhodium rhenium platinum
iridium tantalum nolybdenum tungsten, niobiumor graphite, with
subsequent renovah) slhcihdhe Sabi3fhte il £cltynicd eapoanlepositioh aattogchem cal

picitling or by other nmethods. The substrates, degreased and free of
contami nations, gbpedblatinp®edeactordi rect-flow chem cal reactor with an

el ectric heater. e chemcal reactor is evacuated by means of a roughing
pump with a |iquig) RafihP@BE %ill 5@REAEI trap up to maxi mum vacuum after which
hydrogen or argon 1s supplied to the reactor. The reactor with the itens in

it is then heate r.eou I i j i ntained for
0.5-1 hours. Aftgg&%ﬁ’?@%ﬁ@%&gﬁ’f#@?ﬁ{@%‘ gﬁg%%&vﬁ?geggggnd total pressure
in the reactor are, set.. The rnequired fl.ow rate of tunagsten hexaf,l uori de,
hoat od beror ohandclSflieg B s ifle g Bl i ¢35 Bl BRADH 0T L0 |

the set conditions for the tinme necessar or the appl.ication of the

i nt er nal tungsteH“?3§%Y%“5%%%Fgﬁwpﬁgawgwﬁﬁ%nﬁpﬁggﬁagSW§ﬁ§@t and a . _
certain flow rate _aof e carbon-containing gas (e,g., propane), previously
heated to the recf&lpé%(ﬂtl@hfﬁé it anestondsxihrde sod Mg B, OP Eined set . A
mul tilayer conposition coating is obtained by repeating the operation.
After that, the dJuppeyshicherally pefivaied eprhag-sentzinggastodhprcaetates are kept at
constant tenperature for 0.5-1 hours. After this stage, the tenperature of
the reactor is decreased to roomtenperature with hydrogen or argon being
continuously supplied. The supply of hydrogen or argon is then term nated,
the reactor is evacuated to maxi mum vacuuria and air is then admtted to it.
The substrates with conposite coatings are then renoved fromthe reactor.
Speci fic exanpl es of the described nmethod of deposition of a conposite 10
16 July 2003 coating are described below The tests for hardness and for
determ ni ng the phase



conposition of the coating were carried out in the follow ng ffdug2003

Har dness tests Hardness tests were conducted using a PMI-3 instnunent.

Sanpl es made from steel or hard alloys (cenented carbides) with the
conposite coating applied were cut across. The cut was then ground with
enery cloth and polished with di anond paste to maxi nrum snoot hness. The

m cr ohardness of the coatings was determ ned by pressing the pyram d-shaped
di anond m cro-indenter of the PMI-3 instrument into the mddle of the
external or internal |ayer of the conposite coating at the polished
cross-cut of the gh’iﬁ‘ﬁ‘!’é“g the substratgin thegaseauspediymdamesdat staga @) fos thedimsrent s.
It was determined fromthemthat the m crohardness of the internal tungsten
| ayer was 350600 fecyspary fortthreformationtnd thprrites laer eantising finggaweabideshnd( W) was
| 900 kG mme, the mcrohardness of tungsten sem carbide (WC was 3000

kG rnn2 and the mighoésad thesswithfachothystwith snpsdter @ivdth MBCates. 3100 kG M.
The new tungsten subcarbide WzC possesses the greatest m crohar~dness -
3500 kd mmi . Mxtures of tungsten carbides have internedi ate hardness

val ues. Miit] coatl S essed .nedj um har dpe this .case, the
force on th g‘ﬁ% Q% Sg\ﬁzzh s‘gYeé‘é‘P'é’gh%rS‘stlﬁﬁYlg‘f‘ﬁ%mf‘%?l AMPESPENded i nt o
not | ess than fOLﬂ‘subﬂﬁa&-ﬂﬁa&ffrdnheo[fnt{létidnaﬂﬁén&%ﬂl ng. These hardness
measurenents were also repeated 7 tO times. . Determ ai ag t he phase

conposi tion of t HeLoaasisepsited op e sald sphwiral, sersistipgpbay infegl Bmg%tﬁblawposu ts
was determ ned Dy, FBRBeMhl l?iglerr@bfntﬁlﬂfjl %%&:’ﬁ%&bﬂie ailf)?&it wigadgigads. 3C ray
studies were carried out usin DRO%— fractonme wth the use of
copper radiation a@wumsaangmrfmreg 0865 §>|(k%wl%ﬁmd)Omna@mthﬂamovgb@hase

| f th ,
et i1ying the rarpansts oificatieiveollicun ¢S A BlfR GRIGL GO 1Y 16

July 2003 phase oafit.ent of the conpositions of tungsten carbides with free
carbon was al so carried out using illum nating electron m croscopy.
Furthernore, the determ ning of the phase content was suppl enented by the
cheni cal anaAy&'uﬁng)ﬁ‘o atslaeenuoasgéct@omeemenﬁaﬁn @B ipedvidedarhaeia Bemprisigs: | ne.
For this purpose, e external |ayer of xhe, oati ng was renoved fromthe
copper substrate ‘?ﬁfages‘B‘l“{?r%Hﬁ“ ‘?‘Iétrg‘if’é?gt“i‘aé? T@in nitric acid and crushing

the remaining COQJI\HQQO&& Ea@p&ﬁ&odﬂésﬁamkl Qhsib@d dhamekabanmgshad by _
anal ytical chem stry ne 1. A sanple made ftom carbon st eel

(Steel 3 in the AR¥SE Plaﬂqancqul HY&&‘N“&WH& ARiKuee af a4 kepst o Ringster cagrides
thickness S pm depgaldhéith Abrink iP¥mblies Gh&k KBENEH052 0 BB DOMhd! pribeig! ned 1 n
a furnace at terrpergét ure 90 6 " 121 msd"3 %%? tungsten hex2€<u oimd& ?V\FG)
and hydrogen ( HZ)witht flyosedabo@ campésptions withrraehod comtent uprio 45 mtHiandflobringF6, HzZ
and propane (C3 i f W6 to HZ equal to 0.12 and a ratio of
C3H$ to Hz equa:_@mt% t.l@t§ﬁt5v§({0m n, the C3Hs is thermally activated
bef orehand at 850C and the reactl on mxture pressure is 2 kPa. The materi al
obt ai ned Wltx Ef,eeItSa cggﬁllmaterlalt has an ter dlate8 hi ck
ni ckel | ayer™*4RE"3E '8 ?Sge Ghhe gveRfion, there lsrﬂr%v ¥?ré’ﬁa“\§) yer of
t hi ckness 5 fugm albdiflating |86tsTRalgsteR Y& (af & %&Mﬁlﬂm@ftudé&eﬁlﬁﬂbfdéee car bon
[ carbon bl ack]) of thickness 40 lun. The m crohardness of the coating is
840 k@ mm2. The coating has coarse inclusions of carbon black. Exanple Z. A
sanpl e made £ fcgmxéé@'amlrﬁﬁ%&ﬁ&t‘%ﬁltheﬁm(lna%@;ae1‘9‘ J]n(?edla%\f@d’es@ffor ﬁn‘eCkel of
thickness 10 |l etn deposited on it he el ectrochem'cal nmethod is retained
ina fur nacedeaosmcerqfemdmlam 0841@1@8 pmﬂépstmtds,tpmf@’ablwnggmsanctmmmmde ( WF6)
:zg B%’g;gggn %1%3(%tﬂiomatthem cons1s n(g of aﬁema{| ngalayerg QF tungstenaanﬁayers contamm We6) He
tungsten carbide or mlxtures of tungsten carbides with each other, with tungsten or with

free carbon, said process to include the following stages:

8b



| 16 July 2003 of WF~ to HZ equal to 0. | | and a ratio of 1€3uy20e3 H2
equal toi .6 for 60 mn; the C-HB was activated beforehand at 840C and the
reaction m xture pre..ssure is 8.8 kPa. The naterial obtained with
stainless steel (Khl8N OI) as the 6ase~materia! has an internediate L

O pmthick nickel layer and a conposite coating with an internal i tungsten
(W layer of thickness 5 pmand an external l|ayer (m xture of WC and free
carbon) of thi ckness 35 pm The m crohardness of the coating is L 15U

k@ mZ. Exanple 3. F\l made from talnlgss steel (1Chl18NtOT) with a
| ayer of nickel &mlfmw %%@Sfratm%&sg? ERPOYRIGPOSIHYN FREOB| ect r ocheni cal
met hod is retai ngﬁbévﬁcﬁtlﬁﬂh@@%t&t tenperature 700C in a medium of tungstea
hexa#l uori de (WFb6) drogen (HZ) at ratio 0.085 for L min and then in a
medi um of WF6, HfOhsatingrtbpsaidsybsizate;) at a ratio of W6 to H2 equal to 0.085

and a ratio of ||g|sthermally
activated beforgﬁgﬂ%&b}gﬁﬁéwghﬁ)&ﬁéo&%{i@ﬁ@dg% x{auﬂrl%agg?t%ésure is 5.2 ki'
The constructi on(e)aetanurtgjtm mlstrmbilmhneaidmstcmssh@dmmﬁsshesmmeintc(r%ﬂ L 8N | OT )
as the base materi al :E}rn ﬁrrre? ate 7- tnth ckbn ckel layer and a
omposi Lo comt 1 ndeaPieRy s S oBbTian of HitySredieR 18 L& MBIER] cknacs 07 . m
and an external . (§¥h hdiy@sn tOfthddal&ﬁﬁﬁl@Séﬁlﬁxﬂlﬁonﬁ&la\dﬂyﬂf@h@,rsdﬂﬂﬁlﬁfﬁf Ehe g
ey (cenente

coating is 1900 kd m® rrﬁle 4, Asg | e made frvrn hard al
car bi de) VK- 10 .gr%{uaﬁm@m Y pivated SROPBROUMHANE 8PS Qithe EAYF at ure 650C in a
medi um of tungst ¢g) rbﬁm{étué)&dtgﬁatém gaszgumwlﬁaa%&n{ehms@ge (Habs Be @8 for 1

mn and then in a nedi um of I di and propane {C~l-,~) at a ratio of W6
to H equal to onewswfoatheefpmatr@n oftheputey layier eogtasing wngrtaratide @0 nin; t he

C-HB is therrnail a. %gy%%%eﬁﬁrﬁag%g@g%ﬁh oﬁ@p%ﬁ‘ﬂgn%%t%ﬁ aﬁg@%lﬁ% m xture

pressure is 8.8 e corstruction nmateri a t hus
obt ai ned wi t h hararbanh; Iscages(@éneﬂgbaadrmtnﬂde)eral/ﬁmwlmdﬂh@fdmwemmmi al has

a conposite coat Ilaé'ggr(’f%"rﬁgxn |n ?r,glral ttzlglﬁ en %l\l%rh]ﬁ er of thickness 0.7 pm

and an external %ness 32 p.m The
m'crohardness of the coating is 2800 kG’er Example 5. A sanple nmade from
t ool steel % V 8 F vm'thr?z | a i ckel Mhlckness 5 pm deposited
on it by theAcé?P &8 @it aspect fl}?d V‘i“é“"i‘é AP HPEeVI9PdiAfanstgiction 94 eﬂﬂanber at
tenmperature 600C.in a msdl um. of tlun gst en, hexaf | uoride (V,\FGquand hydr ogen
(H2) at ratiMPriEae f sybsyatgand amy ttlwéﬁﬁcwmgca%ﬁnu&%%ltmng °r3A8 propane
(C3Hg) at a ratio of W6 to HZ equal to 08 and a ratio of C3H8 to H2

equal to 0. dengsisp as@lawfrﬁcomwélfeswsseg cgqb&eﬁﬂpw Vet flupsing i Bequdtsehand at
700C and the reaction m xture pressure is 8.8 kPa. Chem cal anal ysis showed
that the fl gengingfrern Q10803 to ks wids and possiklygvith fluorocarbon compositions with

carbon content up to 15 wt% and fluorine content up to 0.5 wt%.

According to a eleventh aspect of the invention, there is provided construction material
comprising a substrate and a multilayer coating consisting of alternating layers of
tungsten and layers containing a mixture of at least two tungsten carbides alloyed with
fluorine in amounts ranging from 0.0005 to 0.5 wt% and possibly with fluorocarbon

compositions with carbon content up to 15 wt% and fluoride content up to 0.5 wt%.

8c



The construction material thus obtained with tool steel with 46Vuy@P0%f

ni ckel* as the base material has a conposite coating with an interna
tungsten (W layer of thickness 1.3 pmand an external |ayer of WIC of
thickness 9.1 um The m crohardness of the coating is 2800 kG m®2. Exanpl e
6. A sanple made fromtool steel R18 with a |ayer of nickel 5 pmthick
applied to it by the electrochem cal nmethod is retained in the reaction
chanber at tenperature 5SOC in a m xture of tungsten hexafl uoride (W6) and
hydrogen (H2) at ratio 0.057 for 5 min and then in a nediumof W6, HZ and
propane (C3Hg¥amples ratio of W6 to HZ equal to 0.057 and a ratio of C3H$
to Hz equal to 0.67 for 70 min; the C3H$ I5 thernmally activated beforehand
at 640C and the reaction mi xture pressure is 5.2 kPa. The construction
material thus obtained with steel R18 as the base material has an

i nt er medi at eABhqugh theqosdibilityyditheapplicatioo wp tisittresten atrbidgs olitsinedin i nt er nal
tungsten (W 14 16 July 2003 | ayer of thickness 3 pmand an external

| ayer (m xt usceordhncdRGthathelpidBéded aiventionodeantbais oRb id rtrexclinted jprivwighmntbieiess  of
the coating is 2950 kG m2. Exanple 7. A sanple made fromtool stee

| Chl 2F1 Wi t happlitapalis @lentotledepdsitith éfithésl cabidles &hwéa-résistady cddbifigs on”

el ectrochem cal nethod is retalned in the reaction chanber. at tenperature

540Cin a m eenb&hf‘cueﬁ niateﬁgﬁfaﬁ@naﬁmmaé mnéxﬁleﬁms V@ﬂy ﬁ\eféx EOHGM Heldin  at

ratio 0.0S3 for 2 mn and then in a nmedi um of propane (C~H8) at
a;ratio of o 0.63
for 40 rai nvmgﬁ;a% nhsi’gmg Q@%%g%lgsvgﬁttré%&%%lgé%%l&aﬁ o\é‘%ﬁéﬂgﬁg a% he

obtai ned wi 1 ‘o%spﬁgf““%‘ %ﬁfﬁ%‘égﬁ%‘?‘“ f’f‘é%%ﬁ%“%ﬁiﬁf AL IR ol
coati ng Wi th g §£nam OQhCI'C m dl%gﬁﬁﬂé&en Car‘;%l ?S éa%otﬁ:ﬁﬂ@ﬁoﬂu lg%%gr of

t hi ckness |I. ?Peﬁ%l an ex erna ness ;

m er ohar dness of ng coating is 3120 kGVnnz Exanple 8. A sanple made from
t ool stee! R@ﬁ%’ ‘a layer of nickel 5 lun thick applied to it by the

el ectrochem cal nethod is retained in the reaction chanber :at tenperature
520C in a m xture of tungsten hexafl uoride (W6) and hydrogen (f-(z~ at
ratio 0.04S . for S mn and then in a nmedium of W6, Hz and propane (C3H3)
at a patio of W6 to Hz equal to 0.045 and a ratio of C~Hg to HZ equal to
0.60 for 180 mn; the C3'fi$ is thermally activated befot~ehand at 610C and
the reaction mxture pressiure is 42 kPa. The construction material thus
obtained with toot steel R6Mb as the base material has an intermediate S um
ni ckel |ayer, and a conposite coating with an internal tungsten (W | ayer
of thic( mess 3 E~nn and an external |ayer (mxture of WBC and W zC) of

t hi ckness 100 pm The m erohardness of the coating is 3400 kG mze. (5

8d



16 Juiy 2003 Exanple 9. A sanple made fromtool steel 3Kh2ve A8y R003 | ayer
of nickel S p.mthick applied to it by the electrochemcal nethod is
retained in the reaction chanber4 at tenperature S20C in a m xture of
tungst en hexafl uori de (W6} and hydrogen (H-) at ratio 0.044 for 2 mn and
then in a nmediumof W6, H and propane (C3Fig) at a iatio of W6 to H2
equal to 0.044 and a ratio of C3Ha to H equal to 0.4 for 1 G mMn; the

C3H$ is therngll ' 2999 d the react.i.on nixture
pres~tue is efﬁzﬂﬁ%éﬁgﬁﬂg‘?ﬁ%@% n nﬁﬁe’??ﬁ%%@%smgg?%ﬁlﬁew ﬁ\l}{i’ﬁq%ygf)l st eel
3~h2V8F as t hif eotagecontaimig tiis drathatatangsténcrartidé at midiuges of thiai @Msliesl wiier , and
a conposite coati wath as ixtternal tungsten.('V~ |layer of thiclaiess 1
pm and an exteéahga‘ ‘V‘étilé‘r‘“gﬁ'ie“tar?gc?m‘s supergigosed il & BgHeR dWEEs of

the coating igseviGfdfy HEFoRIE o XREMUBsAR. Ahs diRmBlciBdfcd bMBhACHtRES St eel
ZKhl 3 with a | ayer of nickel 10 ~rni thick applied to it by the

el ect r ocheni difteralt Ryd ofs tungsten dad axtermal dayes contaimng: 19aersar mate tusgper at ur e
520Cina m f 3 . | denfa¥ikp) i) 1. at
Fatio 0.070 faidsfialt GRIGE Rate Wl HenliE AR ol SRR bt b Sy ot
ar~.tio of \WatainingHiingstpnahrbides0. 070 and a ratio of CHg to HZ eQua.l to
0.20 for 60 mih; the C3H$ is thermally activated beforehand at 650C and
the reaction m xture pressure is 8.8 kPa. The construction material thus
obt ai ned wi t IThet @nSingtion Sthatedial 2460 Wiichathet fingRaiie ORI isabcpdated (sofPoOsi te
coating with an internal tungsten (W |ayer ol! thickness 3.8 Etm and an
ext ernal | ay&xtemal laygr eelgive\p-thecgiing qasg ek hmaatal) gontpins phe of the

m cr ohar dnes : L1 -calbid rapﬂ& Exanpl e
11. A sanpl esf?rg%ve&?(rﬁﬁqﬁ th?%%llﬁrﬁ%l%%%&%eﬁa}#éﬁs%%et e r%‘gﬂ(‘:ﬁ %‘ﬁggrharrber
at tenper at urcerbs®0 Csilicora mirideyr duminidrongsiden iersininucmidle cMbbGyarbord

ht ~drogen (H2) at .ratio 0'l08t5 fovr Eg.m'n nd.then in g medi um,of %\F@ H and
propane ( C3HJPTRPSHUCT WAteBaly FIeyEe Y R Bralloys el a5 frgn. cabon;sicels  3pg
to 112 equal stainléhs&BelsOtooBshdMifh-spdd steelcdhd bt irdn,l dt&itKER Inhaferiudd fivr el

bef orehand at 680C and the reaction m xture pressure is 8.8 kPa. The

const ruct i on fakavang dist:t eapeere 5tlxgtn @aldpicobalt, Ngkeh | rhodiumy rhepiumy, platigura.

mat eri al has ;a;4: i.t.e LNQ;: W i r u ')a%bwer of

t hi ckness 3. éﬁ?@%{%ﬁ ah t%%%’#l‘nglfdyﬁg@’e?ﬂ‘ Pnﬂxﬁpt;uﬂragé%%’ &g%&g%g“t% Gt thi ckness
35 ptn. 1 he nitreesisran @i abibys, bempoatls agl msturd) ndgbati@nivhxalnys.eTH. A
sanpl e made from | nvar all K6N38F is retained jn the reaction.chanber at
t enper at ur e %B%“F'ﬁ"'hméﬁ"iaﬁ{’ﬁl‘ °(5"F°rtlﬁ¥’i’§s“ﬁ@ﬁe%é*}a¢? GOFECS 9@~§’mmﬁhydrogen
(HZ) at rati Qofsifl&T {1iR¥fys it A nikel béiéntidrc A 3Rl e Y- fhvaf2NidRGm| opane
(C3H8) at a ratio of ~, tv HZ equal to 0.063 and a ratio of C3Hg to H2
equal to O.6Meusletda0 nin; the

In the case of deposition onto chemically active materials such as iron, carbon steels,
stainless steels, tool and high-speed steels, cast iron, titanium alloys and hard alloys
(cemented carbides) containing titanium, it is preferable to deposit intermediate
coatings containing materials chemically resistant to hydrogen fluoride, from the
following list: copper, silver, gold, cobalt, nickel, rhodium, rhenium, platinum,
iridium, tantalum, molybdenum, niobium, vanadinm and boron. An intermediate
coating of thickness 0.5-20 um is deposited by electrochemical or chemical
deposition from aqueous solutions, melt electrolysis, chemical or physical vapour

deposition (e.g. by means of magnetron spraying) or by other methods.



C3~18 is thernaally activated beforehand at b30C and the rea@‘f”dynz%:sxture
pressure is 8.8 kPa. The construction material thus obtained with Invar

al l oy KbN38F as the base nmaterial has a conmposite coating with an interl ~al
tungsten ( W layer of thiclmess 3 pmand an external |ayer (m xture of WC
and W of thickness 19 pm The m crohardness of the coating is 1690

kA nrnz, 17 16 July 2003 Exanple i3. A satt~ple nade from a cake of

natural dia | | ' : ' t agan e 520C
" & i xtur o7 Mo ELOLE e bhR R B2 ARG ' nBRELNES 07 0se
for 1 mn ang@dor 0.5 1 honm dn a fowfof Wdogddbramait gas.opane (C3Hs) at a ratio of
W6 to H2 equal to 0.048 and a ratio of C3H8 to Hz equal to f,1.65 for 48
mn; the C~-E-1$ is thermally activated beforehand at 700C and the reaction
M xture presputhe case ¢2ddpBaitiod dRtoCRAGE Y ChérRidallBEcsibiamd tol KydFogeRtfRioA@s] Wi th a
cake of natural dianonds_ as the bast material has a_conposite coating with
an internal $UWhg@st@RPeoysilyesy gald,ccgbaltnigkelothodiyny dhspiumdplatinuss.t igdin, | ayer

(1 xture of WEGiaod ke, |HhGkAES Sioknp Mol TLAGRRE (1CSuiby e

coating is 3 1 iz Exanpl e a."Asa from N chronme alloy is
retained in intremediaketcodtings arertiot deppsitede nYaroas iteas 86@@plax shapd made orof

tungsten hexgftugride (VW6) a hydrogen (fl12) at ratio.Q. 070 for..8 mn and
then in a ne@ﬁed?ﬁ??ﬂaq\xﬁél?e 'I)—‘)Qp%s% cﬁér"g%%%ec%{":lggl—%"} m “tgc"rugfl &B’ ‘B?a"ﬁfé o Hz

equal to 0. Odépositin dntoatoppenfsilytisold) coliale qickel, trhodium, Hvhiukt) glatikiuni,he C3Hs
is thermal ly, activated beforehand at 650C and the reaction m xture pressure

is 5.2 kPa. irdimgotzetaiugyt melybdeuay jturesteny SiohBim, iof LEapRte.n Wil bsRakent| | oy as
the base mat gri A sENRRSHY &heRithi Y adch id u gﬂ%rg (v~
| ayer of thi%ﬁ(dr?gélsggﬁll]urﬁ and alr)1§ extslg{racnial gl%epc%%‘?gmmg# ‘%X/gg of
t hi ckness 4lmkethbds. The mi crohardness of the coating is 1 Z 10 k@ m2,
Exanpl es of alteraatlng | ayers. 18

The substrates, degreased and free of contaminations, are put iuside a direct-flow
chemical reactor with an electric heater. The chemical reactor is evacuated by means
of a roughing pump with a liquid nitrogen freezing trap up to maximum vacuum,
after which hydrogen or argon is supplied to the reactor. The reactor with the items
in it is then heated to the required temperature, which is maintained for 0.5-1 hours.
After this, the required hydrogen flow rate and total pressure in the reactor are set.
The required flow rate of tungsten hexafluoride, heated beforehand to 30°C, is then
set. After the retention of the items in the set conditions for the time necessary for
the application of the intemal tungsten layer, the required total pressure is set and a
certain flow rate o'f the catbon-containing gas (e.g. propane), previously heated to the
required temperature, into the reaction mixture is set. A multilayer composition
coating is obtained by repeating the operation. After that, the sup;ply of gas is
terminated and the substrates are kept at constant temperature for 0.5-1 hours. Afier
this stage, the temperature of the reactor is decreased to room temperature with
hydrogen or argon being continuously supplied. The supply of hydrogen or argon is
then terminated, the reactor is evacuated to maximum vacuum, and air is then
admitted to it. The substrates with composite coatings are then removed from the

reactor. Specific examples of the described method of deposition of a composite

10



16 July 2003 Exanple 15. A sanple made from hard all oy (cerremélﬂyggqaoi de)
VK6 is retained in the reaction s chanber at tenperature 620C (a) in a

m xture of tung, ~ten hexafluaride (W6) aad hydrogen (HZ) at ratio 0.08 far
2 mn and then (b) in a mediumof W6) HZ and propane (C3Hg) at a ratio of
WF~ to HZ equal to 0.08 and a ratio of C~H$ to HZ equal to 1.5 for 16 mn;
the C-Ha is thermally activated beforehand at 750C and the reaction m xture
gressure is o%at%x%ﬁ@ desRBEA RS ’{‘@te&?@or(lﬁ}drﬁésemﬁ%reﬁ&%mythé piRa 1N
succession. The fluorine content in the nmultitayer coating s 9 10'3 w %
The const r ucompasition ef tha roating svesbeagiieseant i thi fllawehgaharoyr. (cement ed car bi de)
VK6 as the base material has a conposite coating with four alternating

| ayers of Wwith thickness 3.0 pmand of WC with thickness 7.0 gmat a

rati o of thiainessdeds 1: 2.3 and total thiclrness of the conmposite coating
40 pm The average m crohardness of the coating is 1320 );d m2. Exanple
16. A sanple made fromhard alloy (cenented carbide) VKIO is retained in
the reacti orHgl@Rbests derd sHIAERY UsiRz HDNT-{ altrimict. Shnbles tadl floHNgsdien
hexaf | uori de (WF~) and hydro at ratio 0.08 for 1 mn and then (b)
in a nedi um%fhawc@llox%z(cawemﬁgcfﬁaw withj s campasite gopung, pprled Vererslitequal to
0.08 and a r t S
thermal |y aczféfd\fgt Z{ée %aei:‘i%rs etﬁcgr;%r at 7%%921’%d%%2@%(§1§¥?0‘2n%h9ﬁ l?rgglﬂg?tgssure is
8.8 kPa. Opdp aumngm(m)oqihubsz( b)The microbpdagse of tlwucoatingsewasd detenmioed byon. The

construction_pater |ned th h nted carhi de) VK
10 a5 the bduEeiigas Pt RRuRRt cteaRiPish ol M AT R il g

| ayers of Weaé ididdlé bﬁhﬂ&s&&nﬁhl br er@ildayk ofthg défrigbﬁte(lfoam @ntle YWalshai t h
thickness 32 ttmat a ratio of 19 16 July 2003 thicknesses 1:45.7 and

total thicl resssubef the garapayn dbe resultsousr ﬁgm@d ogen {10 meprements gt was

m crohar dne fh Vil atl g},ahﬁcfg"@f h Gun !,éla,g% ogade from
t ool steel S‘%ﬁ%g%ﬁ\%’ogﬁalahl afetﬁcgﬁqm ck thé%ﬁ:'??% epo Ite on it by
the el ect r odi96rkiGeaim’ nibe lidrohardness af mtmmmawﬁhwmwﬂ%k@mm )

t enperature £00C in a xture of exat IFG

hydr ogen (Hf'g ﬁ('oﬁ%"idB nzquf%H’é dww(aﬁ)iddﬁ lléa’r%'é 21 V\F HZ
and propane rﬁﬁ%ﬂ&)dnads atu@gstda @Bcavlﬁee W0, GHeaLE1L08! kG/Mnt, Oﬁ&mdt@ggtaﬁl o of
C3H8 to HZ equal to 0,7 for 25 min; the C3H$ is thermally,activated

bef or ehand #ubagads &ﬁ@cpﬁ-‘é‘e?sé%t@?lgfﬁﬂtcﬁﬁ‘Rlctjﬁ‘élﬂp@éssﬁ%kﬁéﬂg -gMigigres@ber at i ons
(a) and (b) sion. The construction

mat eri al thutgﬂ%b'glgjlg%e gﬂa‘%‘“fm%dmgle&?n%%ﬁ& F as the base material has a
conposite coating with flve alternatlng Iayers of Wwith thickness 1.5 p.m
and WZC wi t utt al A f th S ot al

t hi ckness opw't'ﬁ%ygro oaﬁmigf Eogsaet |ng hehait/hgér(ggsg glfec%drﬁ g%lés of the
coating is ZfshondGynigid &xasgidcted1dd. that thairmbtmtlmtéﬁdd‘drmm Rodess thid fopr | ~6N38F
is retained in the reaction chanber at tenperature 580C (a) in a_ m xture of
tungst en hexXayryerthemuliigss coAt@Ln eSS Jaringspmeasyirenents werg 358(5"1?"6@5 mn and
then (b) in H'R&I um of WF~” H> and propane (C3H3) at a ratio of Wr~ to HZ
equal to 0.0 (} and a ratio of C3Hg to H2 equal to 0.70 far 40 min; the C3H8
is thermally activated beforehand at 650C and the reaction mxture pressure

i .8 kP r n r 12 n n.
Is 8.8 a. l?eieerll?ihkn% tie %haseaco?np(oggtlon ] theecggn%to?l e coatutlé res | successi o

The phase composition of the deposits was determined by means of X-ray and
electron diffraction methods. X-ray studies were cartied out using a DRON-3
diffractometer, with the use of copper radiation on flat samples of size 10x10 mm.
Qualitative phase analysis of the phases W, WC, W,C, W3C, W,C and C was
carried out by identifying the reflection lines, using ASTM data. The study of the
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20 16 July 2003 The construction material thus obtai ned w t1ﬁ‘l'r"¥\?393 al | oy

K6N38F as the base material has a conposite coating wth 12 alternating

| ayers of W with thickness 3.0 pmand a m xture of WC and WBC with

thi ckness 15.1 pmat a ratio of thicknesses 1:5 and total thickness of the
conposite coating Z 17 lun. The aYerage m cnhardness of the coating is 2150
kG nrn2, Exanple 19. A sanple nade fromtool steel Khl2FI with a | ayer of

ni ckel of thpided @siitent dfliRe d@ﬁg&ﬁﬁ&ﬂ o turighteR albifes QVifiF 1168 cR®Bh G¥s 4 hod i's
retained in the reaction chanper at tenperature 540C (a) in a m xture of

t ungst en hexedmielhoyt gaing Wipuminating qlgrtion guerogopy. Burthegmprs, thegle®riiningofvi n and

then (b) in j 6, t 140. O to Hz
cqunl 1o o o P tEhiehy WhdupbigsrBites B ARG Mg ok BilBoflent 6. ot
i s thermal | ytuagitén) adrbon fref fiuorinan HowrthisGafBsa nhk: éxtanildawt bbtherdoxting wafdr essur e
is 28 kPa. eratiqns (.a) and ), are repeated five tinmes {n Succession.

' The constr %" Fn‘i %ﬁ%hea?OWﬂué‘gﬁﬁ%%g’ﬁéﬁ&ﬂﬁW ?‘SCﬂ“'E’}%‘F’é"eF“ Rifo peidand he pase
material  hascastifgiRSkhfink@aohiitl Woktindel B & eg'ﬁaﬁmgd.&y&rtﬁm%dw ith

thi ckness 5 pm and WBC vvlntﬁﬁ thi ckness 12 p. mmgt aratio of {hicknesses

1: 264 and t otnalyticyi chiamisty methodhe conposite coating 85 p.m The average

m cr ohardness of the coating is 2250 kG m2. Exanple Z0. A sanple nade from
carbon steel 45 with a |ayer of nickel of thickness 6 |.un deposited on it
by the el ect Eeslaglgilcal nmethod is retained in the reaction chanber at

tenperature 54DC (a) in a m xture of tungsten hexal |l uoride (W6) and
hydrogen {HZ) at ratio 0.047 for 9 mn and then (b) in a nmediumof W6, H-

and propane %HB} j t it 4o j o of
C3H8pt opl 3~ équa et 0 %@%%?oﬁéswﬁ%a%t ﬁgh%glk!%ﬁns&%s%er rrarﬁ{}q %;Ihg? Ifag'éﬂt ed
bef or ehand abf id@Cofthitkhdss Snamddpositedad it byl the ¢lebtyochBthRairmethod ds petansiure i s
5.2 kPa_ Operations (a) and (b re repeated .~ seven tipes, i ccessi on.
The const ructt %ﬁlr?ﬁﬁfé”e&}l’cﬁﬂé%gg%pdf‘ﬁ 9f Lupiesish hex “ﬂ%?\ﬁ:“ ¥ pase
material w tﬁycﬁ&heh@ﬁ?rm&ﬁ.?l for Gkith ah@WRh iBa RiBdiudt 6K WIBSHR akPpiepsie! €

coating with seven alternati nglhl ayers of Wwith thickness 4 pmand of a
m xture of VE&BHaral anpticcof WEator by eapalite 942 and pratioaf GyHg i Hp cgfal thl -8 ifotesses |

I I and to CQIDGS.| j i . . rage
m cr ohar dneséﬁ%lfﬁ’t e %3&"&@@‘@%@% q%h;rrﬁ%’@ﬁ@%t Egarrpg'?(gﬂgf&cgggg}'rp 12& made
fromtool stpeisuldGbBkPath a | ayer of nickel of thickness 3 Itm deposited on

it by the electrochemcal nethod is retained is the reaction chanber at
tenperature 520C (a) in a m xture of tungsten hexafluoride (W6): and

hydr ogen (HZ i . ] . Lo %ﬁgg f W6,
HZ ang prE)pa\?\%@%'&gfﬁég&é%mgé?’él{l%geegg%@?%ehﬁﬁﬂb%a %‘lgl@?% angmggr ati o of
C3H$ to H~ ethickl nitkel 0ay8b afibr cobinposite; coatireg @BRGNI istetriad mmregsten (36) layert «fd

bef hand .650C _and t [ i.xt is 8 8 kPa. ti
(2 “and (b) SRS 5t e rofr L5 (R PC B Fef corBag It o Mt or 1 ol
thus obt ai negf iickhesk 20 lunt t BIR) mBRHardasss ol eheltageng® 820 ik@/marid Ta8 cbiMingr nedi at e

ni ckel layer 8 umthick has a conposite coating with Il alternating |ayers
of Wand W Zigsisoarse inclusionhofdarhes dlaskpm at a ratio of thicknesses

Example 2.

A sample made from stainless steel (Kh18N10T) with a layer of nickél of thickness
10 pm deposited on it by the electrochentical method is retained in a furnace at
temperature 800°C in a medium of tungsten hexafluoride (WFs) and hydrogen (H,) at
ratio 0.11 for § min and then in a medium of WFg, H, and propane (C;;Hs) at a ratio
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1:1 and total thickness of the conposite coating 110 Eun. Thésﬁl\ll%rzg%e'e

m cr ohardness of the coating is 2550 k@ m®. Esaarple 22. A sanple made
fromtitaniumalloy VI1 with a layer of nickel of thiclrness | pcn
deposited on it by magnetron spraying is retained in the reaction chanber
at tenperature 600C (a) in a mxture of tungsten hexafluvride (W6) and
hydr ogen 22 16 July 2003 (~i2) at ratio 0.045 for 4 mn and then (b) in a
medi um of V\F@%‘v@ BN, RfuaPR®1{ Gidakatd) oRCIHR b 0quiiB L6 fdiZece@udltnd 0 0. 045
and a ratio o Hg to equal to 0.65 for 60 mn; the C3Els is thermally
activat ed befGHewanartixated beforehmail ati$40 Comd thaonsaction mix@regessugied 84Pa2 kpPa.

Qperations ( an repeat. i I o]

const ruct  on WerEy sl by SERE KRR ool GRFN (T HE RS hpuctF hpe an

mat eri al has istemediaes 10-@ncthidki nigkeli Iaper1dndah tcompasitencpating evith af iktemiat h

t hi cknes$ 5.2 pcn apd . of a m xture of C and W~ZC with thi ess.20 p. m at

aratio of tHw&ﬁgé’g’g&YEQf_‘g}%ﬂ Sgd’t“éfm\/}f?ﬁ E’&?f&_%lslaﬁfwf‘ﬁé"rﬁf? s PEfeDat i ng

378 | un. The axehAdeniBkicsLIRAN TRE mdrofdiéhes Ot thé\balify B350 kGimEZ. Exanpl e

23. A sanple made fromnitride-silicon ceramcs is retained in the reaction

chanmber at tenperature 510C (a) in a mxture of tungsten hexal |l aoride (WFb)

and hydrogenréxlazt,@% ratio 0.04S for 1 mn and then (b) in a nmediumof W-~,
)

H~ and propa at aratio of WWGto Hz equal to 0.045 and a ratio of
C3H$ to H~ equal to 0.35 for 50 min; the C-HB i5 thermally activated

bef orehand at. 520C an he reqctio ] ressure I.s. 4 l'.a. rations
(a) and (b) d’rféa“ﬂg‘b@é S 0?‘?‘3%&??@'&“’?#@%&@?’8 a ey of B‘&Fg‘fhgl‘a@cg)ghom;d
that the flu %ﬂ&ﬂe& L it VB tid Blectrokflerhicat Methibl Cis Crefifret Ut b OfiradBd @f | 2l

thus obtained with nitride-silicon ceramcs as the base material has a
conposi t e codempayatuiet100°inzd mediwatof tungbtay bexafludride/(WhshandHiydkages HH a7 | un
and of a m xture nd W.th thiclr S 46 Eun at tio of

t hi cknesses Moggsa%?t'ﬂf‘\#g&wé? 1ug} oéﬁ"éérﬁgggf‘fpéﬂ%g‘émﬂd WO b m
The average ngeaP@Naams! 0. 093eAeNaliS8f CTHLRAD, daaNboNZ [de2a0Rig tRé. 23
16 July 2003 A saJrr]tgl e nade fromtitani um aﬁll{oy VI1 with a |ayer of nickel
of thi ckness GHgiuthenrmily artiweedheforehand abAle apd thegprckion AuxtiLe nressweded i n
the reaction %ber at tenperature 600C (a} in a mxture of tungstea

(

hexaf t uori de 3 and hydrogen (liz) at ratio 0.09 for 3 min and then (b)
in a nmediumof W6, H2 and propane (C~He) at a ratio vF WF6 to H2 equal to

0. 09 d ti f C3H8 to, l. t 7 f 40 .m0 c3 i
t her milnl yaaE:?T‘{??inﬁuﬁ%?‘bF‘éo‘&!ﬁ_{éhgﬁg&%ﬁgﬂ% s‘f‘ﬁ‘ggsf é‘ﬁ%‘ﬁ‘gésm) G?E‘Bé o sure is
5.2 | cPa. OpepabidRgs &ﬁh?eaﬂaiiét@»-@a-ﬁﬁa@ﬂaa ﬁ@er_s&.u%rbompaﬁlﬁz doliti @i on.

The construction material thus obtaiacd wth'titaniumall oy t as the

base nat eri alinteeml amgsten (Wiebiiver ef thickness Oy gm andyen extenedt Wid laxerc ofrposi t e
coating with seyven altergati.ng, | gvers.of Wt [ 3s 4.2 Itmand of a
m xture of W@r‘ig“‘W%‘%'t et"Hf'%k?ﬁr s%ssﬁﬁ&gc%%tggé{]lgghrk% of thicknesses |

:5.1 and total thickness of the conposite coating 179.9 p.ttt. The average
m cr ohardness of the coating is 1830 kG mz. Exanple 25. A sanple nade frnm
tool steel 31ExmmBEdnith a |ayer of nickel of thickness 6 p.tn deposited on
it by the electrochemcal nmethod is retained in the reaction chanber at
tenperature 500C (a) in a mxture of tungsten he~caFl uoride (W6) and
hydrogen ( HZ)Aaimplaiade GofiSfard slloyJcaméntedanachidd) SFK-10)s fetaingd e theweactién W6, HZ
At PR aobmgroggeraiars’680C Ti%a il 1 1ihgsleR RiRioeidE (e 3hd ©
hydrogen (H) at ratio 0.08 for | min and then in 2 medium of WFs, H; and propane

(C;Hyg) at a ratio of WF, to H; equal to 0.08 and a ratio of C3Hjz to H; cqual to 0.95
for 80 min; the C3Hz is thermally activated beforehand at 730°C and the reaction

mixture pressure is 8.8 kPa.
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for 120 min; the C-Hg is thermally activated beforehand at 560&Jend0dhe
reaction __ mxture pressure is 8.8 kPa. Operations (a) aad (b) are
repeated four times in succession. The construction material thus obtained
with tool steel 3Kh3M3F as the base material has a conposite coating with
four alternating |ayers of Wwith thickness 3.8 pro and of a m xture of W
and VBC with thickness 44.1 ptn at a ratio of thicknesses 1:11.6 and total

t hi ckness of e conposite coatin 91..6 . . e averaage. ni ness of
the coating is §§6§q'g'8sl ) 'Hﬁt.en%iﬂ‘usq’fé"%glvvﬁé%ﬁ%ﬂbgé%&ern %glca%:b(%p %L‘?ﬁ ty The
i nvention can the baseadatbdl 1ok racqv@iposiné Behting Glith @M itkerhdl aih@teae(W) hgedofl | oy

(cenmented carbjde) or dianond which are used fg{ﬁgroc ssing ﬂggerials by

means of cut t ithigkesss Briase and anextemal faygr (mixture,of WaSrand Wiy of HUCkReISP% or
applications qfy, t Pk RIRARRREss 0T HUBLEDYs 980 E@nind*e absence of conpeting
coating technol gies applicable to the nmanufacture of press tools of conplex
shape far drawing wires and' tubes and far extruding profile sections from
al um ni um copper lsgeel and other netals and ahoys. The carbon-tungsten
coatings refe ?HPQ?)taﬂ be deposited on tools and casting noul ds used for
moul ding itens fromplastics, silicate masses and ot her abrasive m xtures.
The invention can also be applied for the deﬁosition of erosion resistant

coatings on tvh B snds frognigobtse) (RVGE) with @rlayep of pigkeljof hickngrs hum
treatnent, r a%P%%é% 'F)ggtu t@le efgg(fodl&i’lﬁﬂf Oflod & Baihdy Al ré&ﬁoﬁa&!ﬂﬁﬁ} gl

engineering in Ion aut onobi | es, tractors, roadmaking machi nes
and ot her nechempaamre 600D inchméedigh ofieegsterekixaflenicle (BFqY anddiydiogerc@hpanent s

PES TR e e o
mechani cal engifivery tod, edgnw 0.028% Dfati0iof GIAF (IHS e@ALIPOBO For(W RN el evel
punps, I MErsi on punps, ristmas tree accessories etc.) can be

si gni fi cant | y GsHsiotheanably agtivated beforehand g i9SE andythe sgactiprbmixierg PESFUD S on

rzggigst ant  coaty g8, it dndiflisARE LSRRG Widrthe LhhEnd WY EN0PQR,. 25 16 July

The construction material thus obtained with tool steel with a layer of nickel as the
base material has a composite coating with an internal tungsten (W) layer of
thickness 1.3 pum and an external layer of W,C of thickness 9.1 pm. The

microhardness of the coating is 2800 kG/mm”.

Example 6.

A sample made from tool steel R18 with a layer of nickel 5 pm thick applied to it by
the electrochemical method is retained in the reaction chamber at temperature 550°C
in a mixture of tungsten hexafluoride (WFs) and hydrogen (H;) at ratio 0.057 for 5
min and then in a medium of WF¢, H, and propane (C;Hg) at a ratio of WFg to H,
equal to 0.057 and a ratio of C3H; to H; equal to 0.67 for 70 min; the C3Hg is
thermally activated beforehand at 640°C and the reaction mixture pressure is 5.2 kPa.
The construction material thus obtained with steel R18 as the base material has an

intermediate 5-pm nickel layer and a composite coating with an internal tungsten (W)
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CLAI 1V~S: 1. Material for wear) erosion and corrosion resi st A& ulg 2493 ng,
consi.sting of tungsten carbide alloyed vaith fluorine in anmounts ranging
fromO0.0005 to 0.5 wt% 2. Material in accordance with claiml, wherein the
said mateaial is tungsten nonocarbide WC alloyed with fluorine in anounts
ranging fromO0.00U5 to 0.5 wt% 3. Material in accordance with claim1,
wherein the said material is tungsten sem carbide WC all-oyed wth fluorine
in anpbunts rangi from0.0005 to 0.5 W % ial in accordance with
claim L. whe BEOAEkER Simand op Sromdl i g ol St b U e Regea i th
fluorine in aspuNtThem@B@hadndss 0fthe cOANG if 2950 Ko/ 5. Material in
accordance with claiml1l, wherein the said material is tungsten subcar bi de
WZG al l oyed with fluorine in amunts ranging fromO0. 0005 to 0.5 wt % 6.
Material in ggambfience with claim1, wherein the said mater~a! additionally

captains fluorocarbon conpositions wth carbon coatent up to 15 wf"~ and
fluorine content up to 0.5 wt% 7. Material for wear, erosion and corrosion

resi stant cogti [&i f tngst bi des
al Toyed wi thA e e e Rt aﬂﬁﬂ%%%f%%bkm%\ plifdiedha

poz s:c IbI y W t By fth?elbftﬁc&ha?hagmgm\?fg/ﬁ raétdih&l i thh xeza:nbm I’d:hﬁltﬁliérléitt tgmpexﬁmrh&? wt %
an uorine ent up to rac sed I n that i

cont ai ns: 3% 0°Crin @ migpure 9 B’F‘g%‘ifh‘éﬁx&ﬁi“ﬂgioiw R 9(6
substratE, - fG0ma an@th&l M mbayd of SN0, h&ﬂ,gxepaaef(emglaﬂatrm&amw'pgk@yer and

cont ai ni ng tungsten carbide in accor dance h' clains 1-6 Jul
2003 9. Coat Hagqial ta&dbﬂd’ad@erampﬁcd{arorﬁfseql@hw&ﬁé@q 4@ aminnthe Kasiis s out er

i o ai m 7 ool Bntudiis 36 MERSRI AT R P bu AR T S

inthat its outer |ayer

The construction material thus obtained with tool steel Kh12F1 as the base material
has a composite coating with a 7 pm nickel layer, then an intemal tungsten (W) layer
of thickness 1.0 pm and an extemal W3C layer of thickness 'I18 pum. The
microhardness of the coating is 3120 kG/mm”.

Example 8.

A sample made from tool steel RGMS5 with a layer of nickel 5 pm thi(}:k applied to it
by the electrochemical method is retained in the reaction chamber at temperature
520°C in a mixture of tungsten hexafluoride (WFg) and hydrogen (Hy) at ratia 0.045
for 5 min and then in a medium of WFs, H; and propane (C;Hjy) at a ratio of WFg to
H; equal to 0.045 and a ratio of C3Hj to Hj equal to 0.60 for 180 mizn; the C3Hg is
thermally activated beforehand at 610°C and the reaction mixture prcss:ure is 42 kPa.

The construction material thus obtained with tool steel R6MS as the base material
has an intermediate 5 pm nickel layer, and a composite coating with an intemal
tungsten (W) layer of thickness 3 pm and an external layer (mixturé: of W;C and
W,;C) of thickness 100 um. The microhardness of the coating is 3400 kG/mm?.
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additionally contains tungsten. 11. Coating in accordance wi 18Uy 2P} 8 or
9, characterised in that its outer |layer additionally contains carbon. 12.
Coating in accordance with any of clains 8 to 11, characterised in that its
internal |ayer has a thickness of 0.5-300 p,mand its outer |ayer has a

thi ckness of 0.5300 pm with the ratio of thicknesses of the internal and
external layers ranging from1:1 to 1:600. 13. Process far produciTg
tungsten carbi des by chenical vapour deposition on a heatied substrate using
a mxture of gases including tungsten hexafl uoride, hydrogen, a

car bon- cont aggaiple®as and, optionally, an inert gas, characterised in that
the carboncontaining gas is thernally activated beforehand by heating to
tenperature 500-850C. 14. Process in accordance with cl aim 13,

char act er i sef shkiplchidde ot ©3i dect IKRPVSI Gith Ail&eNSf P! 5 FinP liedl6a-
Process in accordance with clains 13 or 14, characterisediin that it is

perfornmed at ity gheslecrashemicsl. meghod petaingd 4 the reagtiomshambalas terpervEC, rati o
of car bon- cogjRER fqmg@g

hexaf |l uoride to hnﬁygggg@%% %h%%gﬂl%na%r ocg@qldﬁg&@%é&%ﬁ? claim
15, char act efor 2aainiand theatin mmadsmpef mrﬁdardtprepanamd{@ﬁtcmubmf WEbai ni ng
gas to hydro en f tungst en hexafl u 6. July

2003 to hydr béﬁ“%%éog"‘fﬁéja %H‘ttﬂ ’c%ﬂ“ﬂ'op? @g féﬁ Wg“ Ci’é 8 Keat ed
bef or ehand ta&m&ﬁm&&&:ﬁ&%owm akdths r&a6ch mtxwestrceaumrm@abl de WC
is obtained. 17. Process in accordance with claiml15, chatracterised in that

it i~ perforned at a ratio of carbon-containing gas to hydrogen 0.75-0.90

and rati o of T 0QSERoR MaRidatBhd GRaihed WHE IRISBAAKIO VAF A8 thie Ak hikefiart he

carbon-contal ning gas 1's heated beforehand to tenperature:600-75 C inthis
case, t ungstlm zxentemnedhatsteS W;OuCkeldbyq; arelda co@positeomating withaae tntatealce Wit h

claim15, ch sedl tha erfor at..a ra

car bon- conta“ﬁ EQ’&%‘J@S@ %@errﬁrﬁgypgtli’?roth“%ﬁﬁgpéﬁ"
hexaf | uori d. ?hé:ﬁxcm{df&ﬁarbf%&%m%g%ssmw the carbon~ontaining gas is
heated beforehand to tenperature 564-720C in this case, tungsten

subcarbide WC is obt a| ned 19. Process in accordance with claim 15,

characteri seg %‘E %qﬁ is perforned at a ratio of car bon cont ai ni ng gas
to hydrogen P 5 and ratio of tungsten hexafluoride to hydr ogen
0. 040-0. 045) and that the carbon-containing gas is heated: beforehand to

tenmperature §09m7l%(gncadelfr%nE et}mxsxlegsas%eel 2&*’\'&9\%&? asygrb(():ta m&ceg?o [Lll}\%gci( ap;ﬂbt ai ned.
to it by the electrochemical method is retained in the reaction chamber at temperature
520°C in a mixture of tungsten hexafluoride (WFs) and hydrogen (Hz)% at ratio 0.070
for 4 min and then in a medium of WFg, Hy and propane (CyHj) at a ratio of WFg to
H, equal to 0.070 and a ratio of CiHs to Hy equal to 0.20 for 60 mib; the C;H is
thermally activated beforehand at 650°C and the reaction mixture pressdrc is 8.8 kPa.
i
The construction material thus obtained with stainless steet 2Khl3 as the base
material has a composite coating with an internal tungsten (W) layer of} thickness 3.8
pm and an external layer (mixture of W;C and W) of thickness 20 pm. The
microhardness of the coating is 2150 kG/mm’, i

i
i
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Z0. Process in accordance with claim 15, characterised in tHgHUVFOP%
performed at a ratio of carbon-containing gas to hydrogen 0.90-1. 00 and
rati o of tungsten hexafluoride to hydrogen 0.07-0.09, and that the
carbon-containing gas is heated beforehand to tenperature 670-790C, in this
case, a mxture of the carbides WC and W C is obtained. 21. Process in
accordance with claim 15, characterrsed in that it is perfornmed at a ratio
of carbon-~ontairm g gas to hydrogen 0.70-0.75 and ratio of tungsten-:
hexa.OuoridE to G%grogen 0. 055-0. 060, and that the carbon-containing gas is
heated 28 F¥&MBIfi%- 2003 beforehand to tenperature 580-730C; in this case,
a mxture of the carbides WZC and W C is obtained. 22. Process ins
accordance with claim 15, characterised in that it is perforned at a ratio

of car bon- cnsemple ngadmdran Mendgetoy isorlingd dnthe sractonichambesfen _
hexal | uorid ra € 58@€Nn A it RO o AaRest A Y xhitidriab m%gwgﬁ%% fl—lka?‘hﬁg gas 1s

heat ed beforehiand to tenperature 570-700C, 1n this case e of the
car bi des Wetiad8¥/for Y@in sndtheminreniedia® of W &a gnd propamoiCiHnce awatich ¢l ai m
15, charactef| N th htok S perfor t rati f rhon- cant ai ni ng
gas to hydr 8%@%89 5@96‘.‘“33" g'tr(l’g5 F%‘???‘E?f"@fﬁés‘? g’u eﬂ‘éasgg(f ﬁﬁS?&d@’o‘E‘B" ﬁhf‘dr ogen

D. 045- 0. 050/ tlidmahily Ativard beforchand at 68070 agbthe réachifbmbdulepanaband to
tenperature 550-680C, in this case, a mxture of the carbides WBC and WL.2C
i s obtai ned88XFa. process in accordance with claim 15, eharaeterired in that
it is perfornmed at a ratio of carbon-containing gas to hydrogen 0.65-0.70

and ratio o f tungsten hexafluoride to hydrogen 0.045-0.060, and that the
car bon- cont Thecongtrgdion nsatdrizh thas obtained wiithriWanel " aaperthe base n&if@ialh&@ in this

case, a mxture of the carbide C ZC 1 s, obtained. 25. Process
in accor danﬁ'ﬁnﬂﬂsﬁﬁ cagie, withs an ‘ﬁﬁ‘i\{‘\%@‘ﬂ\/\?@sﬂe@fjha%rh‘gfté’fcfm‘fsga}pgf’l?‘o & at a
ratio of caphemaCRPrttie Fa,¢ and W saiRkAbsY 85 Qad 0Tk fhidralidrdnesPoff
tungsten hexafluoride to h/ydrzogen 0.08-0.09, and that the carbon-contai ni ng
gas i s heat th¢ coatingrie hikG/Bu enper at ure 60d-720C, in this case, a mxture
of the carbide WC and tungsten is obtained. 26. Process in accordance with
claim15, characterised in that it is perforned at a ratio of

car bon- cont Exampte Igas to hydrogen 0.70-0.90 and rati o of tungsten

hexaf | uori de to hydrogen 0.08-0.09, and that the carbon-containing gas is
heat ed 29 16 July 2003 beforehand to tenperature 600-720C, in this case,

a mxture ofy (A€ alahk dRm Whkr aNdy KENISFER retgined i itiverbactidh. cHAmbeEss in
accordance with claim1 S, characterised in_ that it is perfornmed at a ratio

of car bon- c tamperagirs §9¢&<in achixje eluagterdrxafiesids (¥ Fs)and Sydmoeen (i tlen
hexaf | uori d : - , il _
hoated bet oF R MATEOO R hd Rt e SRS WA, shEpEBRAT AR Felln 9R0 1 ©

enperature G this'c xture of the
car bi de WBCofiwd, tta big etpeit t¢ 8.06Btad aeatio of C3Hg to H; equal to 0.63 for 40 min; the

C;Hjg is thermally activated beforehand at 630°C and the reaction mixtare pressure is

8.8 kPa.

The construction material thus obtained with Invar alloy K6N38F as the base
material has a composite coating with an intemal tungsten (W) layer of thickness 3
pum and an external layer (mixture of W;C and W) of thickness 19 um. The

microhardness of the coating is 1690 kG/mm”,
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28. Process in accordance with claim 15, characterised in t hA$ Jly 2pQ3
performed at a ratio of carbon-containing gas to hydrogen 0.20-0.35 and
rati o of tungsten hexafluoride to hydrogen 0.045-0.070, and that the
carbon-containing gas is heated beforehand to tenperature 500-680C, in this
case, a mxture of the carbide WZC and tungsten is obtained. 29. Process
in accordance with claim 15, characterised in that it is perfornmed at a
rati o of carbon-containing gas to hydrogen 0.3S-0.60 and ratio of tungsten
hexaf |l uoride to h drogen 0.05-0.07, and that the carbon-containing gas is
heat ed befor@#ﬂﬂﬁ# 8 tenperature 500-680C, in this case, a mxture of the
carbi des WBC, W-ZC and tungsten is obtained. 30. Process in accordance wth

claim15, characterised inthat it is perfornmed at a ratio of
car bon- cont aAmmnglcgaaietfmmyd:abfgefnalmaohamondms wetaihedig the tofctionvhamber

hexaf | uori de nd .t he. ?@Hp nt.ai ni gas is
heat ed befor"éh qBr eP‘a‘fﬁﬁ"gm?é’(gﬁglgf} ﬁ'fxﬁhﬁﬂd% gmcaohyréf?&cﬁ?ﬂ)of t he
car bi de WC adtdatfo’slob@mmra ol andden uaimdatmeswﬁ.om fuieprdpRRIC;HH Mt af

coat i ngs consi Stf&ﬁ’ of an internal |ayer of tungsten and an external |ayer

cont ai ni ng t@HYef MFsdaHaicaual 4o 094 and aratie of Gpks Wd 5rfer #8mimion
materlalsa t g ar ac id
process incl uaes}[{tahgnﬁloﬁm% %‘é&g&tﬁgges m@% él%diﬁ%ls@% Fgﬁanpf}lactla%g t he
substrat e i npressofedsd2z kPa.vapour deposition reactor; (6) evacuatl ng the
reactor; (c) heating the said substrate; (d) suppl yi ng tungsten

hexaf |l uori de and hydrogen to the reactor; (e) retaining the substrate in

the said gasppusondetiidint4eéridl fslobtinel Wil & édke DEERESPAMmMbAdSs AsRe bemat i on
of the tungsten |ayer on the substrate; (fj in addition to the said

tungsten hexmptetdtiage camgosiipdoadne itk wbi grogster ) loyen of thigknesnp By
t ted b t bstr at
T o gas et G b iyl Sinikiee OF WL EION,Co 4 (BERLE 1A duh. R OP L1 ©

formati on of michshaRlifesy oflthy &ratin@ it 3220kGamhtingst en carbi des and m xtures of
themw th each other) with tungsten or with free carbon. 32. Process in
accordance with claim 31, characterised in that it is perforned at a
reactor presgine @ f 42- 150 kPa, substrate tenperature 400-900C ratio of
car bon cont auni n‘g’g gas to hydrogen 0.2-1.7 and rati o of tungsten

hexaf | uori de to hydrogen 0.02-0.1 Z.

A sample made from Nichrome alloy is retained in the reaction chamber at

temperature 560°C in a mixture of tungsten hexafluotide (WFs) and hydrogen (H,) at
ratio 0.070 for 8 min and then in a medium of WF, H; and propane (C;Hjg) at a ratio
of WF; to Hj equal to 0.070 and a ratio of C3Hg to H; equal to 0.2 for 40 min; the
C;Hy is thermally activated beforehand at 650°C and the reaction mixture pressure is
5.2 kPa.

The construction material thus obtained with Nichrome alloy as the base material has
a composite coating with an internal tungsten (W) layer of thickness 7 ym and an
external layer (mixture of W and C) of thickness 41 pum. The microhardness of the

coating is 1210 kG/mm’.

Examples of alternating layers.
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33. Process in accordance with claim 31) characterised in th%let‘fu“bzeqogre t he

application of a coating to materials or itens nade from materials sel ected
froma group including iron, carbon steels, stainless steels, cast irons)
titanium alloys and hard all oys (cenented carbides) containing titanium a
coating is applied to them consisting of materials which are chemcally
resistant to hydrogen fluoride, nanely nickel, cobalt, copper, silver,

gold, platinum iridium tantalum nolybdenum and all oys, conpounds and

m xtures of these, by electrochem cal or chem cal deposition from aqgueous
sol utions, eFx#mpWlpsis of nelts or physical and chenical vapour
deposition. 34. Process in accordance with claim 32) characterised in that
it is perforned at a ratio of the carbon-containing gas to hydrogen

1. 00- 1. 50 and sampit medeofromihagballay (hemantdd aartide) VKS isyrdtaingdrin gheo@agiony, and
that the carbon-containin o) e O rehand to
t enper at ure %&b@%{;mpﬁmgﬁ?gf%gs@, ﬂaﬁ“@&?‘é%ﬁ%%é&’yﬁgﬁ% E| ng %@ngst en

monocar bi de Wdrbgenofi,pianenio (BER fdrr2omiis snd them (b)oindanediun bh WFaiHy 8id)
characterised in th it is. pe r at rati o .of the bon- cont ai ni ng
gas to hydr OB@HW(ﬁa{f‘@.%G %f;\ﬁlﬁa{ﬁ% Wﬁﬂr‘?g)gtagﬂ aﬁé%?ﬁég{"itﬂ %948y dr ogen
0.06-0.08, apf 6?5“:%& 16N&iirk ahd CIHE K RbIRGactiRsed DefdrMard abg5¢ce bt thet O
tenperature 600-750C, In this case, an external |ayer containing tungsten
sem car bi de V#BGiorsmitturaipressire $63.2 RPocOperations {8)md dbhare reiepted doun tima2,
characterised in that it ks perfaorned.at a.ratio. of.the.carbon-containing
gas to hydrob‘b?’l‘cffsgﬁr-“oj.ré%h'é egoﬁﬁqq?%%fn%ﬁ’&f%%‘gﬁé%gﬁu '|2‘de to hydrogen
0. 050-0. 05S, and that the carbon-containing gas is heated beforehand to
t enperature 560-720C; in this case, an external |ayer con;rgi ng%ﬁtungsten
subcar bi de WEbe pansgpetignagieria thuspbipined withhard alloyechmentayl CaroldielViko:ss,
characteriseg.l Eh : ; j : ai ni ng
the st g@xgtagl phas ﬁgﬁﬁip%fé?&aﬁﬁg ith abirCalRinatilg 15RELENWE Wil

gas to hydrogen aratio of tungsten hexatl uoride to hydrogen
0. 040- 0. 045, trciohess o pmrandof WO with diclaessi T ugat a rafiolof hidkdebses di2ehandd t o
tenperature 500-700C, in this case n external |ayer containin ungst en
nonocar bi de W‘%‘éz\cg“‘??ﬁf)g#}?e‘i?mpgﬁ?e @P@'&e@g B n@‘é’c"d’?‘éﬁ% FUCfginesy gf %632,
characteri seqoimlﬁti@?gzoigg/},ﬁﬁperforrred at a ratio of the carbon-containing
gas to hydrogen 0.90-1.00 and a ratio oC tungsten hexafl uoride to hydrogen
0.07-0.09, and that the carbon-containing gas is heated beforehand to
tenperature b70-790C in this case, an external |ayer containiag a m xture
gfé‘g“\!% &nd

of the car bi WC is obtained. 39. Process in accordance with
claim 32, characterised inthat it is perfornmed at a ratio of the

bon- cont ai ni to hyd 0. 70-Q. 75, atio of. tungst
Poxar | uor i de A SRIEIRage How TBsbElp menisl i VL IR B SIS gas i s
heated 32 Hianfbhe RMiecltEC @560 i £ uiRiRRIFAdisen WRkeKIAGe (WH ) S case,

an extezual layer containing a mXture of the carbides WC and Cis
obt ai ned. 40 hydopaeds)ian ratoc®@ 08l dorck min hd dicai(h) 8a neddiunaof WVFsdlt #nd that it

is perfornmed at- a ratjo of the boy- cont ai ~ei n as t dr qgen 0. 65-0. 70
and a ratio @FOH*’%@%"@MW&%? Pﬁ% Eﬂaﬁ% 8‘1%@‘&00 eﬂrﬂ‘%@%‘i 9@?%‘}’%"6‘"&& t he
car bon- cont aiigig QPAB0! Mink M EHIPRT ReRAB dedvatdiBpstlahurg BOL &ddGic in this

case, an external layer containing a m xture of the carbides WZC, WBC and
W-ZC i s obt aireastion mixture pressure is 8.8 kPa. Operations (2) and (b) are repeated four times

in succession.

The construction material thus obtained with hard alloy (cemented carbide) VK10 as
the base material has a composite coating with four alternating layers of W with

thickness 0.7 um and of a mixture of WC and W,C with thickness 32 pm at a ratio of
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41. Process in accordance with claim32, characterised in tha3fJuly2p0%
performed at a ratio of the carbon-containing gas to hydrogen 0.60-0.65 and
a ratio of tungsten hexafluoride to hydrogen 0.045-0.060, and tliat the
carbon-containing gas is heated beforehand to tenperature 570-700C, in this
case, an external layer containing a mxture of the carbides WC and W ZC
is obtained. 42. Process in accordance with claim 32) characterised in that
it is perfor tdcknaises 1r45t7 andototslhihickndsh aif-the wompesita rogase 1 80.8yin 0 0B
0.40-0.60 and a ratijo,of tungéxten hexai#ﬂ&ré/de,to hydr ogen 0. 04S-0. 050, and
that the car BYRegsSHERhAdngs ghlercaatngds Bfehand to tenperature
550-680C; in this case, an external |ayer containing a m xture of the
carbides WC and W2C is obtained. 43. Process in accordance with claim 32,
characteri sedfxamplentft it is perfornmed at a ratio of the carbon-containing
gas to hydrogen 0.70-0.90 and a ratio of tungsten hexa~uoride to hydrogen
0.08-0.09, and that the carbon-containing gas is heated beforehand to

t enper at ur e A0GMPROE@ade frord liod steel K2 S AF avither Iagdr of aigkel Soom tthsick depwsizedmi xt ur e

of the carbide WZC and tungsten |s aoptai.ned.. 44., Process.in accordance wth
cl ai m 32, chﬁ?a‘g\tz‘é"r ia'léee(ﬁ’}qcﬁgcﬁ‘ﬁ'élfca} t““?‘g"@éﬁf fiofpingd ig; the pegetion a‘f‘ﬁ at
car bon- cont aidpaehtéd HOLT ga\)dﬁ QOMiktite Qﬁ'tgﬂﬁén edatfuckiab (W ahd RdbEH

hexaf | uori de to hydrogen 0S5-0. 070, and that the carbon-containing gas is

heated 33  (B:)ntirgtio0.080 farf D rim and) they b iparagdire S WFgdCand propnies case,
an external C R ] r i ten is
obt ai ned. 45!((?@2@6:18%9%%&“2%@%?%!% gh#t%ﬁgélag?% ,&lc(?fglf\é%ﬁé%ggaelggp?l’st hat it
i s perforned fat2samigithe Colfly ishihedrallly ciaticaaed beéforehghdgsS7008C apd tiagfsactbn3S- 0. 60
and a ratio of tungsten hexafluoride to hydrogen 0.050-0.070, and that the
car hop- cont afHKtHE prassures ish@ 8 kfg. bQPSﬁaﬁ?ﬂfné) 1294 t(Bhper epeated $¥0-taBBAN i n t hus
case, an extefnal: layer containing a mxture of the carbides WBC and WZC
with tungsten 1's obtained. 46. Process in accordance with claim 32,

characterised in that it is.perforned at a ratio of the carbon-containing
gas to hydrogen 0.20-0.35 and a ratio.of tungst f | yoride to .hydrogen
0.045-0. 070, T gerisfruGaop AT W%P%%Wk‘ﬁﬂg‘;%‘%%g?&ﬁ‘%bé‘%%%ﬂ dto
tenperature Bz &sHiesité Soatiis Vit TRR altdhatinig IRYIDbL We iR (AR N5 P dhdM Xt ure
of the carbide Wi C and tungsten is obtained. 47. Process in accqQrdance

with clai m 3WCowith deekenesss2g 1inh at # zatioj of thigkagsses Jr hraed fotal thicknasy opthet he

car bon- cont ai i ng. s g 0 =0, i tungs

hexat | uori de “t 0" %ﬁ/tg%%éelr% gyggl?oegl@e ai«%a t%a%raghlg%&g{ar%gé% gé?ltngl %i %%%~ gas is
heat ed bef or ¢van@’t o tenperature 600-720C;, is this case, an external |ayer
containing a mxture of the carbide WC and tungsten is obtained. 48.
Process in accordance with any of clainms 31 to 47, characterised in that

t he coati ngs fﬁﬁ'\ flejposited onto frictional assenblies. 49. Process in
accordance w gny of claims 31 to 47, charaeter'i.~ed in that the
coatings are deposited onto formng tools used for processing materials by

f ing.. 50., P i ith. f clains,31 to 47,
Char acter | sodk Fiftin Fade fsnt o ey KBRRE IS Srttacd SIS BesHpOcireaet d uni ¢ s
of machi nes aigherded FB0X ) 34 2 mikurd WHunPeRe HeRLMRHIO QWH.) nd aygrogms ed

gases and |iquids or other pneumatic or_ hydraulic
?Hz) at ratio 0.060 for 5 min and then (b) In a medium of WF4, H) and propane

(C3Hg) at a ratio of WT to H; equal to 0.060 and a ratio of CyHg to H; equal to 0.70
for 40 min; the C;Hz is thermally activated beforehand at 650°C and the reaction
mixture pressure is 8.8 kPa. Operations (a) and (b) are repeated 12 times in

succession.
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systens. Sl1. Material conprising: - a substrate made from coﬁ@??'ﬁg?qaon
material; - a coating deposited on the said substrate, consisting of an
internal tungsten |ayer and an external |ayer containing tungsten carbide
all oyed with fluorine in anmounts ranging from0.0005 to 0.5 wt % and

possi bly with fluorocarbon conpositions with carbon content up to 15 wt%
and fluorine content up to 0.5 wt% 52. Material in accordance with claim

51, wherein tig Aakthctibn I94terial CRLPoBRired WRNAAA LIRS NMEN3HS.-as ML as@! 1N
accordance with claimb51, wherein the said tungsten carbide is sem carbide

WZC. 54. Mat @atexial has mecrapasiie seating tvithc ] Zaltermting layesseif W twith thigkeess dfyst en

wherein the 4 4 AR W abERGE\A MIRREES FBER Ll of bl el

conpri sing: -l:Samsutixat hha:kncsmdﬂwfcnmpbmemsztmgcmﬂmm. Metecaverms micralmaldwes<oat i ng
deposited., on.the said te., consisting of an internal tungsten |ayer
and an ext'er h’el"awl‘&z{#b Qﬁ "a mxture of at |east two tungsten
carbides alloyed with fluorine in amounts r~arrging from0.0005 to 0.5 wm %
and possibly with fluorocarbon conpositions with carbon content up to 15
wt % and 1 uomAEBlokkent up to 0.5 w% 35 16 July 2003 57. Material in
accordance with claim56, characterised in that the external |ayer of the
said coating contains a mxture of the tungsten carbi des WC and WZC. 58.
Material in acecuonpleampade fiomh tasl stesl E812W0hwith et leydr pfdridke! pﬁstticltnhs 'éxl!ter nal

| ayer of the sai oat.i,ng, con ungs dgs WBC
and WC. 59. d%%‘fsg?‘fgﬁ I bl¥ %%5‘% ﬁcmx \?\ﬁlﬁw ai rﬁqmglgll]?n ﬂ]arrgac%lerl S i nFt hat
the external ténayﬁauefsmf(e (§ainta ﬁrﬁ:ethren@f magtai hsafudrdst(WE) Qﬁdtliy&ro"gemgst en
carbi des WBC and Wi ZC. 60._Materia tg a’accord nc (Hy% ﬁl ai
char act eri sedHratiaae 0053 Tor, 3 dpigAnd) then b) 3p 3 wedinmy &t T hg™ Bmpéi“ﬁs a
mxture of the tYyROStab of Wi 5 MEFt8095Yda catio of C;H; to H, equal to 0.62

for 27 min; the C3Hg is thermally activated beforehand at 635°C and the reaction

mixture pressure is 28 kPa. Operations (a) and (b) are repeated five times in

succession.

The construction material thus obtained with tool steel Kh12F1 as the base material
has a composite coating with five alternating layers of W with thickness 5 pm and
W;C with thickness 12 wm at a ratio of thicknesses 1:264 and total thickness of the
composite coating 85 pm. The average microhardness of the coating is 2250
kG/mm’.

Example 20.

A sample made from carbon steel 45 with a layer of nickel of thickness 6 pm
deposited on it by the electrochemical method is retained in the reaction chamber at
temperature 540°C (a) in a mixture of tungsten hexafluoride (WFg) and hydrogen
(H,) at ratio 0.047 for 9 min and then (b) in a medium of WFe, H, and propane
(C3Hs) at a ratio of WF to H; equal to 0.047 and a ratio of C3Hjg to Ha equal to 0.55
for 150 min; the C3Hj is thermally activated beforehand at 630°C and the reaction
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61. Material in accordance with claimb56, characterised in thea.{ulyt%Oé)B
external |ayer of the said coating contains a m xture of the tungsten
car bi des WC, WBC and WZC. 62. Material in accordance with clains 52-61,
characterised in that the external |ayer of the said coating additionally
contains tungsten. 63. Material in accordance with clainms 52-61,
characterised in that the external |ayer of the said coating additionally
cont ai ns carBBre guessygtie 5: 5 kP3-n Qperasipera (i andi(bhag| rgpenteds sevep tignes in
characteri seg.ddqibpat the internal |ayer of the said coating has thickness
0. 5-300 pm and the ratio of thicknesses of internal and exter nal | ayers
ranges froml :1 to 1:600. 65. Material according to clains 52 to 64,

characteris in that.th ajd, suhst.rat e.l ayer adj nt 40.the coating
contains al f}glifsgl%s{}'ﬁ&lﬁflc %?“Aéglﬁ e‘%ﬁa%%:%l%icé%oﬁg%f% a3 0 PissvBFeal chr one,
Monel . 66. l\xamemhlahteﬁm'm&kaylayéafﬁ pmomstwdasedm';ibeiﬂed fbaauﬁ@ywmﬁl sédeal M5 31
to 47. 36 6 Juy 2003 ..Muttilayer coating nmade from alfernating

| ayers of ttﬂiﬁwﬂg%ﬁ“%%?@%m"ﬁ%ﬁhﬂ and phe ALY fe 2t Ware ithance
with any of icRhéds 44 [n? aba rff of\hickrhdsRY QF | ICARAL oAY1HEAGEsOS O 3bapssaat | NY -

| ayers of tungsten and | ayers containing tungsten carbide in,accordance
with cl ai nn cpatigp396uun: Thagerage srierohydrass efthecenting is 2800 kGimm s 67- 68,
characterised in that the thickness of its individual |ayers ranges from 2
to 10 ~n and the ratio of the thicknesses of the alternating | ayers ranges
from1l: | todEsample20. Process for the deposition of nultilayer coatings on
substrates, preferably on construction materials and itens nade fromthem
consisting of alternating layers of tungsten and | ayers containing tungsten

carbi de or M hMHRSmAle HURIROE BeblaR MY SRiaVa t1Bye? F hideD 8F thilkdels BURFSt en or
with flee carbon, said process to include the follow ng stages: (a) placing
t he substr atdsppsited cotiehy telclertipdymicabmethod inrstainedde dhe repasioncohamberntatng t he
reactor; ( C)tcgsgrtaéupeg 55616 (%?Iilg g%HiQﬁltré aF ﬁingsten hexafluoride (WF¢): and hydrogen

(H;) at ratio 0.050 for 8 min and then (b) in a medium of WFg, Hz and propane

(C;Hs) at a ratio of WF; to H equal to 0.043 and a ratio of C;Hj to H; equal to 0.35

for 11 min; the C3;H; is thermally activated beforehand at 650°C and the reaction

mixture pressurc is 8,8 kPa. Operations (a) and (b) are repeated 11 times in

succession.

The construction material thus obtained with tool steel R6MS5 as the base material
and an intermediate nickel layer 8 pum thick has a composite coating with 11
alternating layers of W and W;C both with thickness 5 pm at a ratio of thicknesses
1:1 and total thickness of the composite coating 110 um. The average microhardness
of the coating is 2550 kG/mut’.

Example 22.
A sample made from titanium alloy VT1 with a layer of nickel of thickness 1 pm

deposited on it by magnetron spraying is refained in the reaction chamber at
temperature 600°C (a) in a mixture of tungsten hexafluoride (WF¢) and hydrogen
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(d) supplying tungsten hexafl uoride and hydrogen to the react%#my?
retaining the substrate in the said gaseous nediumfor the tinme interval
necessary for the formation of the tungsten |ayer on the substrate; (f) in
addition to the said tungsten hexafluoride and hydrogen, supplying a
previously thermally activated carbon-containing gas to the reactor; (g9)
retaining the substrate in the gaseous nediumformed at sage (fj for the

time necessgny 4tQhcid h@mfs 6B trhigand tﬁcﬂ ttg iAW &emhamr WERNHG i ahl poglaH@g QX en
carbide or m xtures of tt‘J}{kgjsten carbides with each other, 'wth tungsten and

wi fh free cdFdat sratiges Wig)toth 09391 t@t994$ awbaratie of €l b Hy mttq ®6drder to

formaltern Y, =N St

car bi des. ?&j ggglélgs‘ggl éé%:or aﬁﬂ?ﬁ%%@?‘%ﬁ%?{ e%gra der| gea&gmh that it
i s conduct edniature pasiwe lpr@skmre Qpetzﬁﬁbnkl{a) amliifs) amt eptaapdsatines i@00- 900C,
rati o of carbon 37 16 July 2003 containing gas to hydrogen 0.2-1.7 and
ratio of tuf&t¥Pthexat!|uoride to hydrogen 0.02-0.12. 72. Process in
accordance with claim 70) characterised in that, before the application of
a coating to materials or itens nade from rraterlals sel ected froma group

i ncl udi ng i ridA coustuptinn watedylghusobainndaxith dasivmelioy Y31 asithmbase material um

al l oys and cﬁggg mm oating
is applied ?‘gg ?ﬁfﬂn,#%%g‘,gag@%&?? etr'ég?%erﬁgn ch glr{gﬂ:(l:ch&%] fm?egl st ant

t o hydr ogen afthixauré dEW,Can W, @ivathethickaesib 20 fun atamumrqf thxckmaﬁcs Ig8 dnd
platinum iridi tantal u ma| ybdenu aad S, unds and, m xtures
of these) b§°téll ‘g&@éﬁga\cﬁn}wﬁueﬁ?&?ﬁ% Fla ‘?W‘Eefrf‘t? SR WG| uti ons,
el ectrol ysi goffngT®bi% Wmpttysi cal aad chem' caI vapour deposition. 73.
Process in accordance wth any of clainms 70 to 72, characterised in that

the coating is deposited onto friction assenblies. 7~t. Process in

accor dance ﬁii,th gn%/? of clainms 70 to 72, characterised in that the coating
i s deposite ‘form ng tool used for processing materials by neans of
pressing. 75. Process in accordance with any of clainms 70 to 72,
characterised in that the coati ng is deposited onto units of ITB.ChI nes and
mechani sms  dpsanle n@dwﬁton: vigidsrsilicon sepatiesis seianed Huthg geastion chagphes at

Substrat o aidrbee $POXS BOE il SORRNCACAIIRINEY R0 THACRLY
t ungst en andHb)astanto omztﬁa‘bnil nglntamdgkerefb)aarabmd@ml ofoWdd, Hp tahdfptqp@m ne in
composi 1 ondCHfa A £ Wikre St 048 S s PR ol A Hecaush BRES "
for 50 min; the C;Hg is thermally activated beforehand at 520°C and the reaction
mixture pressure is 42 kPa. Operations (a) and (b) are repeated 12 times in
succession. Chemical analysis showed that the fluorine content was 3.0 10" wt%.
The construction material thus obtained with nitride-silicon ceramics as the base
matenial has a composite coating with 12 alternating layers of W with- thickness 0,7
pm and of a mixture of W and W1,C with thickness 16 um at a ratio of thicknesses
1:22.8 and total thickness of the composite coating 204 pm. The average

microhardness of the coating is 2220 kG/mm’,

Example 24.
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to 0.5 % 38 16 July 2003 77. Material in accordance witﬂuséﬁ"%uz%)a?&
wherein the said tungsten carbide is tungsten nonocarbide WC. 78. Materi al
in accordance with claim 76, wherein the said tungsten carbide is tungsten
sem carbide WZC. 79. _ Material in accordance with claim76) wherein the
said tungsten carbide is tungsten subcarbide WAC. 80. Material in
accordance with claim 76, wherein the said tungsten carbide is tungsten

subcar bi de \Whsampleimadeofam itiseninm llay Vi with adaysr iof njeleloofsthisknesat?enmnd a
mul til ayer c L: St pﬁ{ﬂgai 1 ayverg 0 . ng | ayers
cont ai ni ng a&%\%‘&gr‘g&g? bZtﬁlF%]é:g%ntasko nrgss en %aﬁ'blfh egcagl:‘l o%ré%&vﬁét
fluorine i n empomntuse KOG (@) id ramMix01rd OO Fusdgsted hExaftudmidm (WFgs idohydrvgenh

fl uor ocar bon 0Si }i.ons W th bon, cont ent u 5 % and fluqride
content up t@%@a‘i}& b/608§‘§3‘%‘taéﬂalatéer“ @h‘%‘&gﬂﬁ'&ﬁgﬁ% %‘h‘"\é\‘i B’i_"l’r‘i“!?f,cllitxﬁer ein
the said cargidatb Y WE; 6 T &julll @ 010K hidl £rdib JEUNHS kSR, caiditd 87 e 4and Ve C.
83. Material in accordance with claim 81, wherein the said carbide | ayers

contai n a ni %t ety §ib@melly activated heforphand gt 73BE, and ghe gaaetqn mixtyg
accordance w |:al Oﬁ%% ' | ' : [N a mxture
of tungst en\,\{():l{"‘ftér}'tljnlce dgnglé% a \E;\%sga}%g(ﬁ%?g??%% %ﬁcaa@:{%@asﬁ%e&s\?&?h claim
81, wherein the said carbide |layers contain a m xture of tungsten carbides

WC and WLZC,, 39 16 July 2003 86.. Material .in ac ance with claim 81,
wherein the L6 ‘E?“E%‘f%f’ﬂ_é"#%’)?g&“ BW‘E@H"@ t'?ﬁ”fé’t“ﬂ?@oyoc\?{‘{j%_ pase 'E%tf’%‘fqdes WG,
VBC and W zGas8sh: inddMn8dib@! nibldl 3602481 ABickiahdl 28bmpdkite Lot with k6veR6)
characterised in that the said carbide |layers additionally contain
t ungst en. altemating layers of W with thickness 4.2 pm and of a mixture of W and W,C with

thickness 21.5 pum at a ratio of thickmesses 1:5.1 and total thickness of the composite

coating 179.9 ym. The average microhardness of the coating is 1830 kG/mm’.
Example 25,

A sample made from tool steel 3Kh3M3F with a layer of nickel of thickness 6 um
deposited on it by the electrochemical method is retained in the reaction chamber at
temperature 500°C (a) in a mixture of tungsten hexafluoride (WF¢) and hydrogen
(H) at ratio 0.055 for 3 min and then (b) in a medium of WFs, H; and propane
(C;Hp) at a ratio of WFs to H; equal to 0.055 and a ratio of C3Hg to H; equal to 0.65
for 120 min; the C3Hy is thermally activated beforehand at 560°C and the reaction
mixture pressure is 8.8 kPa. Operations (a) and (b) are repeated four times in

succession.

The construction material thus obtained with tool steel 3Kh3M3F as the base
material has a composite coating with four alternating layers of W with thickness 3.8
pm and of a mixture of W and W;C with thickness 44.1 um at a ratio of thicknesses
1:11.6 and total thickness of the composite coating 191.6 um. The average

microhardness of the coating is 1320 kG/mm’.
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88. Material in accordance with any of clains 76 to 86, charaJ[ué/rl sed in

that .the said carbide |ayers additionally contain carbon. 89. Materials

according to any of clains 76 t0 88, characterived in that the thickness of

its layers ranges from2 to 10 Icmand the ratio of the thicknesses of the

alternating layers ranges from1: | to 1:5. 90. Construction material

obt ai ned by any of the processes described in clains ?0 to 72. 40 . A . A . A
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1098 () - S% 1@sgsted edrbide 2065 WithFlubBARIn(Amowsts ranging from 0.0005 to 0.5 wt%.
109%&' () - 0S! 109&' ()-m / RxnbC #10%<& ()- 10 10 10S,2 10% ()-S/ MLO%&' ()-S *
109 ()-S("109& ()- X ' FaBnbCf 109%& ()-4109%& ()-! 10% <}<& ()-
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10%<& () -3"310%& () - 10%& ()= 10%& ()-acdef s@A | .

monocarbide WC alloyed with fluorine in’amounts ranging from 0.0005 to 0.5 wt%.

3. Material in accordance with claim 1, wherein the said material is tungsten
sermicarbide W,C alloyed with fluorine in amounts ranging from 0.0005 to 0.5 wt%.

4. Material in accordance with claim 1, wherein the said material is tungsten
subcarbide W;C alloyed with fluorine in amounts ranging from 0.0005 to 0.5 wt%.

5. Material in accordance with claim 1, wherein the said material is tungsten
subcarbide W,C alloyed with fluorine in amounts ranging from 0.0005 to 0.5 wt%.

6. Material in accordance with claim 1, wherein the said matertal additionally
contains fluorocarbon compositions with carbon content up to 15 wt% and fluorine

content up to 0.5 wt%.

7. Material for wear, erosion and corrosion resistant coatings comprising a
mixture of at least two tungsten carbides alloyed with fluorine in anjounts ranging
from 0.0005 to 0.5 wt% and possibly with fluorocarbon compositions with carbon

content up to 15 wt% and fluorine content up to 0.5 wt.

8. Coating, characterised in that it contains:
- an internal layer cousisting of tungsten deposited on a substrate;
- and an external layer deposited on the said internal layer and containing

tungsten carbide in accordance with claims 1-6.
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[ ~bC SOY109%& ()- fF3109%& ()- #109%& ()- 10( 10(

10(: " 10% & ()-3710% & ()-+*PdE:/ 10 10:109%& ()-f/ 109%& ()-Lp+109%& ()-f(
109%&' ()-f3 109%&' ()- fF 109 ()-U #%WBuV7/

10a&E10%& () - @10%& ()- @F10%& ()-@O0%& ()-!q@10%& ()- f#10%& () -

10% A(B(C(D(Q () uv4 10! $10°/<hh&' ()- yY10‘V<z&' ()-S #10%& ()- 10 10

10! S* mLO%&' ( &? * mMLO%& ( <)j* ++- -

10! $yL- 10%&- () - &@%&CW mw%&la(ry 88‘?“149‘?&‘8?"(‘)1 thay ite onter layerz |
$109%h& () -/ daitioh A U4ARENs 104iR%R: of tungsten carbides in accordance with claim 7.

10.  Coating in accordance with claims 8 or 9, characterised in that its outer layer

additionally contains tungsten.

11.  Coating in accordance with claims 8 or 9, characterised in that its outer layer

additionally contains carbon.

12. Coating in accordance with any of claims 8 to 11, characterised in that its
internal layer has a thickness of 0.5-300 pm and its outer layer has a thickness of 0.5-
300 pm, with the ratio of thicknesses of the internal and external layers ranging from

1:1 to 1:600.

13.  Process for producing tungsten carbides by chemical vapour deposition on a
heated substrate using a mixture of gases including tungsten hexafluoride, hydrogen, a
carbon-containing gas and, optionally, an inert gas, characterised in that the carbon-

containing gas is thermally activated beforehand by heating to temperature 500-850°C.

14, Process in accordance with claim 13, characterised in that the said carbon-
containing gas is propane.

15.  Process in accordance with claims 13 or 14, characterised in that it is performed
at a pressure of 2-150 kPa, substrate temperature 400-900°C, ratio of carbon-containing

gas to hydrogen 0.2-1.7 and ratio of tungsten hexafluoride to hydrogen 0.02-0.12.

16.  Process in accordance with claim 15, characterised in that it is performed at a

ratio of carbon-containing gas to hydrogen 1.0-1.5 and ratio of tungsten hexafluoride
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to hydrogen 0.08-0.10, and that the carbon-containing gas is heated beforehand to
temperature 750-850°C; in this case, tungsten monocarbide WC is obtained.

17.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas te hydrogen 0.75-0.90 and ratio of tungsten
hexafluoride to hydrogen 0.06-0.08, and that the carbon-containing gas is heated
beforehand to temperature 600-750°C; in this case, tungsten semicarbide WaC is
obtained.

18. Process in accordance with claim 15, characterised in that it is performed af a
ratio of carbon-containing gas to hydrogen 0.60-0.65 and ratio of tungsten
hexafluoride to hydrogen 0.05-0.55, and that the carbon-containing gas is heated
beforehand to temperature 560-720°C; in this case, tungsten subcarbide W;C is
obtained.

19.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.35-0.45 and ratio of tungsten
hexafluoride to hydrogen 0.040-0.045, and that the carbon-containiug gas is heated
beforehand to temperature 500-700°C; in this case, tungsten subcarbide W),C is
obtained.

20.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbor;—containing gas to hydrogen 0.90-1.00 and ratioc of tungsten
hexafluoride to hydrogen 0.07-0.09, and that the carbon-containing gas is heated
beforchand to temperature 670-790°C; in this case, a mixture of the carbides WC and
W,C is obtained.

21.  Process in accordance with claim 15, characterised in that it is performed at a

ratioc of carbon-containing gas to hydrogen 0.70-0.75 and ratioc of tungsten
hexafluoride to hydrogen 0.055-0.060, and that the carbon-containing gas is heated
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beforehand to temperature 580-730°C; in this case, a mixture of thg carbides W,C
and WC is obtained.

22. Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.60-0.65 and ratio of tungsten
hexafluoride to hydrogen 0.045-0.060, and that the carbon-containing gas is heated
beforehand to temperature 570-700°C; in this case, a mixture of the carbides W»C
and W;C is obtained.

23, Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.45-0.60 and ratie of tungsten
hexafluoride to hydrogen 0.045-0.050, and that the carbon-containing gas is heated
beforchand to temperature 550-680°C; in this case, a mixture of the carbides W3;C
and W,C is obtained.

24.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.65-0.70 and ratic of tungsten
hexafluoride to hydrogen 0.045-0.060, and that the carbon-containing gas is heated
beforehand to temperature 570-710°C; in this case, a mixture of the carbides W,C,
W3C and WC is obtained.

25.  Process in accordance with claim 15, characterised in that it is performcd ata
ratio of carbon-containing gas to hydrogen 0.70-0.90 and ratio. of tungsten
hexafluoride to hydrogen 0.08-0.09, and that the carbon-containing gas is heated
beforehand to temperature 600-720°C; in this case, a mixture of the carbide WC and
tungsten is obtained.

26.  Process in accordance with claim 15, characterised in that it is performed at

ratio of carbon-containing gas to hydrogen 0.70-0.90 and ratio of tungsten
hexafluoride to hydrogen 0.08-0.09, and that the carbon-containing gas is heated
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beforehand to temperature 600-720°C; in this case, a mixture of the carbides W,C

and tungsten is obtained.

217. Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.60-0.65 and ratio of tungsten
hexafluoride to hydrogen 0.055-0.070, and that the carbon-containing gas is heated
beforehand to temperature 560-700°C; in this case, a mixture of the carbide W3C and

tungsten is obtained.

28. Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.20-0.35 and ratio of tungsten
hexafluoride to hydrogen 0.045-0.070, and that the carbon-containing gas is heated
beforehand to temperature 500-680°C; in this case, a mixture of the carbide W,C

and tungsten is obtained.

29. Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.35-0.60 and ratio of tungsten
hexafluoride to hydrogen 0.05-0.07, and that the carbon-containing gas is heated
beforehand to temperature 500-680°C; in this case, a mixture of the carbides W5C,
W 2C and tungsten is obtained.

30.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 1.50-1.70 and ratio of tungsten
hexafluoride to hydrogen 0.10-0.12, and that the carbon-containing gas is heated
beforehand to temperature 750-850°C; in this case, a mixture of the carbide WC and

carbon is obtained.

31.  Process for the deposition of coatings consisting of an internal layer of
tungsten and an external layer containing tungsten carbide on substrates, preferably
on construction materials and on items made from them, characterised in that the

said process includes the following stages:
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(a) placing the substrate in a chemical vapour deposition reactor;

(b) evacuating the reactor;

(c) heating the said substrate;

(d) supplying tungsten hexafluoride and hydrogen to the reactor;

(e) retaining the substrate in the said gaseous medium for the time interval
necessary for the formation of the tungsten layer on the substrate;

(f) in addition to the said tungsten hexafluoride and hydrogen, supplying a
previously thermally activated carbon-containing gas to the reactor;

(g) retaining the substrate in the gaseous medium formed at stage (f) for the
time necessary for the formation of the outer layer containing tungsten carbides and

mixtures of them with each other, with tungsten or with free carbon.

32.  Process in accordance with claim 31, characterised in that it is performed at a
reactor pressure of 2-150 kPa, substrate temperature 400-900°C, ratio of carbon-
containing gas to hydrogen 0.2-1.7 and ratio of tungsten hexafluoride to hydrogen
0.02-0.12.

33.  Process In accordance with claim 31, characterised in that, before the
application of a coating to materials or items made from materials selected from a
group including iron, carbou steels, stainless steels, cast irous, titanium alloys and
hard alloys (cemented carbides) containing titanium, a coating is applied to them
consisting of materials which are chemically resistant to hydrogen fluoride, namely
nickel, cobalt, copper, silver, gold, platinum, indium, tantalum, molybdenum and
alloys, compounds and mixtures of these, by electrochemical or chemical deposition
from aqueous solutions, electrolysis of melts or physical and chemical vapour

deposition.
34.  Process in accordance with claim 32, characterised in that it is performed at a

ratio of the carbon-containing gas to hydrogen 1.00-1.50 and a ratit.) of tungsten
hexafluoride to hydrogen 0.08-0.10, and that the carbon-containing gas is heated
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S10%R& () ratio of the carbon-containing gas to hydrogen 0.75-0.90 and a ratio of tungsten
hexafluoride to hydrogen 0.06-0.08, and that the carbon-containing gas is heated
beforchand to temperature 600-750°C; in this case, an external layer containing

tungsten semicarbide W,C is obtained.

36.  Process in accordance with claim 32, characterised in that it is performed at a
tatio of the carbon-containing gas to hydrogen 0.60-0.65 and a ratio of tungsten
hexafluoride to hydrogen 0.050-0.055, and that the carbon-containing gas 1s heated
beforehand to temperature 560-720°C; in this case, an external layer containing

tungsten subcarbide W;C is obtained.

37.  Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.35-0.40 and a ratio of tungsten
hexafluoride to hydrogen 0.040-0.045, and that the carbon-containing gas is heated
beforechand to temperature 500-700°C; in this case, an external layer containing

tungsten monocarbide W1,C is obtained.

38.  Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.90-1.00 and a ratio of tungsten
hexafluoride to hydrogen 0.07-0.09, and that the carbon-containing gas is heated
beforehand to temperature 670-790°C; in this case, an external layer containing a

mixture of the carbides WC and W,C is obtained.
39.  Process in accordance with claim 32, characterised in that it is performed at a

ratio of the catbon-containing gas to hydrogen 0.70-0.75 and a ratio of tungsten

hexafluoride to hydrogen 0.055-0.060, and that the catbon-containing gas is heated
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40.  Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.65-0.70 and a ratio of tungsten
hexafluoride to hydrogen 0.045-0.060, and that the carbon-containing gas is heated
beforehand to temperature 570-716°C; in this case, an external layer containing a
mixture of the carbides W,C, W;3C and W;C is obtained.

41.  Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.60-0.65 and a ratio of tungsten
hexafluoride to hydrogen 0.045-0.060, and that the carbon-containing gas is heated
beforehand to temperature 570-700°C; in this case, an external layer containing a
mixture of the carbides W,C and W),C is obtained.

42.  Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.40-0.60 and a ratio of tungsten
hexafluoride to hydrogen 0.045-0.050, and that the carbon-containing gas is heated
beforehand to temperature 550-680°C; in this case, an extemal layer containing a
mixture of the carbides W3C and W 3C is obtained.

43.  Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containj;g gas to hydrogen 0.70-0.90 and a ratio of tungsten
hexafluoride to hydrogen 0.08-0.09, and that the carbon-containing gas is heated
beforehand to temperature 600-720°C; in this case, an external layer containing a

mixture of the carbide W»C and tungsten is obtained,
44.  Process in accordance with claim 32, characterised in that it is performed at a

ratio of the carbon-containing gas to hydrogen 0.60-0.65 and a ratio of tungsten
hexafluoride to hydrogen 0.055-0.070, and that the carbon-containing gas is heated
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1109 () - ﬂ&a{ﬁudr)de to hydrogen 0.050-0.070, and that the carbon-containing gas is heated
beforehand to temperature 500-690°C; in this case, an external layer containing a
mixture of the carbides W1C and W,C with tungsten is obtained.

46.  Process in accordance with claim 32, characterised i that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.20-0.35 and a ratio of tungsten
hexafluoride to hydrogen 0.045-0.070, and that the carbon-containing gas is heated
beforchand to temperature 500-680°C; in this case, an external layer containing a
wixture of the carbide W;C and tungsten is obtained.

47.  Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.70-0.90 and a ratio of tungsten
hexafluoride to hydrogen 0.08-0.09, and that the carbon-containing gas is heated
beforchand to temperature 600-720°C; ia this case, an external layer containing a

mixture of the carbide WC and tungsten is obtained.

48.  Process in accordance with any of claims 31 to 47, characterised in that the

coatings are deposited onto frictional assemblies.

49.  Process in accordance with any of claims 31 to 47, characterised in that the
coatings are deposited onto forming tools used for processing materials by means of

pressing.

50. Process in accordance with any of claims 31 to 47, characterised in that the

coatings are deposited onto components and units of machines and mechanisms
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52.  Material in accordance with claim 51, wherein the said tungsten carbide is

monocarbide WC.

53.  Material in accordance with claim 51, wherein the said fungsten carbide is
semicarbide W,C.

54.  Material in accordance with claim 51, wherein the said tungsten carbide is
subcarbide W;C.

55.  Material in accordance with claim 51, wherein the said tungsten carbide is
subcarbide W,C.

56.  Material comprising:

- a substrate made from construction material,;

- and a coating deposited on the said substrate, consisting of an internal
tungsten layer and an external layer containing a mixture of at least two tungsten
carbides alloyed with fluorine in amounts ranging from 0.0005 to 0.5 wt% and
possibly with fluorocarbon compositions with carbon content up to 15 wt% and

fluorine content up to 0.5 wt%.
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59. Material in accordance with claim 56, characterised in that the external layer

of the said coating contains a mixture of the tungsten carbides W3C and W,C.

60.  Material in accordance with claim 56, characterised in that the external layer

of the said coating contains a mixture of the tungsten carbides W,C and W ,C.

61.  Material in accordance with claim 56, characterised in that the external layer

of the said coating contains a mixture of the tungsten carbides W,C, W3C and W,C.

62. Material in accordance with claims 52-61, characterised in that the external

layer of the said coating additionally contains tungsten.

63. Material in accordance with claims 52-61, characterised in that the external

layer of the said coating additionally contains carbon.
64. Material in accordance with claims 52 to 63, characterised in that the internal
layer of the said coating has thickness 0.5-300 pum and the ratio of thicknesses of
internal and external layers ranges from 1:1 to 1:600.
65. Material according to claims 52 to 64, characterised in that the said substrate
layer adjacent to the coating contains alloys with nickel content exceeding 25 wt%,

e.g. Invar, Nichrome, Monel.

66.  Material obtained by the process described in any of claims 31 to 47.
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construction materials and items made from them, consisting of altemating layers of
tungsten and layers containing tungsten carbide or mixtures of tungsten carbides with
each other, with tungsten ot with free carbon, said process to include the following
stages:

(a) placing the substrate in a chemical vapour deposition reactor;

(b) evacuating the reactor;

(c) heating the said substrate;

(d) supplying tungsten hexafluoride and hydrogen to the reactor;

(e) retaining the substrate in the said gaseous medium for the time interval
necessary for the formation of the tungsten layer on the substrate;

(f) in addition to the said tungsten hexafluoride and hydrogen, supplying a
previously thermally activated carbon-containing gas to the reactor;

(8) retaining the subsirate in the gaseous medium formed at stage (f) for the
time necessary for the formatiou of the outer layer containing tungsten carbide or
mixtures of tungsten carbides with each other, with tungsten and with free carbon;
stages (d) to (g) are repeated several times in order to form altem.ating layers of

tungsten and layers containing tungsten carbides.

71. Process in accordance with claim 70, characterised in that it is conducted at
reactor pressure 2-150 kPa, substrate temperature 400-900°C, ratio of carbon-
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alloys, compounds and mixtures of these, by electrochemical or chemical deposition

from aqueous solutions, electrolysis of melts or physical and chemical vapour

deposition.

73.  Process in accordance with any of claims 70 to 72, characterised in that the

coating is deposited onto friction assemblies,

74.  Process in accordance with any of claims 70 to 72, characterised in that the
coating is deposited onto a forming tool used for processing materials by means of

pressing.

75.  Process in accordance with any of claims 70 to 72, characterised in that the
coating is deposited onto units of machines and mechanisms operating with

compressed gases and liqui&s or of other pneumatic or hydraulic systems.

76.  Construction material comprising a substrate aud a muliilayer coating
consisting of alternating layers of tungsten and layers containing tungsten carbide
alloyed with fluorine in amounts ranging from 0.0005 to 0.5 wt% and possibly with
fluorocarbon compositions with carbon content up to 15 wt% and fluorine content up
to 0.5 wt%.
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79.. Material in accordance with claim 76, wherein the said tungsten carbide is

tungsten subcarbide W;C.

80. Material in accordance with claim 76, wherein the said tungsten carbide is
tungsten subcarbide W,,C.

81.  Construction material comprising a substratc and a multilayer coating
consisting of alternating layers of tungsten and layers containing a mixture of at least
two tungsten carbides alloyed with fluorine in amounts ranging from 0.0005 to 0.5
wt% and possibly with fluorocarbon compositions with carbon content up to 15 wt%

and fluoride content up to 0.5 wt%.

82.  Matenal in accordance with claim 81, wherein the said carbide layers contain

a mixture of tungsten carbides WC and W,C.

83.  Malenal in accordance with claim 81, wherein the said carbide layers contain
a mixture of tungsten carbides W,C and W;C.

84.  Material in accordance with claim 81, wherein the said carbide layers contain

a mixture of tungsten carbides W3C and W,C.

85.  Material in accordance with claim 81, wherein the said carbide layers contain
a mixture of tungsten carbides W>C and Wy;C.
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86. Material in accordance with claim 81, wherein the said carbide layers contain
a mixture of tungsten carbides W,C, W;C and W,C.

87. Material in accordance with any of claims 76 to 86, characterised in that the

said carbide layers additionally contain tungsten.

88.  Material in accordance with any of claims 76 to 86, characterised in that the
said carbide layers additionally contain carbon.

89. Materials according to any of claims 76 tO 88, characterised in that the
thickness of its layers ranges from 2 to 10 pm and the ratio of the thicknesses of the

alternating layers ranges from 1:[ to 1:5.

90. Construction material obtained by any of the processes described in claims 70
to 72.
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