Ti AIN COATI NGS FOR GLASS MOLDI NG DI ES AND TOOLI NG FI ELD OF THE | NVENTI ON

[ 0001] The invention is directed to a systemfor use in glass nolding
processes, and nore particularly, to a systemconprising titanium alum num
nitride (Ti AIN) coatings for use in glass nolding processes. BACKGROUND

| NFORMATI ON [ 0002] Preci sion glass nolding is extensively used for making
optical |lenses out of glass for a variety of applications including, for
exanpl e, cameras, mcroscopes and collimtors. Two nmethods are conmonly
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nol di ng operations which is chemcally inert at high nolding tenperatures.

SUMWMARY OF THE | NVENTI ON [ 0008] A coating conposition conprising Ti Al"Ny,

where x is about 0.7-1.5, such as 0.8- 1.2, and y is about 2.0-3.0, such as
2.2-3.0, and such as 2.2-2.7. hi enbodinents, a substrate is coated with a
conposition of TiAl"Ny, where x is about 0.7-1.5, such as 0.8-1.2, and y is
about 2.0-3.0, such as 2.2-3.0, and such as 2.2-2.7. The substrate nay have
a coating thickness of |ess than about 1.0 p.m [0009] O her enbodi nents are

di ted t t i Si | di ng. Th t i ncl
Subst r SR e g ien s camod Je SV Rerie pt e STl f 0 2. °
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ot or miaee Tapa. Bk G ptbrhe Wil B AUSOPRIER YA, FOUT DUy e oy
| ayer m@yadenidishdef & wogsd eld & bipthally lesagisdnef nar. & cidrbitheapriofile ddoemepbr
having | ess than about_ 1.2 w. % mnor constituents. 1 Q he
enbod! METACS (e dr s e (e acm%dmaﬂes,c%appﬂﬁ?@%%@PP%@@&?%SSIH% fate
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include TTA,(Ny, where x is about 0.7-1.5, such as 0.8-1.2 and y i s about
2.0-3.0, §W0oh] asOne thafnét by Wieclcwedchiege theidekirdgsofile pchradyend st faikbus 1. 0
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[ 0013] FI GS.. 2A_and 2B are, a photom crograph of a_sub;%kfte with a Ti.N
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Such post coating operations, however, add additional costs to the mold as well as increase the

production time of the molds.
[0007]  Accordingly, there is a need for a cost effective material system for precision glass

molding operations which is chemically inert at high molding temperatures.

SUMMARY OF THE INVENTION

[0008] A coating composition comprising TiAl,Ny, where x is about 0.7-1.5, such as 0.8-
1.2, and y is about 2.0-3.0, such as 2.2-3.0, and such as 2.2-2.7. In embodiments, a substrate is
coated with a composition of TiALN,, where x is about 0.7-1.5, such as 0.8-1.2, and y is about
2.0-3.0, such as 2.2-3.0, and such as 2.2-2.7. The substrate may have a coating thickness of less
than about 1.0 pm.

[0009] Other embodiments are directed to a system for precision glass molding. The
system includes a substrate and a coating on at least a portion thereon. The coating comprises

TiALN,, where x is about 0.7-1.5, such as 0.8-1.2 and y is about 2.0-3.0, such as 2.2-2.7. The
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[0014] FIGS. 3A and 3B are a photom crograph of a substrate with a Ti AIN
coating in accordance with the present invention prior to heat treatnent
and after heat treatment, respectively. [0015]FIG 4 is a photom crograph
of a substrate coated with a coating in accordance with the present
invention in contact with 3 ass Conposition AL [0016]FIG 5 is a

phot om crograph of a substrate coated with a coating in accordance with the
present invention in contact with d ass Conposition B. [0017] FIGS. 6A and

6B hot oni . h  of bstrate t i Tii6 NT i
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ConposististateBngyl insludpriopetungstanxqarhide havingiless then 1. 3wpokumimor eonstitpants. The

tenperature, . r ctively. 10019 . 8A.and 8B are a phot opicro h of a
subst ré:{)%m otgltcg%’% \gmnfaﬁﬁi%siﬂ&]anc%ﬁ%‘ggﬁﬁ W’tsﬁc}@saasbgu%gﬁﬁ%%i ?F%ﬁu c‘afoé'%é‘? ‘%?i or
t 0 expeRMSS oinkke ada@l subXRAs ufa§ HeabduglRsd BENQbAIL fm. MBRP&Atd\SabitratddndAl LED
DESCRI PTI ON [f0020] Before the present materials, nmethods and systens are

descr i BavE 2 profilesaqchrage of igsrcinan alewt PRatm+ Ahe systese M9y alse indudegn intepmeddate t o
the pantj i d ri . i.he y. It
ool oooph e IA SRLAR BN PR BLE L P SHERRHARS e el BB ek Y
for theagpidepmagstaf ordearhinztiog thebef having tewd then wieous i Gnegt. Brmwbedhistimartts. onl y,
and is not intended to limt the scope. For e | e, as . used herein and in
the appenm[’il aE)ﬁl?ﬁr epedigiengaradingchidie _a-wtbocff%‘rr&?ﬂmsubﬁﬁ%e- TRCPMPEE DI ur al
refer e%g%naﬁ&eel%& thiie 1 QO O hnirkl 88K dituctlisChB RS RALRE MM $RIudOR AR KB Wh&Ge
while reference Is nade herein to "a" nold, "a" coatihg, "a" glags, and the
li ke, aneabout @5 ofuch he88-io2 amhy isottloat 2.0 GHh omdias<2. 2317 Bdhewsetthg thivkness

addi ti on, ,the rd."c ri sing' as, u herein i i.ntended to an
Tl et At aneip T By % oS Rhi B30, The mstod Rt be Pl Ries) and
Sci ent ifehifng B%MTalds &UbMALREST Thd Aot 1Bays A TRRRIS ABplgh g CANMRNNYdibe dgyest 00d

by one of ordinary skill in the art, ) )
prior to coating the substrate. The intermediate layer may include tungsten carbide, tungsten or a

combination thereof.
[0011]  These and other aspects of the present invention will be more apparent from the
following description.
BREIF DESCRIPTION OF THE DRAWINGS
[0012} FIGS. 1A and 1B are a photomicrograph of a substrate with a DLC coating prior

to heat treatment and after heat treatment, respectively.

[0013] FIGS. 2A and 2B are a photomicrograph of a substrate with a TiN coating prior to
heat treatment and after heat treatment, respectively.

[0014]  FIGS. 3A and 3B are a photomicrograph of a substrate with a TiAIN coating in
accordance with the present invention prior to heat treatment and after heat treatment,
respectively.

[0015] FIG. 4 is a photomicrograph of a substrate coated with a coating in accordance
with the present invention in contact with Glass Composition A.

[0016] FIG. 5 is a photomicrograph of a substrate coated with a coating in accordance
with the present invention in contact with Glass Composition B.

[0017] FIGS. 6A and 6B are a photomicrograph of a substrate coated with TijgAlx7Ns7 in
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[ 0021] The invention is generally directed to a chemcally inert materi al
system for use in precision glass nolding processes. The systemincludes a
substrate and a coating. In enbodi nents, the system may include an
internedi ate | ayer between the substrate and the coating. [0022] The
substrate may be any nold, blank, sem -finished or finished article. In
enbodi nents, the substrate is a nold or die. Suitable substrates of the
systeminclude high purity materials. In enbodinents, the high purity
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coati ngoatidae coating of the system conprises a titaniumalum numnitride

coating. The stochionmetry of the coati n%ﬁi s Ti ALNy where x_ is about 0.7-1.5
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it is theaidszeth emabditieetseier leghnipuiriygemsisitalbhdteriag haa dpas tistn aboygé wt.Akup by
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constituents. Minor constituents may include, for example, nickel, vanadium, chromium,

titanium, cobalt and the like, as well as impurities, such as iron, calcium, potassium and the like.
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the coating may be applied on and/or coat an entire surface area of the
substrate. The coating may be applied to the substrate such that a dense
defect coating is achieved in a nunber of ways as appreciated by one
skilled in the art. Suitable methods of applying the coating to the
substrate include but are not Iimted to the filtered arc, magnetron
sputtering, plasma enhanced CVD, ion plating and the |like, as well as
cathodi c arc deposition. [0028] The thickness of the coating on the

substrate be_l.e than about 1.0 pm suc | ess t about 0.7 p.m
and such Eg%]es ss‘flﬁ’gf‘? m#gials g’.rghe;ﬁ‘r'\b“ _MEY la”t",]”r‘iig%ﬁ“bgsﬁﬂ ﬁ?ﬁ%@%’ wpesien ‘H’gtth‘? he
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such as | ess than about 3 nm [0030] The i nventors have unexpectedly found
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t enperatu as L I i i i el .mnpate
bost cont 1285 H RSB R LERELINR, 304 LR RPN P Mo BB bOORLS
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pr oper PFE8 FngER AR BmerET caRR SR rate Jady yg & “PHFMBlgéaé%S%P fefythan abou

appl i cats ARgordl sth3R abBIREI RtdH0.8 RAMEOITheIbidtef 8aikit Raydbedfism AHBRSA] k&

ot her enbodi nents, the systemmay include a substrate and at | east one

i nt er mBdiSawte % aglealt- ahie epreesmeantayt MRyeb fiemrabedi @09 to &y8rvindy Bbe tyesen t h
S0t ST B Aol SRR AR A AR R . SR o

i nt er maghiyaicevahadiam daEyidd)ehsntirhfdasiids) nivbivrh @arbidey er a @oshbimtibodrt@f Hatween
the substrate and the coating. Suitable internedi ate Iayﬁrs i.ncl ude hi gh
pur i t y tyagsten cabyle subgiratemay Gayst densitdobiah asti sy §? ggoregfa éleE%Wtﬂ“Heﬂ Y

t hereo ' 0 D 9% M nor L t: er
embodi o T R b o e ko el
preci siroiJ.§! Rssnmdipdiicagion The H6 L5, 88y fided MNdwdmber h.gR0A% apéstedt Uines Tighl/ or

with reactive gl ass.. The th . include. pr ring and/or n uring
" ubo s M ETiser HoicTim P pltetioncn: e ARneRond zpSalROlAThS one
ski || eqod4n] ithepdtibnstdt vahdi ¥ tcarpdpnaenaddifbprefdleh@ct free substrate In
enbodi nent s, t]?'ue substrate nmay have a density of at |east 98% of

t heor et i c#1028knsilhy subsdata magibg findthgerer esmi-dishedrad thosurfaperoygheess andthany be
a high ity tun en rhide b i th f .m

const PULHE a¥ulato R ER B T BhERIS il SR i o
const i tstu@ideSroiEhnessn@l wdasigab 8l tarithi il &lveray@ oA ehdl Mhead Nk oare watue) bf ks thamand
the like, as well as inpurities such as_iron, calciumand potassium In an

enbodi fbeitt, 10 He Siabgs legt thageaporionsmst Addiiennllyalheprefile serBrarRfdte MaetrBi de.

Arter REQMGEAIEBRLDS Wd Eoh dNETRATOS R ThfloRReacRulbb s Slaed beR- For
exanpl €, “the substrate y ‘be finishe y ‘any nethod as appreciated by one
ski | | edontactitiye mofilométee asapptatged byndrelskidied inthghrtess of the substrate nmay be

| ess than _about 5 nm Th rofil e accuracy deviation qf the substrate may
be Iess t B¥ROhbolfe Gy.géenb%‘i °h C%‘f‘ﬂ%?“é‘rﬂﬁ’&ﬁ%%reﬁ?% cogting i B GOTRIE T Ae
addi { | gkl bAGARIh Atridl ERfingUGhe %c]ﬁoﬁh’ﬁ% BE MelcbAR B MIALR, (VREBRUSIs @pbudi Ng
texture and/ or pronote coating adhesion. 10033] The et hod ﬁay t hen i ncl ude
appl yi 0g7-d5codty isgboa 2.0:8.05 ulnstthet enbidenovg tthagoatinyg repvte BiAdonmdisi-1d, & of
Ti A107_1.5N20_30, such as Ti A10. 7- 15N22-30. The thi ckness of the coating
may be about less than 1.0 gm such as less than 0.7 pm and such as | ess
than 0.5 gm The coating is applied such that the as-deposited coated
substratseosurface retai ns and/ or has$-substantially the sanme surface finish
and profile accuracy of the uncoated substrate. In enbodi nents, the coated
substrate has a surface roughness of |ess than about 5 nm The coating nmay
be deposited on the substrate by any method as appreciated by one skilled
in the art. Suitable nethods include any variant of the filtered arc or
magnetron sputtering PVD technol ogies as well as plasnma enhanced CVD, ion




internedi ate | ayer and applying a coating on the internediate |ayer. The
substrate nmay be any material. For exanple, the substrate may have a m nor
constituents content of less than 1.2 wt. % The internediate |ayer may be
a diffusion barrier layer. Suitable internmediate |ayers include high purity
tungsten carbide as described herein, tungsten, or a conbination thereof.
The high purity tungsten carbide internediate | ayer may have a m nor
constituents content of less than 1.2 wt. % The coating may have a

conpositio . JiAlQ 7-1.sN2 0-3 0, such as Ti A108-121\12 2- 27. |
enbodi ﬁﬁ%@ﬁﬁﬁw waIntRrRBeiEeRsy tE?/@fSEe“_hﬁ'aY bEhide Fidrpn EBRE9aTE fger s
may be yR A DbeintGouMB LD e TRIrPRE iOHRbIYed RS e @xil 'ilfit?d:g%ré Tsta!Bil&Fé Bhirkt €PS

after preparing the substrate, after applying the intermedi ate |ayer and/or
af t er apydeniprdrup by pessavkiimgythe Sunfdcace fi ni shing steps include, for exanple,

surface t nts. The coated suhstrate preferahly has a surface. roughness
substant | MORA' R cqmbfie iR ot Sariice sClsry Beorrg i SES e ; M Tidisty
substr ﬂ{eeeoa{igé) Bl BeaiphbRéd SVEAGoCRIBA @ftiR! Brfadd 88488 tHeQubdttattS t TR Soatihe
i nvention and shoul d not be construed as limting the invention in any way.

EXAVPL B8y be@opé:tTndhd substrate sudh thataandensaidatpes coathigi b pehjevsl in hauinhereaitvaye
coati ng_ conpared to c nt i,ona Qatin and. Ti.N, unde | din
o 1 o SRTRARESY Sn RN WBNH. 08I nodSoe aBlliind o colIRET: ARA e

subst r aictude IRl amamt dindited 3 tRfileddird emagHeabii ahiRteyihg,pldsniacdnhhnddt /D, ion
constituents of less than 0.5 w. %having less than 0.2 w. % cobalt.
Three $latiag aad b8 likgras weld s sathogdic areidepewtion f f er ent coatings and then tested

for stabi g T I: . 1 i |

car bon), m}gg}sec?ﬁ%&é‘a éstsr%gl?lzé %A%gslﬁ%}g@tﬁl gg&?\%@% 1\‘?éla}%\l&(' %&%@8@2? PtuJH’zs’(%lf: ]t11i rd
subst r a Eesyvitn abattdd? wint bnd fieh ian Vesp thaneabowad.5 pen. HBhe cogting Stapplitd okt of

Ti 22A @2[\!55 The conparatiyve coatings, DLC apd Tj N re Q%Eai ned.from
comer SeTgeRBREon A rratle aneutsya tha wrsosed mold aur, sybsndalbrppingingd; | ty at

hi gh t errpﬁm@byr ey LROREMINS, FRRLES ackhidly bk dohted\EbSrke 315 he Rsdthhkbe
furnace wth Tlomng UHP N2 that sinulatéd glass nolding conditions Each

sanpl e abmg 0.ht prodaesddad iese thive Ohbtunz semedsutelde fén exaeme.awithhelcdntact type
tenmperatuyre of ahout 670 C for 4 mnutes.and .t.hen cool ed down. [0038]Fl GS.
1, 2, BRAU9EFL @E‘W HSE GG e T R crtele; N CeaR of R St H N
coat i NGalutBSBE Edavigk Yh the As- B sietNg st ey bR N ks Gunsboss hdl suchel aksethandvadtt er

heat treatnment at 6/0 C. FIG 1A shows the as-coated DLC tungsten carbide
subst r dt"é-pef ore heat treatnent and FIG 1B shows the same naterial after

heat trea . . S . t re- t
froated DIEObar ie NFRRAL SR Ui apfed JHBNE R, Wt Jhics SR oaflfels
after kestibtd dakdimgeaas bshastd for kigh. tchipevmsregped anoltiihgna@Rativns dlke in
drastic change in surface roughness hefore d after treatne gclearl

i |l ust FH‘E’B&‘WH@ A ng’%P%§ %fdna?qe_aﬂn%%t%31’&@9%0%%3%%5 Y thfguse o

i nst abiy| lﬁigﬂ p%lgt Bt ARk d’goeﬁ‘ﬁlﬁmé&@hiﬁ)ﬁl@wraﬂﬁﬂdf ShickfAR3 9} FeGrib€d herein.

illustratés the as-coated Ti N coated tungsten carbide substrate before heat
t r eat neWhilcanat Hein@ b@Bdghewspetitie theore, thatievengdrs Afiteefouheé dghat tdifesionenf minbne

TS RUGRSR Pl LB I AR A 83050800 ",

nm  Theestribé®heRBEeven a8 Widhaes peRHBEN eTRerlord, IR ihivbht6RH06 fiHASthitAdyStemk SO
denonstrated instability of the coating as evidenced by the at | east

part i alinchtpgaitia Srntm lhminuanitids (006} fusaibaAersin o8 erigheaurith subssate oat ed
I nvent 'dgl%o;lgtx%?eAl.lge%('}\J@éec( Ehés‘]saiﬂ‘érflo% pffgpe?f?&,t, %gclﬁﬂﬂg,sfo?‘%xample, inertness for glass

molding applications at high temperatures and/or with reactive glass.

=

[0031] In other embodiments, the system may include a substrate and at least one
intermediate layer and a coating. The intermediate layer may be used with substrate materials

described herein or any other suitable substrate materials and with the coating described herein.
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car bi de substrate before heat treatnment and FIG 3B shows the sane materi al
after heat treatnent. The neasured surface roughness (RV5) of the Ti ALN
coated substrate as shown in FIG 3Awas 1 1 nmand after heat treating as
shown in FIG 3B was 2 1 nm thereby evidencing mniml change or
reactivity and/or degradation of the inventive coating at high
tenperatures. In particular, FIG 3B illustrates mninmal, if any,
degradation of the coating after the heat treatnent. Additionally, the

i nventjve coating.denonstrated a signj.ficantly |ower reactivity and/or
coatin ed%tglre%ﬁﬁz?flgb‘ﬁe"[‘rﬁaﬁg‘et E‘X‘?r Bpy f’?\g f@‘%ﬁ?ﬁ\ﬁ%ﬁaﬁ‘ﬁdﬂﬁiqcafs R ond
test Vapsiat fapd @F@c&a@in%?%uitﬁﬁ!@ ihREhdIAS Jayefs BRE RY@NHUS ne@atdls)Gud & two
reactive glass conposifions. dass Conposition Ais a non-silicate gl ass

whi ch wmgsterkatbifleatungstamxoma ermbingtipa thareofdfavagoncmanel t@nabs \WorthdBHeT on B
is a fluorl ne and potassiumcontaining silicate glass which was nol ded at a
maxi mft Wﬁ%?‘ature of 650 C. O the two reactive glass conpositions, d ass

Conposi t i ffoos:f:}_ | SInlPalieR efnbadihiene, thaaivetias s diR6IRO% & hiethod dfetkiige mbldifes a
hi gher softening point and the presence of the additional elenents,
f1 uor i precigind glpst motdingn Thnmoklonpioke vsed it high temeergiies sad/onwith repstis Hpsted by

L L

El emenin &Smamiep ak afpphdpiated by one skilled in the art to achieve a dense and/or defect free
substrate. In embodiments, the substrate may have a density of at feast 98% of theoretical density
and a void volume of less than 2%. The substrate may be a high purity tungsten carbide substrate
with a total amount of minor constituents and impurities being about less than 1.2 wt. %. The
minor constituents may include cobalt, nickel, vanadium, chromium, titanium and the like, as
well as impurities such as iron, calcium and potassium. In an embodiment, the substrate may
consist essentially of monotungsten carbide. After producing the substrate, the method may
include a finishing step. For example, the substrate may be finished by any method as
appreciated by one skilled in the art. The surface finish or roughness of the substrate may be less
than about 5 nm. The profile accuracy deviation of the substrate may be less than about 0.3 pm.
In other embodiments, the method may include additional processing steps such as a surface
treatment to remove grinding texture and/or promote coating adhesion.

[0033] The method may then include applying a coating to the substrate. The coating
may have a composition of TiAlg7.15N2030, such as TiAlg71sN2230. The thickness of the
coating may be about less than 1.0 pum, such as less than 0.7 pm, and such as less than 0.5 pm.
The coating is applied such that the as-deposited coated substrate surface retains and/or has
substantially the same surface finish and profile accuracy of the uncoated substrate. In
embodiments, the coated substrate has a surface roughness of less than about 5 nm. The coating
may be deposited on the substrate by any method as appreciated by one skilled in the art.
Suitable methods include any variant of the filtered arc or magnetron sputtering PVD
technologies as well as plasma enhanced CVD, ion plating and the like, and cathodic arc
deposition.

[0034]  In other embodiments, the method may include preparing a substrate, applying an
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intermediate layer and applying a coating on the intermediate layer. The substrate may be any
material. For example, the substrate may have a minor constituents content of less than
1.2 wt. %. The intermediate layer may be a diffusion barrier layer. Suitable intermediate layers
include high purity tungsten carbide as described herein, tungsten, or a combination thereof. The
high purity tungsten carbide intermediate layer may have a minor constituents content of less
than 1.2 wt. %. The coating may ha_ve a composition of TiAlg7.15N2.03.0, such as TiAlpg.12N24.
27. In embodiments, multiple intermediate layers and/or multiple coating layers may be applied.
The method may optionally include surface finishing steps after preparing the substrate, after
applying the intermediate layer and/or after applying the coating. Surface finishing steps include,
for example, surface treatments. The coated substrate preferably has a surface roughness
substantially similar to that of the surface roughness of the uncoated substrate.

[0035] The following examples are intended to illustrate the invention and should not be
construed as limiting the invention in any way.

EXAMPLES

[0036] The first test examined the stability of the inventive coating compared to
conventional coatings, DCL and TiN, under molding environments (flowing nitrogen) of 670 °C
in the absence of glass. The substrate used was a tungsten carbide substrate with a total minor
constituents of less than 0.5 wt. % having less than 0.2 wt. % cobalt. Three substrates were
coated with three different coatings and then tested for stability. The first substrate was coated
with DLC (diamond like carbon), the second substrate was coated with TiN (TisoNsp) and the
third substrate was coated with the inventive coating having a stoichiometry of TixAl:2Nss. The
comparative coatings, DLC and TiN were obtained from commercial vendors. The coated
substrates were then tested for stability at high temperatures.

[0037] The samples, individually, were tested in a tube furnace with flowing UHP N, that
simulated glass molding conditions. Each sample was introduced into the hot zone of the furnace
and held at a temperature of about 670 °C for 4 minutes and then cooled down.

[0038] FIGS. 1, 2, and 3 are SEM photomicrographs of the DLC, TiN and inventive
TiAIN coating, respectively, on the tungsten carbide substrate before and after heat treatment at
670 °C. FIG. 1A shows the as-coated DLC tungsten carbide substrate before heat treatment and

FIG. 1B shows the same material after heat treatment. The measured surface roughness (RMS)
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45 Bi 45 [00421In this test, the inventive coatings on a high purity
substrate were tested for stability and inertness at high tenperature when
in contact with each gl ass conposition. The inventive coated utilized was
Ti 22AI 22N55 as illustrated in Table 2. A 0.3 1..un coating was applied to a
tungsten carbi de substrate having less than 0.5 wt. % m nor constituents,
having less than 0.2 w. %cobalt. [00431The high tenperature stability and
i nertness test was conducted in a tube furnace with flowi ng UHP N2 t hat

ons i nof D ReRoe HEw et RECR s m iR f SEE G RA s L £ nEagigt e e
of aboytatGrAtifg b9 shdwiih FIGS 1B st %@A’lercﬂﬁh 280NN . TheNdraftidehakg® nCSirface

inertness, a prece of glass of each conposition, respectively, was placed
on t herenghnesd bsfos anchaféer diepimant clearly dBistratghihs exipapise degradation of s @atingres
for each,goated . st.ra | t Lffer gl ass conpositions. The
reacti Sﬂdg nc% glgﬁl{ag'éltéwgtgg‘e&%‘?g%%% r?é\ﬁ)l ngnrlee Eg&tﬁi ned by visual observation,

scanni ng @losgf r ORIGTI2eY Wiasteinys thsh-Edary TINNjaki tingStembabis ssbsahtetbbforshiat ace.
The surface roughness of the coatings on the coated substrate were

det er nitt@iinenty anb Rl ot abews Hisetamsamaigrivlptfics deapfreptnedy  hegagrwchisieses or e
and af E&I&Bh%§ gkﬂﬂ% olfﬂﬁ: ﬂmteﬁ’suﬂﬁ 1S haGh ih BRE1I AL géfﬁ Qa%nﬁaéﬁa%ﬂe h&pange
ghness of 't y t

inthe'r e sanpl e surtace were neasure e optica
prof i | ewatinbiees shesulih FI@r 2B stweva2 + i rhabThe Aifferdimblie s@ f8a mpighnGoatfithg TiN
Cont athoaVc\!:c} Qubstrate also demonstrated instability of the coating as evidenced by the at least partial
degradation of the coating.
[0040]  FIG. 3A illustrates the as-coated inventive TizAl»nNss (TiAliN7 s) coated tungsten
carbide substrate before heat treatment and FIG. 3B shows the same material after heat treatment.
The measured surface roughness (RMS) of the TiAIN coated substrate as shown in FIG. 3A was
1 + 1 nm and after heat treating as shown in FIG. 3B was 2 + 1 nm, thereby evidencing minimal
change or reactivity and/or degradation of the inventive coating at high temperatures. In
particular, FIG. 3B illustrates minimal, if any, degradation of the coating after the heat treatment.
Additionally, the inventive coating demonstrated a significantly lower reactivity and/or coating
degradation than that of the DLC and TiN coatings.
[0041] A second test was performed to test the inertness of the inventive coating with two
reactive glass compositions. Glass Composition A is a non-silicate glass which was molded at a
maximum temperature of 550 °C and Glass Composition B is a fluorine and potassium
containing silicate glass which was molded at a maximum temperature of 650 °C. Of the two
reactive glass compositions, Glass Composition B is more reactive than Glass Composition A
because it has a higher softening point and the presence of the additional elements, fluorine and

potassium. The compositions of the glasses were determined by energy dispersive x-ray

spectroscopy (EDS) and are set forth in Table 1.
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Temp (O) Initial RVS After RMS EDAX I nventive Ti 22Al 22N55 @ ass Conp. A 550
1 2 Ti 23Al 23N54 I nventive Ti 22Al 22N55 d ass Conp. B 650

Table 1
Glass Composition A Glass Composition B
Element EDS comp (at %) Element EDS comp (at %)

O 65 0 63

P 12 F 7

Ge 3 Si 22

Nb 10 K 8

W 45

Bi 45

[0042] In this test, the inventive coatings on a high purity substrate were tested for
stability and inertness at high temperature when in contact with each glass composition. The
inventive coated utilized was Tix»AlxNss as illustrated in Table 2. A 0.3 pm coating was applied
to a tungsten carbide substrate having less than 0.5 wt. % minor constituents, having less than 0.2
wt. % cobalt.

[0043]  The high temperature stability and inertness test was conducted in a tube furnace
with flowing UHP N, that simulated glass molding conditions. Each coated tungsten carbide
substrate was introduced into the hot zone of the furnace and held at a temperature of about
650 °C for 4 minutes and then cooled down. In order to test inertness, a piece of glass of each
composition, respectively, was placed on the coated substrate during the test. This cycle was
repeated 5 times for each coated substrate with the two different glass compositions. The
reaction of the glass and the coating was determined by visual observation, scanning electron
microscopy and EDAX composition analysis of the surface. The surface roughness of the
coatings on the coated substrate were determined by non-contact laser based optical profiler
measurements before and after testing. For example, any surface reactions that caused a change
in the roughness of the sample surface were measured by the optical profiler. The results are

shown in Table 2.
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2 3 Ti 22Al 22N56 [0044] As can be seen, the inventive coating denonstrated
inertness and stability at high tenperatures as well as when in contact
with both reactive glass conpositions. The chem cal conposition of the
inventive coating in contact with d ass Conposition A as determ ned by EDAX
after exposure to high tenperature was Ti 23Al 23N54. The m ni mal change in
chem stry evidenced the relative stability of the inventive coating on a
high purity substrate at high tenperature. Additionally, the neasured
surfaci, bogghness (RVB) of this sanple prior to exposure to high

t enper att le¢ " was about 1 nm and after exposure was about 2 nm FIG 4 is an
SEM PERTRM €T oghaRB Of| TliCodidVeith! Vee®Pdl 1 Mial N | aREAMS W th GEBeX
Conposi tion A after exposure to 550 C. As showniin FIG @, the change in
surface roughness aftef heat treat|ddWwds M3 mal (as coppared to FIG 3A
NERY NG F; ed t re heat treatnent)| furg

evi dgﬁ%ﬁ]‘}g ’?h%l%gil%%l it\‘?%? @?rnz,_ %o te%jr?q at Ei gh tenp@gra% res Tﬁ\%g;lz?}?]ﬂt he
m nj edentivean gBiAd, by f jlaGdass QogipnBss &9d [chedi sty cénposj ti olipAlbNses
sanple—derphstrated—t-he—stabi-Hty—and—inertnessof-the—+hvent+ve
conposition even when in contact wwth a reactive glass and at high

t enper at uf@aq) [ 0REBhb&een, the idAnFRMABRM AThGi:RaEARRBEsstNE siaBN@nﬁtl Mgh
coating in contact wth G ass Conposition B after exposure to 650 C. The
measur ¢anpemtigs es melighindss infecontagtswish rplherepetiverglass cempesitions. tlderghgmical

t enper at ur e.was out 2 nm and after exposure s _about ,3_n TIh

Conpos comBRit oh e cuoRg cafthe Peseilah FERoGlaSs LRhRRRY] Acpnbieshlifed by

Ti 22_ AERAY GficAGosure i Qighi thinfarhtue ABY Eii Al SUL.f T6€ niifiugi dEEge dndhahiery st ry
conmposition of this sanple denonstrated the stability and inertness of the
i nvent ieviderssApbe itelpdye siphiltyveEihe invepliveaceatingtn & el mupty sdwiptg At lighks and
at high te at yr,es. 0 t bi.l 1

ner't nOEUEREET  HBontR e HAGSREH lef, oiREY PSR ChR bl B0 ko 1 1
Tabl e 3xpasutehte highesmpeatusd whhsbauol ent, aad tftarexgbauss weoahpas 2 timo nEIGEH as 8n
Composi tion B. The inventjve coating uti)ized was, Ti 22A 22N55., Th

coat i nSEMaheloniEPeiaph o the (IR AOEEEDGET SN s CESS GIPRRRTG A after
consti f S ﬁ({;}vﬁﬁ}mb : %in HrBRE 8dsk L& Hett RAVhHTal €SS

t han Otegﬁd\}/thl% tOQAPé%S%I f&TSQT e thi ck%’e@g\e%?ngt h% coat f%fgég oSn each subsltglatae was
about GniBinp fas dobP4ief Ao §1Gk Jaitlusteatingithe catedoiubsitaje befdrei hoel treagmenti Surther

descri bed _ab per formed with i ye Coatings, A C.havi
Compos PrIBRAH 1 SeP T AoPercatinisde ST B oo AehOe e DI B AF o ve

sanpl esyMBfeeronLiaeed ahd cBARLAE leoWipbilti6d RFIhiCARPE HéMohsBatcll e RRbRItY @adt i ve
glass at a tenperature of 650 Cin a nitrogen atnpsphere for 4 mnutes and

t hen cdesregssdefvihe imyeativs eqnepagiiionrevse athed iR coriagt Witk afrggctive glpss avthrlehighranl e
3 Sanpl

[y

t&nperatures.

[0045]  FIG. 5 is an SEM photomicrograph of the inventive coating in contact with Glass
Composition B after exposure to 650 °C. The measured surface roughness of this sample prior to
exposure to high temperature was about 2 nm, and after exposure was about 3 nm. The
composition of the coating after exposure as measured by EDAX was Tiz.AlnNss. Again, the
minimal change in surface roughness and chemistry composition of this sample demonstrated the
stability and inertness of the inventive composition even when in contact with a highly reactive
glass and at high temperatures.

[0046] The next test compared the stability and inertness of the inventive coating with
three comparative coatings shown in Table 3 in the presence of the more reactive glass

composition, Glass Composition B. The inventive coating utilized was TizAlxNss. The
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Coating Tenp Initial RVS After RV EDAX (O I nventive Ti 22Al 22N55 650

-2 3 Ti 22A 22N56

coatings were applied on a tungsten carbide substrate with minor constituents of less than about
0.5 wt. %, minor constituents having less than 0.2 wt. % cobalt. The thickness of the coatings on
each substrate was about 0.3 pm.

[0047] A similar test for stability and inertness as described above was performed with
Comparative Coatings A-C having the compositions listed in Table 2. Specifically, the inventive
and comparative samples were placed in contact with Glass Composition B, the more reactive
glass at a temperature of 650 °C in a nitrogen atmosphere for 4 minutes and then cooled down.

The cycle was repeated five times for each sample.

Table 3
Sample Coating Temp | Initial RMS | After RMS EDAX
0
Inventive | TixnAlnNss 650 2 3 TizAlaNse
Comp. A | TijeAl7Nsy 650 2 >200 Ti11AlSi3K N 17047
Comp. B DLC 650 241 >200 Substrate: WoCao;
C100s0

Comp. C TiN 650 5+1 59+1 Ti31K3066

[0048] The Comparative A sample was a substrate having a coating of Tij¢Al»7Ns7. FIG.
6A is an SEM photomicrograph of the Comparative A sample before exposure to high
temperature and FIG. 6B illustrates the sample after exposure to the high temperature. The initial
surface roughness of the Comparative A sample was 2 nm and after exposure to high temperature
was greater than 200 nm. The composition of the coating as measured by EDAX of Comparative
A after exposure to high temperature was Ti;1AlSisKaN17047. The aluminum rich coating was
prone to oxidation and reacted with the reactive glass composition, and therefore, had decreased
inertness.

[0049]  The Comparative B sample was a substrate coated with DLC. FIG. 7A is an SEM
photomicrograph of the Comparative B sample prior to exposure to high temperature having a
surface roughness of 2 £ 1 nm. FIG. 7B is an SEM photomicrograph of the sample after high

temperature exposure and having a surface roughness of greater than 200 nm. Additionally, the
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Conmp. A Ti 16Al 27N57 650 2 >200 Ti 11Al 20S13K2N17047 Conp. B DLC 650 21 >200
Substrate: W20C20;

composition measured by EDAX after heat treatment included an analysis of the substrate as the
coating was in such a degraded state.

[0050] The Comparative C sample was a substrate coated with TiN. FIG. 8A is an SEM
photomicrograph of the Comparative C sample prior to exposure to high temperature and having
a surface roughness of 5 + 1 nm. FIG. 8B is an SEM photomicrograph of the Comparative C
sample after exposure to high temperature and having a surface roughness of 69 = 1 nm. The
EDAX composition measured after heat treatment evidenced a fairly significant change in
chemical composition. Therefore, there was a relatively high degree of instability of the coating
and reactivity with the reactive glass at high temperatures.

[0051] As seen by at least the substantial increase in surface roughness after exposure to
high temperature, the coatings of Comparative A-C samples have significant instability as well as
interaction and/or reactivity with the reactive glass at high temperature.

[0052] Additionally, as discussed above and seen in FIG. 5, the inventive TiAIN coating,
TinAlpNss with an atomic ratio of 1:1:2.5 retained its surface finish and composition.
Additionally, EDAX analysis after heat treatment evidenced minor changes in the composition.
Thus, the inventive coating was highly stable and inert at high temperatures. In contrast, as
shown in FIG. 6B, a TiAIN coating with an atomic ratio of 1:1.7:3.6, as well as FIGS. 7B and
8B, the DLC and TiN coatings, respectively, show interaction with Glass Composition B glass
after exposure to high temperature. From tests on TiN, TiAIN and Al rich TiAIN coatings, it has
been determined that as the Ti:Al atomic ratio deviates appreciably from 1:1, the reactivity of the
coating increases. The test results further demonstrated that a thin, for example, less than 0.5 um
TiAIN coating as described herein, on a high purity WC substrate having less than abouta 5 nm
surface finish, and a profile tolerance of less than about 0.5 um of a precision glass molding mold
remained inert to the higher temperature reactive glasses during molding operation.

[0053] Thus, the coatings of the present invention effectively provide higher glass
product quality and productivity, higher possible glass molding process temperatures without die
fatigue or failure, closer control of dimensional tolerances of glass product, longer service life of
dies and tools, and lower cost of die manufacturing because of the cheaper elements used in the
system.

[0054] The system described herein produces forming tools that are oxidation resistant
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C10050 Conp. C Ti N 650 51 591 11311(3066 [0048] The Conparative A sanple
was a substrate having a coating of Ti1l6Al 27N57. FIG 6A is an SEM

phot om crograph of the Conparative A sanple before exposure to high
tenperature and FIG 6B illustrates the sanple after exposure to the high
tenperature. The initial surface roughness of the Conparative A sanple was
2 nmand after exposure to high tenperature was greater than 200 nm The
conposition of the coating as neasured by EDAX of Conparative A after

exposure,to high tenperature s Ti 2081 3K2N: 7047. The, .al upi nym ri ch
Coat T g haSeTEINEN S R PP ram 4n SUE B T HE oS crPioh e s rof
CONMPOSskfidkdN, TIRBS PrRit@dsOfe theh @bl @b RagRd ptodaétidie 56 glass doaiiatntd heithout
Conparative B sanple was a substrate coated with DLC. FIG 7A is an SEM

phot onittersptiap andmatenial lostrpad thup.be Bfeqdpird apd itherquelbityeng peadvetivity afigiass

' ; . | ' .
phot onPreses S5 e 3L B5Fdedy HAN Ry Ronete shofBbante id ftonds ool
sur f aceuvitedUgihyresision blagy maldéy drifadining Processesidald whikhnlid ahticipared heeirpthat the on

measured by EDAX after heat .treatnent included an apal ){si s of the substrate
as t he e®iRg;angonawstsm cay b utlized gh deplneden melding prepigpglasiienseippanaginge C
sanpl e u e i I ] aph
of T ho “LBRaToRy Y LIEh A IRRURR Akl Slobs arorEmifink pi ot iR RRBLONLEL T

havi ngnet lsmitédiweucto epiinasmsofAdditiohaluse of k1@ co@iBng sndder sgEMnphdudesibat sgroaph of

the Conparative C s | e af.ter exposure t i gh .tenperature_and havi. a
sur t ac B et st odHiigator FHE Taeliee of eisCvb B AL Ratir<a TR Aede. Heh

t r eat NBRINQN nHRHER darBidtalndnYindkgni fi cant change in chenical conposition.
Therefore, there was a relatively high degree of instability of the coating

and react {0856y wiMhsreahpartisalar embodjments ofthif inylntieripee heen descrifed@bafen®r seen
by at | east the,substanti i ncrease.in sunface,rq ess after .exposure to
 on « eiperearct AL it BAERRE o oLk R R SRR o

i nst abild deyaile ®f Wl Presast ihdntioA elay®e nadid/ Withoiedhititigtiiorte intdidot 8oddfineé

gl ass at high temperature. [0052] Additionally, as discussed above and seen
i n FI Gin the apppadedidJaifitsi ve Ti AN coati ng,
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Ti 22A 22N55 with an atomc ratio of 1:1:2.5 retained its surface finish and
conposition. Additionally, EDAX analysis after heat treatnent evidenced

m nor changes in the conposition. Thus, the inventive coating was highly
stable and inert at high tenperatures. In contrast, as shown in FIG 6B, a
Ti AIN coating wth an atomc ratio of 1:1.7:3.6, as well as FIGS. 7B and
8B, the DLC and Ti N coatings, respectively, showinteraction with d ass
Conposition B glass after exposure to high tenperature. Fromtests on TiN,
TiAIN and Al rich Ti AIN coatings, it has been determ ned that as the Ti: Al
at omi ¢ WRAT S %%E&Isapprem ably from1l:1, the reactivity of the coating
i ncreases. The test results further dem)nstrat ed that a thin, for exanple,
| ess than 0.5 gm Ti Al N coating as described herein, a hi gh purit
substrate hA\uoaiglg eapotitian cabposing THA ldd, swhmfeat::elsrabnut%7-lérﬂnda/ lpabﬁui g@-

t ol eragg)e | ess than about 0.5 gmof a precision glass nolding nold
remai n inert to the higher tenperature reactive glasses during nol di ng
operati on. [00531 Thus, the coatings of the present invention
effectively provide higher glass product quality and productivity, higher
possi bRe gl Abscartingcergpsitinneaseordingie elainyd eshaapiprdsebait 8.8 b2i gue or fail ure,
cl oser control of dinensional tolerances of glass product, |onger service
life of dies and tools, and | ower cost of die nmanufacturing because of the
cheapeg. el eTeaitsatiug esmpdasitidhencsotdingo clai 34N Hdreinsyis hlsout B2s2:7.i bed herein
produces formng tools that are oxidation resistant and wear resistant at
hi gh tenperatures, and further provides a surface to which gl ass does not
stick. 4Thes -producti on of gl ass
corrponents \%S?Eout %dr?fegrvilﬂlp%l?g%&glﬁggnﬁgbéé?(lyﬁa%ﬂﬁ%@s? and thus, the life of a
tool and the quality and product|V|ty of glass products to be significantly

For - pr Sci si GHE SPSERS Agtomi DUaE fEHE Brovisecberregn ot i hu Holf LYt £ €0

anti ci pat ed her ein that the coating and/or systemcan be utilized in
tooling for nolding precision glass |enses for inmaging applications, for
exanpl &, nolAdiysigmrienpresisien glassmolsing, epmpitieding gl ass at high tenperatures,
it is not Ilmt d todsuch applications. Additional use of the coating

and/ or syst%rsﬁl n%ﬁeuﬂ’es but is not limted to nolding of |aser collimator

I ens, nol di ago&fngainheleadtid patios tHeldh, wedtinrtke faatihy caepses TIAGN,, hdekires s
tungsten carbide, and mrrors. 100551Wereas, particul ar enbodi ments of
this inaeet O e eabewedk3 Pbed above for purposes of illustration, it
will be evident to those skilled in the art that numerous variations of the
details of the present invention nmay be nmade w thout departing fromthe

i nvent i7on afheefstanescconlingte cigipendddreal mismbout VHAR. 1S CLAIMED |IS: 1. A
coating conposition conprising Ti Al"Ny, wherein x is about 0.7-1.5 and y is
about 2.2- 3.0. 2. The coating conposition according to claim1l, wherein x
is abowt O. &'hésy?stem %coﬁﬁ% Qi) wherthPp istabeit 2Eegr ding to claim1, wherein
y i s about substrate coated with the coating conposition of
claim1l. 5 The subst rate according to claim4, havi ng a coating thickness
of les tha abo t L 001'8111 jis} Cl&lfﬁ‘ GSWe?erﬂlfﬂﬁ)e SL{%@EE&L’:%I % bgésr}g

conpri St ng B ra% and a coating on at eas Fon th ereon
wher ei mhatnt'@ogtola{npmg corrprl ses Ti Al xl\ly, wherel n x i s about 0 7-1.5 and y

i s about 2.0-3.0.

10.  The system according to claim 9, wherein the coating thickness is about 0.5 pm.

11.  The system according to claim 6, wherein the surface roughness (RMS) of the coated

substrate is about less than about 5 nm.
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7. The system according to claim®6, wherein x is about 0.8-1.2. 8. The
system according to claim6, whereiny is about 2.2-2.7. 9. The system
according to claim®6, wherein the substrate has a coating thickness of |ess
than about 1.0 pm 10. The system according to claim9, wherein the
coating thickness is about 0.5 p.m 11. The system according to claim6,
wherein the surface roughness (RM5) of the coated substrate is about |ess

t han about 5 nm 12. The system according to claim®6, wherein the coated
substrate has a profile accuracy of |ess than about 0,5 gm . 13. The system
accor dihg. t DA couii & S WS AP Rs i Bl Kewpe of

t ungst R @hn PRI @t i on thereof having Iess than 1.2% mi nor constituents.
14. The system according to claim 13, wherein the mnor constituents
conprise at |east one of cobalt, chrom umor nickel. 15. The system
according to claim6, wherein_.the substrate ¢ [Lse of.un r bi de
havi ngW‘es s?]?%éwtefl Feggrding, t; ¢laim O N thilhet glf%ggitg.co p%‘?shgl gggﬁng%bg(@hg:
appl yi fAflgdet O3 ddntbitdion tidbtThating lesyiian 812% hitor ulditueatse conpri ses tungsten
car bi de, tungsten or a conbination thereof having less than 1.2 wt. % m nor

constituents, and wherein the coating conprises Ti Al"Ny, wherein x is about

0.7-1.5,and .S, a 2-3 : i L
wher of Kt i Do 53 Bthrefngiolhm 13 IR (RS BRERLGH QA AL SR
accor dbNgbhl, dhk@hiimld,nioMeEr ei n t he coating thickness is | ess than about 1.0

Rm 19. The nethod according to claim16, wherein the mnor constituents
conprise at |east one of cobalt, chrom umor nickel. 20. The nethod

according t ?hé;%?%{eﬁﬂ]&&or fiﬂ.g[' NG5O WM rSh Ak SBRA Béin@ikel RIoBbIREN G Qubigy er
g the S

prior to coatl su rate, wherein the internediate | ayer conprises
t ungst eaviogleks ey 1 2wigkimmonconatimentsi nat i on t her eof .

16. A method comprising;:
applying a coating to a substrate, wherein the substrate comprises tungsten carbide,
tungsten or a combination thereof having less than 1.2 wt. % minor constituents, and wherein the

coating comprises TiAlNy, wherein x is about 0.7-1.5 and y is about 2.2-3.0.
17.  The method according to claim 16, wherein x is about 0.8-1.2 and y is about 2.2-2.7.

18.  The method according to claim 16, wherein the coating thickness is less than about 1.0

pm.

19.  The method according to claim 16, wherein the minor constituents comprise at least one

of cobalt, chromium or nickel.
20.  The method according to claim 16, further comprising applying an intermediate layer

prior to coating the substrate, wherein the intermediate layer comprises tungsten carbide,

tungsten or a combination thereof.
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