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Peculiarities and regularities of wetting and contact interaction in systems
containing metal melt and materials based on,, TABO, or HfO, was studied.

For the first time, the wetting of singteystal TiQwith Al, Cu, Ag, Au, Ge,

Si, Sn, Pd, Ni, Co, Fe melts was systematically investigated. Abnormally high
wetting in the contact pair Tg@Dmolten iron was revealed, special studies allowed to
explain this phenomenon by the formation of a second liquid in thetiteomum-
oxygen system under the experiment conditions with the formation of a ternary
compoundd pseudobrukite. Similar phenomena were observed for thg Tabalt

melt contact pair when the melting point of CoO was reached with the formation of
cobalttitaniumoxygen ternary compounds.

Wetting of TiOwith silvercoppertitanium and silveccopperzirconium
melts was studied for the first time, high wetting was achieved, and signs of
TiOzreduction to lower titanium oxides were observed. However, the formation of a
loose transition layer reaction products of the melt with the substrate does not allow
the use of these and other titanium or zirconium containing alloys as brazing fillers.
Wetting of TiQceramics with melts containing vanadium or niobium as active
components was studied. Sufficient wetting for brazing was reached, and relatively
strong brazed joints were obtained.

Wetting of HfG, with pure metals was systematically investigated for the first
time, the wetting edge angles correlated with the affinity of the metal for oxygen. The
interaction of HfQ with iron was observed, which was accompanied by the diffusion
of oxidized iron into the oxide. The interaction of platinum and palladium with
hafnium cations was also observed, which promoted to restore the stoichiometry o
HfO, after the loss of oxygen when heated in vacuum.

Wetting of HfQ, ceramics with the silvecoppertitanium system melts was
studied for the first time. High wetting was reached, microstructural studies

confirmed the role of titanium adsorption providing wetting, as well as stratification
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of the investigated melt. Wetting of Hf@eramics with standard €sn-Pb-Ti solder
was investigated. The contact angles are sufficient for the brazing operation. Braze
joints obtained.

The process of the oxygeleficient zone in the volume of Zg&Gnd HfG
ceramics propagation of in contact with active metal melts directly under
experimental conditions was studied for the first time. The diffusion nature of the
process is confirmed.

The interaction of palladium and platinum melts with zirconia in the context
of the effect on Zr@stoichiometry was studied in detail for the first time. Contact
with the palladium melt promote to restore the stoichiometry of zirconia after it loses
oxygen due to the dissolution of «excess» zirconium in the melt, but this proces:s
slows down over time, probably due to the formation at the interface of the
palladiumzirconiumoxygen system compaund. In the case of contact with platinum,
the stoichiometry of the substrate was also restored, in addition, the spread of th
droplet during prolonged exposure was noted, and the flow rate and the thickness ¢
the transition layers at the oxiteetal interface increased with droplet size
decreasing. Special studies suggest an explanation of this phenomenon: at &
experimental temperature of 1800 °C, zirconia loses oxygen quite intensely forming
as a result «excess» zirconium dissolves in the platinum melt, thus activating it anc
promoting to improve wetting. Similar results were obtained for the interaction of
platinum melt with hafnia.

It was found that in the case when titanium and platinum droplets were
located on the same substrate at the same time, ie the process of oxygen outflow fro
ZrO, was intensified, platinum spreading was much faster. The effect of intense
dextichiometrization of the oxide in contact with the active metal melt on wetting
with an inert metal melt was tested for other inert melts (Cu, Ni, Ge, SGal (Cu
Ge, CuNi, etc.), for which used a scheme of "sandwich", providing contact of one
side of the Zr@or HfO, plate with active metal melt (CTi or Ni-Ti) and the other
side of the plate with a liquid drop of inert metal or alloy. Inert metals intensively wet

nonstoichiometric substrates, microstructural studies indicate a very intense
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interaction at the contact interfaces. The dissolution of «excess» zirconium ofr
hafnium is confirmed by microstructural and-r&y studies, as well as
thermodynamic calculations. Germanium and cojggemanium alloys melts spread

on ZrG, most intensively, it correlates with the formation of higklting
intermetallics in the ZGGe system. In the case of the interaction of copper or copper
gallium alloy with norstoichiometric hafnia, the formation of a large amount of solid
phase in the volume of the drop was observed.

The effect of stoichiometry of zirconia on the morphology of thin fiims of
platinum, palladium, nickel, and copper after annealing in vacuum was studied for the
first time. On the stoichiometric zirconia thin films are collected in the islet, on the
nonstoichiometric one they react with the substrate, thus forming a new phase.

It was found that the simultaneous interaction of Zwith active and inert
metal melts, as in the "sandwich" scheme, there is a potential difference betwee
metals, because this scheme is an electrochemical cell: oxidation and reductio
reactions are separated by an ionic conductor Zffhe process is studied for the
system copper / Zr§) coppetrtitanium, the electromotive force increases with the
mass of copper.

The influence of electric current pass through interfaces on wetting of ZrO
TiOzand HfQ with metal melts for different systems (Z/Ou/ZrQ,, ZrO,/Cu/Mo,
ZrO.ICu-GalZrQ, ZrOu/NilZrO,, ZrOo/Ni-CrlZrO,, TiOo CulTiO,, TiO./Cu/Mo,
HfO,/Cu/HfO,, HfO,/NIi/HfO,, HfO,/Ni-Cr/HfO,). If a drop of metal is located
between the ceramic plates, the wetting of both plates improves due to the dissolutio
in the melt of zirconium, titanium or hafnium from the plate to which the positive
current lead is connected («positive»), while its surface collapses, dissolving in the
melt, on the «negative» a thick layer of oxides is formed due to the flow of oxygen
into the melt under the action of electromotive forces. If a drop of metal is located
between the molybdenum and ceramic plates, the effect of polarity reveals: in the
case of connecting a positive current lead to the ceramic takes place its dissolution i
the melt improving wetting as in the case of two ceramic plates, in the case of

connecting a negative current lead to the ceramic, metals dissolve oxygen, which als
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improves wetting, although weaker. Spreading accelerates with increasing curren
and temperature. Current pass was tested fop Ze€amic brazing, the best results
were obtained for the nickehromium melt. Brazed joints of ZpQreramics with
molybdenum and heaésistant steel were obtained.

Wetting of ZrQ, TiO,, HfO,, as well as AlOs;, BaTiG;, AIPO,, CaF, with
silver-copperoxygen melts in air was studied. Hf@3 wetted better than ZgQafter
microstructural and Xay studies it was explained by the peculiarities of interaction
in contact couples: the adsorption layer of copper oxide, providing adhesion in the
system, at the Zr9/ Ag-Cu-O interface has an island structure, probably due to
copper with ¥%Os; contained in Zr@ interaction, at the Hf®@/ Ag-Cu-O interface
transition layer is more uniform, so better wetting is achieved. When theuAQ
melt contacts with TiQ an eutectic of the Ti&2CuO system is formed, so the liquid
stratification is observed.

The effect of current pass through the interface on the contact interaction of
silver-copperoxygen system melts with zirconia, titania and hafna in the air was
studied for the first time. There was an improvement in the wetting of the ceramic
anode compared to the cathode in the cases of @@ HfQ, explaining by the
reduction of oxidized copper at the cathode, as a result the adsorption layer of coppe
oxide at the cathode is thin and discontinuous at the anode. In the case,dh&iO
wetting of the current flow was getting worse, probably due to the saturation of the
TiO,-CuO eutectic with titanium oxide at temperature increasing caused by the
current pass.

The possibility of Zr@-ceramics brazing with A@u-O melt in air to metals
with high adhesion to their own scales (hestistant steel, titanium, zirconium,
niobium, AkTi) was studied. Higlspeed brazing was used. Relatively strong joints
were obtained with niobium.

The possibility of obtaining higkemperature of Zr@ceramics joints was
investigated. Methods of ZgObrazing with nickelchromiumtitanium melt were
developed, in particular, a method of nickBromium melt spreading on a titanium

plate located on the ceramic surface or in the brazing gap. A method of €ontact
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reactive of Zr@-ceramics to niobium through a nickel layer brazing was developed.
A method of ZrQ-ceramic surface metallization with Al intermetallide was
developed, heat resistance metal coating on ceramic was obtained.

Key words: wetting, contact interactip titania, zirconia, hafnia,

stoichiometry, metabxygen technology, soldering, metallization.
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TiO, + XSi = TiOzx + XSIOf (3.1)

OB s
TiO,+Si=TpOz3+ Si OV (3.2)
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3TiO, + 13Al = 2ALOs + Al3Ti (3.4)

1 © HEf 5d3ts ¢ @Y tadsiL fitdOte fiske O dz’ L d3, dzd dz¥ dzfe ip
(3. 3) 0=p49 7, 3/ disSrdz Hdzv 4 xe=@Giyl, 1 (31 3/ Btsd
2lse " edz' MIs! ydes 6 OCYy 2 HBMSOIsd 5 o dMmt
v OC 5y ftsd3 sdzddz o Hrddzj dzdz?" &3 © " H o(d
dzd L+ €d2 CcO2 o d?2 ¢ & 5 ts L LY dgisOp Arsod§ X dg dzde L j OC
ftslstejBzoOdzs B' dz'' " HESC dZOHdzdr HBMdz' HY J dz

31.1. ¢detsdiOdz' dzgj L sylzo Odzdz tekzlsddzz dozj Is

J JEMf jtedd3j dzls©On s L dssykzo Odzadzr thkis(
tcj OCGkZo OpH Iz J Ti" Qzlsj dzd o dzts, CteOf dz hodHGC
ldHddid?2 CtwO2tod?2 Ckls Ld@sykzo Odzdzy mME dzOo
o' H MWJjtedydes @R ,j dz')f. Isd ydets™  (

1 sSH' BdZO Wsted3O CwOf jd&z2 ~OOSCISjtedzO H
OLd, 't dfssB L Isyke Is- seJjteHl " HC dzZOH !
e BBsylzt .

1 Oted 3. 3 o HMIsOo dzj dzd 2 sMmisd e dzd 2 L 6 O
Besylzo Odzdzw tokzlsddzz tetsL f &ZOosd3 L Odz' L O.

2=

-



135
[sBte] §od lsds, s LOd Lis, ' desyjjdsfyfoHodsst
B Myj bklsotste] ddz? € fdH Uzt EustsQatsq detmdzs (90
hdz' W, YekscwOW' v wiEdsps o] HilsOs dzj dzO  dac

{ d8.3. [Ghd Hdd2 L©OoL&S §' Mdv sodeyjd

{dB.4. zd' % HsMd Hdsets LBOLSO ' Mdv o

10 Isfjtojydsdse f jtejte' L' §6d3 Isdats, Dt
dzj Ld@sykzeo ©e twkzilsddz, o Its?2 yofyp, w¢ ftodf
sOCBYy Mdz' H LOLdOydlsd, s HkzcO t' HJdO
Bsyd Mestedlsd fjteinrn  Hdd2 MO, hMts L OBJL
"o teklsddzz ' Mz R tsdztsH Y | dptzsieds'teOQ Cfots j H fi IS
dz@ d 8)5.



136

tdB.5. NbeEESHmCIsdts’ J/ s@dOfnis (Pic®"
s¢ MG40D

10 BB yWoLde 2 iy od3 Isded?2 Hjtejnrm' HA
odh jLEOHOMEets h &zOC 2.

2B fjtojoYyg@lsdiANQE@GSIsjtcded?2 Is" dz2 € d H
Hismdz' HY § dzes L eiidstoyiztfo dD@ed@®-dzdlrG jOGrtz" L s d3' Mistsd3
LOdZ' L O, © HYf 9" ' H WslstsegtecOW * tetsL ff dz©
ftoj HMIs OB zHR&8.8. dzO

€ B
t dfB.6. | BBsykzo Odzdz" tislEd dzlf @B ozff dzeey s 5@ S
1257 9

C
t dB.7. 1 BB Ykzo Odzdzgv  toik0fef QA O LA diDE] tsdg & N3¢
5rojiodlsted®zE O 10 =~o



137

tdB.8. | Bsykzeo Odzdzy te®OBed dzz ttsL § dzO
O f dzOo dzjidadgwVis;tc B3 Qo lsEd RC Do FlsEd kEC ®@ 5 -

v OS¢ dd3 yd dzts a3, W stc d3lz o Odzdendzd h ya@€ & tc € 10Otfcd
ydmssets L Od L Q dOdzjf s j kit MTdzO0s o, "
dzj o jdzd S dr €' dzr SsMlsw .

vV 9dfOHSCE yYydmbstsets L OdZ L O W sttdilzeo Odadz®
BjLYtsMjtjHdz 5 ftod f dzOo dzj dzdz BJ Is O dzlz
M dzOo z-dzl Ogztzt s Isj B j cOlskztceO® wWCEts dzj dzOE
(te d 8)9,[496)).

Fe - Ni

Data from FTlite - FACT light alloy databases
FactSage

1800

sseal. Liquid

- ?\

BCC-A2

1200

FCC-A1

e _
L12-FCC
L

L L
0 02 04 0.6 08 7!

1000

800

600

()
_“-\\7 T

Ni/(Fe+Ni) (mol/mol)

tdB.9. ' OCcteOdRO Midd dgfpelid misj d3d L O



138

9 Mis Odzs RG ted dzlels’ Hzj A3t J tclOUsdztisiizs, | dfOtep® da
Hiczc O (e dzQUOZz dzts o do yJ dets L d3tsylz 9 O dzdz® dzts iz &
L € tsdzyj dBls 23@p'. ‘Ao ¢ dzOH tsB tc Odzd U97s M €
tcdB.10), o ' dz 9"  Hfit9O' HO' B dz Bz Ctcdoe
LOBJ LY Jyk® o HdesMmdes dzedL ! Sk Isj B j cOlskztcl
LOdZ' L O.

1 tod  dzOe dzj dzdz tetsL f d&zOe dgj GBEEROLZ  § tF
dzOctc’ 9 Odzdz? oL o jdzs HB Eklsotstej dzdz? Hiclzc
Isj &3 j cOlskztc* 1380 Adu. -2BEBBtcd@YW 'f'tso Kt
ftejHibsOBgEhE dO

2z 5B

Blzo

Au - Fe

2000
1800
1600
1400

~ 1200 |

(K

“ 1000 }

800 [

Liauip

thtSage"

BCC_

CC_A1

FCC_A1 + FCC_A1#2

BCC Ié

600 |

400

200

0 02 04 06 08 1
Fe/(Aut+Fe) (mol/mol)

td®.10. 1" OctcOBO fMisOdRBBMmd MiIsj d3d

o™

B

tdB.11. stcOf dz*2 Icfse fdED otz Ajutcn dz2@ tolz
Ofted 1100tgdu 15600 Uwn
sOCBY HEsMdz HY | dets toisd3tf ddD e S Hzdzle G D s 9 o

sdlsOdzz G BOEOH %9 ' Hftso ' H O
A u[49§, tc d 8)12).

jolkjSldy' L



139

{ 5L &zOs L dssyk' o jtendd thkisddkz, M
Mfsmlsjte' ¢O° Is! v, ©HAEROS §sHOd hj dOctk' !
LOW' CifstodPdds &5 j €Ok’ BddL' St 1380 Aw
ftcj HilsO®EHm oo

Fe-Ti

Data from FSstel - FactSage steel alloy databases

. FactSaqge

1900
LIQUID

1700

1500 R

1300 BCC_A2

T(X)

1100 |
BCC_A2 +FeTi

+ LAVES _C14

900

FeTi

700 b BCC_A2 + LAVES_C14

FeTi+ HCP_A3
500 |

300

=k

1 1 1
0 0.2 0.4 0.6 0.8

Ti/(Fe+Ti) (mol/mol)

td®.12. 1 OcOGO MisOdAGEd sy i3d Is

T
{ d8.13. stcOf dzwl 6TE L oD offts oFjetd Bz'0  1é1kzBls8q0dz il

uj B jtcOlsztce® 1380 Aw, ftcd weC¢'2 Mmfts
MdMmlsj] &3O~ , It ML ZOWE tlsdz@ovlz Lt Tu @dz' L s5d3, E
f dzOo dzj dzgdz" ECMdHE L Odz' L O FeO.

s O0Cdd3 yddetsdz, W tstcdilzo O dapef'E SHiSEOS tds’ dzdte’  Hif
2 d3tse ' todzts, it 6 ojopeidzOdgzts a3 jLis O dzlz f sSHOdz h ddk
foduyutsdiz @By dzdo O oL O @dsH ' w h d&zOCEZ L " HE



140
1 "y jCMf jteddij dzls® @ 5 L disykzo-DazEze
Au-2 3 Fe L ~n SdztsH dzd - LicOL G 9 Bzdzd odctsls
By ssHsd MCOdzze Yy’ J dzj € Istets dadzts 3" € et

B W OLddE SB&OMIj2 ' t©SLfsH' d&dpHidpas dls’
v odf OHC z ¢ t5dzls O Guskildsdtaty fiB(Ocd]) L2z d3ts y ¥ O
tsL SO 5o OdzO ©B &OMI! , o w¢' 2 o f{d Isdzd

t sLyddzj dzdz? IsdlsOdzz o L Odza'dej’ fi@estdlisy del =10
C s5dals OC Is dzts50FefiQMgadd BNL5) ISOC Y (i Isdts Wis
we' 2 ftedmikzlsd ' LOdEZ L, ' bkdksOd, o I3

VA
928105 . 10 um 928310 102
(Fse 2% 10 83

‘I': - ~ ‘- : : m
t B 14 tiLkd sOIsd HEfd HYjdd' & 3%O0
L Ofisd ¢ dzts,’  HgOsHHIaRER' S csMistck G E8H ' &i L 0o
CELYsH' d&z IsdlsOddk

{ dfg. 15. t(jLbd Ol HBMd Hyj ddzw Ni-BFey ¥ O
L Ofyls d GTids,’ O Hit 565 C tesflste b GBEEGH ' &i L Oc
tesL f SH ' dzi st ustPEze’; dzcdz’ € j dzo



141

O ZOLEE' Yydz tjLbd kOkd, f§tedmkzlsds fls:
sdlsOdzz, By dz0 MY s l2jseF ec Cls@ sl | ERel® § e b
skdlsOdz dzj tetsL yddzy ' bedi§. 116 ) fOdgswOE & O fHae's
OOz ¢ ' Ydzd 2 Hdzw B ' Ydztsl Odf oty to AWdE O Cdg O lxk
fjtej o' Hdts  E®BEZOMI' djlsOd/

t dfg. 16. t(jLbd sOIsd HEMd HYjdedzv @8Fe, W OL
LOMisd e dts’ &0 fsojtendd twhklsddkz, &jstHsdg
f  HEh 0 O ey O 260 j o2 &Fe C B O &uUy- MY
LOdZ L8 ' T RtzoCtisciz®isizc®n ' & et df BHO; dz ols d
it fsH' dz L sdzslsO



142

v OCdds yd dats d3, f'Hlso jtHy k' Is! Mw ftodf L
o dzOMdz' HSC oL O ' Bsftced YO&EBEZEO yIbOPdigedzy
LOdz" L O CdidzeifdzOp dzJ dzdz MW steditso Odetscts  t5C f
Plsotstcj dgdz?" Htokzets™ t' HEtS™ WOLC(J.

ztsB odL d&Oydlsd mMS¢dzOH WOL, Zlseo t5tc ] BlidsS
odcetslstsodzj dzd?2 M jy' Odz deddd hiOe@ &€ :f oftddd =L
My 99" Hds" | dzdzg’ 30 dtsdz. YikzdFofzgdslsd BBO 4z
o' Hitcj Mso Odzgd?2 LOLES o' HYOdddzd o o0CLk
Yytsets HBMdzZ HYyko Odzd toj dzlsc j detsctcOW " yded d@3 d

t© d 8)17.

N T T
3
PowderCell 2.2
o
o
2, o
= o
& -
L oo’z
(@) L
37 (42
o = (&)
B &
O
as?
e
4.
o
e o =2
= ° 5 b 4 -
[OFY o O© - o O
b 29 & L' s 8
— = @ L Qo = t‘v_‘;
) f& gk Chl g s o
== = [ mnd T © o od u e
= 0 Be EWn Ts®™o % g B9 2 =
o o B o < o & = i:’g 2 N C?., d
® & = ol o = g ZHg _#a £ .8
L ) o S (== L N Dold _ % =g
o O3 I & ML FO, a8 0 gotd
N A P w Y50 | #olek Qu "nro
o ¢ = 890 LiEf© &= §N|_P-mu-
S 3|| 52 g “Es )il i5Re 5
&) eF| S = | 8L BLLE F LeS
< 1—o A Ful O o - S gq
o N ~N -
J RINEL T S
i L SO M o st vAS AA LA ll A
(] . [NINAL [N 1 N ]} N [ I - T 7 B+ &1 11 'ilivi"""' T T

0 25 30 35 40 45 50 55“ 60 65 70
tdB.17. 1 dWtcOCSSecEORO, L O fB®] MEOLOMWwSE S
o' HfOdzj dgséts & 920Ckbds ftd 1580 Au ok

vOCdd3 uddesdz, §° fmdzv oL O BsHYdMIste s  dp
GOMisky &2 WOLd: L Od L ts,TiO Pl ddliGRh F doBij o H



143
wed?2 Eklotts k! fMw fted oL O dsH' & SCHMJHE
Cgfdzs, ' Mdzzo Odzdzr BTES 0@ § Bo fHdals j thE &zGF
o d3° M s ts df499 tdsdCByiAR).

= - 0
TiO, - FeO - TiO, s , 1500°C
Data from FToxid - FACT oxide databases

Tio,

FactSage

ASlag-lig
+ Pseudobrookite

ASlag-lig

Allmenite
+ Pseudobrookite + Fe(s)

AStag-liq + Fe(s)

Tio, , FeO

mole fraction

{d®.18. 1 OO0 s @ DR dgsst) oififdd & GIEFOL S

UBSH' 9oL O d3sH ' s-tclls dhakmd3E zdzO L O g BIsd Is
sCEMds Mv Cdmdzgj &3 L "  HECZOHSd L EkZlasfstej (
MW sted3tso Odzd 2 s¢ MmdH LOdz' L O tesL yd dz |
fsdzj ch 2° Is mMw dzOW o dzZlOy led BLD[BOPE Isd T & & e ©B
23t tcdets, Wtz Is' MW L ke tstej dzsets G M

ltesyd m sy 4 BRI SfidmMOdd?2 g Oy " ¥ :

3xFe + (10+3)xTiO, = XFesTisO0 + 10TiOs (3.5)



144

[ BY O L OL &z2Oydlsd Ststejdzvy' & d3' ¥y oL O o
L TirO ftesyj Moigl], SWMS1T Mmftsmilsjtc’ ¢ O IsyLipw
B Ctosyomsddzes 0dsd f jtojrn' Hdzdr dBBj IsOdz 9, o
"dzlsj dzgmMdo dzO oL O d3sH ' W 4 W istedizo Odzdz” d3 Mt

FeO - TiO, - Fe , a(Fe(liq)) = 1
Data from FToxid - FACT oxide databases
1800 - T - T - T - T

FactSage

1700

1600
ASlag-lig

1500

T(C)

Pseudobrookite

1300

1200

AMonoxide (FeQ)

1100

Allmenite

Allmenite + Rutile
1000 I

1 "
0 0.2 0.4 0.6 0.8 1

TiO,/(FeO+TiO,) (mol/mol)

fdB.19. ' OctOBO #ODzEY thdfffsly dsffpse GizjL O
[50Q

3.1. 2. 1 3sadAeLQfddddve STy & sB Oz sk §ted o dftss

[ME  dz €d oLO BsH'dL 0o BElzZJlsO v TkEBo i
HicEets' t©' Hdded fted Isj 3 J Ozt f dzOo dzj dz
"dehdr MdMmisy d3;TiOL 5O zjddsO, f tedsts J Hj degs BC tej o
L 3sylzo Odadas L fTdz@e sz CtsB Odz! sk L dzOcte’ 9 Odz



145

Isj B jtcOlkztc® § dzOo dzj dzddy$ dRQHBA'Wz AGits B @ de'dls s
1820 Au H'2fMdets LOWoaddkzOMW HEEZEO ' HEO
CtcOf dz' fto] tet)BIo dzj dz' dzO

) LOMsdedzd= S tcOf j dz Bzdzd o dcectlstse dzj ¢
mMCOdzlz® yts* Jd dzJ € Istctsdzdzts” ' Ctetsm i 1321, t .
syjodHdts, hits 9 & YWOLd 2 B&OMI' ' Md
SHdZO LBOGOY]J d&zO Isd Is Odzts d3, Cdzh O o3 Misd s
K" &zZC¢sdz 2 d3se ' todzats, fjtehg@ WOOLHO 2vGotdzw s H difts
MY sdziz ¢ md Mlis-b BEOHENG D dz! SIsOC ¢ OB & Ai@in sT isO
" dzlze Is¢ o -MiGMESY. fBls ) # 5 5B Odz! BiOHOLALD distsH ' dz
LOdZ' L O, IssBlsts tsCdMmdes " Is! mMw, ' Eklseste] dad 3

t dB.20. stOfdv (5B Odz ISiA 6@ iflisd2j s - Uz

tdfg. 21 t jLEd sOlsd HBMdz HY Jdada? d3° Y W OL
LOMde s’ dO o jtend tkisddkz, d&jlstHsdg
B Cleshis et tisizictOn ' dz ¥ s Ofs is'zdz s d Is O dzlz



146

3.2. 1d@sykoOddzr ° CtdzsOClkdzO oL O dBsH ' W
OClkdodzscets BjlsOdzjotscts L §f &zOs bz

4 syoOlsClk Bzt o9doyj dzs L izt Yyde= dfdd”O odex
MdMmis] BfitcBE s Odz, ME "  d €d fBH' BdZ HBMd
9 Ists?2 o yimduEy, 30 hdquostts odSstedMmistseolkz’ Is!
BOIs j o' [pdz' g ¢ tetsL yd dzdzd ¢ H dzw OCIsd o dats”’
fted ctslstso Odzdidl dztiny wg G SO o3 -39@YfydE@s dzOg o " H
J 9lsj ¢ Isd mds.2284509) |, Codeybsdzb@@zlz' vo Otc' ¥ 9 O dzO
20090, [ Sy itcddd delsd fesotsHddzd L O dJ IStsSHE
OClkdodesets tetsLf d&zOokz o ftetsyj M’ dzOc s & O dac
U B jteOslkztcO® JCMf jtoddzj dzls' © MEC &zOHOdzO 1 0C

Ag-Cu

Data from SGTE 2014 alloy database, 1 bar
FactSaqge

1300 - LIQUID

1100 \
FCC_A1

900

TEK)

700

FCC_A1+FCC_A1#2

500 f

300

0 0.2 0.4 0.6 0.8 1
Cu/(Ag+Cu) (mol/mol)

td®.22. 1 OcwO@O - d@idshd Misj &3d o

tiLkd kO jSMijteddjdls' @ 6 L-Bsuko!
sdlsOdz ftcj HiIgE BoXB] ddr aaPc dzv H° CtcOW " €O L O
L 3sylzo Odzdz? o' H SCtdeyd desteOy'® ° IsdlsOdzlz o
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s OCdds ,ydriasiiD o Odzdz? IsdlsOdzz M ted v ff 5
Bklsd HGMWEdkzls' CO2tso Cklsd L ®Bsykze Od
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e ZOHOEO 20 Ols. %. zd' % HShd HYj dd?2
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1 ftijHmMlsOodzi dzds L BBOY J dz BBsy dzO L to
Biy' Wstedkz ! My MCEOHA]?2 §jtejn' Hdd?
L Bsykzo Odzdz?y o MmMdmilsj d3' . s OCtsy Mz H L OL
odhj, dg 3y o tekddtdBE&E5 L OfQ)sdedz 2 CtOf c

[ME " dz € H' B8CMdH IsdlsOdzz L HOIdzgd?2, W
BjlsOdz 9, olstceOyYOIsd ¢dfmj dz L zIs o ts:19,J dzdz
OoLO BBH' W L OSCSIkdodzdd3s d3d sOdzj odd3z tesL f dzO
BOKG[563 OBts H' ¢ MdHIO, ydfiaSsulg fifd dz0 " 3 W OL
LOf dmMOIsd dzOMmiszy dzd d3d tc' o dzw dzdzw d@3d tcj OC y' 3

TiO, + XTi = TiOp.z + 2TIO (3.6)
TiO, + XTi = Ti02-1,5:: + 0,5°Ti,05 (37)

10 pum

t df3. 25 . tdLizd SOIsd HGMdz HY J dedgv -B9CoW OL
20Ti, LOMmMIsde dzty, dgPlstfriste GeUOdzdY Os™ § dzg ¢
T3 CtetsMis o izt€ thsLizfietOH * B tddol’” BEEO ; idcdsly’ tHsH * d& Isd Is

v Ists?2 Yj yYyofm, dwsydde® " dh' tj OCY"

TiO, + Ti = 2TiO (3.8)
3T|02 +Ti= 2T|203 (39)
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 sfdz" HY j dzts L dzB e @ Gtlzfizd Tis OdzH O tederBlle d3 |
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zjgSCts o' HBCtoj &3 d&zOMw o " H o jton dz ¢ jto
MW stcdzlz atf Qranfi§wf 2 toj = ° H dzd 2 h Ots. B Bts o ' todzfs,
®' HBRkzo OdtSiywdjfividdetc j yd tc € sdz’ CdMmdzj o3, Bt ¢
ZOGt' 9 Odadz , * W istocdiskzo Odzdz dis CApfphipidis 5 65 | tg d tzC t

td8.26. 5&-89!3@);!5”.‘5—11%9@0 f 5% jw@dz Sqi O

l " H h Otekz tECMdH' o dZzO0 ftse jtern dz CcOf
fsLBlzlsdmMwY 99 jHjddz" 3 © ttsL Y dzO9 9o j dzd € 5°
HsfQw e O Is! fmw tesL € dMmdzj dedgv [1I]. cidase jf dzts® G
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JSEMy jteddidd degls 5 ACEREBOHY O dedz® tc STEUYddiSotuid; 2 o3
& Misdls! 5%, 3yjMs. HO&OH o H{Y c@d B20[509) o Is j
ABBCLOW " W @B rdzO0o & 2O Lffsteq ts Isdp a3 JTte
jCmy jted k) dzsk teejBRENls Oo dzj dz® dzO
SEOf &84 CBZr LBsyd&OdEi OddL ' Sdd5 S 02
o &' YWOLd 2 tBd&OMs' MYstdzo Osmw L o (¢
fsd3’ Isded 2 dzgOo " Is!' f ‘tewf Bybn) .J O nd fiy edff sl @zls T te
o' HBCtej BB ZOMY o' H §' HS ZOHSJ ¢ & ' tsjke) Isius's!
Csdz Bte, [ OtODds | kizd? sidz? GED * des, YhtsS

Ti,0s, By dzdo’ )OSy~ Sfdhksls: v ' o dzv dz
ATIO; + Zr = ZrG + 2T1,03 (310)
2TiO, + Zr = ZrQ, + 2TiO (3.11)
TiOx + Zr = Z10, + Ti (3.12)
Cu-2Zr
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1 O HEsY tditsc 495 ez dndz etk c O R ts9 Odz' L d3' dzd
Isj B j Okt J ¢ MY J tediB))dzlsdzts d36i @ty C6dRQ d®F y / d3!
tej OCAAL)-270, 99 36 gz, HdzW12) 2 BGS 1’ C( 3/ di3sd
Y d dzts d3, d3tsy dzd o ° o fm L OL dzOyJ dz tcj OCy" |
Hisfndz" HY jdedza" " HshodL Oflsdic diag dzes C tc@®f adeg’ T
fjtejrmn HARBEZ "Ott' ftedhmizls@ 2 E ojddSdr ¢

[ME  dz € Mmf &zOe d, hs o Mlswis! Isd s ©dz
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Bsyj e ehdlsd o dzOfmisde sMmis® § QY Hetff &2z0a ‘69
wesfis® ftedits o, Hdv fSdiziftlydeafizkd Lteisiyfzd
odftesBlzo Odz HEB O Cd oQdeHs" v ' datdzd tsB1'dw
odStedMlsOdz dg' S jdz2 ° MfdzGe & H' L 20
o 0CEE L zO9 OREG dzjdkiglds pdz' 8 C BtolzdzH 5o 5
dz2' Cjdz¢ o & H' BOZO " Hodhdlkd ttsL yd dzd
ftecso jHjdz HEtsMdz' HES J B8OBHBEd &G detfztiz® T O-BdN i
Nb, Htd Isj di3tfj tcOK&E ' -NIDUS O tAds , Is JCgtf j 6Oz
tdLEzdz sOIsd 1 tdgidHBn R G diff.. 20 . dz@ ¢ o dH dzs L
CteOW "' C" 9, Bkdd HsMwedkzls' HEMdI! daL ' ¢
HtSHO9 Odzdz dz' sB" ¥ ' 9 0OdEOH' 8 HEs ' dzgj tolsdadr
HS ftsejicmnds Ti O

sdz' H LOLdOYdisd, s toctsa Gdz@HO dadaly’ todz'L Y job:
fso jtorndf syldidddzsimw ftoed CdalsOCIs L ftso j
LOW o dzWv dzOMw H S HisMW ¢ dzj dzdav Is j &3t J tc QdsizBtds:
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1 LOfMsdedds &OdfEj gt e dzdi © d ¢ &l the dz
3.32 ftjHMmlsOodzjdz & StW slstctcOl 50V, Ni-j toj
40Nb, (Cu20Ni)-20V, (Cu20Ni)-20Nb.

5 \w ‘_ ¥ % \":
O - b AN wa. .
{ dB.32 5B &ZOMIsj 2 Hdzw
TiO, (x250):0i Ni-5 0 V| Ni-4 0 Nbi;(Cu8 0 Ni ) i ZQuWZ0ONi)-20Nb

1l sd3' dets Wistedszo Odzdzy f jtojn' HAzdr N Ote' o
LOL dz2Oydilsd L dOSd L Cds koot H * H2dzY ' C - jndf dz
dz' sB 'Cc" &3 Isj Bdesets o j OCy' 2 dese s h Otclkz o3
ftedmkzlsdz 2 Me " Isdz" h d?2 h Ots. B i3ts o ' todzfs,
esL yddwsls: Mw o & H' (tdfm. 3.33 [508,
WOLd, LBOGOYjdzz " HHE ' LBOGOY jdzz OCIs
fts ftsojtendz'Lt OB{jjOf jykz* OHGjL ' ¥ LO t©0Onk
o0OdzOH "' ¥ OBt dz' sB' ¥ 9 L &zOo"'

lzdzd L3 hOdg' L HACE N Caf BT i' Lo QHzAEH] dzjdgz
Mz dz" h° o " Hf toj Mtse Odz ‘ 9" Hf Odzj dz& 9 9o
Hisfpdz' H Y j d&' toj dzgscg j desistezC sztcdzgd d3 d3j IstsH
"delsjtcftejskoOlsd ydtjLr ftedmikzlsds Mils: dz® dac
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Cu-V Cu-Nb
Data from FTlite - FACT light alloy databases Data from FTlite - FACT light alloy databases
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tdf3. 33 ' OctOdqd OdGEIaY dgkzntgs0P CCuHV;
BT Cu-Nb

[ sy &0 fedflkmsdlsd, hts o HEMd HY ko Od
50" ] OCY"

2TiIO2+V =VO + TiOs3 (3.13)
6TiO, + 2V = V,03 + 3Ti,03 (3.14)
TiO, + V = TiO + VJ (3.15)
TiO, + 2V = 3TiO + \LO5 (3.16)
2TiO; + Nb = TiO3 + NbO (3.17)
ATiO, + Nb = 2TpOs + NbO, (3.18)
TiO, + Nb = TiO + N (3.19)
2TiO, + Nb = 2TiO + NbQ (3.20)

[MC" " dz €d o HBMdZ HYkRoOddr MmMdhls OEGI o
d dzj a3 dzls d, -@=lzjy d dedegjCls Qddz’ € j-di' ¢ jOdz'ts) M E2®p o
otcOnrtsolzo Olsd d3tsy dzd o ; Hiffsls !Is dols' OHdzlzts 8 dzj2dedEMs T i tC
L Cli3f sdzj dzsOdzd tetsL yddzdzd $ O, L B8Cty BBO; 1
sdlsOdz fts tcj OCyYy" Wa:

TiO, + 2V + Ni = 2VO + NiTi (3.21)
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TiO, + 2V + 3Ni = 2VO + NiTi (3.22)
TiO, + 2Nb + Ni = 2NbO + NiTi (3.23)
TiO, + 2Nb + 3Ni = 2NbO + NTi (3.24)

10 HEB{ tdBEd 9T adjdi tB)z €08 50 Odz' L &3 dzg
HOdzd R 8 OCY' 2, GjLbkd SOHdBB8BeDE LK d ¢ c
CEOW ' C' o LOdjydshisj2 L& d jdjte 2
CqgMmdzs) o' H Isj & jtcOlktsd.
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tdf.34. 1 &3 ded J dzj toc * dsts ) dzddprdiFO € Hsdizls O 5 OC
hs d3 MiIsdls: pOdZOH' 2, L Ti O

sOCdd yddsd, L (32408 y ‘&0 dzE 23d5tLe3") ts dzd
Sy ted dsgls g OF y20), B 22)3 23)( [ Byddets,
" dzls jeftej SOy’ tjLbd sOIsd toj dalscj desc Oy
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t d8.35. & ded J dzj to¢ ' dsts oy dzqepEGTFO € Hsdizls OR FOC
hts o' fisdls! ,dz sB' 2, L TiO

3.3.1 OW dzdz#C jTE @R € d

4 syOlsClz HAW,CfBOOdRId THO® MHOWs' fmj B
odftesBlzo Odz Mils OdBud 6 Is dzSNREfliad f I5° o g dzV H °
fetesh €9 o' Hftso " Hdzdr B IOdz' 9. [ HEZOEC &
HizY | dzj o dMsC 8 LtcOL Cd dzj cCts k2 dzz o
fjtojn Hdsets N Otk ftesHEzGIs' 9 oL O d@3gsH '~
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I sfdmOdd- odhj JSMYjtedd3i dgly @O dzjfesq
tesL f ZOo Ok, M58 & Mlswils: o90O0dzOH" 2 ' dz' 5B
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3" 4z C-fetztsB * 2 .

2B LokzLdIlsd ' dzlsjtceo Odzd ff dzOo dzj dzdzv ff t
9O0OdZOH" ‘' d@3 OBts ' sB" ‘3 9 ' HYBBo ' HOMzd J 9ls]
O HY Sde'd)dAs9 )(. v OCtsy odSEttdmistso zo Odzd MW
20 Ols. % dz' € dzg L HBSHO9 Odzdzw d3 15 O
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HisMmis Odecflz! 'ts€° St O2@s oL Offlddsadz’ @ C tcOf dz' 3" y ok
CJteOdz’ Jcdti s’ ctslskzeo Odzd dzOS dzO H2jOddZY dglzG
9 0OdzOH "8 OBB dz tB' ¥ tocL tcOn s Odats’ stse N
o' Hf 5o " Hdzd n BBd s Odzde ¢ jld® - fpfQ@z0O & © dz! d3f WHA
Coi3f tsdzj dzls' © Ctdzlstotsdzs 9 Odzd L 9 O Iz eo @HERHA 2
dz' C-jlzttse ' 2 Isj B jtcOIskztcO § OW dzdzv ) ls-GetzB-g dzelz
9 OdzOH ' ' C-flaysd 1200 Aw, odltcdd®kBE O 5 "o,

Il dzs odetslstsodzj dets L O° HdAdzOdzdzgw € j teOd3 € C
¢ s dzls G js@Aisls d o dzd 2 d3j Is s H f O dedpO,d3" € tistdzd ' f
teLIsON sokzoOdzd Wisdzr ¢z dg' €4 dz¢6, LB tafdif dz
Edssco OR o' HYf 59 ' Hdzs H =l SO Gdd Bl O dadds od
tctsL f dzOo , o5h5ts Qs . ML dz' sB ' 8, O Sl j, LG H
L s ylzo Odedzs , dB3Oo L OBQL i Sudls'dS @dedzy L totsL tfid
H'  2fMdzets ' HBRZMAESMW.

1 2dzO o dd3’ oW dzO d3' ydz fMmlis: slsted d30dzd ~
ftcj HMIs Oosdegddzl.{ B O Odzdz" o  HBERZO OdzZsSMwW f jt
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ldetsbtodzj dzd?2 hdz W f OxSlgstedh € ¢ HLdzOd
shtod BOBSE 5§ Gk @8 tedets M sMsBSd YjtejL
s &ZOMs' CHddsPBEEsTHROY il Bs30®H.dzj [diOy di@d L ¢
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sOCdd yddsds, SsUyO fMsOdHOEk Gshly'tcd Pe
C s s sdzj dzls' o dzjls g I Oezn 5H W Is! »CHj devO d3lfj@afj dedz” dzO
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tdrrwf 4
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4 1. 1 @oylksd pued@s” HYHOHJ VS did udmlsddd &ils

Il zdzs HtsMdz' HY j dats -G jdisQudz' o Oflzdztic W HHE d®  y d
o jzidz SOId ftoj HilsQoldzj dad Ic@WOIB @ b d &z H '
L Odzj ) dets s CtcO2tsotsets SO L ddsylzo Odzda?
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: : Cdzj " Ww | " BB

[jq Y4d da‘fHJ e G ftggggiggsgmwz ®jlsOdk

* 0,5 dsisdpGEr ¥/ ¢
Sn 1000 136 -350,292
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Cu 1100 120 -264,758
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Au 1100 130 -100,698
Si 1450 93 -540,935
Ge 1000 142 -343,665
Pd 1560 113 -265,121
Pt 1800 108 -242 .51
Ni 1500 110 -397,996
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\% 1900 77 -634,207
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2B odL d&Oydlsd MEd&zOH WOL, ftedmkzlsds =~
f &zOIsd dzd L H' sCMdutsds ydtes sdz' & , Blzeo o
tcj dzls@ j desGtc OW ° ydad = Hisfpdz" H Y j d& ftodetsis:
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oL O" diBBH " L c &zZOH dzd M C ts9 d d3e yqs sdz ° o3,
Wistedglz* Ist mw " srj.tcd3) s®U] MMd Nizssy kzIs Blzlsd
&ZOMmiskzf dzd disd W tstc d3zlz dzO dz3( :

ZrOp. + 5xXNi = (1-0,5X)ZrO, + xNisZr (5.7)
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tdm. 5. 41. [ JWcOC sBEtORO f jtojn' HdSG TS
f " HCdZOHECtsE L H'  B8ECMdHE yYydueSsod: & f° fdzw
HsHtMdz' Hdets’ LB 9 teOd3 0O daz'C/jAas@ dz ig O filzo
CdzsOC sk L tosL f 289 B8@dz) dz' ¢ j dzte ° dg' € j dz

VL OSCEKBE odfOHSE fsyjf, " o' HBESOC
S dMOdd2 L OCOd dddi to' odew dadzv &5 t6j OC Y

ZrO, + 2Ti + 5Ni = 2TiO + NiZr (5.8)

10 HB ke [499, 6 jBzs®PE sy HOdzdR NN SHTS
o zOMIsd o sMis¢ 2 " gzl | to difj tls Owid) s @ o dzlji[B2 - @ Iz dAs
L tcORtSo Odzets L 3" delz f Jlssdlsts’ j dzj teG ' BOAp' BE
o sdets MEFAO,dAS7T S 3/ Bsdz' .

vuOCtsy LO HsH sHEeEdty deQ MizteimizOR zo Olsd |
f OtcOBjIsted ‘dzhdm t©jOCy 2, hts o' HBLO OF |
fteso j HJ dadz d €My J tod dgij did'9 9 ydeOd tc )& dz@Bis* 1
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9 HBEZ9oO' Is! MW ' H YO JjSMfjteddj delslz 1
CjtOdi CO/d Sjdz / sdlsOdz Bsyj BRI 4§ dMOC

Zr0, + 2Si + 2Ti = SibZr + 2TiO (5.9)

1G Hdes L L O~ EZdC O3, 1 totsg4psy, § dzd dgd
ddzj ee’ ° | B.BIMO fagdoClyj B J(OOkzte® J MY jte
144,525 G/ d3tsdz, IstsBlsts 2dtse " todz Mils! H

532( MY j o daSdngzzs L ywHf OO®R' C 5

{ $MYf jtedd3j dzlsd L HSHMdz' H dgg ozt @ B Uotc C 5 €
oS tedmMlstseo zo OdzOMw  tctsdf @R § dgz® ) lssdlzdd€dO
ZOMmMlszy dzd d3d * dzj telsded d3d 34 s Odzjy o d B3 tetsL f dzC
Cu17,5Ga, C0Ge, Ce2 O Ni . tdLrkzdz sOIsd yd= JSmMmyj
odecdzvH' WtlktscteOW' ' 2diip@Rj dz's,S OL ©OUAD| dg®,L 1 «
HdzW HBHBMdZ Hdzs-C jLeO dg CCdO /defs' HH !/ /HE dTs O dz.

t dfjp. 4 2. tdLkzd O jICdgf\ylca@3fdizis' @ o ¢ K
«mj dzw ot 'dzyy L GUHIOS/CUTI, BOSC Md 3Odzt dz2O@ Is§ &3 § 6O
1100A ¢ ;i f @209 dzj dzdi'2 B'PA 5:9A R0 & B0 m&AS5 [ o
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t sLls' COdzdzgr CtOf dz', wEC HdgWe Oedz] fCEH C 3" L
dzf MmMismisjt' cO Is! Mw, ftoslsj]  sd3 Isdats, h
o dzOMdz' HiSC [z1Is o tste jsdedfifipidif dste | tc@tddd o BBt Iso j to!
o zOMdzy CtOf dz' . [ eS| teizglz o tPtdagial Yshipiseisd) tc dgj Is ©
CuHf; (tc d §43[524) OB 5 tetsL yddzj dzdzgv yYOMmisddzed ¢.dMmds
sOCBY MdzZ'H LOL&BOyYdisd, hts L diisylzeo Odedzgy o f
B HHE, CtO2Bod?2 Skl Ldisykzeo Odzdz" L dzdL d o f

Cu - Hf

Data from SGTE 2014 alioy database, 1 bar
FactSaqge
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tdB.43. ' OCtkOHDN @POdzk o5 H ¢

10 tdMm. 5. 44 ftcj HMNIsOo dzj dz' WslstsgtcO
HisSHEMdz' Hdats® LB MY BORIE O dg ¢ HizO/ Isd Is O dz.
J St jtod d3j dzgls Qe LLls " ZrOQizdzy € tc Off dz' ' HBLkOo O
dz' ¢ J dz L EjutlzO B3 Zrz0O L CtcO2tsodds Skzlstsdz B«
ftosswesd 20 reoddzddz HtsMWEO' s v CtO22TS
odMmMtsCO hoadHC' Mis! ftesyd m' o, hts ©" ' HBEkOC
s B j cOlkztess . vOCtY Aoy dO L OL &BOydlsd H
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Wstedsd O YOSk ttsLls' COdadzy, hts s d
syjodHdats o dzOMmdz' HisC tetsL yddaj dedzw € tsd3tf tsdzj C

o B

)] G
tdfl.44. t(jLkd sOkd jSMyjteddjdls' @ 6 L

«f J dzw dliTHIQ/NI/TI, BOC I BOdz! dzO Isj i3 j BOIsk&EO @
f dzOo dzj dzdzw T Glz' 5 ik ;- B ©9

1 Otedms 45 fjHflsOsdzjdZ VWsksewoy '
&MY Jted d3j dals® ofjuda@ o Ml jrigs sfpdz’ Hdets® LB te€
CjuOd SO/ & H! /IsdlsOdz

G H J

it dfy. 45. tdLrkd Ok JS¢mMmijtedd3j dzls’ o fts L
«fn J dzw &EW/HIO/CUTI, BOC M BOdz! d2O0 Isj BB J tOIskzic O
f dzOo dzj dzdzv TGlrt@di@da' b3 B4 M@HDHLS5 jrno

U YBs Yy d&z0 L OL d&zOydilsd MmMatsy toj L B-dzt 1449 I<d
CjtcOz" €d: o BBtsn 9adfOHCOR totsLiIs’' € Odadaw
BJLYiBMjtejHdy 5 §tod § dzOo gl jad®O 3’ & jdtc dzOtdAO 2



