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Tunbl cBA3M B oKkcuaax v cynbduagax metannoB obycnaBnmBarT Ux
BbICOKYIO TeMnepaTtypy nnaBrieHUs, Masnyro nnacTM4YHOCTb, HU3KUe
3NIeKTPO- U TensonpoBOAHOCTD.

CunbHaa HanpaBrneHHas CBA3b 3aTPyAHAET oOpa3oBaHMe U ABUXEHUe
AUCNoKauum B nonax Hanps:keHUU. [laBrneHne 6510knpyeT nosiBneHune
TpewwuH. MexaHM3mMm obpa3oBaHUA U NepeMeLLeHNA ToYeUYHbIX AedeKToB.

Okcunabl d- MeTannoB: NOHHAst U MOHHO-KOBAarleHTHas, KOBalneHTHO-NondpHas
Cyﬂb(*)l/lﬂ,bl d- n f-meTannoB: MeTannuyeckas U NOHHO-KOBaneHTHas CBA3b

Types of bonds in metal oxides and sulfides are cause their high melting
point, low ductility, low electrical and thermal conductivity. Strong
directional bond hinders the formation and movement of dislocations in
the stress. Pressure inhibits the cracking. The mechanism of formation
and movement of point defects.

Oxides of d- metals: ion and ion-covalent, polar covalent bonds
Sulfides of d- and f-metals: metal and ion-covalent bonds 2



Cxema Kpy4yeHusi noa AaBleHuem —
cABMr noa AaBrieHMeM

High pressure torsion — shear under
pressure

S Z * 1 - obpasel

* 2 — HakoBarbHU (cnnas BK6
-WC-Co, c-NB nnu
«CKeneToH» - HaHoanmMasbl+Si)

* 3 - Tepmonapa
* 1—sample

¢ 2 —anvil (alloy VK6 -WC-Co, c-
NB or "skeleton" -
nanodiamonds+Si)

* 3 -thermocouple




Okcnp méau (1) CuO-
OCHOBHbIN

oKcua AByxBarieHTHOM mean.
Kpuctannbl 4epHoro uBeTta, B
OObIYHLIX YCINOBUAX [OOBOSILHO
yCTOWNYMBbIE, MOHOKINMHHAaA




2/2/2016 méz; HY pressure WD tilt 2/201¢ r - pres WD | tilt
12:43:05 PM |2 000 x|30.00 kV|2.79e-3 Pa|15.5 mm|-1 ° Vi | 3 V|1.84e-3Pa| 9.9 mm|-1°




PbO(Il), maccukoT ()KENTbIN)

y
ADN 2
2/2/2016 | mag

HV pressure WD | tilt 016 mag HV pressure v
1:39:54 PM| 10 000 x| 30.00 kV|1.36e-3 Pa| 9.9 mm |-1° 8 PM | 40 000 x |30.00 kV|1.36e-3 Pa[10.0 mm|-1 °




Fractures PbO after pressing to with shear
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pressure WD | tilt

13000 x 30,00 kv i ;..._ .| kV|3.56e-3 Pa| 7.5 mm ‘-1

Resistant to
temperature 489 ° C

B-PbO (I), massicot (yellow), the orthorhombic system
proceeds under compression and deformation in a- PbO (ll), glét (red)
tetragonal.
With further deformation is reduced to metallic
metal conductive state.
deformation mechanism.
Lowering the temperature reduces the kinetics of the reduction to the metal




X-ray diffraction pattern of Cds
bottom - powder,
at the top - "black" after the sample P =4 GPa, w = 0.3ob / min, ¢ =60 °

Cadmium sulfide -

sphalerite (zinc

blende) and wurtzite. It

has a yellowish color
M/ﬂ Mohs hardness is 3.8.

00000




Electrical resistance PbO in situ under pressure and high
pressure torsion
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Compound -AH (xJ/mol) |Compound |-AH (xJ/mol)
AgO, 31,1 Ag,S 32,8

CuO 162 Fe,O, 822

FeO 264 SiO, 909,5

MgO 601 AL0, 1676

Some decomposition reaction synthesis proceed by explosive
(PVC, chromic anhydride, bismuth oxide)




Criterion of oxides metallization during deformation under
pressure

The oxides and sulphides:
CuQ, Cu,0, PbO, NiO, CdO, TiO, MgO, Al,O,, CdS,
ZnS

The criterion is the recovery value of the enthalpy of the
compound:

CuO - 162 (kJ/mol)
PbO -217 (kJ/mol)

border enthalpy
TiO - 526 (kJ/mol)
ZrO,

Al,O
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with a covalent bond and
diamond lattice
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91412014 mag HV pressure WD | tilt LI NV R —
11:53:39 AM |2 000 x|30.00 kV[6.77e-3 Pa|10.3 mm |0 ° Insitute of Metal Physics



SiO,

in crystalline and amorphous (glass)
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pressure
60 Pa

3 ; 'ZAv
WD

9.4 mm

tilt
|

SiO,- glass (amorphous)

oS : y W ¢
ourr — 500 pm — T S g LS

28 pA| Insitute of Metal Physics /4/2014 | mag| HV |pressure| WD | filt

:41:53 PM| 100 x|25.00 kV| 70Pa 9.1 mm|.0°

curr
9.4 pA

— 500 pm —
Insitute of Metal Physics
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The microstructure of pressed glass powder.
The pressure was 12 GPa, the deformation was
relatively small (0.4-0.7), but "giant” for glass
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9/412014 ‘ mag| HV |pressure] WD ‘ T T T — IR Tt SR ; '
Ry - - g HV pressure| WD | tilt| curr — 50 pm —
S el 0 e D oL hca Bhsics 32838 PM| 1000 x| 25.00 kV| 70Pa | 9.2 mm|0°|9.4 pA| Insitute of Metal Physics
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Microstructure of glass processed by strong
compression. Particle section boundaries are inherited

-

2 ; £ .. i 4 3 A ] ~
9/412014 mag HY pressure tilt| curr —10 pm — 9/4/2014 mag HV pressure| WD |tit| ———5um ———
3:29:56 PM |5000x|25.00kV| 70Pa 9.1 mm|0°|9.4pA| Insitute of Metal Physics 3:33:34PM 20000 x|25.00kVY| 70Pa |91mm |0~ Insitute of Metal Physics
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Cleavages of glass pressed by high pressure arisen after
the subsequent unloading

9/4/2014 tilt ‘ 91412014 re| WD | tilt

9.4 PA Insitute of Metal Physics 3:45:36 PM ‘ 20 000 ‘25 00kV| 70Pa |91 mm|0° Insitute of Metal Physics

3:43:44PM‘5000 2500kv‘ 7OP ‘9‘]mm‘
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WD | tit

curr — 100 ym—
9.4 mm 28 pA| Insitute of Metal Physics

1°

2114/2013 |mag| HV
11:11:53 AM | 500 x| 20.00 kv

pressure
60 Pa

L ¥ ; i

3| hg. H >p'r.>e551‘1re WD tilt '—10.0 m -
11:31:25 AM | 1000 x|20.00kV| 60Pa |96 mm|1° Insitute of Metal Physics

HV bressure wD ‘ tilt | curr —10 ym —
000 x[20.00 kV| 60Pa |9.5mm |1°|28 pA| Insitute of Metal Physics 1 9



Quartz glass

Sio,
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Quartz particles

e

,Q *
8/27/2014 HV pressure WD i 014 | mag | I X R —— T
11:41:17 AM 30.00 kV|7.25e-3 Pa| 9.4 mm pA| Insitute of Metal Physics ; 3 AM |5 000 x|30.00 kV|6.17e-3 Pa| 9.4 mm |0 ® Insitute of Metal Physics
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Pressed quartz SiO2 - the initial state of the crystal structure of the
powder

9/4/2014 | mag HY hressure *’WD tlltn curr | L-'—‘I mm ——
210186 PM |50 x |25.00 kY| S0 Pa [9.2mm|-0°|9.4 pA Insitute of Metal Physics
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Various microstructural states of quartz and glass. Initially close powder
state and identical processing conditions

.

rdpols \mag) Oy toestie| WD I C4U"A }7 . —:MmmI; y 9/4/2014 |mag| HV |pressure| WD | filt| curr — 500 ym —
2A0A0BM S0 I2o.Ub kvl D0ia | el 0 | 94 pAL Insituteof MetalBhysics 3:41:53 PM| 100 %|25.00 kV| 70Pa |9.1 mm|-0°|9.4 pA| Insitute of Metal Physics
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Quartz Sio,
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Rk et Ve et 4 R bl 61 ui s 5 e e & 8 : .
9/4f2014 | mag HV pressure| WD |tilt| curr —500 ym — 9/4f2014 | mag HV  |pressure| WD |tilt| curr — 400 ym ——
2:13:08 PM 100 x[25.00 kV| 50Pa |9.2mm|0°|9.4 pA| Insitute of Metal Physics 2:13:50 PM 200 x| 25.00 kV| 50Pa |9.2mm|0°]9.4pA| Insitute of Metal Physics



Where this occurs?

MoakameHHasa TyHrycka
Podkamennay Tungusk

Lake Chebarkul. Chelyabinsk

Meteor crater Arizone

* At depths of 360-400 km first phase transitions from olivine to
spinel are occures. Coesite SiO21 =300 C°, P = 1,5 GPa, artificial
analogue of coesite was synthesized in 1953 by the American
chemist Coesite (1915-1973). And in 1960, Eugene Shoemaker
found the mineral in the quartz-bearing rocks in meteorite crater in
Arizona. It was later approved as a mineral. Coesite stable in the
pressure range of 28 - 95.5 kbar.

* At a depths of 650-700 km there is the second region of phase
transitions. Stishovite —t =2 1200 C°, 12 GPa
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* The principle possibility of a significant deformation of
brittle materials (metal- and semimetal oxides and
sulfides) at high pressure. Required superimposed
pressure must have a value no less than the initial
microhardness of the material values.

* Oxides and sulfides decomposition by shear under high
pressure poses the problem of experimental
determination of decay of silicon, aluminum and titanium
oxides under high pressure and establishes a possible
determination of their potential as the primary source of
oxygen in the atmosphere of the planet. It is source metal
deposits - tin, mercury, copper and others.

26



Pe3yn bTaTbl N BbIBObl

NMpu paBneHusax B anana3soHe Ma (BepXHASA U HUXKHAA MaHTUA 3eMIn)
NPV HAaNM4YUU CABUTOBbIX HanNpsHXXeHUn (Nonocbl copoca u
noKanunsauuu, paspyLueHme u 3ane4ymMBaHue) NPouUCcxXoauT paspbiB
XUMCBSAI3M Y OKCMAOB U cynbdunaoB. MexaHM3M - B rpagueHTe
Hanps)XeHUMU cyllecTBYeT HanpaBneHHoe ABNKEHNE TOYEYHbIX
AedekToB (NpeMmyLlecTBEHHO BaKaHCUM B 0O0NacTb MeHbLUero
CXKaTuA), YTO ABNAETCA MexXaHU3MOM pa3sgefieHMs aToMOB MeTarnsa u
oKucnuTensi.

CyulecTByeT noporoBasi CKOpoCTb 3chchekTa BOCCTaHOBNEHUS
(pasnoxeHus), ANs HEKOTOPbLIX OKCMAOB NPOLeCC UAET B3PbIBHbLIM
nyTem,

Ansi oOKCUAOB C BbICOKUMU 3HAYEHUSIMU SHTANbMNUU (XUMUYECKHU
aKTUBHbIX MeTasJsIoB) 4OCTUYbL U NpeoaoneTb AMHAMUYECKoe
paBHOBecHUe «BOCCTAaHOBIEHME-OKUCIIEHME» MOXHO TOJbKO Npu
3KCTpPEeMarnbHO BbICOKUX CKOPOCTSAX AedopMUPOBaAHUS, NPU KOTOPbIX
BKauMBaeMasi JHeprusi ConoctaBMmMa ¢ 3Heprmem CBA3nN PeLUETKM.
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1. At pressures in the GPa range (lower and upper mantle) in the presence
of shear stress (band reset and localization, fracture and healing) there is a
gap of chemical bonds of oxides and sulphides. The stress gradient, there
is directed movement of point defects (mainly vacancies in the area of the
smaller grip), which is the mechanism of separation of metal atoms and
oxidizer

2. There is a threshold speed of the recovery effect (decomposition), for a
number of oxides, the process goes through explosive

3. For oxides with high values of enthalpy (reactive metals) to achieve and
overcome dynamic equilibrium "reduction-oxidation" is possible only at
extremely high deformation rates in which the power supply is comparable
to the binding energy of the lattice.
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Thank you for attention
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