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What is pressure?

« P = Force/Area »

Conclusion: Pressure can’t be a simple number
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Pressure (« Stress ») : A rank-2 tensor
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hydrostatic stress
(« pressure »)

uniaxial stress
(« pressure »)

shear stress
(« pressure »)



Can always define a hydrostatic component: p = ⅓ ∙Tr s

Remarks

s(r) = (sij(r))  in general dependent on r!
if not: « homogeneous » pressure

1. 

2. 

sij(r)= sji(r)  only 6 components

actually only 3 (« principal stresses »)

3. 



Example

hydrostatic or non-hydrostatic?
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Making pressure

S. Klotz, in: Techniques in High Pressure Neutron Scattering, CRC Press, 2013



The most common high pressure device

- Pipes
- Car engins
- Hydraulic systems
- High pressure gas bottles
- Pressure cookers
-Autoclaves (= high P/T vessels for synthesis)
- Food processing

- High pressure research equipment

The cylinder



‘monobloc ‘ K = Øext/ Øint ‘wall ratio’
sY:                    yield strength

Øext

Øint

Pressure limit: Useful facts

Onset of plasticity:

Burst pressure:

S. Klotz, in: Techniques in High Pressure Neutron Scattering, CRC Press, 2013



Burst pressure

S. Klotz, in: Techniques in High Pressure Neutron Scattering, CRC Press, 2013



Frettage

‘compound cylinder‘

Monobloc:



Cylinder: summary

S. Klotz, in: Techniques in High Pressure Neutron Scattering, CRC Press, 2013

monobloc

compound

burst P



Making pressure: Bridgman anvils
(flat, profiled, toroidal)



Making pressure: The Paris-Edinburgh cell/press

« Compact high-capacity press for HP research applications»

Compact:         10-100 kg
High capacity: 50-450 tonnes
Research:         P=1-40 GPa

See talks Kono, Le Godec, Perillat, Sanloup



E. Ito, Misasa

Making pressure: Multianvil cells

ID06 ESRF, typical: 20 GPa/2000K



Making pressure: The diamond anvil cell (DAC)

See: 
50% of all talks of this School!



NBS Laboratories, Washington, 1958

Overview: W. Basset, HPR 29, 163 (2009) 



« …Charles E. Weir fabricated it utilizing only a lathe, drill press, hack
saw, soldering gun, threading tools, files, and a high speed grinding

wheel to polish the culets… »
(G. Piermarini & S. Block)



G. Piermarini & S. Block, ca. 1984

1972: The ruby pressure gauge



1. Diamonds

1. Seats

What makes a DAC:

(see following talk
Hantsetters)



3. Load frames

Screws « Nutkracker »

Toggle-latch Membrane

S. Klotz, in: High Pressure Physics, CRC Press, 2010

« Syassen-Holzapfel »

« Merrill-Bassett » « Mao-Bell »



Miniature DACs
for high magnetic fields

All plastic diamond
anvil cell, ~30 kbar

D.E. Graf
HPR 2011S. Tozer et al.

RSI 64, 2607 (1993)



Measuring pressure

Primary pressure scales:
(use only the definition of pressure)

High pressure balances P-range: 0-5 kbar

Accuracy: 0.02%

P = F/A



High pressure balances to 3 GPa

- Technically difficult

- Not commercially available

- High exploitation costs

Accuracy: ~ 0.1%

Heydemann, J. Appl. Phys. (1967)



Secondary pressure scales

= Methods which:

 Are more adapted to a specific P range and device

 Have been calibrated to a primary standard

- Volume scales: V=V(P) 

- Optical scales: l=l(P) 



The Decker NaCl scale (1971)

• “Table”, semi-empirical (interatom. pot. + exp. input params)

• P-range: 0-300 kbar

• Accuracy: 0-5 % (!?)

Decker, J. Appl. Phys. 42, 3239 (1971)



Brown’s 1999 NaCl scale

M. Brown, J. Appl. Phys. , 1999
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Probably more accurate than Decker!



The ruby fluorescence gauge

Ruby:   Al2O3:Cr 3+ (« corundum ») 

Cr 3+: ~ 0.1-1 at%

K. Syassen, High Pres. Res. 28, 75 (2008)

0 GPa 20 GPa

Dl/DP = +0.365 nm/GPa

Piermarini et al. JAP 1975



Mao, Xu, Bell, JGR 91, 4673 (1986)
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Initial slope forced
to be coherent with
Decker scale

 « The Decker scale is the mother of the ruby scale »

The ruby 1986 calibration 

(« Mao quasi-hydrostatic scale »)

Curvature coherent with
shock EOS data for V,Cu, Ag
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Other fluorescence gauges

Ruby:
Moderate dl/dp
Large dl/dT

Strontium borate

Matlockite



Pressure transmitting media & 
hydrostatic conditions 

 « Pressure » in physics means almost exclusively

hydrostatic pressure:   s = -dij p

ex: p = -(E/V)T            B= - (p/lnV)T

Why is this important?

 Hydrostatic P is reproducible and easy to characterize

other P-conditions not/only with great difficulties



S.K., J.C. Chervin, P. Munsch, G. Le Marchand,
J. Phys. D: Appl. Phys. 42, 07413 (2009)

N ruby balls

4:1
Meth-Eth

fluid

Example 4:1 methanol–ethanol (Piermarini 1973)

Characterizing hydrostaticity

 K. Takemura



Melting curves: pure substances

Reeves et al. JCP 1964

~80-100 K/GPa ~50-100 K/GPa



Glass forming liquids: P-dependence of Tg

Cook et al. , JCP 1994

glycerol

dTg/dP = 10 K/GPa

4:1 Meth-Eth:      11 K/GPa

DAPHNE:   25 K/GPa

Much smaller than melting lines!



S.K., J.C. Chervin, P. Munsch, G. Le Marchand,
J. Phys. D: Appl. Phys. 42, 07413 (2009)

Compressed gases as PTM



ME: Optimizing compression procedure

4:1 Methanol-Ethanol, see:, S.K. et al., High Press. Res. 29, 649 (2009)



K. Takemura, JPSJ, 2007

Pitfalls I: Freezing of the PTM

K. Takemura, PRL 1995
K. Takemura, Proc. AIRAPT Conf. 2005



Pitfalls II: No PTM

Fortes et al. (2012)

Bezacier et al. (2015)              D, B           41.3 (1)       20.8 (3)    4.0           2.1-10.1            

B0
B0’

(adapted from Fortes 2012)

Example: EOS of ice VII



Takemura & Klotz, unpublished

ruby

1 GPa

Ice VII



Pitfalls III: Penetration

Many many other examples: ex: zeolites, glasses

Message: check crystal structure first!



Pitfalls IV: The Lamé effect

Po

 solid PTMs

Ex: Au powder in NaCl Wang & Weidner, Geophy. Monogr., 1998

 P (Au)-P(NaCl)
 P(Au)-P(NaCl) equation
Ο Heated to 500 °C + quench
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Thank you !
Questions ?


