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(1) Sound velocity and density at high P-T conditions (fundamental for a 

wide range of scientific topics in materials)  

 

• Thermoelasticity of Metals: Nb, Fe, Hf (poster by Qi et al.)  

• Ce 4f-electron delocalization on elasticity: (La,Ce)-based metallic 

glass  

• Structure,  bonding, and elasticity: high pressure phase of silica  

(poster by T. Chen et al.) 

• Superhard and Superconducting  Niobium Nitride: e-NbN 
 

 

 

Research in Progress 

 

(2) New Techniques Under Development 

 

• Macroscopic stress-strain determination under high pressure 

(poster by X. Wang et al.) 

• Development of travel time pressure scale 

• Simultaneous length and velocity determination under high P-T  

• Measurements to P > 30 GPa to bridge the gap between static and 

dynamic compressions 
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•P is directly calculated using measured V and K of sample 

•Accurate equation of state results due to absolute pressure 

•Characterization of macroscopic and microscopic stress,   

        yield strength, and rheology studies 

 



Group IV Metals: 

• Weak dependence of Vs  

 on pressure 0-10 GPa 

 

• Predicted decrease of Vs with 

pressure after 10 GPa  

 

• Anisotropy and c/a anomaly 

 

See poster by X. Qi et al  from 

Experimental and DFT studies 

(submitted to J. App Phy.) 

Ti and Zr: Phase transitions, 

Elasticity softening  under 

pressure 

Behavior of Hf [Xe] 4f14 5d2 6s2 ? 



Velocity and Elastic Moduli of Nb at High P and T   

P wave S wave 

K  

(GPa) 

G 

(GPa) 

dK/dP dG/dP dK/dT 

(GPa/K) 

dG/dT 

(GPa/K) 

This study 172.8(5) 37.5 (3) 4.6(2) 0.7(1)  

 

-0.067  -0.011 

Katahara 

(1979) 

170.69 3.98 0.47 

dC11/dP =4.9 

dC12/dP =3.2 

dC44/dP =0.2 

Manuscript in preparation 



Superhard and Superconducting e-NbN (Space group: P63/mmc) 

Zou et al, 2016, Scientific Reports (accepted) 



Ce 
 

By M. Jacobsen et al., JPCS, 2014.  



Elasticity of Metallic Glass (La.5Ce.5)64Al16Ni5Cu15 



Effect of Ce 4f electron delocalization on properties 

This study 



Pressure Induced Polyamorphism in Ce-Bulk Metallic Glass: Previous Work 

Sheng et al. Nature, 2007 



Chen et al., Science, 2015 

Ma et al., Nature, 2009 

Non-cubic Dependence of Volume on FSDP positon  



Pressure Induced Polyamorphism in (La.5Ce.5)64Al16Ni5Cu15 

 

• Medium Range Order (MRO) more compressible  

• At ~ 6-7 GPa, MRO and the Bulk equally  

 compressible 

• Ce 4f electron delocalization (volume collapse) 

       spreads a wide range due  

      to heterogeneous environment at SRO 
FSDP V~ q3 

V from exp K, K’ 

Fractal Dimension: 

V ~ q1
D (X. Qi et al., 2015) 



Theory for Travel Time Pressure Scale 
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Application of the New Travel Time Pressure Scale 

X. Wang et al., J. App Phy., 2015 

Equation of state 

Hysteresis Curve 

T. Chen et al., EPSL, 2015 



Stress States under Pressure 

Linear Elasticity Stress-Strain Relation: 

K, G from velocity measurements 

sii=(K-2G/3)(e11+e22+e33)+2Geii 
 

See poster by X. Wang et al. 

For more details.   

Al2O3 

Lattice Strain Approach: 

Osmium under non-hydrostatic  

stress (Weinberger et al., PRL, 2008) 

See also Singh et al., JAP, 1993; 

Kavener and Duffy, 2001  



Summary of Activities and Objectives 

• Sound velocities of transition metals and alloys have been 
studied at  high pressure and high temepratures using ultrasonic 
and X-ray studies, the derived elasticity, K, G, K/P, G/P, 
dK/dT, dG/dT contribute to those databases maintained at 
national labs for SSP studies. .   

 

• New methods have been developed to characterize sample 
pressure , stress-strain, yield strength, nonlinear elasticity of 
materials; we will continue to improve and apply these methods 
to other materials.  

 

• Measurements at higher pressures (P> 30 GPa). We continue 
to apply these measurements to lanthanides (Ce, Pr, Gd, …) to 
bridge the gap between static [multi-anvil and DAC] and 
dynamic [shock] high-pressure experiments.  

 

• Education and training for the next generation scientists for 
the stewardship science program as well as technology transfer 
for conducting advanced experiments using X-ray/neutron 
source at APS/LANL.  



Our Tools at SBU 

Single Stage, Boron Epoxy 

Pressure Medium, mm sized  

Sample, P <20 GPa T<1800K 

Double Stage MA-8 

MgO Pressure Medium 

P <30 GPa, T<2500K 

Sample 5-100 mm^3 

DAC, Liquid or solid  

Pressure Medium 

P to Mbar pressures 

sub-millimeter sample 



Pressures and Temperature Range of the Current SSP Project 

  Using LVP Ultrasonics  

Review paper by Li and Liebermann (2014) 



Simultaneous Pressure, Length and Travel Time Determination in  
Multi-Anvil High Pressure Apparatus at high P and T 

T/R 

dL 

Top of Sample/Front  

of Sample container 

Rear of  

Sample 

 Container 

Rear of  

Sample 

Pressure : From travel time of buffer rod 

Temperature: W-Re Thermocouple 

Length: From Al2O3 around sample 

 

Velocity:  

V(Al2O3)/V(sample) 

 = [L(Al2O3)/L(Sample)]*[(t (sample)/t(al2o3)] 

 

WC Anvil  BR and  

Sample 



L. Stixrude -  2001 


