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Topics

1) Synthesis, features and applications of NPD

2) Higher P/T generation in KMA using WC, 
SD, and NPD anvils 



Static high-pressure apparatus

Pressure: ~400 GPa

volume: ~10-5 mm3

Laser Heated Diamond
Anvil Cell (LHDAC)

Pressure: ~30 GPa

volume: ~1 mm3

Kawai-type Multianvil
Apparatus (KMA)
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Guide-blocks for KMA
split-sphere DIA

- 3 times more efficient - precise alignment√ 
- easer operation - easer in situ X-ray obs.



Large Volume Press at GRC
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Irifune et al. (2003) 
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Irifune et al., Nature (2003)

Nano-polycrystalline diamond (NPD)
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Sumiya et al., High Press. Res. (2006); Sumiya & Irifune, J. Mat. Res. (2007); Guillou et al., 
Carbon (2007); Ohfuji et al., Phys. Chem. Min. (2012); Isobe et al., J. Nanomater. (2013)

Carbon sources

NPDs with various microstructures

Crystallinity of carbon source
Resultant diamonds



Nano-polycrystal diamond
Indenter
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low thermal conductivity

Thermal conductivity 
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Synthesis of larger NPD

BOTCHAN-6000 1 cm
Irifune et al., Phys. Earth Planet. Inter. (2014) 

ORANGE-3000 (2003-) BOTCHAN-6000 (2009-) 

2003 2009

ORANGE-3000 



Various NPD samples



Ito, Treat. Geophys. (2007)
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Application to DAC  

Deformation of anvil top

Pressure generation 

Nakamoto et al., Jap. J. Appl. Phys. (2007)  
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original culet shape 
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Pressure generation in L-DAC

twice as high 
pressures
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Laser heating
at 4300K

sample

high heating efficiency



Dubrovinskaia et al., Sci. Adv. (2016)

Achievement of TPa using “NCD” 



SC (340* GPa)

NPD (430* GPa)
Dubrovinsky et al. (2012)

Double-stage DAC

Sakai et al., High Press. Res. (2018)

NPD (630** GPa)



Application to 6-8-2 MA  

diamond

diamond

6-8-2 MA

6-8 MA

1 mm

1) sintered diamond 
with Co binder 

2) single crystal 
Ib diamond  

3) NPD 

graphite heater



Performance of the 6-8-2 system
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SD (Co binder) SCD Ib NPD

Deformation of anvil culets
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I-V+

V-
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.
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space
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diamond
electrode

~60 μm

multi-anvil
(Kunimoto, Tange)

Various new applications  

neutron 
(Komatsu, Klotz)

electrical conductivity
(Matsumoto, Takano)

X-ray absorption spectroscopy
(Ishimatsu, Pascarelli, Rosa, etc.)

deformation
(Nomura, Azuma, Wang)

mortar & pestle
(Xie, Yoneda)



Topics

1) Synthesis, features and applications of NPD

2) Higher P/T generation in KMA using WC, 
SD, and NPD anvils 



tungsten carbide 
(WC)

sintered diamond
(SD)

nano-polycrystalline 
diamond (NPD)

Anvil materials for KMA 

Hk E              P     Target P  
(GPa)    (GPa)    (GPa)    (GPa)    

WC        25 - 30 650     ~35         ~50     
SD        50 - 70   900    ~100    ~130
NPD  130 - 140  1200    ~50    ~200    

Material
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Product     Hv (GPa)     HRA        TRS (GPa)    E (GPa)

F                 19.5          93.4     2.5        640

BL130 22            94.2            2.9               660

TF05          24            95.1      2.5                610

Mechanical properties of WC anvil

TJS01             27           >>95   2.6             660

hardness



Performance of the new WC anvil

TEL=3.0 mm TEL=1.5mm

Kunimoto, Irifune et al., High Press. Res. (2016)



Ishii et al., Rev. Sci. Instrum. (2016) 

1˚

60 GPa with the new WC anvil



HT generation in WC-KMA

Courtesy of Y. Zhou



~ 10 K

~ 3300 K

Courtesy of Y. Zhou

Generation and stability of HT in WC-KMA



Zhou, Irifune et al., Geophys. Res. Lett. (2018)

New HT phases of kyanite



Xie, Yoneda et al., Rev. Sci. Instrum. (2017)

~ 4000 K

Further higher T using B-doped diamond

Hime-diamond mortar & pestle 
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Mechanical properties of SD anvil

Sintered Diamond with Co binders

Product     Hv (GPa)     HRA        TRS (GPa)    E (GPa)

F              19.5          93.4     2.5        640

BL130    22        94.2            2.9               660

TF05          24            95.1      2.5                610

TJS01             27           >>95   2.6             660

WD700          60              - 2                  900

hardness
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DIA type MA (e.g. SPEED-1500) 
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Elastic deformation of guide blocks 
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MADONNA-1500

Further improvement 
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Irifune, Rev. High Press. Sci. Tech. (2010) 



Al2O3 pressure medium

Baked pyrophyllite gasket

thermocouple

Mo 
electrode

X-ray

2 mm

Cell assembly for SD-KMA

Tange et al., High Press. Res. (2008) 
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HT generation in SD-KMA

Courtesy of T. Arimoto



~ 2300 K

~ 5 K

Generation and stability of HT in SD-KMA

Arimoto, Irifune et al., Phys. Earth Planet. Inter. (in revision)



Courtesy of T. Arimoto

HT generation in SD-KMA
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WC first-stage anvil 

27 mm

SD second-stage anvil 
18 mm

11 mm

6 mm

TEL =1 mm

NPD third-stage anvil

KMA using NPD anvils 
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Recovered SD and NPD anvils



Replacement of second-stage anvils
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NPD vs SD anvils



sample: Au
slit : h0.05 mm×v0.1 mm
acquisition time: 180 sec.

without anvil gap
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Thank you!

We are looking for 2 post-docs at GRC  

- co-sponsored by ELSI, Tokyo Inst. Tech.

- geo-science oriented HP scientists
- foreign and/or female scientists

- from later this year for ~2.5 years

- You can use NPD as many as you want!


