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ABStrAct

Pressless split-sphere apparatus (BARS) equipped with an 8-6 type multi-anvil system is used 
extensively for large (6 carats) gem quality diamond crystal growth and various mineralogical and 
geochemical studies at shallow mantle conditions (P ≤ 7.5 GPa). In this study, we extend the pres-
sure range for this apparatus to the conditions of the Earth’s transition zone (P = 20 GPa) using a 
6-8 multi-anvil system. A scaled-up Kawai-cell consisting of 47 mm WC cubic anvils with 10 mm 
truncation and 18 mm MgO pressure medium was employed for the experiments. A 300 mm spherical 
multi-anvil block compressed by a hydraulic system with 2500 atm capacity was used to compress 
the Kawai-cell. A pressure of 15.5 GPa was successfully generated at the oil pressure of 1875 atm. 
The comparison of the BARS apparatus calibrations with those obtained using a uniaxial split-sphere 
press USSA-5000 suggests that pressure up to 17 and 20 GPa in compressed cell/sample volumes of 
1200/60 and 400/18 mm3, respectively, can be generated using a combination of the BARS apparatus 
and the scaled-up Kawai-cell. This cell volume is much larger than that in conventional multi-anvil 
systems, which does not exceed 80 mm3 at the same conditions.
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introduction

The pressless split-sphere apparatus (BARS—after Russian 
abbreviation) developed by I.Y. Malinovskiy with collabora-
tors in the Institute of Geology and Geophysics of the Siberian 
Branch of RAS (Pal’yanov et al. 1990) is known as the most 
compact, efficient, and economical among known diamond-
producing devices (Pal’yanov et al. 1997; Borzdov at al. 2000). 
Its principle originated from multi-anvil designs of B. von Platen 
and N. Kawai, where a spherical multi-anvil block enclosed in 
impervious plastic sheath is squeezed in a hydraulic chamber 
(Von Platen 1962; Kawai 1966). The original design consisting 
of a cylindrical oil reservoir set under a uniaxial press (Kawai 
and Endo 1970) did not become popular because of the incon-
venience of its open oil chamber and the high cost of its press. 
In the BARS apparatus, the oil reservoir is minimized to a thin 
layer between a rubber sheath and a spherical inner wall of the 
vessel (Fig. 1a). Two rubber sheaths are tightly connected to the 
edges of two steel hemispheres so that the operator is never in 
contact with the oil tank (Figs. 1b and 1c). A compact pressure 
pump injecting oil into the vessel is employed instead of a bulky 
press. Moreover, the BARS apparatus has an effective internal 
cooling system, which circulates water between the anvil flanks 

in the immediate vicinity of the heated high-pressure cell (Figs. 
2b and 2c). This accommodates a larger high-pressure cell due to 
a decreased thermal insulation layer. Consequently, the apparatus 
allows experiments lasting for several days (Pal’yanov et al. 
1999b; Borzdov et al. 2000). It would be desirable to extend the 
pressure range of the BARS apparatus for mineralogical studies 
where high temperature, long duration, and larger compressed 
volume are essential (Shatskiy et al. 2007, 2009b, 2010a, 2010b; 
Matsuzaki et al. 2010).

A 8-6 type multi-anvil block consisting of eight steel anvils 
and an inner set of six tungsten carbide anvils holding a cubic 
high-pressure cell, 8–20 cm3 in volume, is currently employed 
in the BARS apparatus (see Figs. 1 and 2 in Pal’yanov et al. 
2010 for conventional configuration of multi-anvil block and 
high-pressure cell assembly) to generate pressures of 5.5–7.5 
GPa and temperatures up to 2650 °C (Kupriyanov et al. 2008; 
Pal’yanov and Sokol 2009; Pal’yanov et al. 2010). This con-
figuration is successfully employed for various crystal growth 
and mineralogical studies (Pal’yanov et al. 1999a; Shatskii et al. 
2002; Khokhryakov and Pal’yanov 2007; Reutsky et al. 2008; 
Pal’yanov and Sokol 2009; Litasov et al. 2009; Shatskiy et al. 
2010b). In particular, data on diamond crystallization obtained 
using this setup were taken as an experimental basis for the cur-
rent conception of natural diamond formation (Klein-BenDavid 
et al. 2009; Stachel and Harris 2009; Pal’yanov and Sokol 2009). * E-mail: shatskiy@m.tains.tohoku.ac.jp


