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Pressure calibration of piston-cylinder assemblies

Introduction
 In this appendix, the procedure for calibrating the sample pressure in 12.7 mm diameter 
NaCl and talc-pyrex piston-cylinder assemblies (Figure A-1) employed at VU University 
Amsterdam is described. All high-PT experiments were conducted in an end-loaded piston 
cylinder (PC) press (Boyd and England 1960) at VU University Amsterdam. Nominal sample 
pressures in a PC apparatus can be obtained from a combination of the applied hydraulic oil 
pressure and the known cross-sectional areas of the 12.7 mm piston and hydraulic ram (Boyd 
and England 1960). However, true sample pressure is generally lower than the nominal pressure 
due to frictional losses both in the assembly and at the assembly-pressure plate interface. The 
extent of frictional loss has to be determined for each assembly-press combination used in high-
pressure experiments. Two well-constrained phase transitions were studied for the calibration 
experiments:

1. NaAlSi3O8 à NaAlSi2O6 + SiO2 (albite to jadeite and quartz), which takes place at 
21.2 kbar (800°C) and at 26.5 kbar (1000°C) (Holland 1980) and 

2. Fe2SiO4 + SiO2 à 2 FeSiO3 (fayalite and quartz to ferrosilite), which occurs at 14.0 kbar 
at 1000°C (Bohlen et al. 1980).
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Figure A-1. Talc-pyrex and NaCl assemblies calibrated at VU University Amsterdam. Numbers 
refer to the following parts: (1) pyrophillite sleeve lubricated with MolyKote®, (2) Silver-steel plug with (3) 
central hole for 4-bore alumina thermocouple tubing, (4) outer talc sleeve lubricated with MolyKote®, (5) 
inner pyrex® glass sleeve, (6) graphite furnace and 2 mm end-cap, (7) machinable Al2O3 spacer with central 
hole for thermocouple tubing, (8) hole for noble metal capsule and (9) outer NaCl sleeve.
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Methods

Starting materials

 Albite glass starting material was prepared by mixing appropriate masses of high purity 
oxides and carbonates. Al2O3 and SiO2 (Alfa Aesar, 99.95% and 99.8% purity respectively) were 
fired overnight at 1000 °C prior to use. Sodium was added in the form of Na2CO3 (99.95-
100.05% purity, Alfa Aesar), which was dried at 110 °C overnight prior to use. The mixture 
was ground under ethanol for an hour in an agate mortar, dried in air and decarbonated in a Pt-
crucible in a box furnace by gradually raising the temperature from 650 to 1200 °C at 50°C h-1. 
The sample was then molten at 1450 °C for 30 minutes and quenched by immersing the bottom 
of the Pt crucible in water.
 A chip of the albite glass was embedded in epoxy, polished and carbon coated. Its major 
element composition was verified using the JEOL JXA 8800M electron microprobe at VU 
University Amsterdam, using an accelerating voltage of 15 kV and beam current of 25 nA. The 
used spot size for the analyses was 10 mm to minimise sodium loss during analysis. Analyses were 
calibrated against primary standards, diopside (Mg, Si, Ca), fayalite (Fe), corundum (Al) and 
jadeite (Na). The peak and background count times were 25 and 25 s (2 x 12.5) respectively for 
major and 36 and 36 s (2 x 18 s) for minor elements. Data were corrected according to the ZAF 
algorithm. The albite starting glass composition is: 68.3(7) SiO2, 19.7(11) Al2O3 and 11.7(9) 
Na2O [Numbers in parentheses indicate one standard deviation of replicate analyses in terms of 
last significant numbers (1σ): 68.3(7) should be read as 68.3 ± 0.7]. MgO, CaO and FeO totals 
were <0.03 wt%. 
 Fayalite powder was provided by dr. Arno Rohrbach (ETH Zürich). The mixture was 
prepared as a stoichiometric mix of Fe2O3 and SiO2 (both Alfa Aesar, >99% and 99.99% purity 
respectively), and finely ground under ethanol in an agate mortar for 20 minutes. Fayalite 
synthesis was done in a Pt crucible, which was pre-saturated with iron at run conditions, at 
1160°C for 24 hours in a CO2-H2 gas mixing furnace at ETH Zürich (Switzerland) set to the 
iron-wüstite (IW) fO2 buffer. The mix was reground under ethanol for 20 minutes, again placed 
in the gas mixing furnace at fO2=IW and 1160 °C for 24 hours, and finally reground again for 
20 minutes. The resulting material was checked with XRD and only fayalite peaks were observed. 
Quartz, magnetite and hematite peaks were absent. For the calibration experiments fayalite was 
mixed with quartz at VU University Amsterdam in molar ratios of 1:1 (77.23 and 22.77 wt% of 
fayalite and quartz, respectively). The mixture was ground under ethanol in an agate mortar for 
an hour, dried and stored in a desiccator prior to use.

Calibration experiments

 For the albite calibration experiments, albite glass was inserted directly into a platinum 
capsule (OD 2.0 mm, ID 1.8 mm, length ~5 mm), which was subsequently welded shut. For 
the fayalite plus quartz calibration experiments, the starting mixture was placed in a graphite 
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bucket plus lid with an ID of 0.7 mm and total length (bucket + lid) of ~3.5 ± 0.5 mm. The 
capsule was inserted in a ~6-7 mm long Pt-capsule, which was then closed and welded shut. The 
capsules varied slightly in length due to variations in the lengths of the hand-machined graphite 
inner capsules and varying lengths of the flattened Pt end used to close the capsule. Sample 
centres were located ~1 to 4 mm away from the thermocouple tip. The study of (Watson et al. 
2002) shows that this distance from the thermocouple leads to a maximum difference between 
thermocouple readout and sample temperature of +10°C in NaCl-based 12.7mm diameter PC 
assemblies.
 Samples were surrounded by alumina spacers, with the thermocouple tip in direct contact 
with the top of the sample capsule. Experiments were initially pressurised to a nominal pressure 
of ~0.3 GPa to ensure electrical contact. Samples were then heated to 1000°C in 30 minutes and 
simultaneously gradually pressurised to just below the desired nominal pressure. The final pressure 
was added once the experiments reached the desired temperature (the so-called ‘hot piston in’ 
technique). No automatic pressure control is available on the VU University Amsterdam PC 
press. Because of typical overnight pressure loss of approximately 0.2 GPa (pressure control is 
manual, not automatic), pressure was raised to ~0.1 GPa above target pressure in the evening, 
to ensure the average pressure was kept as close as possible to the target value. During the 
experiments the temperature was monitored using a type D (W97Re3/W75Re25) thermocouple 
and a Eurotherm 2404 controller. Temperature variations during the runs were typically ±10°C. 
The pressure effect on thermocouple emf (electro-motive force) was not taken into account.
 Samples were kept at run temperature for 4-24 hours to ensure sufficient time for reactions 
(1) and (2) to proceed at least to the extent where new phases can be identified by sample 
analysis. At the end of the experiments samples were quenched by shutting down the power to 
the furnace. Samples quenched from 1000°C at approximately 100-150°C s-1. Experimental 
run products were embedded in 25.4 mm diameter epoxy resin mounts (Araldite DBF with 
binder material HY 956), polished and carbon coated for electron microprobe analysis. Run 
products were analysed for major elements with a JEOL JXA 8800M electron microprobe at 
VU University Amsterdam. Phase identification was achieved using qualitative EDS (Energy 
Dispersive System) analysis.

Results
 For reaction (1), three calibration experiments were performed using NaCl assemblies, 
and four with talc-pyrex assemblies (Figure A-1). 
 Figure A-2 shows the results (Table A-1) converting the oil-pressure to nominal load 
experienced by the sample assuming a 0% friction correction at 800°C and 1000°C. The results 
for NaCl-assemblies contain all three phases and plot within error of the values given by Holland 
(1980) indicating that at nominal pressures of 20 kbar - 800°C to ~27 kbar - 1000°C, friction 
effects can be assumed to be negligible. The talc-pyrex assemblies also indicate negligible friction 
at nominal pressures between ~25-30 kbar at 1000°C.
 For reaction (2), four calibrations indicate a friction correction of 0% for NaCl 
assemblies at a nominal pressure around ~14 kbar and 1000°C, consistent with the findings for 
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Figure A-2. Albite = jadeite + quartz reaction (1), solid line with error bars dotted lines as given by 
Holland (1980). The results of our calibration experiments are shown as green squares (NaCl) and triangles 
(talc-pyrex). Both sets of points are plotted assuming a 0% friction correction. Downward pointing triangles 
indicate experiments above the phase transition and (red) upward pointing triangles indicate experiments in 
which the phase transition was not observed (blue). 

Figure A-3. Fayalite + Quartz = Ferrosilite reaction (2) for NaCl (a) and Talc-pyrex assemblies 
(b). The solid line represents the reaction (2) and the dotted line the α-β quartz transition as given by Bohlen 
et al. (1980). The results of our calibration experiments are shown as filled triangles assuming a 0% friction 
correction. Downward pointing triangles indicate experiments above the phase transition and (red) upward 
pointing triangles indicate experiments in which the phase transition was not observed (blue). The light blue 
open triangle plots on the phase transition assuming a 3% friction correction.
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reaction 1. The four talc-pyrex assembly calibrations at 0% friction correction plot slightly above 
the phase transition given by Bohlen et al. (1980). The good agreement between our data and 
the reaction assuming a 3% friction correction leads us to conclude that the friction correction 
of our talc-pyrex assembly is between 0 and 3%. Based upon these results we adopted a friction 
correction of 0% for NaCl and 3 % for talc-pyrex assemblies for all experiments described in this 
thesis.
 Direct comparison with results from other laboratories is difficult because in detail talc-
pyrex assemblies differ slightly. For example, elsewhere thicker walled pyrex and graphite heaters 
with a smaller inner diameter are used (e.g. Johannes et al. 1971). In the contribution of McDade 
et al., (2002) a 19 mm talc-pyrex cell was calibrated, and a pressure correction of ~ 3.6 % was 
found
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NaCl assembly

Run Time (h) T (°C) Poil (PSI) Psample (kbar) Result

R
ea

ct
io

n 
(1

)

10 5.5 1000 1860 26.92 Ab + Jd + Qtz

11 4.75 800 1480 21.42 Ab + Jd + Qtz

16 25 800 1440 20.84 Ab + Jd + Qtz

R
ea

ct
io

n 
(2

) 17 27 1000 930 13.46 Fs + Fa + Qtz

18 27 1000 940 13.60 Fs + Fa + Qtz

39 24 1000 1000 14.47 Fs + Fa + Qtz

20 24 1000 900 13.03 Fa + Qtz + (Fs)

Talc-pyrex assembly

Run Time (h) T (°C) Poil (PSI) Psample (kbar) Result

R
ea

ct
io

n 
(1

) 22 26.75 1000 1780 25.80 Ab

64 30 1000 1900 27.50 Ab + Jd + Qtz

50 30 1000 2000 29.00 Ab + Jd

25 28.3 1000 2130 30.8 Jd + Qtz

R
ea

ct
io

n 
(2

) 21 30 1000 930 13.50 Fa + Qtz

156 28 1000 1000 14.50 Fa + Fs + Qtz

67 27 1000 1050 15.20 Fa + Fs + Qtz

33 26 1000 1140 16.50 Fa + Fs + Qtz

Table A-1. Results of calibration experiments for the NaCl and talc-pyrex assemblies. Phase in brackets 
are only trace amounts too small for probe determination.




