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Abstract The high-pressure phase stability and compressibility of a natural orthorhombic symmetry ilvaite are
investigated up to 39.5 GPa at room temperature using diamond anvil cell (DAC) combined with in-situ
synchrotron radiation single-crystal X-ray diffraction. Experimental results show that ilvaite undergoes a structural
transition from an orthorhombic a-phase (Prnam) to a monoclinic f-phase (P2,/a) at 19.2 GPa. This structural
transformation from « to B phase is displaced without any obvious discontinuity in volume across the transition.
The pressure-volume data of ilvaite are described by the third-order Birch-Murnaghan equation of state, yielding
Ko=118(4) GPa, Vy=671.9(5) A%, Ky'=6.6(7) for a-ilvaite and K,=157(3) GPa, V,=599.3(6) A*, Ky'=4(fixed) with a
phase transition pressure P,=19.2 GPa for f-ilvaite. In addition, the axial compression coefficients for both a- and
[-ilvaites are determined, and the mechanism of the pressure-induced Prnam to P2;/a phase transition is discussed
in the views of crystal structure and the anisotropy of compressibility.
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Table 1 Chemical composition of ilvaite determined
by electron microprobe analysis

Moy HTRY% BT FH B F 4L
Na,O 0.015 Na* 0.00
SiO, 29.963 Si** 2.00
Cr,0;3 0.008 cr't 0.00
TiO, 0.062 Ti* 0.00
MgO 0.403 Mg* 0.04
K,0 0.009 K" 0.00
MnO 3.974 Mn* 0.22
NiO 0.618 NiZ 0.03
AlLOs 0.036 AP 0.00
CaO 13.955 Ca> 1.00
FeO 30.474 Fe** 1.70
Fe,0;3 19.652 Fe** 0.99
Syl 99.169 6.00
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Table 2 Unit-cell parameters of ilvaite at different pressures

fir/A
JE71/GPa VIA® BI°) H/E
a b
0.0001 13.013 (3) 8.8188 (5) 5.8467 (1) 671.0 (1)
12 12.995 (3) 8.8164 (4) 5.8131 (1) 666.0 (1)
34 12.922 (3) 8.7691 (4) 5.7858 (1) 655.6 (1)
44 12.865 (3) 8.7602 (4) 5.7675 (1) 650.0 (1)
4.8 12.849 (3) 8.7517 (4) 5.7595 (1) 647.7 (1)
5.4 12.831 (3) 8.7443 (4) 5.7523 (1) 645.4 (1)
Runl, Pnam
6.0 12.825 (3) 8.7352 (4) 5.7442 (1) 643.5 (1)
7.9 12.799 (3) 8.7021 (4) 5.7075 (1) 635.7 (1)
9.5 12.766 (3) 8.6784 (4) 5.6836 (1) 629.7 (1)
10.7 12.733 (3) 8.6663 (4) 5.6650 (1) 625.1 (1)
11.5 12.724 (3) 8.6559 (4) 5.6554 (1) 622.9 (1)
12.2 12.701 (3) 8.6510 (4) 5.6475 (1) 620.5 (1)
""" 32 ee)  sesss@  seeeqy  ellsay
Run2, Pnam
15.4 12.634 (2) 8.6248 (3) 5.6077 (1) 611.1(1)
""" 192 2s@)  8S68(5)  55500Q) 9742 emse)
21.0 12.522 (4) 8.5565 (5) 5.5279 (2) 592.2(2) 91.162 (5)
22.7 12.497 (4) 8.5201 (5) 5.5116 (2) 586.7 (2) 91.355(5)
242 12.451 (4) 8.4983 (5) 5.4998 (2) 581.7 (2) 91.577 (5)
26.0 12.407 (4) 8.4735 (5) 5.4785 (2) 575.7(2) 91.722 (5)
28.0 12.375 (4) 8.4615 (5) 5.4549 (2) 570.9 (2) 91.865 (5)
29.6 12.320 (4) 8.4424 (5) 5.4372(2) 565.2 (2) 91.982 (5)
31.2 12.303 (4) 8.4175 (5) 5.4280 (2) 561.8 (2) 92.073 (5) Run2, P2,/a
325 12.255 (4) 8.4033 (5) 54142 (2) 557.2(2) 92.222 (5)
33.7 12.241 (4) 8.3802 (5) 5.4074 (2) 554.2(2) 92.318 (5)
35.2 12.230 (4) 8.3738 (5) 5.3916 (2) 551.7(2) 92.398 (5)
36.1 12.182 (4) 8.3663 (5) 5.3799 (2) 547.8 (2) 92.439 (5)
37.4 12.149 (4) 8.3440 (5) 5.3741 (2) 5442 (2) 92.539 (5)
38.6 12.122 (4) 8.3309 (5) 5.3657 (2) 541.3 (2) 92.633 (5)
39.5 12.098 (4) 8.3307 (5) 5.3534 (2) 539.0 (2) 92.657 (5)
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BEAh, 2 SCEAE A RE S AT 22% A9 Mn® B A
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FEARET, B HES &%, BT LA M2 B
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Fig. 6 Variations of § angle with elevated
pressures of ilvaite
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