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The crystal structure of high-pressure superconductor of a-Boron
Yutaka FUJIL, Yoshihisa MORI (Okayama Univ. of Sci.) Masahiro KANESHIGE, Katsuya SHIMIZU (KYOKUGEN, Osaka Univ.)
Hirosi HYODO, Kaoru KIMURA (Graduate School of Frontier Science, Univ. of Toky)
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Fig.2. The pressure dependences of lattice parameters of

a-Boron.

1 atm

electron density of a-Boron.
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Fig.2. The pressure dependences of atomic position and
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Concept of a new large volume D-DIA, “MADONNA”

Norimasa NISHIYAMA (GRC Ehime Univ, Japan, nishiyama@sci.ehime-u.ac.jp), Tetsuo IRIFUNE (GRC Ehime Univ, Japan,

irifune@dpc.ehime-u.ac.jp), Kouhei WADA (GRC Ehime Univ, Japan, kou-wada@sci.ehime-u.ac.jp), Yoshinori TANGE (GRC

Ehime Univ, Japan, tan@sci.ehime-u.ac.jp)

1. Introduction

Deformation-DIA (D-DIA) is a new deformation
apparatus which has a potential to let us carry out
quantitative deformation experiments at conditions
corresponding to mantle transition zone (Wang et al.,
2003). D-DIA is a modification of DIA apparatus which
has six anvils to squeeze the cubic space. In the case of
D-DIA, there are two small hydraulic rams (differential
rams) behind the top and bottom anvils. Thus, these two
anvils can be moved independently under pressure
produced by the main ram. This mechanism makes it
possible to perform deformation experiments. D-DIA
combined with synchrotron radiation enables us to perform
simultaneous stress and strain measurements during
deformation (e.g., Uchida et al., 2004) and, for example,
stress-strain curves of hcp-iron at prescribed pressures,
temperatures, and strain rates were observed in its stability
field (Nishiyama et al., 2007). Previous deformation
experiments using D-DIA have been performed at
pressures of 1 — 10 GPa routinely and there have been
experimental difficulties for experiments at conditions
corresponding to mantle transition zone (pressures
between 14 and 23 GPa). Anvils with truncated edge
length (TEL) of 2 mm are required to generate pressures
above 15 GPa (Yagi and Akimoto, 1976). In this case, the
size of the sample camber can be 0.5 mm in diameter and
0.6 mm in height (Nishiyama et al., 2007). There is no
room to place thermal insulator to achieve homogeneous
temperature distribution of the sample, and a capsule to
control the water content and oxygen fugacity of the
sample. In order to perform deformation experiments at
pressures corresponding to the mantle transition zone and
under the controlled sample environment, a D-DIA

apparatus with larger sample volume is required.

2. MADONNA
“MADONNA” (Fig. 1) is a D-DIA apparatus installed in

Geodynamics Research Center, Ehime University. The
maximum load of the main ram is 1500 tons (15 MN),
which is about ten times larger than that of a previous
D-DIA apparatus. Therefore, the sample volume of
MADONNA can be larger than that of previous D-DIA
apparatuses. MADONNA has a system to measure
displacements of all the six anvils and the differential
rams’ pressures or displacements can be controlled with
main ram load. There are two purposes for MADONNA.
The first is to accomplish homogenous compression, which
means keeping cubic symmetry for the pressure cavity
during compression. This can be good for 6-8 experiments
with sintered diamond anvils as the second stage. The
second is to carry out quantitative deformation
experiments at conditions corresponding to the mantle
transition zone. Some preliminary results of the
homogeneous compression for the 6-8 system and
deformation experiments will be shown in the session. In
addition, we would like to introduce potential of a

combination of the MADONNA and synchrotron radiation.

MADONNA
UHP-1500

———

Fig.1. A photo of “MADONNA”.
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Generation of ultra-high pressure in a triple stage multi-anvil (6-8-2) system
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Fig.2. Variations of generated pressure with increasing
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Fig.1. Experimental results and melting curves for FeH
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Fe;C and Fe;C; + melt, respectively. Melting curves for
v- FeH (broken line) and Fe;C (Bold line) are
determined in this study. The melting curve for y- Fe
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Effect of Water on Post-spinel Transition and Implication for 660 km
Seismic Discontinuity at the Earth's Mantle

Sujoy Ghosh', Eiji Ohtani', Akio Suzuki', Hidenori Terasaki', Kenichi Funakoshi’

1. Graduate school of Science, Faculty of Science, Aoba-ku, Tohoku University,
Sendai 980-8578, Japan
2. SPring-8, Japan Synchrotron Radiation Research Institute, Kouto, Japan

The 660 km discontinuity is one the most important structural boundaries in the
Earth’s interior. It divides upper and lower mantle and is usually attributed to the dissociation
of Mg,Si0O, spinel to MgSiO; perovskite and MgO periclase (post-spinel transition, PST).
Many researchers have studied the phase relations of PST in Mg,SiO, system (e.g. Irifune et
al., 1998; Katsura et al., 2003; Fei et al., 2004) using synchrotron radiation facility but still
effect of water in this boundary has not been studied extensively yet. Litasov et al. (2005)
have studied the PST in hydrous peridotite system and observed the shift of this boundary
~0.6 GPa towards higher pressure compare to anhydrous peridotite at 1473 K. To check the
effect of water on PST boundary we need to study this boundary using simplified water
bearing system.

In situ X-ray diffraction experiments were conducted in synchrotron facility ‘SPring-
8’ at Hyogo prefecture, Japan. We used a Kawai-type multi-anvil apparatus, ‘SPEED-1500’,
installed at bending magnet beam line BLO4B1. The starting material was synthetic crystals
of forsterite, and enstatite representing Mg,Si0, mixed with the Au-pressure marker at 20:1
by weight. Water (2 wt.%) was added as Mg(OH), in the starting material adjusting to the
proportion of MgO. Co-doped MgO was used as a pressure medium and a cylindrical LaCrO;
heater in a furnace assembly. Temperature was measured by a W3%Re-W25%Re
thermocouple with a junction located at nearly the same position as X-ray path through the
sample. AgPd and graphite capsule were used as a sample container in hydrous and dry
systems, respectively. The generated pressure was calculated from Au equation of state (EOS)
proposed by Anderson (1989).

We have carried out seven experiments with Mg,SiO, + 2 wt% H,O and four
experiments with Mg,SiO, system at different P-T conditions. The phase relations were
determined between 19 to 24 GPa and temperature up to 1973 K. Although, the compositions
of the phases after the experiments were not analyzed yet. Our results show that the PST
boundary in Mg,SiO4 + 2 wt.% H,0 shifts to higher pressure by ~ 1.2 GPa compare to
Mg,Si0, system. In this study, we present the experimental results of the phase boundary of
the post-spinel transition in the Mg,Si04-H,O system by in-situ X-ray diffraction experiments

using Kawai type multi anvil apparatus and try to understand the effect of water on the PST.

30



BEA I ORVHEICE T HEERIE

NEFHRRI, RFEFE.

de &,
H A -

%%ﬁ%%?%él%aﬁfim GPa
<&REibl1], GPaCoy 1-fifEfE 9 %
(2], 2%V %FT T PEMRR IR TH B 3
URIIEET TSR, BRE4A
B~ E S EEBROMEENELT D, L
NURIT, ~U U AEDBARE 72§
KIEFEBRIZIBW T, o T RRBEE s 0 24-28
GPaCHT L WHIEIAE (B8 VAR) 3B AL & v7-
(3], Z O VAL 1M s AN 85 112
THLTWDHLAEEHEEE > TEBY,
SRR T AR D R A WA~ 5y
%%%@ﬁim%éo%%ﬁ%%@Eﬁ
FHRAE R R AT 5 LT, o1
BT I A ET A VO ESHIMEE I
KEBRNF -1 5,

A ENEE VRO ESHIMEE 2HS0NT
5*&%9#&L(97%@FﬁngﬁEWH%

TE L BRI E & R T 7,
%%ﬁ&.

JEIRALEE I AT ELVR T E LR
WV (DAC) Z#EHL TiTo7=, A M
SUS310S% vy, B A7 hEHIE B MR E D
BITT AT RIC > TR LT, E A
WL TOZeuny, 30EHZE99.999% D D%
ArFEHAH TDACIZE ALY, BAIEHUT
HAXELRT L E AT ZE LT 5072 B R
WX THIE LTz, [TE T e —ag ik Tk
L7, FEBRITSPring-8 - BL10XU TS
(A=0.412 A) =TTV KRB E T T
XA & LT A R R E LT,
FEBRAE A

K T OXKRMIPTHIE DFEH, 23 GPaT

BVHOE— 7 3/ Z1h 72, 24 GPaTH
VB O Y — v g o n (Fig.
1) . HeliiAZMHL 20T THEY
MIZENT 2 2 &8 T&E %, EhE %

ZAE R,
AKREH (KRXFEREFRFHREELLZ—)

31

WMEEE, PAFL. MEWLAEF.
. XBHR4%E (JASRI/SPring-8)

RS 22 DX CHE VAH A O FE 2 fifE
DL 3o BLREILO R ER G %2 1l E
L7, #VMHIZ6 KT TOREMHETIZE
JBTdH 5 Z Lo T (Fig2),
Todine
§ 24 GPa
8 N \%
.§
B 16 GPa
I
10 T 15
26 (degrees)

Fig.l. X-ray diffraction patterns of iodine at high
pressure.

lodine
24GPa

012}

010}
S 008}
\'g

0.06 -

0. 04 | I I
150 200 250
T(K)

0 50 100 300

Fig.2. The temperature dependence of electrical
resistivity of iodine at 24 GPa.

ZE LR

[11A. S. Balchan ef al., J. Chem. Phys. 34 1948 (1961).
[2] K. Takemura et al., Solid State Commun. 30 137
(1979).

[3] K. Takemura et al., Nature 423 971 (2003).



SP8 H20 1 8 -9

1)657-8501
2) 657-8501
SPring-8
d f
10 20GPa
GPa RIXS X
leV meV
DAC
X
SPring-8
_SP8—43IR (01-1eV)
SPrlng—8 o) SPring-8 Globar-lamp
::J_ 1.0
£ 0.8
DAC + S e
é 0.4
D e
S -50
o 0 0 0 0
100 £ X(um) 50 -50 Y (um) X (um) 50 -50 Y (um)
SP8 D
25
DAC Culr,Se,
2
8GPa 2
O
2
[T
3]
o
X
Culr,Se,

Photon Energy (eV)

32



X #RZEN 53
OBRFAES
4 F, AREE (EEKGRC), HAREN
EM 2, Y.Q Cai (
1. IZC®IC

T~ ML 58D high AE Y —low
AV R, N~ ML O8kE S TRk
FOREE LM, SHITIZEH~DEED Sy

BRI RESEL, FltiEHEZED TV,

L2rL, ZORIEIZXT T2 H AR TO RV A
L, EOLOTENLTWD. Fxl, A7V
—8 ™ BL-12XU TXHF ik Ly, =
DOMBEIZEF AR D T=D T, EDOTE%EHA
T95.

T~ MVRETOD Mg-_a7 A Ak
RO DAL AR DN TDOINETDOHR
FHIX, FHELTHH[,2]. OB D1
1, EIZHOW DR OO ESfE &
BMHNENREIZHD. A ITINHD A
IZHEEL, FE~ MLV THEHZ: 3 odk
T de Mg—_Xa 7 AHAMIEVFATZ.

2. EB

BIENZIE, Mg, o:Fe® | 15Aly 155 50, R D
TFNEFRERO~ILVT T o E NV EET
25 GPa, 2000 K THHL THAKLI-~2 T X
J1A b%*ﬁ%:ﬂ% W, ZORENE Be TR Vb
D AT GG D, FEEEARIZ NaCl 2 H W T
150-300 um F =L MEDRANUAFES ¥
ELURT7 e LBV (DAC) THELT-.

X#FE 5 (XES) |IE L, A7 Vo —8
® BL-12 OB —LTA L TiTol2. AHXHR
1% 11 keV IZHEALL7TZH D% 30 um fA412/
D, DAC O ajd 7 ) HalEHI AST LT,
B OERIZIV IS LT kBB LN kB #R

33

PHIEIZ LD Mg-_a 7 A A MO gD R U ERE

P RS, RRKE (L REZPHZER), 22Kk S CBFMER RS [FRED),
FoOKFARER (EREBFHER), BHEX,

B & NSRRC)

% DAC OxtimshEiXiE /A 5 il L,
E{il mOr—7 KA BT Si (111D
LT, SioRtas THIELZ. BUBHZ

Fjj% S22 57212 BL-10 T YLF 1/~47‘~
IZEDT ==V T E T ThBLRIELT.
3. MEREELE

A [E], 20DFEHT DV T XES HIEETT-
7228, 150-300 pum F =l hD_RANYLAfE S
AXZHWTZEUEFT, K9 113 GPa £TOHET)
TTCHETHIEN TR, BoT kg oY
—271% 60 GPa H7=0D B E DMK T LIGD,
113 GPa ([ZEDETHR A ITHRE LR DE
fELTWBEIIZ R ZS. LML, 113 GPa T
H low A AT > TRELT, MR/ A
ERREZIRL QU 22T, 3 ligko Ry
R EICIE LT Fe,0,0 3 GPa L 79 GPa
DIRF—2 % EFL high AE 2 (5/2)E low
A (1/2)E /7L, Bk b Lo s —
DOREIEAE S THRIE LT Xa T 2 A ROk
DRE— R, &b 74y LTl EH O
bR U EET R LIZEZ A, 80-113
GPa TOAE VK 3/2 LH7-. ZHL7=
MR A L ARBEIL, X T ABADEAT

A'H—/r]\@/\m HE JﬁTﬁREﬁT bf&)é

SCHER

1. Badro, J., Rueff, J.P., Vanko, G., Monaco,
G., Fiquet, G., and Guyot, F. (2004)
Science, 305, 383-386.

2. Li, J., Struzhkin, V.V., Mao, H.-K., Shu, J.,
Hemley, R.J., Fei, Y., Mysen, B., Dera, P.,
Prakapenka, V., and Shen, G. (2004) Proc.
Natl. Acad. Sci., 101, 14027-14030.



NHEIIZK ZEDFHELE E MgGeO,,

MnGeO; D

RRAMROITRADA MEERE

RBEEE - R L KE R BR

1. IXLoic

JEREX ATECR(SD) 7B VAR E LT
JIIFFE/LC 100GPa UL EDJT JjasASH
IRARAT T 20 A (PPV)EEHE D FE Al 2 B 57>
IZTHZEITHHOREE /> TWND, Fx
IZRAEE T DOIEREX D ELELIZ, MgGeOs
& MnGeO; @D PPy BEfE DBIER AT - CE T,

2. FEERIE

FEERIT 4 14mm, SEimb) /K E 1.5mmod
SD S HFIRT e VEEA A% BLOAB1 AR —h
DSPEED-MKIITHEAME T HZEITLVIT72,
ANVAFTANMLD MgGeOs & MnGeO; |[ZH &
EE 1710 D Au By RAIRE T X-#-2 D5 8153
HAoHEMELLE, 261 H @R
TIB2-BN-AIN Ab—& —|ZHEEEFHE L, b
— & — L MgO+5%Cr,05 J\HIAIE )
PEARD HCI TR A T A T IS TR B & D VT,
ZOb—H—(% 30keV FRELL EDOTRLF
— D XIS L TUTEAE B DT, &E
R N COH T AAER DRI CCD H7 A
T TCHELLBIE CXAH SR DD, = R/LF—
T HGEIZE ST MgGeO; HL<IE MnGeO;
v Au By RO RIHTT — & %[RRI LA
LT MgGeOs, MnGeO; DFHDIREIEE Au D
AR FED>0 Anderson DAY — LIZKYIE
TEPRELT,

3. MEREEE

B S ETOREIRTOREREETE X
72.6GPa Th b, SHIZEWE I DOFREL T
T ARETCTHDHEE 2 HINHNN,65GPa LL LTl
UIE Uil a3 AL T, L
7235 T, EBIZEWETIORAEDT-DITIX
SD DO fE A ENEEND, LIZLIEFERD
KREREEL > TS T o —T U MIINE

34

B DI NN LD REHMA N O s 18RRI
Ko TEDHEEN L/ VT D,

MgGeO; MgGeOs; @ PPv #H (CalrO3 ) iX
63.3GPa. 1323K ICBWTHRANICEIZSNT-,
Fig. 1122007 4 10 H BI{E TO IR Koo
4, FEERE 7, B IX 74GPa,2170K (2K A
72, TREZBZDRSHEEDIRSDTDIC
e E/)72 Pv-PPv FHEE AR DR EICIZE S
TV \7‘0@[/ N,

MnGeO; MnGeOs; ®PPvHIE 61.8GPa,

1123K THHFL., 63.5GPa, 1223K TIiZIEE
ZDHANBIER ST, MgGeO, (2B L T
FOSIETEZES TH D,

2300 ‘

4 red: ppy

L —pv-ppv (Hirose

2100

--¢--M511(6/1/07)

1900 —

- @ - M575 (10/12/0) &

~o. @l

1700 R

—_—
“w N
(= —
= <@

—
—
=
=

Temperature (K)

900

700

500

P P
Sai5—a

.5 60 65 70 75
Fig.1 Summary of experimental results on

MgGeO3. Red line is a tentative phase
boundary between Pv and PPv from the
results. Light line is that from [1].

300

23 3Tk -
[1]K. Hirose et al., 2005, Am. Min., 90, 262.





