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ABSTRACT : Compression work on a pyrite powder has been carried out using energy dispersive
X-ray diffraction (EDXRD) with Mao-Bell type diamond anvil cell (DAC) and synchrotron radiation
(SR) at room temperature. It has been reported the bulk moduli of pyrite show the large variations de-
pending on the experimental conditions as well as the apparatus used. Thus, two kinds of sample in
different pressure transmitting media of both NaCl and MgO powder emerged in alcoholic fluids were
subjected to measure their compressibilities. Bulk moduli thus obtained are 138.9 GPa and 198.2 GPa,
respectively, and this result contradicts to the anticipated values according to the hydrostaticity con-
ditions of the sample chamber. This might be due to the alcoholic fluids phase transition mainly with
the side effects from the difference of both solid state detector (SSD) used and E*d value applied. All
experiments were performed at the Beam Line 1B2 of Pohang Light Source (PLS).
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FAMo] 2= T2 AFd EAst 3
E 3o e AFURZRE FFHARNE F9
ool w3 @A Fed, o FAEF T
o3 2EH o] AJTAA FHA ] YA
#oqstgrl Eo2 AAAY EF BFELF
of o3 & sty Y& ¥ FEo] HAY
B 28 AFURE A2 Q) g2 A
o2 HeksE 1 glth(Decker and Decker, 1981).

AFYHe A FeR FFZYEL H(Fe)
o|Awt AR 7hW e Y&V} EAY JFES
o] 23 YTHBirch, 1952). 71 & Y4 FHEE=
#H(S), 42(0), FaMH) B T42(Si) Fol AES
2 Yo, olfd T FoA sHF steAol
o Y4y oz FAHT It o) met
e TR YJE GUdT FE SN FHA
o]l Ao A3} tEo] FANe gjd g
TE-adAFe] ANFPFH goH, ol 4
AFde Ao AR P 2T E FAHs=H o] 8H
o] $tth(Jephcoat & Olson, 1987). AT & &
5, 495, AR 5¢ =37 HsME eFe %
FeS;o] Aeid34 3 g&o FeO, FeH 59 o
g et AR A aFHT gt

FAH e FEAAA &3, v € &
WA FAHL FAET ok 1Y XA 3
HAPA T o5, 40 GPa ¢4 WS WA
ol g T AR TLRE FHlolste Zlo] #EE
A ¢k9tth(Bridgman, 1949; Drickamer et al.,
1966; Jephcoat 1985; Fujii et al., 1986, Merkel et
al., 2002). Tgo] FHA o g FZH3 APl
oty FHN AAFzE H4T 320 GPatA
T A" AAGE FASE v ALE KA
2 th(Ahrens and Jeanloz, 1987). #1 2 AF
ZA, & A% 9 6371 kmolA ¢S o 360
GPagl ZoZ FAHEG. Iy tololEt A
4 7]7)(diamond anvil cell, DAC)E ©| &3} &
Ae Ao e o2y 449 AA
€4 & (bulk modulus)& wi¢ THES S B
Z1 9tk gSo] Ao 1PdES T o,
Al Alolof] Azt EBEIARTF HIAY AH
(nonhydrostatic conditions)?l ¥4 $l= 7 ¢-ol&
APARI} o9 o)dsittes Aol EiHUth:
AoM AP L ALses o] & A5 A
HEAHE o] #Holrl 130 GPadllA 250 GPa7}

223 -

Z87

A Zol7k Yy, o3& Hojs Alge A
2E = S (stress)oll ] FHA Aol
9 F£3Q A& BAF I §lth(Jepheoat, 1985).
tholoZt il 7]7]1 & o] &3t FAH3E gkl
Uetus Wole 747t A4S AldE 9 of)
5 v594 23 el (anisotropic stress con-
ditions)’} F=57] W& Aoz dGER.
Zo] thololE e il 7]719} Zo] F§E Fof
F=3 §HE Mg F e VIV E ol &3t &
Ao g 1¢ELE Z2AE ¥ oHE &F
o) FUloly AgAsfe] dRgol ZYHE F
27 He Aotk EtM 1A E e +9E o
A9 IEAT tEY 71719 3HAH A W
& 17t W ooF sk o7t of7lel Qi

B AFY BRe gAY A E G2A 3
of Fuj3 A5 dis] AARRES 7 73
0, oln 2Ed Ao vwde Bed Yok

AlS] HpeH
o-d

ne

B AYd o]8H ABEE A 5T IHW
Ao wAgde] HEd & AR e F
HA S AHst g3t F, AvA st A A
A Adel HgAAE B2l Aol FAA 4
A2 2L BE & XA Id 24¢ 3 A5
REo FAaMoz ZAHNOY HAFETL
¢ P& Hg011) gAM] EAst = A
o2 AYGHUG. FEHY AAFFE 5.400(6)
A (c.f., PDF # 42-1340, a=5.418 A)Z A4 A
o} 334 Uato) o3 EPMA £4& 7278
A9dTY AEELA EPMAIG00S ©] &3}
o AAstgen, BF 104& 2439 PHFE
WYTHE 1). EPMAZ G| w2d F8ld 2%
NEE A9 €53 FANo|Y o5 o83t
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Rog worET

3} AL (Synchrotron Radiation, SR)& ©] &gt
TR e 27471 AT 4 (Pohang Light
Source, PLS)ol A ' A 33(white X-radiation)& ©]
£8 4 dx 1B2 < (beamline)oll A A 8 =
Aok AL AL oiyA B x4 34
¥ (Energy dispersive X-ray diffraction Method,
EDXRD)¢|leH, 3177 & vte-d gy o
o]o}=E oiH 7] 7](Mao-Bell type diamond anvil
cell, DAC)°Ith. A& H1F HAE Tholo}
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Table 1. Chemistry of pyrite (wt%)

Table 2. Lattice parameter, volume and volume ratio
at high pressures of FeS#1

Elements Av. of Run 1~10
Na 0.012
Mg 0.002
Al 0.011
Si 0
S 53.092
K 0.001
Ca 0.002
Ti 0.001
Mn 0.001
Fe 46.629

Total 99.751

£ dnfgt Aoz, AW H(anvil culet)®] 2
380 umo| ATt o] g MUH Ao]of Fo]
A He M2F(gasket): AZH  AY(spring
steel) & o] sty om Ao HFH 749
272 150 yme]$ith. EDXRDY ¥l Bl
WA 2 (Bragg equation)®  FAol|142] A4
(photon energy equation)ZHE] F=& 4 gl
o FAL tdH B EpdeErd=Y3
(constant), 471X ET FANAA, de JHHY
Aglold, 0 42 2P 1/Ee FUYHE, he
a1 13]3'-/4-‘_ ASHEHE ‘/}E}WE} o] g
TR A dg W82 o THI =
ol 715 glth(Hwang and Kim, 2005).
gdA Edo] ¢+¥ A A Al(pressure sensor)9}
4E AL A(pressure medium) &L & = 9
= E4% T F FRY ANEE FHIEA
r:}. A HA A E(FeSy#1)E FeS,% NaClS 7tz
2:1¢] £ ¥E st} st o] AR o
& FE2HE AT o, E+d=3732901% 21 A
g9 EHG e YA 4 El (quasi-hy-
drostatic conditions)©] Th. & NaCl £2o] 4
o 2 A= AUFHE /AT T o A
g U8 £X AHI FAY AHY S AA
d F e Aotk F WA AR(FeS#2)E
FeS,9t MgOE 7+ 2:1¢] Ry wg Egsld]
FHI8EG 3L, Exd=40.980010 09 A& Aot
3l (hydrostatic conditions)Z KA A AF7] ¢
o) A < (W] €-&(methanol), | &h-S(ethanol), &
(H;0)9] 33 87} 16:3:1¢] £ &4, MEW)S
Z°'3P9\i“4 olgA F FFY ARE FHIF o
fre AA, &9 A7 S WX I

m[o o,

P (GPa) a (A) V (AY) VIV,
0.0 5420 (5)  159.220 1.000
0.6 5385 (20)  156.155 0.981
4.8 5358 (8)  153.818 0.966
6.1 5346 (10)  152.787 0.960
7.1 5318 (11)  150.399 0.945
12.0 5273 (20) 146613 0.921
16.4 5252 (25)  144.869 0.910
19.9 5214 (20)  141.747 0.890
226 5172 (20)  138.349 0.869
243 5153 (44)  136.830 0.859
27.7 5130 27)  135.006 0.848

ASsta, E4 M0 34 da= FH4 34

3329 AXE £A7} NaCloll vl8) Homz o

HE vdo] A A= I =3 HF3)

7] Aot AAE AE TE Exd W7} 1A

© Y distd =g FAH Bed Ao
g 21 9 E9

As A

FeS,#19] EDXRD AHEGA FdA A
3 (111), (200), (210), (211), (220), (221),
(311), (222), (023), (321), (331), (332) & (422)
EXH 2UANEY ARYTE AL oH(F
20=5.420(5)A), NaCl 333 (200), (220),
(2Q22)2HH AANFE AMstd 19 e o
=d o] &3 H T FeS#29 A ¢+ %Lzé*ﬂ, 34
3= (200), (210), (211), (220), (311), (222),
(32D)EHH 2,=5.382(15) AE IRon, MgO
A (20009 22002 HEH IS AANF
4189(2) AL ol &3t sk FE& AEA.
T AT EF 1% @2 NaCld Mgoe| e

A& o] &3¢l o o o] 83 NaCle] A3
‘f’_“é & 23.8 GPa (Sato-Sorensen, 1983), MgO<]
A A EL 156.0 GPa (Mao and Bell, 1979)S
o] -3} % th(Jamieson et al., 1982). FeS,#19] 7%
92 27.7 GPa°lSl & ™ (& 2), FeS#2 &
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Fig. 1. A series of FeS;#1 EDXRD patterns. For
these runs, E*d was set to be 37.329. N stands for
NaCl. (U) at 0.1 MPa means the unloaded state to
0.1 MPa from 27.7 GPa, highest pressure of this run.

#H1go] 57.7 GPaoIUTHE 3). 2749 B¢ &
Ao 28 EH S Adsld 19 13 18 20 U
B

FH49 AHABHEK)S T+ B
3 3 e ¥4 4] (Birch-Murnaghan equation of state)

2 o] g3}e] A4kstgich:
P=15Ko[(Vo/V)*-(Vo/V) [ 1-5{(Vo/V) - 1}]

A7) A, 1=3/4%(4-K"), Ko=(dK/dP)ro] ™ Ko'=4
2 74 an.

FeSy#12] A A&AEL 138.9 GPa, FeS#R2+ 198.2
GPaZ ZAHAT. £ 439 48 HY oA
Aol dAEA &t

I EARA T

AN AHBHEL 289 YR &
AAE o, THAHSHE(Ky) e 1427~

0.1 MPa (u)]
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Fig. 2. A series of FeS;#2 EDXRD patterns at £+
of 40.980. M stands for MgO. (U) at 0.1 MPa
means the unloaded state to 0.1 MPa from 57.7
GPa, highest pressure of this run.

147.9 GPaclSl&=tl, ol#& WoE FAT A8
9] zjolo A 7]Q1& 7 o] th(Simmons and Birch,
1963). °1ZA SAE dIAHAFHE FL 52
AHGHEK) HoZ HEANIH F 1% &3
o] WYl 141.0~146.1 GPaolt}. Theo g =4
H ddAdgE gL FAH4Y HolHE 2y
& ALZ K=162 GPa°| % th(Ahrens and Jeanloz,
1987). X-4 3AYE o] &3td ZHF Hz9
Kre 147.1 GPa%} 149.3 GPa (Brigman, 1949)0]|
Nom, olo] 148 GPa (Drickamer et al., 1966),
215 GPa (Chattopadhyay and Schnering, 1985),
157 GPa (Fujii et al., 1986), 18] A &% &
g JHE 44 Zd 2 viAdez FE3}
o 43 1479 GPa%} 216.0 GPa (Jephcoat et
al., 1983) 5°] At. wetA| ojw) dxE FHA
o] B2AAEAHEL 141 GPaollA 216 GPaol
AA o & zolE U Ut

olo] Merkel et al., (2002)& Al&4re] otd A
2 el wE FAdo] AHENES AAHL
2 238 ed 1 29 959 2o Yy
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Table 3. Lattice parameter, volume and volume ratio
at high pressures of FeS#2

P (GPa) a (A) V(A VIV,
0.0 5.382(20) 155.895  1.000
6.7 5.294(21) 148.372 0.952
11.6 5.257(19) 145.283 0.932
23.8 5.223(28) 142.482 0.914
23.8 5.212(42) 141.584  0.908
27.1 5.170(11) 138.188  0.886
30.7 5.128(44) 134.848 0.865
38.7 5.117(34) 133.982 0.859
473 5.073(54) 130.555 0.837
51.2 5.056(31) 129247  0.829
51.4 5.014(52) 126.053  0.809
577 5.000(54) 125000  0.804

A5 4EAGHAR W] 7t2E o] 83t K=
133.5 GPa® €t WAL A5 (1) telof
EEo ™ol & ARA: 950 pm)& o] &3
AS W, K= 140.8 GPao| o, FHe ARAA:
550 pm)< °] &3 A9 K= 255.0 GPao| ATt
MO} H7lo] @& ZH A9 Aolst wj§ A
A detgtes dddHe] & A ddE 71EA
2 Y Fll(pressure gradient)s LA A A
H] 4 4 S (degree of nonhydrostaticity)E &% &
F oy F gty Aol F9 114 GPaolth. &
YEg nelsa o ARTIE Aol oF
122 GPaZ Z7}stAl g0 o] @ dHoly o
A Jephcoat et al., (1983)3} Merkel et al., (2002)
o wrE # B A9 A4 e E 49 Hn
I3 a=

Zao| ciet &

B Ao o] 83 tojolR AW 7=
380 pmEA g Fujst & Aol U
T fvh 28y F WY 53dE dFd Y
g tojolEs AWl J7le BEE 59 A2
S AESIRLEE 77 e SRS 1Y
tdel s AT 4 Qi YT FHEY ARE
o] &3le A% A Eo] MZ Ao]E Kol
= AL OgE2A 24" A8 77 wix 59

§ a7

Table 4. Bulk moduli of pyrite

a (A) K (GPa) Remark Reference
5418 147.9" DAC *4
216.0°
5.417 142.8" DAC *5
224.07
157.3"
5.420 13897 DAC *6
5.382 198.2 *6

*1. Hydrostatic conditions, *2. Non-hydrostatic conditions,
*3, quasi-hydrostatic conditions,

*4. Jephcoat et al., 1983, *S5. Merkel et al., 2002,

*6. This study. DAC: Diamond Anvil Cell
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Fig. 3. Compression of the volume of FeS;#1 and
#2 at room temperature.

FeS;#12] 79 NaCl E2¢o] AALAHE

A v FeS2E RAZ A8 33L& A¢
Fol AYAEHE FAANA FU71 BE
U4 zo|7t AT AR 42T 4 ut
deiy Ade AYAEY dEAHe] IR ¥
< 7 SHY dolop = YHEAQ 4&& nhE
ANA FA Z&3 Jth. &, FAFE 9] FeS#29]
Ki7b 1982 GPadl Ao uksled FeS#19 K=
138.9 GPaZ4 witje] A& BAF3 3t} o
el @A o§ Sl AL E o]Ro Uigt 3}
o] A gEdg Az o] &3 F34 MEW
7} ©F 20 GPa QIZoA TA(ES)ydez Aol
g Zio] ohdrt A4 Th(Shen et al., 1992). ©)
23 dA4L 11.6 GPa ©]%F 20 GPa o)} 22 7}

Aolo] ofstel WAL Yt Ao BEAD,
x %
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¢ T g JE wEA & Ao Yo B 9
HE 3). o9} 22 AHdME vz |
TA Y FFLRE FHo] AP AAFH] HF
I = *PEM FASHA dth o2 Qs &
gol Algo FEHA ALHA E5A HHE, A
2w Edo] S8 A¥sA Hol ¢h2o) &
AstA BAsA ZaA Frt oo FUUo
o] & 304 23.8 GPa o} A+9 oA A
T 3ol BolAE AR FAHE £ Ut

OE 7542 58802 AdE F A4gdA
o] &3t FAAZY (solid-state detector, SSD)¢]
o] oA 719" FE ohE Holt)h FeS#l
S 4T of o] g% SSDe Si(Li)-SSDO| Y =H]
o] A&71Y 5AL AR we Fa YA
ZoA A E JIE HY ELFHO0E HAET
o 3% 1€ BH, A7} 12 keVlA 30 keV
olgtell A 3 HArt AEFHI Yt} o]of uba}
o FeS#29 Z$oll= Ge-SSDE o] &3¢ =4,
FeS;#15TH OhA 52 oy £0=2 m371 A
olglo] YetUdE AL & & Yo 2) o]y
& Aole A HI9 Bl FFTFe T
ole B4 Ao 2ol FET F ﬂt}.

T g2 shie] 7heie Exdghel Ao)olr}
Exdgko] Wgsitts AL 20 %ol Wate A
t(Hwang and Kim, 2005, 13 2 #%), o] o
Ao} otelujA 2 5E 3dE v 3 Atolel 714
o] WislsldA X7} AAAY G A "o}
437t A AS BA AR goezRE dg
< ded &) A "o 28y $9)
T 7HA J°l° FAN ] Aol YFqFE E
A= F44d g3 Egsin)

A st RE3E Hupgdule My
A AR FEN A G F2AABHES
THEZ1AF oA FARS ThololEE iR

718 ol g3t A2dAA ZFHsHT. AW
174" Aot ok gAY R 2 24
¢ SHAA AP L AdsHh

%lzﬂ_éiﬂr NaCl& —Ez}t& A B9 79 NaCl &
Zo] YARYGEHE FASAL, F3E 43 MO
=4 Nse 'erﬂ(MEW)?n ANEe F5E
Aol FAYHE FAAIZ e %%ZH
ZA At 2R AT ALYHY AFSA
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oro.
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: l 48H NEW EXetes

A& ol 4HAGHAR o] 8F FA ol o)
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