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ABSTRACT : High pressure x-ray diffraction study was performed on a synthetic FeOOH-goethite to
check out its compressibility at room temperature. Angular dispersive x-ray diffraction method was
employed using a symmetrical diamond anvil cell with synchrotron radiation. Bulk modulus was
determined to be 222.8 GPa under assumption of K7' of 4.0. This value is too high comparing with the
previously published values from natural samples. It has been discussed the possible causes to incur its
high bulk modulus value according to the production conditions.
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Fig. 1. Variations of d-spacings of a synthetic goethite
with pressure.
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Fig. 2. Axial compression of a synthetic goethite with
pressure.
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Table 1. XRD data of synthetic-FeOOH goethite with
pressure

P (GPa) alay b/by c/co V/Vo
0.0 1.000 1.000 1.000 1.000
1.2 0.995 0.999 1.002 0.995
2.5 0.994 0.999 1.000 0.994
4.4 0.992 0.998 0.996 0.985
5.9 0.987 0.997 0.991 0.975
8.1 0.982 0.995 0.989 0.966
10.2 0.930 0.994 0.987 0.961
12.0 0.975 0.994 0.987 0.956
14.7 0.970 0.992 0.984 0.947
16.6 0.968 0.988 0.980 0.938
18.1 0.961 0.987 0.979 0.928
20.7 0.959 0.986 0.978 0.926
23.0 0.955 0.984 0.975 0.917
26.1 0.943 0.985 0.973 0.905
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Fig. 3. Compressibility of the unit cell volume of a
synthetic goethite with pressure.

Aom, of BHAE b-F7 c-Fo] BEE "
SHAZE T Z(hep)Z WIEHA At} olY3 F
Z7} g & uby) E]tn] A o]&3 A o] Alo)
o Ade E}E}Ht =&0]3L Fes} (OH)ol & Aol
o] Age] 4FS A Aok B a-F2 T4
Ay 7}’{}7 g oc-Zoll Hg) 28 o]
Aol gom, ofHF Aol a-Fo W A2
(vacant channel)ol| 4] <o) A sl7] HEoE o]
1l g2 OH...0 2t (bridge)oll HAI3 A=
Ao2 4= tHGleason et al., 2008).
g FatsE 28t e F=E,
Mg(OH)Y Ca(OH), & FHTZE o|Fv =4
< 92 AYRAEE @S Hola Jkd: 543
GPa for (Mg(OH),), Fei and Mao, 1993; 37.8 GPa
for Ca(OH),, Meade and Jeanloz, 1990). &4 Tk
ojoj Axol} FElO|EE FAEYE E 8T Q)

=
-

AN
AR FTZ7F ofUth tholojxxzofof thit §f
Z28o o5 Xu er al. (1994)°] 1¢AF A
3 AL AFEAELS 230.0 GPaolt}h. o] Fe o
43 A5 dia] @A dAstozZnk Z)Ast 9)
o] Ag¢ HHE 4g F §ATL 71E9 dud
Hes 2 FolE Holx duke: 134 GPa,
Grevel et al., 2000; Kim et al., 2007, & 2 #Z).

B Ao e A e EL] zﬂﬂﬁﬁés
2228 GPaZ, HAM ABRHE Ao 7|&9 W
I #F 9A RS AolE Holi QITh(Kim et
al., 2007, & 2 #z). BetA Xu ef al. (1994)
ALO;9} AIOOHS] AARAEC] A 27] W&
of ¢HS wow AlO 7t AZAY I FolEH
A kEE 4 gty A9t 2 YERE o
0] 9 E Fe,0:-2 249 A2 &4 75”‘!‘(0:“ 228

B2

[e]
=

&

GPa, Bassett and Takahashi, 1974; 199 GPa, Wil-
burn and Bassett, 1978; 225 GPa, Finger and Hazen,
1980) 52 AA AL 7k 222.8 GPaoll 5417

% Sitk. tojolxxolsh ThA/MA R bl
o AANE hHE9 ¥Fo] Fe,0:9 20| Fe-O
AJAR L 7P AEA BT = Sl nhebA]
HEpo] E a-%"‘r«l Bee FY 4ol FAEY
o o3 o= A== I

= wgow EH-‘:"r%}EI FZo] 213

olglgt & Wk e 44
of mugt e As WEst
Z 3 P=A[(VY) 1], 9714 PE gEolu,
A= zﬂxﬂ;}-ﬂ (KT)o]_,_ B= x]]zhf,]_-ﬂ o OLQ
of g UlEﬂ(KT oIt o] Ao 2HE, T4
Aol &ate AATRE Zte =29 W o
2 UFES tat 2ol Aot AF mud
<3 HW@) "‘ (linear Murnaghan equation of state)a
e 5 QUTHXu ef dl., 1994): P=A[(Vy/V)’—1]=
Al(alay®—11=A[l/y"—1), A71H o= AR
FolH, [& a, b, ¢ & 7k o= Foju H F
AL, FEefO]EC st 3B 13.8°]th(F, B=4.6,
Gleason et al., 2008). ©] A& W 2o & u}
€ a, b, 59 W3 GS ddste AN 4 =
of APEAE #2 dad 2tk a3, 6195+
1.11 GPa; b-% —-r, 1694.6 £ 3.97 GPa; c-=, 1020.0+
2.82 GPa. a-%< weh HAS = UFL b-F, -5
of wla Z+7} 2.7HH, LW E A9

rl

2E ¢F0] a

& ot TS ok =8, FeOOH- JElolE
= SEAA7 okdgt AP A A &t FEE,
A U Aegse ARgsrlele et
Aou FEHAR 7HES A ¥ A5 ALkl
o> ERHAEE hA A AFS B 95t
o] & o] &3}ATh

el EE o] &3 YA 94 &Y (infrared spec-

troscopy) LU S ZHE, Williams & Guenther
(1996)= 7 7H¢] o]$ ZF(two stretching vibration,
a8 4 # J‘)O J—]-i]'ﬁ‘}?\iit'ﬂ 64,] ke 71 0
~25 GPaoll A & 79 FF& AF5F7} LAagE
Bolm t-& siue= H}EHE <7 }3}1 ATt ol g
EEE-]. A=EL 49 <ol 44 7 v u].o’_o/]

G e 71Qlste Ao w AT ok 18
Ur el EQ FRHAA S tho]o] ~Zo|(dias-
pore)oll 3t W =3+4=0] E(density functional theory)
< o] &3 Al A3, Winkler ef al. (2001) ¢E

— 328 —



PREERELIEE L

o] F7tel o3l oprlEe AT A W=
Ao e FaAY Bt FUkske A% 4
ol Hol sl A Zoe AES EE31%H. S,
OH..O Z1%&dl 3lof skl s F=¥ W3}
gk o] 22 A4kl otd H..O F3 280l
ofgt Z=7t S74Eel Wt O-H 299 A=
AastEd o]AE O-H olgt FFH (stretchmg

2
frequency)7t A&EHCE 7HATE BT 9l
t= Zolth, =3 Winkler ef al. (2001)2 €39
A EBIUAFY] 2HEY bo|E|7} OH-0| ¢
Aol A athA] F2 5F& AHHA, 259 Al
AbA el ofstH Q'O]Oi*ﬂ‘ﬂg] *E MAUES
¢ g 5 Jte < sta Qo whet
A HEFO] ET} tholo] & :-5019} 'rr"}o}ﬂ] R
M, Xu et al. (1994)°] F3 4= WAYEZL &
-40}13}—' T 0”’/}

[
o
Ok
{E
i:l
E?~
_Oﬁ
2
>
f
o

Ir

= 45489 ol A
< T A oly3t Aol
E AFsto dotE F o A
e EE F31Y /\]‘Eolj Fd NEE 2%
gl A Az AT AAANEY A4, F
BAEY 2748 70C7HA AFEHEY 257 &
e As 7Hgslde Fevt sleEg 1
gtoll gk A3t zolE N 2, & 24
of| 14 X (activation energy)2] o] ZHE 7|13k A
o2 AgH o]gd o= 34 74]‘”‘4 & i 2

o] E(hedenbergite, CaFeSi,Og) A= & 4 U=t
xi?i*& A (Kim e al, 1989)% 14 9 A (Kim ef
, 19)E SLAERE ALE9S HF 5¢s

ﬁ&(% 1200 )-11.¢¢ é_laf.ﬂ&ﬂow dHo] AF
o] zpol7} FAsHAl U= Ao] gtk At
slRim o] ELl o] AE; SHHACIE A4 —
/\-]E/H /\]-_,_ y - }\j,]l:ﬂ }\}4_/\]:/]/\11].0]15 }\}%/\-l
A4 AL;.}\Q/\H].O]E /\P+ Q- ~Elo]E AP%}\]-HL
7674] HF 270l E A+ 2E|&Hlo| E A+ S 2E
o|E 4, o]} thuE o] 4 ddlmAto]EL A
o] Al%; slHAIE 4 — 23 A+ 2E|L&np
OlE A+ 5FAA FF2TIolE & — S2EOE
+ 2El&eito| E A4+ 55 A A E2II0E A o
Az o] Aol B AFolAH, F AR
AEAgol A zolHo] EAstY e As
sh7)gk o P A ¥t
ol wAE sAstr] AsA = oln] B AF
Aol A AT AL A Ee} A A 7
AAEC tg 2R5A A7 Basith dAL

&

NEE AAEE stev SFTH 4 B4 QA2
U FeS-4 A (pyrite) =
2 gksto] 913 (pseudomorph)° 2 A4E Y™
Zo]th(Kim and Yi, 1997). ©]%t= tiul=A T4
AEE 70C LollA AAZE dAe]ste] AT
Aoltt, metA FA9 x-A 34 HoHEE £
W, PLS BL-8C1ol A& 1Eels3d7)7)h)E
g5sto] g EWE §4 Fdado] 279 33l
o} ol it l‘%—dr W A4S Z2he tolo}
7 Al 7]7] T A F Z# 2(large volume
press) & LY7I7IE o] 83t FS A& T I
Z e ]‘30” g PEWE RS & F94E

ot
o
o2
2
é

]I.

=
mﬂ
hu)
2

18 st AES F e 2t JEH Ay
71O 2, A7 Agdel dAtets W FEE S
7M. 2 Y F e FEIE FEste W
o =24, YA (incident beam)S 43 W& 3
Heo s AN F e & B9 KB AE
(Kirkpatrick-Baez mirrors)= ©]-&3}o] ¥o] 2719
A5 z2-s= Zlo|tk(Shieh er al., 2004). ©]H

g WO T SDACE °] &3t g < 713 A
o A YA S ZAK(scanning)3h= /‘] e & AR
(milli second) T2 3t vl 2 F=9] 3
Y-S & F glol, I dtollA Ao 33k
ol g Boy A ARE A& & ds AL

Z 7|ddt.
AR AL

el Eofl gk 15t PLe 2371<E57] 94 (Pohang
Light Source), Beam line SA°IA F= T Ay 2
dold £4& =9F ZI7HE71dT 20 o]ds) WAt
A A& E??}E}. B =2 W& A AFE st
old wot AMthsta o] &4 w

ofr

ZET (2009) HAA T v A9

3 F=gE58] A, 22, 177-189

95, =47, %L 17 (2008) AT+ o FAbEEC] &
Aol #FF AT, FF=I] A, 21, 415-423.

Bassett, W.A. and Takahashi, T. (1974) X-ray diffraction
studies up to 300 kbar, in advances in High Pressure
Research, edited by R.H. Wentorf, pp. 165-247,
Academic Press, New York.

Bell, P.M., Xu, J., and Mao, H.K. (1986) Static com-

— 329 —



295 -

pression of gold and copper and calibration of the
ruby pressure scale to 1.8 Megabars, in Shock Waves
in Condensed matter, edited by Gupta Y.M., Plenum
Publishing Co., New York, 125-130.

Fei, Y. and Mao, HK. (1993) Static compression of
Mg(OH), to 78 GPa at high temperature and con-
straints on the equation of state of fluid-H,O, J.
Geophys. Res., 98, 11875-11884.

Finger, L. and Hazen, RM. (1980) Crystal structure and
isothermal compression of Fe,O3;, Cr,0; and V>0; to
50 kbars, J. Appl. Phys., 51, 5362-5367.

Gleason, A.E., Jeanloz, R., and Kunz, M. (2008) Pressure-
temperature stability studies of FeOOH using x-ray
diffraction, Am. Mineral., 93, 1882-1885.

Grevel, K.D., Burchard, M., Fasshauer, D.W., and Peun,
T. (2000) Pressure-volume-temperature behavior of
diaspore and corundum: An in situ x-ray diffraction
study comparing different pressure media, J. Geophys.
Res., 105, 27877-27887.

Kim, Y.H., Ming, L.C., and Manghnani, M.H. (1989) A
study of phase transformation in hedenbergite to 40
GPa at ~1200C, Phys. Chem. Minerals, 16, 757-762.

Kim, Y.H., Ming, L.C., Manghnani, M.H., and Ko, J.
(1991) Phase transformation studies on a synthetic
hedenbergite up to 26 GPa at ~1200C, Phys. Chem.
Minerals, 17, 540-544.

Kim, Y.H. and Yi, Z. (1997) High pressure x-ray dif-
fraction study on a goethite using synchrotron
radiation, J. Miner. Soc., Korea, 10, 75-81.

Kim, Y.H., Hwang, G.C., and Do, J.K. (2007) Compres-
sion study of goethite at room temperature, J. Miner.
Soc., Korea, 20, 261-266.

Mao, HK., Shu, J., Hu, J., and Hemley, R.J. (1994)
High pressure x-ray diffraction study of diaspore,
Solid State Comm., 90(8), 497-500.

Meade, C. and Jeanloz, R. (1990) Static compression of
Ca(OH), at room temperature: Observations of amor-
phization and equation of state measurements to 10.7

24

r->r4—4‘

-3

[e]
=

&

GPa, Geophys. Res. Lett., 17, 1157-1160.

Nagai, T., Kagi, H., and Yamanaka, T. (2003) Variation
of hydrogen bonded O..O distance in goethite at high
pressure, Am. Mineral., 88, 1423-1427.

Park, S., Jang, J., Cheon, J., Lee, H., Lee, D., and Lee,
Y. (2008) Shape-dependent compressibility of TiO,
anatase nanoparticles, J. Phys. Chem. C, 112, 9627-
9631.

Ringwood, A.E. and Major, A. (1967) High pressure
reconnaissance investigation in the system Mg,SiO4-
MgO-H,O, Earth Planet. Sci. Lett., 2, 130-133.

Shieh, S., Mao, H., Hemley, R., and Ming, L.C. (2000)
In situ x-ray diffraction studies of dense hydrous
magnesium silicates at mantle conditions, Earth Planet.
Sci. Lett., 177, 69-80.

Shieh, S., Duffy, T.S., and Shen, G. (2004) Elasticity
and strength of calcium silicate perovskite at lower
mantle pressures, Phys. Earth & Planet. Int., 143-144,
93-105.

Wilburn, D.R. and Bassett, W.A. (1978) Hydrostatic com-
pression of iron, and related compounds: an overview,
Am. Mineral., 63, 591-596.

William, Q. and Guenther, L. (1996) Pressure-induced
changes in the bonding and orientation of hydrogen in
FeOOH-goethite, Solid State Comm., 100, 105-109.

Winkler, B., Hytha, M., Pickard, C., Milman, V.,
Warren, M., and Segall, M. (2001) Theoretical investi-
gation of bonding in diaspore, Eur. J. Mineral., 13,
343-349.

Xu, J.A,, Hu, J., Ming, L.C., Huang, E., and Xie, H.
(1994) The compression of diaspore, AIO(OH) at
room temperature up to 27 GPa, Geophys. Res. Lett.,
21, 161-164.

Hrd20094d 114 309), FHL(12F: 2009 124 89),
AAEH L2009 12€ 15Y

— 330 —



