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ABSTRACT : Talc (Mg3SisO,9(OH),), one of sheet silicates, is soft and has been widely used in
industry. Powdered talc specimen was synthesized at the pressure of 200 MPa and temperature of 60
0C using external heated hydrothermal high pressure apparatus. High pressure angular dispersive X-ray
diffraction (ADXRD) mode experiments were performed at the Pohang Light Source (PLS) using the
symmetrical diamond anvil cell (SDAC). Compression pressure was loaded up to 11.06 GPa at room
temperature. This synthetic talc shows no phase transition(s) within the present pressure limit. Based on
ADXRD data, bulk modulus of talc was calculated to be 72.4 GPa using Birch-Muranghan equation of
state (EOS). This value is lower than that of natural talc determined previously.
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MNoE

4 (MgsSisO19(OH)) S E&FI|Et AF4
EAgto]l deigdutiagoly B AES
ol AAPHAY e 718 WA 28714 o
oju} sMtek & SHdtol deHAEARES ol A
AEE Zo® deA thMoine er al, 1989;
Anderson et al., 1990). 3+ EZulo|EZ B A}
o] Pl |71 WA 29714 Y
o] Floll o3 HEUA T 2HE-S o} 24
o] A E7|= S Brown, 1973). -Eluete] &
Ao BRvlo|EY BRojolEd Asleli)
o A0k AR e 2471490
A5wdatgol} Wastgol oslel A4E Ao
2 FEHALee and Choi, 1994; Kim and Kim,
1997).

FHo] AAFxFH R FES W] AR
AL ZHol a¥AZe] Adel oa AFUR=E
So7HA HH fEd S0 A9 + e
TEUoE JAAHHEA FEo|th(Pawley and
Wood, 1995). AFHEHAA Eo] AFURE o]
Sotd, AT Re AV|' ek AL AT
spRgo] Agt YIS vAL Yok = Ee
FadAE WEEHY 545 HsATlet v
83 9&s sta e, 53] S50 A4
o PXl= FEol 7] wEolty. FHEAANA A
Poh= gES FaUAE Ho 2de ATHE
2 olFAlE XA L sl ol ae
FogEe JEoE T d] AEE Fi o
AU, FgEO AN FAol S XFsaL 3§
Feo] Wi Tzl £330 AFRE °oF
sl Aot whEkA AT e 259 o
Fohe 2dA E2 x3sla e FeE
of thet FgFolvt B EA A A AAH A

S v o g AR AFUE RdS e
o Fasith § ok A9le] 2=
3 A4S Edlu Adslske A 542 Ad
skt F83% A7 2 4 Aok olof] AjkE &
-9k 9folA ZAe Aol gk At Al
Y= QT Pawley and Wood, 1995, Fumagalli et
al., 2001, Gleason et al., 2008).

AARA U AR BHE ARl @5
HAAE-S Wol BPEUEE, o] ARE o83t
&0l HololZt Yl 717]9} ARG Bl o]
4F X-A13) 4 (Energy dispersive X-ray diffraction,

ox dlo rir

EDXRD) A3< 3t AFEHHES 78.6 GPaZ
AA3IYTHKim and Yi, 1999). ¥ dFolME =
ol A st Dol gk 2 9 31gt stol| A9
diol A e Aol g 1% ADXRD
AE o] AT At HA Ao gigk 7|&
o] 1%}t EDXRDATA 7S} Hlw st oh

o P

9hA| 2

M

B A3l o] g3t Ase aHYsty A3
}8}3tol] A2 Leco Company”} AZgE 71712,
FI7tE GraPAPZAE o] 8ot FAET A
ojt}. o] 7|71& ol&sl A& F e A
520 MPa°|H, #HEZ42 4=H-87](pressure vessel)
of A" FHAOIAE o] &3ttt ¢EA &
2k S8A = HWHAY 025%=, ST 4E
°F £ 1.3 MPa®] EFAXAS Zte 2102 34
Aok AT TR HdAH glon 97
°] 32 mm, A°]= 184 mm, A|Z-E Rene#dl <
o] g3t AZg Zlojt)h, 255 48] 95
A7 A7|RE o]&sto 7tEEE, % F
7F= 2% ZZ7](Eurotherm controller)E ©]-&
Shuth FHAHOE ASH Al@AH, FE8r] 9
o} e ARske AT 5 zole |1
718kl A AL 2o, o)l wE =57}
&3 9% (thermocouple)?] ZA2% zo] 712
SAE 7okt oF £ 2T AHEo| BEgAAL 7zt
© ASE AT

ANeRo = ol8H s % 3 mm, 7/
0.15 mm, Z°] 10 mmo|™ AL o FgF
(Ag-Pd) Ttk MgO (% 99.95%, Aldrich,
34, 277-7)%} SiO, (Johnson Matthey Chemical,
batch# S90000B)E A |3te] & H] 342 EJIsh
s SUARE QT AEH Gl SLEHE
2 40 mgH A SHRT 8 ulE UK o &
AE 3t Westgnh 9xs] 458 Aes 4™
710l A3 v FRAE7HA Isksidth @
TR 7HEe RREUYES FAEHEA, 255
ol SUTIET S ol &S & AEE 200
MPa 48 3l 600 T4 577A1%E Bt ¥H-g-& Al
A 3 o, A A Hao AF A4E F
A Aol7} £ 02 mg ©3tE HY FT FE
Re oz Ak ol HH S AA FA4

X ok fio
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Table 1. Assignment in both monoclinic and triclinic crystal system at ambient conditions of the starting

synthetic talc

i, dos (A) du (" kD das (A" D
(monoclinic) (monoclinic) (triclinic) (triclinic)
40 9.380 9.354 002 9.35433 ©o01
25 4.682 4.677 004 4.67717 002
10 4.534 4.534 (110 4.55101 -110)
10 4324 4338 -112) 4.33529 -1 -1-1
10 3.884 3.863 112 3.88218 a-1i
100 3.118 3.118 00 06) 3.11811 0 03)
10 2.598 2.595 -132 2.59755 -131
10 2.476 2.482 132 2.47695 a3
10 2.338 2.338 0 0 38 2.33858 004
20 1.871 1.871 (0 0 10) 1.87087 0 05)
10 1.559 1.559 0 0 12) 1.55906 00 06)
10 1.527 1.527 0 6 0) 1.52692 330D
10 1.335 1.336 0 0 14) 1.33633 007

* Lattice parameters of the monoclinic and triclinic system, respectively were calculated on the basis of the
present experimental data; Monoclinic system, a = 5.294 (4) A, b =9.161 (3) A, c = 18.982 (2) A, A (deg)
=99.7 (3), V=907.4 (3) A*. Triclinic system, a = 5.302 (4) &, b =9.163 (3) &, c = 9.486 (2) &, a (deg)

=903, B (deg) = 99.5 (3),

—. 4000
4
o
= 3000
2 & .
‘B a bt =
fd =X b -
ar e 75 Z g
1000 4 s Lo g 4B
| — r\rg a © w0
J .L | 25 e e
I L - E—— T v S N
10 5 25 1
d-spacing(4)
Fig. 1. X-ray diffraction pattern at ambient

conditions. Miller index was assigned on the base of
the monoclinic crystal system.

H AEEL XAV E ol 83t EAET
(Table 13} Fig. 1(a) =, Cho & Kim, 1997). &
ANRE 73 Eooz gyEglon, Axpds
+ PDF 13-558ET} ¢fF & Ao 2 AHH U
GHARE HIFESIY T2 AR gl #Agt A
Al W& Cho & Kim (1997)°] 1o} it

7 (deg) = 902 (3), V = 454.5 (3) &>

A 50 Uigk XRD 23+ Cho & Kim
(1997)9] Table 10 UeRt o), B AFgA=
A FYUE XA Fo tia] thA] XRD #41S
AN &Y3IH T Table 1). XRD &40 o]&3F 7]7]=
SIEMENS D5005°]H, 3|-d4d3de e |82
ojm] IxH =& FIx¥ 4 JtiHwang and
Kim, 2013).

J9F XRD Ade XE37IE7|A74(Pohang
Light Source, PLS)®| W 2}Ql-10C(BL-10C)°lA1
Agsiit. sk gel o83 77)e e oA
go]oRZ=oldl 7] 7](modified symmetrical diamond
anvil cell, SDAC)E, U] FBl& 27 o] 350
umol Atk XA - & EHo7 3h= tho|olE
= e =35 walsgo) os) B3yt Hee B
=HoIY 32 FAL HA 7] wiol HAel
A AEEE BAS TololEEe] A fiRie
A3 Q= Type 1+ AME-3FSTE BL-10ColA]
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Table 2. Lattice parameters of the synthetic talc with pressures

P, GPa a, A b, A c, A 4, deg v, A°
0.0001 5.285 9.174 18.945 99.44 907.40
0.13 5.288 9.160 19.091 99.90 906.34
0.69 5.266 9.132 19.062 99.81 903.40
0.96 5.270 9.130 18.993 99.85 900.50
1.51 5.271 9.116 18.947 99.86 897.10
2.03 5.248 9.115 18.757 99.38 885.30
3.18 5.225 9.084 18.575 99.16 870.50
443 5.213 9.052 18.420 98.72 859.30
5.41 5.197 9.028 18.366 98.66 851.90
6.18 5.181 8.997 18.295 98.76 843.00
7.80 5.174 8.973 18.266 98.76 838.20
8.79 5.057 8.954 18.340 98.12 822.50
11.06 5.016 8.913 18.220 98.06 806.70
0.0001" 5.299 9.152 19.006 99.76 908.50

* unloaded to ambient pressure (i.e., atmospheric pressure).

AFEE XA 3 0.619992A0]3, oyA]
£ 20 keVolth YAkshHE X-A1-& 270] 50 pm?l
Zg]H|o|El(collimator) & ©]-83t F7]E =43}
of AEW k] FAEA EEAERES FHEHE
& 3lgen, 3dE XA oz EFYolE
(Image Plate, IP), Mar3455 o]&3lo] ZH=39th
ANEo R o]4g MAZe T301 2H]QlE A
292, FA7F 0.25 mmelH, AFe A5
73€ 230 pmelk AR Qboll HE-E-olg-E
(ME)S F3H] 4:1%1 &3 HAE FAdstd B
AE7F GAEHEE 9T SDACH XA 2 A
7] w9 ZHE4Hs) AW (angular dispersive X-ray
diffraction technique, ADXRD)S ©]&3}%t}.
SDAC <ol A2t AlEe} IP7HA] Al A5
d-#t& Akt wlg- FestEE, RFEHEQ
PEfolE HE 6 (LaB) 29 3HHS o &
skl Al HE7] Atelo] AgE AAsHh
53 dgloJEE FIT2D S/WE 0|83l £A3}
At AR A e oE =l ARE Q)
THKim et al., 2009; Hwang and Kim, 2012). A|
23 2ol W 2740] oF 20 um AT e 3 B
o] Sz ) ke qelel Wa) ke
&3 (ruby fluorescence method) S ©|-83to =

AR thBell et al, 1986; Mao et al, 1986;
Chijioke et al., 2005).

2 AEE AT oS A3 XRD HE 4
AP oln] L E o] ITHCho and Kim, 1997,
Table 1 % Fig. 1(a)). o714 FAZ A=ASF 3
2 ey 2tk a = 5316 (2) A, b =9.190 (4)
A, ¢ = 19.018 (7) A, B = 1003 (35)°, V =
914.85 (122)A°. o|¥g AFE 1Isy] Sl
XRDAFES 4AstY ZAIs MEZ nwsidch
(Fig. 1 @ Table 1): a = 5.294 (4) A, b = 9.161
(3) A, ¢ = 18982 (2) A, B (deg) = 99.7 3), V
=907.4 (3) A’. F Av= Agdl mE o3| ¢
Al WollA MZ IXgHe & 4 ok e 34
T2, o]8g 52 & Tk 8AA0) <t
ol mladlgol o, Az HAHS It
£ Tk AFEAE F 5 Akelel 719 Qlth
o]gg TOTZo] Hil2d A3 3t Q7] )
oll, B4 FE FoA AErt /M v Flo]
th. X2 OFA AFFEE Holgd, olgd
£4 "ol TOTS9 wldsAel ¥slh dojut
HA SAAY B A FRE AAskE
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2000 o
0.00GPa

i, _4 (unioading)
-
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g : 1 11.06GPa
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Fig. 2. A series of angular dispersive spectra of
synthetic talc with increasing pressures with a
spectrum at the unloaded to atmospheric pressure and
room temperature.

THWenk and Bulakh, 2004). w2bA] £ 23 o)A
e XA IE dHoleE AAEAE wiA
(assignment) 3:EH a = 5302 (4) A, b = 9.163
(3) A, ¢ =948 (2) A, a (deg) = 90.3 (3), B
(deg) = 99.5 (5), ¥ (deg) = 90.2 (3), V = 454.5
(9) A’o]th(Table 1). 12t} a9} yo zho] 2x}e]
A Woll 7] el AAAAR wfgshe AL
2 o7}t glo] B AT ME SAHAR wiH T
HoHE o] &33tE B8 2% TE 4¥e 2
T 7kl AAPAE BAREAIR Weld JhE
dol g wiAT = glok

aoHAel I53 g X-A3d 13 29
Edo] Fig. 20 FoA qlom, §f89] F7tol w}
2 Azpde] wWolzt Table 20 Yeh} Ut
Fig. 19 Hol= A5 339 347 Z(intensity)=
DACE FH3tiA 853 3HFES} Afolg B
o|a J&Hl, oA voloREEo o7t F7t ¥
oS 7] wZolth. o] It wet 3%
T W3t & 93+ AWz (basal spacing)< Y
EfE 3l=o|th AH002) 2 (006)9] AEE ¢
o] 4.43 GPadllA= A9 ARFAH, =3 =4
HA] - 2 Aoz Yyl olof Hg] & ¥
39 52 AA ¢4 AoE Yehyith 2 Ay
oME Ha ¢+l 11.06 GPaZHA ¢ES 714
Z w74A] AR e oA HstE Wy
2 skth 4Ee AAS IS FEOE W
Z700A A - U wo} TYg Y
o2 FHEoph=s Aoz FAHUG ¢HE WUk
= W A=} g 2ol E A 3 =121(002)

1.01

@ loading process
© unloading process

1.00 4

0.96

Pressure, GPa

Fig. 3. Compressibility of a-axis of the synthetic talc.

(0025 @ loading process
° © unloading process

Pressure, GPa

Fig. 4. Compressibility of b-axis of the synthetic talc.

2 (006)°] HE}FSE AL B 5 Qo

Table 2] 7]A= o] Q& a-, b, 59 4ol
e $=Ao] Fig. 3, 4 9 59 T EE 47 b
Bt QlTh a/a®] 4F HEe 4] Fotel whet
iAo Zhashs Ads Hola lou biby
o] AeE Y] 85 Hola k. ol Hgt
of c/ce®] Wlol 2 B & o= Ueth ¢
%o A4, 34 935 #EF F e AW 92
o 7} H0 Qlo], ol FEFe B AL
= 3o 2y el SkeA diAFd
AL 3% BT F4dks e & 5 ok 24
of o]yt HEL th2 AFME YRt =
d), Gleason et al. (2008)2] 7%, ADXRD &0l A]
AL k= HolHE AAEAR vi4 (assignment)
RS AT a-Fo] YFL vy 2 2FS Ho|n
Ak olell B b- & c-F T F=T) w2
ok 2 A EE o]gste] HA3YPE EDXRD 2o
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1.01 4

1.00

0.99 4

c/cg

0.98 4

097 4

0.96 4

Pressure, GPa

Fig. 5. Compressibility of c-axis of the synthetic talc.

sto] A2 Q% dlolEE WAMEAIR wlgste
AL A= o5& A e Z9 45 Aol
HolE= FEYe & 4 Utk o9}
o] 4EAF JEE uppro] JHHA g5 b
olEel A= d7 el Aol7t wig- AA JERY
IStk

M3} o] FATFEE
T, FE wg FAARE
TFxo 4EE 7l HA $52 ol AdE
Jako = dojuA drk webA o] F
ekl giAlFRl EES YAl Uehue A
Atk olHT E& AuwEr] 93| ol
HAAx o] k=rojEe} B A o)A
BE FEgAASHIHE ol8st] 72+ %9 ¢
F45 Ak olgd Fo| dFe AP
BT 78 st oldd dElS AldkshEd]
W2]-H st el 2)(Birch-Murnaghan equation
of state)? WUt el 2 (Murnaghan EoS)<
ol g3ttt MAl-HURE AFEEA 4L Tt 2tk
P = 1.5Ko[XP-XP[1-4X?3-1)], 91714 Ko+e

i

she Tt REe] A
skal glomd o3t

5o AHYAE X = 1= 24— K0')olx,

Ko’ = (M2 Kos) il vt e
0782} (Murnaghan EoS)& the} 2tk P = (Ky/Ko)
[(VIVoX*-1],, &71M Ko’ = (%)Ti Ko®l 3t
o wE 27} 2, vlRgelt. e 7 2] 4%
Sleletel Ael() HOTEIS olg e W Ko’

HO=2 il
25 42 7P83th Kim and Yi (1999)2] Table

@ loading process
O unloading process

Pressure, GPa

Fig. 6. Volume compressibility of the synthetic talc.

I} FAPAEE 0]83 B AF9] ¢4=E0] Table 3
o FolA Ut} o] el Ful9| UEE, & AF
SHEE YER} Qlth
P29 AT a-Zo| b-F =
o] gFEo] g WAl U S
o] Agol w} xtol= Holal YA ¢-Z0] Y
FFA A9 te Fo W A ghg Holw
w}
&

o

QIck. AQL BH o] H9E AL, o

2 WA e THE Fol HE) uS-
ok 4= QItkKim and Yi, 1999, Figs 4, 5 &

YA 7 %o ol wolels} Aol )
0

tjolEl o]-&sto] B T A E(Ko)
< 724 (£ 4.0) GPaZE ZAA3ISTE Table 40| &
A3 fARE ARFZRE 2 e RS
AN ES vtk &4 A ES T
E FATEFES F8, HE4 2 MEwo H)
3 E=2 AoE Jeigth ZHEide &4.2e T
%9} HZA E(brucite)- 22 727} o9 733
°g wrista e FATERoIT HAL EAF
Hlwate] B, b o] AASEE ol 2A
Uehb=t, ol A4t dhEo e EvE
o] AT HIg| kol i3 AFEE Fol=
AT R skl
&Rl ARFEE Holal itk o#d 7=
FaAFOE A= 9o, dEs WA
olHfgt WaFo® Qt=o] TAYSHA EHol A2
g2 OAZ @A Jepdth

=T
A el A AEHozRE BaE T

A
33

S k= AoR

rlr ol i

e e
(B X rlo a

A

oL
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Table 3. Comparison of the linear compressibilities of the synthetic talc and natural talc using two equations of

state, B-M EOS and M EOS

synthetic talc (This study)

EOS Ko, GPa Ky
M 306.3 4.0
alag
B-M 310.1 4.0
M 342.6 4.0
b/be
B-M 346.1 4
M 176.6 4.0
c/cy
B-M 180.9 4.0
M 71.9 4.0
V/V,
B-M 72.4 4.0
natural talc (Kim and Yi, 1999)
EOS Ko, GPa Ky
M 695.3 4.0
alag
B-M 715.2 4.0
M 785.2 4.0
b/be
B-M 804.3 4.0
M 122.4 4.0
c/co
B-M 215.6 4.0
M 75.3 4.0
V/V,
B-M 78.6 4.0

2ol sl|E 23bstal e FEo] Ads &
755 WA o7 fITKLiu, 1986). ol&3gk
=9 Aol o) Al M-S AAIE= AL
Fe7b AR Ball| Eo] vian} BT} Aol
Ae AL wl$ =k AUl =Y =
Aol A 2ol dojupd i 9 Szl
A HRleZ Vg & £ J& AR 7|gE
Aol 9fgt hEAgolut Aol o]l =7t A
25 Holu 1204 k5ol Ak olf7t
7] Stk

e HAsl HAfom TAE(Mg:SisOn
(OH)) o ZHE A& Hol7t AA Abzdoh Si
£ A3l Al AUl 0.15 A=o|H, MgE A3
k= Fee 0.1 A=o|thDeer er al, 1962). T4
o] AUt Ee-S s FH el E&
et Hol FEEES FEAITIEA uvln)
Aol 7143ty w ol thGill, 1981). &4 &

FrElo] = Bo| IS BE 2F 4.7 wi% F=olth

ol g FEo] we} o]Foizl Yo F& 12
AR Ade o Atk A3t stellA
TOT % Aole] A, & 71AHe d-fl(basal
spacing)> ¢F 9.4 A°|THTable 1 & Fig. 1 F=).
259 S F7MN7IE =3 A e 9 &
ME HolE skt & EAF TOTS ARIZ
So7HA "ok o]FA T ARClE Sol3t & 7]
AW d-#S 10A2Z F7HXZItKChijoke ef al.,
2005; Comodi et al., 2005). =3+ &40] coesite
+ enstatite + waterZ E3=H= AL YEo] oF
3-5 GPa A% ¥ 257} 700-800C A= 7o
2 ATE K Pawley and Wood, 1995). &4
FEeAe TAPEANA AP AR AHolE bl
AL F §ARL BEE A7t olfa tE
XRD €] W37} A= =] 7] vt Aol
£ AdFshle ulg- ok A= Holrt &
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Table 4. Zero pressure bulk modulus (Ko in GPa) in sheet silicate minerals

Compounds References
KMg3AISi3010(F,OH)2 .
S+
(Phlogopite) 585+ 2 Hazen and Finger (1978)
(Mg,Fe,ADe(S1,A1)4O1o(F,OH), .
+
(Chlorite) 50+ 10 Hazen and Finger (1978)
KALS5010(OH), 614 + 4 Faust and Kanittle (1993)
(Muscovite)
BaFeSi4Om .
" +
(Gillepsite 1) 62 +3 Hazen and Finger (1983)
BaFeSi4Om .
ok :l:
(Gillepsite ) 66 = 3 Hazen and Finger (1983)
(Me:S1O1o(OH),) 786 + 3 Kim and Yi (1999)
(natural talc)
(Mg38140.10(OH)2) 724 + 4 This study
(synthetic talc)
* low-pressure tetragonal structure
** high-pressure orthorhombic structure
A% Aol T & Alole] fUd AN AFA

j
QBB AAoR AYS T B9 AMIRAZ A
olsht 240l 2 S 9l

2 £

B4(Mg;Si;010(OH),) & AHAAINA &57}
T He Y TatEgEeth RtE EF &
471715 ol83ste] gt &of tisl 11.06 GPa
THA] (FA TS 204 AlYstT ey
o] g3t 7|I71= MEd tiA tololEs idr)y)
o, EghPARY 7157] AF4ae] W] 10-Col
A 20 keVSl HAREE o] 83t 4t X-A13]d
WS A 83tk EEAEE APEAIS A
AZ WA = o), B AFdis gAEARE
Hste] M-S I wuigt el AE o
g3l 7} Fo] AEEF AHEHES A4S
o} ol w2 o] ol WA =
o}, B 12Pdele] AF HA XA 3| A )
HollA AE A eodt) 4= HEY L5 A
SAZ F de= Ao dao] tFHY, ol
A ol gk Ajo] A= o] Qo] Ao HAE &
AN dle A7 Aok

B Ao A FAEA ETAEE 1etEtn A
TR Ee] 1 AYA WA AFE Holth o]
o) Ttk IS AT A0l A Al
g AP T A A3 HE A
VA, S, sk SAolAl avke-E Adth X3l
AR7IE71AT oA Y] AR WS EF(MEST) 9}
FF(POSTECH) 2] AU w9ktH2013-27-10C-016).
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