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An impedance spectral analysis of electric characteristics of pyrophyllite
dehydration at high temperature and high pressure
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Abstract: The electric conductivity of pyrophyllite was measured by means of Sarltron-1260 frequency and phase
impedance spectroscopic analyzer under the condition of 1.0, 2.0 GPa and 873 ~1223 K and on the basis of mi-
crocosmic mechanism analysis. The experimental results indicate that (1) the electric conductivity of the sample
depends on frequency, (2) the relationship between electric conductivity and temperature is in linear accord with
the Arrenhius equation, and (3) the dehydration temperature of pyrophyllite is 1074 K and 1 101 K at 1.0 GPa
and 2.0 GPa, respectively. A conclusion different from previous conclusions has been drawn, which holds that
an inflexion appears after dehydration.
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Fig.1 The general form of the equivalent circuit used to
model the experimental sample (A) and the equivalent
circuit producing 3 impedance arcs in the complex plane (B)

M & B A (B C,5 C, ik H 8/ #
Co.Bit)o BRI FHT R, 5 C, K. NKRE4A
BREARSENE;ANISE®T R, 5 C, 3#E,
REEEFRDEGSENH BROERT R, 5
CHE REERSHRZAMFHILH, BN
I AT AERMEKR SR FEA R .+
BEREAEL RMARES ASNEOHEET
#t HREWI S BREMALBETHRE
BESAGERNETTS . XTHRENFEEFER
X #R (Wanamaker and Duba, 1993; Roberts Tybur-
czy, 1994; Cemic, 1996),

2 HF S LR T

2.1 BRH&

LTRERARRTEL, LFEFRD (w/%) R
Cr,0, 0. 98, NiO 0.08, MnO 0. 14, FeO + Fe,0,
0.92, Na,0 0.70, K,0O 0.01, ALO, 30.34, CaO
0.63, MgO 4.18%, TiO, 0.45, H,0 3.15, SiO,
60.81,

LR, M BEARAERDIRER 5.9 mm,
£5.0 mm B E AR, BOE 393 K ROt S 4T 24 b,
TEREESRRE R K,

2.2 XWHZE

RETRE Y]-3000 E RRAATRRERE
LR EENRESHERAREL XMOEHEES,
2003), TR RAEEEIARBBENFERT, &
WENFHAZREES A EERE 0.5 GPa/h, F
HEHRFEE, 218 AT REE, A B2 200
Kh, ¥REAFZERFNEN EFHEE, L HP
WFBINREFHAFEE0.04 mV TSN, BEE
15~20 min, A Sarltron-1260 BH 31 /4 35 - %8 {2 FH $1
BAHTAA ZPlot B FMIC R LR HIE, MRk
BRI R BTEE N 10°~10° Hz,

TREBRFELE2, A BAERG32.5
mmx32.5 mmx32.5 mm)EEEMN K. HBAE
AKMEFUBHEREW , GEAEEN RO G
BREZEIDK HAEMNTREOERE 113K, #
HEEFENMRSHEMURBERAA=8k _E4
%o F 05 mmx5 mm BEZLIERR,H 3 EAHER
FAEm#A2E, LMRIER B35 P 1223 K, AGHA
EHRUB EBEESURRET N BEHKN TR,



http://www.cqvip.com

pooo http://www.cqvip.com]

102 10° 10* 105 106

218 H A% Y % % % ®|uk
Y 10%
/< : —1-873K
- 923K
< — -0-973K
=" | £ N 107 --@ 1023K
TC = F -9 1073K
0 g
=~ -
J 108

i

9 B2 7
MR L) i3 XA
(= =
A5|R% HABAR =ZRTE

BEER AKET WANKSE

B2 xBuHmEER

Fig.2 Schematic drawing of the experimental setup
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Fig.4 Impedance spectra of pyrophyllite under the condition of 1.0, 2.0 GPa and 873~1223 K
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Fig.5 Logarithm of electric conductivity versus reciprocal
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1.0, 2.0 GPa and 873~1 223 X before dehydration
and after dehydration

SHERBUSESERTUFSY, HRBEE &4
T, B K BT 3R B E 7 0 3 K T R, X 58T A
XTEMA/MACTFRSBILBEE D EMREF—
| (Omura er al., 1989; Xu et al., 1998), HA
RIZAETHERATEE TN TRE, WA XHAR
mHELPRSRBIE ALEFZRESN TR
TIFTRE Dl T o, WAL AR L/, 2 57 TR BE 9 38
HIEFHE /D, BAKE, SRR K(KERE,
19N MM, BEHKHEEEE RBEFHEME, S8

B O ALAEAXERT, ¥HHTAHF
RAKLFHTHRAEFL RS ST L
Y]-3000 & Rk &AL, 5P AMFRBRL
FPHEAAERN BB IRIFHAT ARG EL
FRAMBARARAEALHREBANRGERE
R ERELME!

Reference

Bose K and Ganguly J. 1994. Thermogavimetric study of the dehydra-
tion kinetics of tale [J]. Am. Mineral. , 79:692~699.

Cemic L. 1996. Impedance spectroscopy and defect chemistry of fayalite
[J]. Phys. Chem. Minerals., 3:186~192.

Hicks T L and Secco R. 1997. Dehydration and decomposition of pyro-
phylite at high pressure: electrical conductivity and X-ray diffraction
studies to 5 GPa[J]. Can. J. Earth Sci., 34: 875—882.



http://www.cqvip.com

220 E BV YD ¥ R K

E 000 http://www.cqvip.com]|

wWuH

Omura K, Kurita K and Kumazawa M. 1989. Experimental study of
pressure dependence of electrical conductivity of olivine at high tem-
peratures []]. Phys. Earth Planet Inter. , 57,291 ~303.

Roberts ] J and Tyburczy ] A. 1994. Frequency dependent electrical
properties of minerals and partial-melts [J]. Surv. in Geophys
Res., 15:239~262.

Wanamaker B ] and Duba A G. 1993. Electrical conductivity of San Car-
los olivine along [100] under oxygen- and pyroxene-buffered condi-
tions and implications for defect equibria (J]. J. Geophys. Res.,
98(B1): 489~500.

Xie Hongsen, Zhou Wenge, Liu Yonggang, et al. 2003. Some experi-
mental methods for determining physical properties of materials in
the earth’s interior (J]. Earth Science Frontiers, 10{2):357~365
(in Chinese with English abstract).

Xu Yousheng, McCammon C and Poe B T. 1998. The effect of alumina

on the electrical conductivity of silicate perovskite [J]. Science,

282; 922~924.

Zhu Maoxu, Xie Hongsen, Guo Jie, et al. 1999. The experimental
study of the electrical conductivities of serpentine at high tempera-
ture and high pressure [J]. Chinese Bulletin, 44(11): 1 198 ~
1 202(in Chinese).

Zhu Maoxu, Xie Hongsen, Guo Jie, et al. 2000. The electrical charac-
teristics of serpentine of impedance spectra analysis [J]. Science in
China{Series D), 30(6): 634 ~641(in Chinese).

Bt o LB E SOk

W, XX, XIKR, %. 2003, WERERDREGTL LD NE
FEWA (1], SR, 10(2): 357~365.

S, BWE, B B, % 199 KERAETELOHSRLR
B3 [1]. Mg, 44(11):1198~1202.

RO, EE, B ¥, % 2000 BEBETRAAGEEEEN
Ega (). PEMNE(DR), 30(6):634~641.

CCCCCCCCCCCCCCCCCCCCCCCCCCCC et

2003 EFERMOMEFEBHWMEF—KEE

¥4 H & EwmEF &% | #4E H & EmEF &4
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2 hEHE D" 2.398 5 24 FAWMERME" 0.741 133
3 FRBES 2.176 7 25 BE¥RESENLE" 0.732 139
4 HERYBEER " 1.974 8 26 MRy EESRS 0.703 153
5 b 1T 1.805 10 21 BmB¥EET 0.675 166
6 BEER" 1.767 11 28 FYER" 0.645 185
7 b gy 1.431 27 29 HHEAER 0.610 197
8 BRI E" 1.344 28 30 HHEHESIPERT 0.556 237.
9 EANWERE" 1.270 33 31 FYERARRLEER 0.548 242
10 EHE” 1.254 34 32 BARME" 0.523 267
11 HEELBE" 1.172 43 33 mEHEYER” 0.523 267
12 sER¥®- 1.030 60 M mFSEE 0.512 288
13 EReLFHRT 0.980 7 35 HAEYER- 0.478 344
14 HREER 0.978 72 36 KXHETEBE" 0.417 437
15 #HFMR 0.918 83 37 ERBI¥HR" 0.410 448
16 HFEWNE" 0.891 88 38 HEHRKFFHMIRBLPEE" 0.404 461
17 $HEER" 0.891 88 39 MFERHERT 0.394 472
18 RHEMEERT 0.841 106 40 HRMHER 0.394 472
19 HuERBE 0.805 113 41 b JE R 0.344 566
20 BRER’ 0.804 114 2 KHHWESRI ¥ 0.341 570
21 hEEE" 0.756 124 43  RBBBIKPEER’ 0.323 613
2 HAER(EPEREME) 0.755 125 4  FYEF" 0.303 659
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