¥21% 1M % A % H % j:li Vol. 27, No. 1
20134 2 A CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Feb. , 2013

XEHS. 1000-5773(2013)01-0019-10

3GPa JFRER BEME N =4S iR
ENEZNHMEEZENIRE

NEELRAK G ®LEAERE OFLHXHLE RLREEH
L oo 2 o B 5 4072 90 0 R A5 0% JE 50 100023
2. AR AC CIE50 650 100083)

WE. £REAFTAEEF TS £ RF HE T %, 38 3 GPa B R = 45 iR
BELRAGNMEERE NIRRT IR, 2N THE RE BB ER TR (EEX
ADEL R AU MEEEINY ., ERXV . BEREN GFEEENMBHEEN 3 M
J BB 71 3 A 18 R A7 B9 R R T T P R R e R B ) A B B B R AR N L B R
NEEMEERBHER . BEENRBHER N EEREMX ;HEREN 5 Hm LR
REMX EZEYRBEAN BHBEEILZEY B EEN MR EEN 5 EBE MK, F
HZHZmMBREE, 2EXBNMEEE TN HBRA S LA HEAL TR AN, HEE
ENRFRRK . AFGABNEELTHBRAST HEEE IR ., ETRH. AT T R M
EEBENNEEKTR EAANENN-NEHEA#TTHEEEIS ., ST EEES
RIER R MR -0t &K I, B b R R AR B B A7 - B R S R T R MR
LR T

KER. BRI RS E AR Bt g RgE EEESD
FESESE. 0521.3 X ERARIRAD . A

1 35

e i e T A 2 SE R R W ST M Bk A B A ) e M U AR R T Bz — o AR R TR AR TR A B 2
B e i T 3 A T 20 TR A SO ORI AR A Tt 3 s FE v« AR A s i T g 2 8 T i
B 40 B RT3 4 T b e e RO R 88 T ) 2 1 5 UM A T v T T 7 3 e AN XU RT AR E 1300 °C R
ik o 70 EL L A1 B 4 R g 7 3 K R S A AR (ELH LR A2 3 0 FR A 5 15 A3 2 I A B e IR ) AR AR
[l S REAS IR B 2~4 GPa i JEIBF] 1300 °C A5 iy T FA7 g 1 BE 45 7 A0 B BR J3E o 25060 3t & oA |
i S PR 45 AT AR E

TE 18] A A 5 e L T 5 v s S 1 e A i D S ) LB R TR ) 2 S0 W L R AT R 45 g T TR
PURE i AN AT AN B . iR T X SR B S R A R X H R I B R B LSS AR A Y
1 L) R AR SR R B s AR T R A ) AR 2 5 MPa. 3l i 7 Rl R I 1R A 5T
Jie 3 2 A RSORS00 8 o v R AT PR 0T S 6 A B < >4 S 6 i B ok B s I A I A R AR
I AR A B s 3 25 i ) ol R B 45 3 A AR AR AR 330 MR A T o i T 0 8 8 A ) 3 5 2 L P A T e i

i

« WFRBHE: 2011-05-19; fEEIBHA: 2012-01-16
E&TH: HEAARR RS (40972146) ;i 3 J) 2 K 8 A SE R % B 8 (LED2009A01, LED2010B05)
EE B XA (1987 —), B Wik oe A: , 22 v 5 1 &5 2 A1 1 % F 5T, E-mail : liuzhaoxing@ yeah. net
BIWAEE . JE KM (1969—), 5 5 51, 2 m TR A A F1 % 58 E-mail: zhouysh@ies. ac. cn



20 moOE O B ¥ %21

B A s B, 4 3 2450 +50 MPa™ 75,

ABIE ST XS v [ b 7R Jey b B A 5 b RR Bl A [ 5K S e E OB W A 19 3 GPa M il ER [ A A B
S TR R TR SIS RGN AR IR A R R A T S T R R G 0 il R A ) AT AR L
T el T PR ) ) FE R

2 HWMEEBENNRETE

2.1 EHEAX

I A A T i ek s R R R AR A R e O U AR g R B R e 3 R N 1 BT R . AR 1 b
FeRE 07 W L), i R A R AR TR A T B A NaCl, H A 2502 BB 65 76 55 5 1
JE 3 A B R A R R R AR R A L R R A R R H R AR A . 5 2 R R (27 L I
L1 (b)) 2 A il A P 1 i R 2, DT 9 /)N il s JBE 48 7 A o 32 1) ) L B 4 5) , a L o AR JEE
IR NaCl /1 KCLIR A 32 CY B A 800 MPa i IR A Eh UM s 298 700~750 “CHH1280) | fEAR S
%1 (600~900 MPa,400~800 ‘C)F ,NaCl/KCl {i & #h Ak T3 4316 AR A . B b 27 B Iy =0t FR Oy
AR B I 2, B 3 MRy (37 L LI 1 (o)) S ET PR R AR Oy U B X BIAE T AL R
BB A AN E4 #1228 (K-Na-Ca-Ba-Cl, 2§ [fl & Jy 400~ 800 MPa B, 1 s 25k 450 ~600 C) 5k
LiCl/KClL iR &5 CHF K 400~800 MPa i . 1 #5298 350~500 °C) . 3 HZEFE i 5 R E AF K AT 2 7]
B —A /N ER R LD AR S R R P A B AR . R 37 ARy S HEAT LR L Eh B AR S o
G T A i SR B AR ST CAEAE S BRI T DL E — 25 080/ Nl B 4 ) RO i S B A B (R R i e
J7 20 Eh % B R B . U A N R AR A A S i A 2] R R K TR (AL O, + A A RD
BB, AR 1k Eh R PO B . e Ah, FE B RIS R R AT b S R R Y KCL/NaCl 3, R
o R K U A AR S AR R R AR B DARIE SE 50 b R R A SRR X 5

L J Al pl
Mitre ring — [ Al ting Deform Vz\i/tico o e plug
Pb plug Deformation plsm;?é plué Copper ring -
piston(WC) Graphite Inner salt sleeve Af(’iglgl?lréal
Copper ring _ Pyrophyllite A gditional Pyrophyllite tube
sleeve WC piston NaCl or
NaCl sleeve Au/Ni jacket NaCl sleeve ~ Gold/Ni jacket KCI/NaCl
Graphite Graphite furnace ~ E4 or LiCI/KCl
furnace ALO. pist
AlLO, piston " [] 20 piston .
Thermocouple ~ Ni sleeve
Al,O, pedestal AlLO, pedestal -Pyrophyllite sleeve
Specimen . “Sample
i Pyrophyllite
Pyga%)s}l?éltme | Y ga%k}e,:t ‘ ’ . | il WC pedestal
WC pedestal - Thermocouple pedestal [ \I ‘ [ I
P \ | Al sleeve
(a) Type 1* (b) Type 2* (c) Type 3*

B1 A B IR s TR =Ry A 3 Ay s

Fig. 1 Three assembly types of solid medium pressure vessel under high pressure and high temperature
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Fig. 2 Variations of axial force and displacement during an experiment by solid medium pressure apparatus™
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Table 1 Axial friction under different conditions

Sample p/(MPa) T/CC) w,/(pm/s) Assembly type  Salt sleeve  Equation of axial contact friction

S11-66 800 600 0.6 37 E4 f=67.7x+287
S11-76 800 860 0.6 37 NaCl/KCl f=18.5x+257
S11-75 925 724 0.6 37 E4 £ =50.0x +413
L11-4 800 800 6.0 37 E4 f=48.4x +528
S10-44 635 30 0.6 27 NaCl/KCl £ =100.0x —82
S10-46 634 521 0.6 27 NaCl/KCl f=21.2x +582
S11-67 800 600 6.0 27 NaCl/KCl f=150.0x +450
S10-54 922 625 0.6 27 NaCl/KCl f=145.0x +441
S10-50 800 700 0.6 27 NaCl/KCl f=23.8z+680
S10-43 800 700 0.6 27 NaCl/KCl f=67.0x—120
S10-51 634 728 0.6 27 NaCl/KCl £=23.9x +491
S10-55 800 800 0.6 27 NaCl/KCl f=34.5x+600
S11-72 800 800 0.6 27 NaCl/KCl f=17.6x+700
S11-71 800 800 0.6 2% NaCl/KCl f=12.9x+765
S10-52 634 832 0.6 2% NaCl/KCl f=48.3x+216
Z-10 500 820 40 17 f=50x +357.6
z-202 500 820 10 17 f=50x+323.7
AR 1000 25 40 17 f=275x+68
Z-402 1000 25 1 17 f=275x+60
Z-5t1% 1000 900 1 1% f=275x—120
Z-611%] 500 1000 4 1% f =54z +657
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Table 2 Experimental conditions for amphibolite deformation

Sample p/(MPa) T/CC) Dreat/ (MPa) Trea/CC) Axial strain rate/(10°*)
S10-44 635 30 500 30 1
S10-46 634 521 500 500 1
S10-51 634 728 500 700 1
S10-52 634 832 500 800 1
S10-54 922 625 800 600 1
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Fig. 9 Stress-strain curves of amphibolite
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Axial Friction Calibration for 3 GPa Molten Salt Medium Triaxial
Pressure Vessel under High Pressure and High Temperature

LIU Zhao-Xing' .ZHOU Yong-Sheng',LIU Gui', HE Chang-Rong',
ZHONG Ke”,YAO Wen-Ming' , HAN Liang' ,DANG Jia-Xiang'

(1. State Key Laboratory of Earthquake Dynamics ,Institute o f Geology ,
China Earthquake Administration ,Beijing 100029 ,China;
2. China University of Geosciences (Beijing) ,Beijing 100083 ,China)

Abstract; The axial friction calibration of 3 GPa molten salt medium triaxial pressure vessel under high
pressure and high temperature is performed based on the calibration of the temperature and confining
pressure of the apparatus, which mainly analyses the effects from different experimental conditions,
such as the confining pressure,the temperature,and type of salt cell used around the sample. The re-
sults show that the axial friction includes static friction,squeezing friction and sliding friction between
the piston and the surrounding material. Three types of friction play different roles in axial stress,in
which sliding friction is the main factor that affects axial stress precision, while static fiction and
squeezing friction have little effects on axial stress. The static and sliding frictional force has a positive
correlation to the confining pressure. The axial piston velocity has a positive effect on static friction,
too,but the effect is not significant, while it has no effect on sliding friction. Both static and sliding
friction has a negative correlation to the experimental temperature, and the effect of temperature is
significant. The type of salt cell has a great effect on axial friction. The axial friction drops dramatically
as the experimental temperature approaches the melting point of the salt. The procedure of calibrating
axial friction is made based on the results,and the axial friction calibration is applied to stress-strain
curves for deformation experiments of amphibole. It is found that it is more reliable that the deforma-
tion curve with the calibration of axial friction than the curve without calibration.

Key words: friction calibration; pressure vessel; molten salt; high temperature and high pressure;axial

friction



