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INDIRECT PRESSURE MEASUREMENTS IN DIAMOND CELL UP TO 1 MEGABAR 
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Abstract - An i nd i rec t pressure measurement method fo r the diamond anvi l ce l l 
is descr ibed. St ra in gauges measuring the force applied to the a n v i l s , are 
ca l ib ra ted against the actual pressure in the sample, measured by the ruby 
f luorescence technique. 

Diamond anvi l c e l l s (DAC) associated with laser heating are of p a r t i c u l a r 
i n te res t in geophysical s tud ies, since they can reproduce pressure and temperature 
condi t ions of the earth mantle. The c lass ica l determination of the pressure in a DAC 
consists in measuring the wavelength s h i f t of ruby f luorescence l i nes under 
pressure. This s h i f t has been ca l ib ra ted by X-rays methods up to 1 MBar 
[ 1 ] , Unfortunat ley the ruby f luorescence method may sometimes be inconvenient since 
the ruby chips may take part in mineral react ions at high temperature, as i t was 
shown by Madon [21 : a sample of synthet ic (Mg0 .5Fe0 . 5 )2 s i 0 4 o l l v 1 n e P°w(ter 
was compressed with small ruby chips in a diamond ce l l to 240 kbar and laser heated 
to 130CPC. Examination of the recovered sample by transmission e lect ron microscopy 
revealed the presence of = 30 % v o l . of an aluminous ferro-maqnesian garnet produced 
by the react ion between o l i v i n e and ruby. Such react ions are c lea r l y inconvenient 
fo r the study of phase t ransformat ions. There is therefore a need for a method of 
pressure determiant ion tha t does not i n te r fe re with the react ion under 
i n v e s t i g a t i o n . We have developed an i nd i rec t method for measuring pressure, usinq 
s t r a i n gauges. 

Ca l i b ra t i on procedure and resu l t s 

F i g . 1 - S t ra in gauges Bridge 
G : gauges, L, l e v e r s , 
C : cy l i nde r , S : screw, 
E : extensometer, 
R : recorder. 

The DAC we use is of the type described by Mao and Bel l [33 . The anvi ls are 
0.3 carat b r i l l i a n t - c u t diamonds with 16 facets and a f l a t tab le 0,5mm in diameter. 
Two s t ra in gauges in se r ies , glued on the load t ransmi t t i ng members ( f i g . 1) measure 
t h e i r mean e las t i c deformat ion, a l i near funct ion of the load applied by the screw. 
Two other s t ra i n gauges, glued on the body of the c e l l , e q u i l i b r a t e the temperature 

Résumé - On décrit une méthode de mesure indirecte de la pression en cel lule 
diamant. Des jauges de contrainte mesurent la force appliquée aux enclumes qui a été 
étalonnée en fonction de la pression dans l 'échanti l lon par la méthode de 
fluorescence du rubis. 
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F ig .  2  - Force c a l i b r a t i o n  F ig .  3  - Pressure c a l i b r a t i o n  i n  Ni gasket 
Open c i r c l e s  : 30pm d i m .  hole,  r u b y  f l u o .  
Closed c i r c l e s  : 300pm diam. ho le ,  ruby  f l u o .  
T r i ang les  : 300 pm d i m .  hole, phase 

t r a n s i t i o n s  : CuCl 44,2 kbar, 
AgI 100 kbar, NaCl 300 kbar.  

v a r i a t i o n s  o f  t h e  a c t i v e  gauges. Th is  h a l f - b r i d g e  i s  connected t o  a  P h i l i p s  t y p e  
9308 extensometer b r i d g e  w i t h  two i n t e r n a l  res i s tances .  The system works as a  
wheastone br idge.  The ou tpu t  v o l t a g e  o f  t h e  b r i d g e  depends on t h e  gauges and 
extensometer used. It has been c a l i b r a t e d  aga ins t  t h e  app l i ed  load us inq  an I n s t r o n  
compression machine, d i r e c t l y  app ly ing  t h e  f o r c e  t o  t h e  l e v e r s  ( f i g .  2 )  The c e l l  i s  
designed so t h a t  t h e  a x i a l  f o r c e  on t h e  diamonds i s  equal t o  5  t imes t h e  l oad  
app l i ed  b y  t h e  screw). The app l i ed  load was i n  t u r n  c a l i b r a t e d  as a  f u n c t i o n  o f  t h e  
maximum h y d r o s t a t i c  pressure between t h e  diamonds. Pressure c a l i b r a t i o n s  were made 
us ing  w e l l  known phase t r a n s i t i o n s  (CuCl, AgI, NaC1) as w e l l  as t h e  r u b y  
f l uo rescence  technique a t  room temperature ( f i g .  3).  For t he  r u b y  f luorescence 
techn ique t h e  f o l l o w i n g  equat ion, g i ven  b y  Mao and B e l l  111, was used : 

where h o  = 694 rm i s  t h e  wave l e n g t h  o f  t h e  f luorescence l i n e ,  a t  room pressure (and 
A?, i s  t h e  wave l e n g t h  s h i f t .  It can be seen f i g .  3 t h a t  t h e  r e l a t i o n  between 
pressure and f o r c e  depends on the  i n i t i a l  geometry o f  t h e  gasket.  The method 
descr ibed here i s  t h e r e f o r e  successfu l  o n l y  i f  s p e c i f i c  c a l i b r a t i o n  c o n d i t i o n s  a re  
used f o r  experiments.  Below 250 kbar, w i t h  a  300 Fm diameter h o l e  (usua l  
exper imental  cond i t i ons ) ,  t h e  obta ined pressure f o r  a  g i ven  f o r c e  i s  s t r o n q l y  
dependant on t h e  c o m p r e s s i b i l i t y  o f  t h e  uncompacted powder sample. I n  t h i s  domain i t  
i s  d i f f i c u l t  o t  o b t a i n  r e p r o d u c i b l e  c a l i b r a t i o n  r e s u l t s .  It can be noted t h a t  a t  
v e r y  h i g h  pressure t h e  two curves f i g .  3 tend  towards a  common l i m i t  and t h e  
c a l i b r a t i o n  becomes almost independant on t h e  i n i t i a l  exper imental  cond i t i ons .  

The accuracy o f  t h e  pressure measurements by  s t r a i n  gauges i s  l i m i t e d  by t h e  
accuracy o f  t h e  ruby  technique. At v e r y  h igh  pressure, w i t h  a  s o l i d  medium, t h e  r u b y  
1  i n e s  become v e r y  broad and an accurate de te rm ina t i on  o f  t h e  peaks i s  n o t  poss ib le .  
The va lues o f  pressure are obta ined w i t h  an accuracy no t  b e t t e r  than 10 %. 

S t r a i n  gauges, c a r e f u l l y  used, can t h e r e f o r e  q i v e  cont inuous pressure 
measurements, as accurate as t h e  r u b y  f luorescence technique, up t o  1 Mbar, even 
du r ing  l a s e r  heat ing.  
IPG C o n t r i b u t i o n  No 775. 
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