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The s e a l  efficiency and environmental resistance of various elastomeric 

O-rings and a metallic jo in t  that 'were immersed i n  geothermal brine or  water 

at  elevated temperatures and pressures were determined. 

maintained with a s ta in less  s t e e l  Conoseal-joint f o r  100 hours i n  water and 

24 hours i n  geothermal brine at  275°C and 34.5 MPa (5000 psi) .  mly very 

A' leakproof seal was 

small quantit ies of moisture penetrated O-ring sea l s  made from Kalrez, a 

perfluoroelastomep, ethylene/propylene rubber and a Parylene C coated Viton 

O-ring. A l l  other rubbers seals fa i led  catastrophically. 
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Evaluation of Seals fo r  a Geothermal Logging Tool 

Geothermal logging tools capable of functioning a t  275°C and pressures 

up t o  48.3 MPa (7000 p s i )  are neede9 t o  accelerate the  near-term development 

of our Nation's geothermal resources. 

protect  the inkernal electronic c i rcu i t ry  from moisture. 

components which can funct'ion at 275"C, but would probably f a i l  under the 

combined influence of both heat and moisture. 

These too ls  w i l l  require seals  t o  

There are electronic 

Although s ta inless  s t e e l  seals  are 

generally preferreit i n  applications of th i s  kina because of their  resistance 

t o  heat and corrosion, elastomeric seals  have the  advantage that  they are 

generally l e s s  l i k e l y  t o  f a i l  i n  the  presence of particuiqte matter. The 

problem with most elastomeric seals  i s  tha t  they w i l l  degrade thermally and 

chemically i n  a geothermal borehole which ultimately resu l t s  i n  fa i lure .  

The purpose of t h i s  stu3y was two fold: 

or metallic sea ls  t o  be used i n  the high temperature cable head of a geothermal 

logging tool ,  and 2 )  t o  define the  cause o 

I 

1) t o  identify viable elastomeric 

f a i lu re  of sea ls  tha t  leaked. 

rubber formulations are summarized i n  Table I. 
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I Table I. Seal Efficiency of Commercial 0-Rings 

Uptake of Moisture 
by Molecular 

Elastomer , Supplier Sieves (mg) 

hrfluoroelastomer, 
Kalrez 1050 

Fluoroelastomer, 
V i t  on : V-747-75 

Fluoroelastomer , 
V i t  on : V-709-80 

Dupont 3.8 

Parker Seal 

Parker Seal 

Ethylene/FPopylene , Parker Seal 
E-69-75 

F 

F 

6.2 

. Ethylene/Bopylene, Parker Seal 3.4 
E-540-89 

Fluorosilicone, Parker Seal F 
Ik49-70 

(F = Catastrophic Failure of Seal)  

It i s  c lear  f romthese r e su l t s  t h a t  O-rings fabricated from fluoroelastomers 

(Viton V-747-75 and Viton V-709-80) and a fluorosil icone (Ik49-70) are not 

viable  seals  f o r  t h i s  par t icular  application 

unexpected since there  a re  a number of l i t e r a t u r e  references which report  on 

the  hydrolytic i n s t a b i l i t y  a t  high temperatures of both si l icones ana fluoro- 

elastomers. 

adequate seal i n  t h i s  t e s t  and fluorosil icone O-rings %&&Le fa i led  catastrophi- 

ca l ly  i s  shown in  Figure 

t o  O-rings used i n  the  f ix ture  but &so what happened t o  loose unstressed 

O-rings when exposed t o  brine at elevated temperatures and pressures. 

These r e su l t s  were not en t i re ly  

The visual  appearance of Kalrez O - r i n g s ,  which maintained an * 
These photographs i l l u s t r a t e  not only what happened 

Although both the Kalrez 1050 O-ring, a perfluoroelastomer, and the  two 

ethylene/propylene rubber O-rings (13-69-75, E-540-80) can be said t o  have 

passed t h i s  t e s t  i n  tha t  catastrophic f a i lu re  of the sea l  did not occur and 
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only milligram quantit ies of moisture penetrated the seal ,  it should be noted 

t h a t  Kalrez retained a much larger  f rac t ion  of i t s  t ens i l e  strength than did 

the  EPR rubber. 

increased a f t e r  exposure t o  brine which may account f o r  t he  a b i l i t y  of th i s  

material  t o  maintain a seal.  Data i l l u s t r a t ing  these e f fec ts  are shown i n  

Although EPR rubber l o s t  mechanical strength, i t s  elongation 

Figure 3. 

t h a t  organic gumlike substances were dis t r ibuted throughout the chamber of the 

t e s t  f a i lu re  at  the completion of the t e s t .  

In addition, the EPR rubbers outgassed as evidenced by the  f ac t  

The occurrence of outgassing by 

EPR rubbers can be at t r ibuted t o  the  fact t h a t  275°C i s  considerably above the  

3 recommended m a x i m  use temperature f o r  t h i s  elastomer. 

Environmental exposure t e s t s  were also carried out w i t h  Viton O-rings 

that were coated with 1.25 mll of Parylene C (polychloroxylylene). This 

coating was 1.25 mil thick and was applied by means of a pyrolytic vapor phase 

technique t h a t  w a s  developed by Union Carbide. 

the  environmental resistance of Viton, which, as described above, degraiied 

under conditions t h a t  simulate those found i n  a geothermalborehole. 

r e su l t s  obtained were mixed. 

excluiieii moisture f r o m  the fixture chamber when exposed t o  brine at 275"C/ 

The intent  here was t o  enhance 

The 

Thus, Parylene C coated Viton (v-709-80) 

I 
! 4500 ps i ,  but Pasylene C coated 

Parylene C coated Viton (V-747-75) has been tentat ively ascribed t o  the  

presence of par t iculate  matter i n  the  f ixture .  

planned t o  more f u l l y  define the f e a s i b i l i t y  of using Parylene C coatings t o  

improve the  chemical resistance of elastomeric seals.  

on (v-747-75) did not. The f a i lu re  of 

Additional exposure tests are 

The metal s e a l  t h a t  was tes ted  w a s  a Conoseal-joint male by Aeroquip Corp. 

Conoseal-joints form a s e a l  by compression of a conically shaped gasket 

between two flanges which causes the gasket t o  act l i k e  a spring and also 

induces p l a s t i c  flow a t  the sealing edge. This j o in t  w a s  macle from 
L* 
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316 stainless  steel and i s  recommended where severe service conditions 

prevail  (1093°C or 20,000 psi) .  

f o r  24 hours i n  brine and i n  t a p  water fo r  100 hours at  275°C and 5000 psi. 

No water uptake was observed i n  e i ther  t e s t .  

We tested t h i s  sea l  with molecular sieves 

Conclusions 

These t e s t s  indicate tha t  s ta inless  s t e e l  Conoseal-joints can be used 

t o  protect the in te rna l  electronic c i rcu i t ry  of a geothermal logging t o o l  

against moisture. Elastomeric O-ring seals  formulated from Viton and fluoro- 

si l icone fa i led  catastrophically after a 24 hours exposure t o  geothermal brine 

at  275"C/34.5 Mpa and are not recommended f o r  geothermal logging applications. 

Promise was shown with rubber seals  made from Kalrez, a perfluoroelastomer, 

and Parylene C coated Viton. Studies on these be t te r  seals  are continuing. 
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Figure 1 

Figure 2 

Figure 3 

Figure Captions 

Schematic diagram of f ix ture  used t o  determine s e a  efficiency 

i n  brine and water. 

Appearance of O-rings before and a f t e r  exposure t o  geothermal 

brine: a) Kalrez 1050; b )  Fluorosilicone, Ik49-70. 

Tensile properties of O-rings exposed t o  geothermal brine at  

275"C/34.5 MPa (5000 p s i )  for  24 hours. 

- 6 -  
'V 



4 

n
 

7 

i
 



4
 



i 



I 
.'. ! 
., 
4
'
 




