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A b s t r a c t  

A program t o  determine i f  non-meta l l ic  m a t e r i a l s  such as polymers,  

c o n c r e t e  polymer composi tes ,  and r e f r a c t o r y  cements can  be u t i l i z e d  a s  

materials of c o n s t r u c t i o n  i n  geothermal  p rocesses  i s  i n  p rogres s .  To 

d a t e ,  s e v e r a l  h igh  tempera ture  polymer c o n c r e t e  systems have been formula ted ,  

l a b o r a t o r y  and f i e l d  tes ts  performed i n  b r i n e ,  f l a s h i n g  b r i n e ,  and steam a t  

tempera tures  up t o  260'C (500'F) , and economic s t u d i e s  s t a r t e d .  Labora tory  

d a t a  f o r  exposure t i m e s  7 2 y e a r s  are a v a i l a b l e .  R e s u l t s  a r e  a l s o  a v a i l a b l e  

from f i e l d  exposures  of up t o  24 months i n  f o u r  geothermal environments.  

Good d u r a b i l i t y  i s  i n d i c a t e d .  Work a t  f o u r  of t h e s e  s i t e s  i s  con t inu ing  

and p lans  t o  i n i t i a t e  tes ts  a t  o t h e r  s i t e s  are be ing  implemented. Work 

accomplished d u r i n g  t h e  pe r iod  October  1977 - March 1978 i s  desc r ibed  i n  

t h e  c u r r e n t  r e p o r t .  
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Summa r y  

T e s t  r e s u l t s  i n d i c a t e  t h a t  polymer c o n c r e t e  (PC) c o n t a i n i n g  mix tu res  

of styrene-acrylonitrile-acrylamide o r  methacrylamide produce composi tes  

w i t h  t h e  b e s t  h igh  tempera ture  and chemical  r e s i s t a n c e  ob ta ined  t o  d a t e .  

The r e s u l t s  show t h a t  t h e  use  o f  a 12 w t %  c o n c e n t r a t i o n  o f  a 55 w t %  

s ty rene -35  w t %  a c r y l o n i t r i l e - 5  w t %  acry lamide-5  w t %  TMPTMA monomer mixture  

i n  con junc t ion  w i t h  88 w t %  o f  a 70 w t %  s i l i c a  sand-30 w t %  p o r t l a n d  cement 

a g g r e g a t e  produces a composite w i t h  a compressive s t r e n g t h  a t  2OoC (68OF) 

i n  t h e  range  25,000 t o  30,000 p s i .  The PC i s  the rma l ly  s t a b l e  t o  - 24OoC 

(464OF). 

Work t o  de te rmine  t h e  e f f e c t  of ca l c ium oxide  compounds of anhydrous 

cement on t h e  d u r a b i l i t y  of PC i s  c o n t i n u i n g .  The r e s u l t s  i n d i c a t e  t h a t  

t h e  3 C a O '  S i 0  component of  cement has  t h e  g r e a t e s t  e f f e c t  on t h e  thermal  

s t a b i l i t y  of  v i n y l - t y p e  polymers.  

2 

Work t o  de te rmine  t h e  d e s c a l i n g  c h a r a c t e r i s t i c s  of PC has  been 

s t a r t e d .  S c a l e  has  been used s u c c e s s f u l l y  as a g g r e g a t e  i n  PC. Specimens 

w i t h  compressive s t r e n g t h s  up t o  8,000 p s i  were produced. D u r a b i l i t y  

t e s t s  a re  i n  p rogres s .  If s u c c e s s f u l ,  t h e  t echn ique  may y i e l d  an  envi-  

ronmenta l ly  and economical ly  a c c e p t a b l e  method f o r  t h e  d i s p o s a l  of  scale .  

Labora tory  t e s t i n g  of  specimens i n  s imula t ed  geothermal  environments  

i s  con t inu ing .  Samples t e s t e d  a f t e r  exposure  t o  a 25% b r i n e  s o l u t i o n  a t  

177'C (350'F) f o r  960 days had s t r e n g t h s  e s s e n t i a l l y  t h e  same as t h o s e  

measured a f t e r  63 days .  

F i e l d  t e s t i n g  i s  i n  p rogres s  a t  The Geysers ,  R a f t  R ive r ,  East Mesa, 

and Ni land .  Samples have been sh ipped  t o  t h e  U.S. Naval Weapons Cen te r  

f o r  i n s t a l l a t i o n  a t  Cos0 Hot S p r i n g s .  P l a n s  have been made t o  i n s t a l l  

- v -  



pipe specimens at the Los Alamos Scientific Laboratory Fenton Hill site 

and in the San Diego Gas and Electric Company Geothermal Loop Experi- 

mental Facility. 

Work to determine the economic impact of the use of non-metallic 

materials of construction in direct utilization processes has been started. 

- vi - 



A l t e r n a t e  Materials of C o n s t r u c t i o n  f o r  
Geothermal A p p l i c a t i o n s  

Progress  Report  No. 15  
October 1977 - March 1978 

I n t r o d u c t i o n  

A s e r i o u s  problem i n  t h e  development of geothermal  energy i s  t h e  

a v a i l a b i l i t y  of d u r a b l e  and economic materials of c o n s t r u c t i o n  f o r  hand- 

l i n g  h o t  b r i n e  and steam. Hot b r i n e  and o t h e r  a e r a t e d  geothermal  f l u i d s  

are h igh ly  c o r r o s i v e  materials and they  chemica l ly  a t t a c k  most conven- 

t i o n a l  materials of c o n s t r u c t i o n .  Corros ion  and scale i n c r u s t a t i o n s  have 

been encountered  i n  a l l  geothermal  p l a n t s ,  and t o  v a r i o u s  deg rees ,  ad-  

v e r s e l y  a f f e c t e d  p l a n t  l i f e t i m e s  and power ou tpu t .  

has  been t h e  primary m a t e r i a l  of c o n s t r u c t i o n  but  t h e  use  of expens ive  

materials such as Type 316 s t a i n l e s s  s t ee l  and t i t a n i u m  base  a l l o y s  may 

be r e q u i r e d  t o  i n s u r e  long-term o p e r a t i o n .  

To d a t e  carbon s t ee l  

The purpose of t h e  c u r r e n t  Brookhaven Na t iona l  Labora tory  (BNL) 

program i s  t o  i d e n t i f y  areas i n  geothermal  p rocesses  where non-me ta l l i c  

materials such as c o n c r e t e  polymer composi tes ,  p l a s t i c s ,  and r e f r a c t o r y  

cements may be u t i l i z e d  i n  a c o s t - e f f e c t i v e  manner and t o  develop and 

tes t  t h e s e  materials under  l a b o r a t o r y  and f i e l d  c o n d i t i o n s .  

The f e a s i b i l i t y  of u s i n g  c o n c r e t e  polymer composi tes  as materials 

of c o n s t r u c t i o n  f o r  hand l ing  ho t  b r i n e  and s t e a m  w a s  demonstrated i n  

1972. A s  p a r t  of t h i s  work t h e  c o n c r e t e  l i n e r  on a v e r t i c a l  t ube  eva-  

p o r a t o r  a t  t h e  O f f i c e  of S a l i n e  Water D e s a l t i n g  F a c i l i t y  i n  F r e e p o r t ,  

Texas w a s  p a r t i a l l y  impregnated t o  a - d e p t h  of d . 2 5  i n .  The r e s u l t s  

from t h e s e  tests i n d i c a t e d  t h a t  the  composi tes  have long-term s t a b i l i t y  

i n  seawater a t  177'C (350'F) and i n  a c i d  s o l u t i o n s .  

1 

Based upon t h e s e  
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r e s u l t s ,  a r e s e a r c h  program t o  deve lop  t h e  composi tes  f o r  u s e  i n  

geothermal  systems w a s  s t a r t e d  i n  A p r i l  1974. To d a t e ,  h igh  tempera ture  

polymer c o n c r e t e  (PC) systems have been formula ted ,  and l a b o r a t o r y  and 

f i e l d  tests performed i n  b r i n e ,  f l a s h i n g  b r i n e ,  and steam a t  tempera tures  

up  t o  26OoC (500'F). 

are a v a i l a b l e .  To d a t e ,  good d u r a b i l i t y  i s  i n d i c a t e d .  T e s t s  are  c u r r e n t l y  

i n  p rogres s  a t  f o u r , f i e l d  s i tes  (The Geysers ,  R a f t  River ,  East Mesa and 

Niland)  and work a t  t h r e e  o t h e r s  (LASL, Cos0 Hot Spr ings  and SDGSLE) i s  

scheduled  t o  commence i n  t h e  n e a r  f u t u r e .  Work performed dur ing  t h e  

pe r iod  October  1977 - March 1978 i s  d e s c r i b e d  i n  t h e  c u r r e n t  r e p o r t .  

Fu tu re  r e p o r t s  w i l l  be  i s s u e d  on a q u a r t e r l y  b a s i s .  

Sunnnary of P rev ious  Repor t  

R e s u l t s  from f i e l d  tes t  exposures  of up t o  24 months 

2 

Experiments  t o  de te rmine  t h e  e f f e c t  o f  a g g r e g a t e  composi t ion  on 

t h e  d u r a b i l i t y  of PC t o  h igh  t empera tu re  b r i n e  w e r e  be ing  performed. 

The r e s u l t s  i n d i c a t e d  t h a t  t h e  p re sence  of  p o r t l a n d  cement i n  t h e  aggre -  

g a t e  g r e a t l y  enhanced t h e  d u r a b i l i t y .  The ev idence  a l s o  i n d i c a t e d  t h a t  

CaO reacts chemica l ly  w i t h  -CH groups i n  t h e  v i n y l  monomers. However, 

t h e r e  w a s  no ev idence  whether  t h e  r e a c t i o n  i s  caused by f r e e  C a O  o r  t h e  

ca l c ium ion .  

2 

F i e l d  t e s t i n g  of a 6-in.-diam s e c t i o n  of l i n e d  p i p e  was i n  p rogres s  

a t  R a f t  River and s e c t i o n s  o f  p i p e  were be ing  p repa red  f o r  i n s t a l l a t i o n  

a t  East Mesa, Ni land ,  and t h e  U.S. Naval Weapons Cen te r .  

Labora tory  t e s t i n g  o f  specimens i n  s imula t ed  geothermal  environments  

w a s  con t inued .  

f o r  900 days had n o t  d e t e r i o r a t e d .  

p i p e  specimens exposed t o  a 400 ppm s o l u t i o n  a t  150'C (302'F) f o r  312 days.  

Samples exposed t o  25% b r i n e  s o l u t i o n s  a t  177'C (350'F) 

S i m i l a r  r e s u l t s  were ob ta ined  w i t h  

- 2 -  



Samples exposed t o  a pH 1 hydroch lo r i c  a c i d  s o l u t i o n  a t  9OoC (194'F) 

f o r  441 days d i d  no t  d e t e r i o r a t e .  Samples c o n t a i n i n g  s i l i c a  sand-por t land  

cement aggrega te  y i e l d e d  s imilar  r e s u l t s  a f t e r  170 days i n  pH 1 hydro- 

c h l o r i c  a c i d  a t  200'C (392'F). 

F i e l d  t e s t i n g  of specimens a t  Raf t  R ive r  and The Geysers was con- 

t i n u i n g .  Samples removed from The Geysers and East Mesa were e v a l u a t e d .  

Good d u r a b i l i t y  was i n d i c a t e d  a f t e r  exposure t o  238'C (460'F) steam a t  

The Geysers f o r  18 months. S i m i l a r  obse rva t ions  were noted  f o r  samples 

exposed f o r  60 days t o  160'C (320'F) f lowing b r i n e  a t  East Mesa. 

P lans  were made t o  i n i t i a t e  two tes ts  a t  Niland and t o  s ta r t  a d d i -  

t i o n a l  work a t  The Geysers and East Mesa d u r i n g  t h e  next  r e p o r t  pe r iod .  

Task 1. S e l e c t i o n  of L in ing  Materials 

Work i s  be ing  performed t o  deve lop  polymer fo rmula t ions  and PC 

composi tes  which can  be used as materials of  c o n s t r u c t i o n  a t  tempera tures  

up t o  260'C (500'F). I n  a separate program, r e s e a r c h  i s  be ing  performed 3 

t o  de te rmine  i f  materials can  be formulated f o r  use  as w e l l  cementing 

materials a t  tempera tures  up t o  400'C (750'F). 

To d a t e  two monomer fo rmula t ions ,  60 w t %  s t y r e n e  - 40 w t %  t r ime thy-  

lo lp ropane  t r i m e t h a c r y l a t e  (TMPTMA) and 50 w t %  s t y r e n e  - 33 w t %  a c r y -  

l o n i t r i l e  - 17 w t %  TMPTMA, have been shown t o  be d u r a b l e  t o  geothermal  

f l u i d s .  Both systems can  be polymerized u s i n g  chemical  i n i t i a t o r s  and 

h e a t  o r  by chemical  i n i t i a t o r s  and promoters .  The l a t t e r  monomer system 

a p p e a r s  s u i t a b l e  f o r  tempera tures  up t o  24OoC (464OF). 

During t h e  c u r r e n t  r e p o r t  per iod  s e v e r a l  monomer systems have been 

e v a l u a t e d .  These are l i s t e d  i n  Table  1. 
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TABLE 1 

P r o p e r t i e s  of Monomer Systems f o r  High Temperature  PC A p p l i c a t i o n s  

Monomer 

s t y r e n e  (st) 
a c  r y  l o n i  t r i l e  (ACN) 

a c r y l a m i d e  (Aa) 

methacry lamide  ( M a )  

i s o b o r n y l  m e t h a c r y l a t e  
(IBOMA) 

e t h y l t h i o e t h y l  
met hac ry  l a t e  (ETEMA) 

me thy l  m e t h a c r y l a t e  

S t r u c t u r e  

C6H5CHCH2 

CH2CHCN 

CH2CHCONH2 

CH2CHCONHCH3 

C10H1700C CH2 E 
CH3 

C ~ H ~ S C ~ H ~ O O C ~ C H ~  

C H ~ C C H C O O C H ~  
CH3 

Mo 1 e c u lar  
we igh t  

104.14 

53.06 

71.08 

85 .1  

222 

174 

100.1 

Me I t  i n g  
p o i n t ,  OC 

-31 

-82 

8 4 . 5  

111 

- 50 

B o i l i n g  
p o i n t ,  O C  

146 

77.3 

125  

102 

1 0 1  

F l a s h  
p o i n t ,  O C  

31.1 

1.1 
- 
- 

127.7  

79.4 

0 

C o n d i t i o n  

l i q u i d  

1 i q u i d  

s o l i d  

s o l i d  

1 i q u i d  

1 i q u i d  

l i q u i d  



Sample P r e p a r a t i o n  

E a r l i e r  work has i n d i c a t e d  t h a t  a s i l i c a  sand mixture  c o n s i s t i n g  1 

o f  50 parts by weight  of sieve s i z e  No. 16 ,  25 pa r t s  of No. 30, and 

25 p a r t s  of  No. 100 has t h e  proper  p a r t i c l e  s i z e  d i s t r i b u t i o n  t o  produce 

a h igh  q u a l i t y  PC w i t h  a minimum polymer c o n t e n t .  

a p p l i c a t i o n s ,  Type I11 p o r t l a n d  cement i s  added t o  t h i s  mix ture  t o  enhance 

t h e  d u r a b i l i t y  t o  b r i n e  and steam. P o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  e f f e c t  

were d i scussed  i n  t h e  prev ious  r e p o r t .  

For  h igh  tempera ture  

4 

The monomers are mixed i n  a g l a s s  beaker  and polymer iza t ion  i n i -  

t i a t o r  i s  added and d i s s o l v e d .  

inc luded  i n  t h e  monomer mixture ,  t h e  mixture  i s  hea ted  t o  15OoC (302'F) 

I f  acry lamide  o r  methacrylamide a r e  

p r i o r  t o  t h e  a d d i t i o n  of i n i t i a t o r  t o  d i s s o l v e  t h e  s o l i d  monomer. The 

fo rmula t ion  i s  mixed w i t h  t h e  sand-cement aggrega te  and p laced  i n  a g l a s s  

t ube  which i s  coa ted  w i t h  a release agen t .  V i b r a t i o n  i s  used t o  compact 

t h e  PC. The samples are cured  i n  a n  w e n  a t  60'C (140'F) f o r  16 h r  and 

f o r  2 h r  a t  85'C (185OF). 

t h e  form. P r i o r  t o  t e s t i n g ,  they  are c u t  t o  a l e n g t h  t o  d i ame te r  r a t i o  

A f t e r  c o o l i n g ,  t h e  samples are removed from 

of 2 ,  and d r i e d  f o r  18 h r  a t  105'C (220'F). 

Copolymer Systems 

S e v e r a l  monomer mixtures  have been used t o  produce h igh  tempera ture  

PC fo rmula t ions .  The p r o p e r t i e s  of t h e s e  materials are  summarized i n  

Tables  2 and 3 .  It can  be seen  from t h e  t a b l e s  t h a t  fo rmula t ions  con- 

t a i n i n g  s t y r e n e  (St)  - a c r y l o n i t r i l e  (ACN) - acry lamide  (Aa) and S t  - 

ACN - methacrylamide (Ma) produce PC w i t h  p r o p e r t i e s  s u p e r i o r  t o  those  

c o n t a i n i n g  i soborny l  me thac ry la t e  (IBOMA), e t h y l t h i o e t h y l  me thac ry la t e  

(ETEMA) and methyl me thac ry la t e  (MMA). A s  a r e s u l t ,  emphasis has  been 

- 5 -  
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TABLE 2 

Polymer Concrete P rope r t i e s  

Po 1 yme r we i s h  t 

days a t  460°F 

Bo i l ing  Water 

a f t e r  

Compressive s t r e n g t h ,  Monomer Monomer 
system r a t  i o  l o s s  a f t e r  30 absorpt ion,  %, p s i ,  a f t e r  

- -  
prep. 32 days autoclave prep. b o i l i n g  32 days autoclave 

i n  oven water  i n  oven 
a t  460'F absorp.  a t  460'F 

S t  -ACN-Aa 57.5-40-2.5 18 .O 2 . 2 7  5.09 1 . 7 1  20542 10542 3111 10942 
60-35-5 .O 25.6 1.37 6.66 2 .o 24375 19750 2013 12030 
55 -40-5.0 18.8 0.98 4.73 1.84 197 50 20167 7 1 2 8  13547 
55-37.5-7.5 28.5 0.96 10.03 1.38 20917 21083 752 5812 1 

m 
1 

St-ACN-MAa 57.5-40-2.5 25.5 2.74 6.80 3.59 15333 13000 1812 5919 
60-35 -5 18.4 1.88 4.84 2.64 17042 13458 3111 10855 
55 -40 -5 15.8 1.49 5.43 1.30 19000 19167 53 96 7222 
55-37.5-7.5 9.6 0.94 2.57 1.55 22250 14833 54 96 8889 

-- 

1. monomer loading - 1 2  w t %  

2 .  sand-cement r a t i o ,  80-20 

3.  i n i t i a t o r ,  a z o b i s i s o b u t i r o n i t r i l e  (AIBN) 



TABLE 3 

Polymer Concrete P r o p e r t i e s  

rlonomer Monomer C a t a l y s t  Boi l ing water  Boi l ing wa te r  Weight l o s s  Compressive s t r e n g t h ,  Boi l ing 
wa te r  p s i  , a f ter  system r a t i o  abso rp t ion ,  %, abso rp t ion ,  %, a f t e r  oven absorp.  

autoclave a f t e r  
a f t e r  oven at: a t  460°F 
460°F prep. Boi l ing 

wa te r  au toc lave  
-- name w t %  absorp.  70 

IBOMA-MMA 95-5 BPO 2.0 0.16 
90-10 A I B N  0.75 0.34 

12% 85-15 A I B N  0.75 0.38 
monomer 80-20 BPO 2.0 0.16 
loading 70-30 A I B N  0.75 0.50 

60 -40 A I B N  0.75 0.57 
50-50 BPO 2.0 0.37 

22. 701 
15.47 
17.83 
17.98 
13.84 
14.32 
15.46 

7 . 9 8  10442 13009 4008 3.51 
8.79 12279 13208 6723 3.71 
8.76 11504 11482 5824 4.45 
8.51 15443 15730 7513 2.70 
8.02 14049 13363 7644 3.64 
8.31 14226 11062 10235 3.38 
7 . 7 1  20957 19956 13135 1.66 

t 

I 

LBOMA-MMA 94-5-1 
84-15 -I 

-ETEMA 69-30-1 
59-40-1 

13% 49-50-1 
monomer 90-5-5 
1 oa d i n  g 80 - 1 5 - 5 

70-25-5 
7 0 ,- 20 - 10 
60-30-10 
50 -40 - 10 

A I B N  0.75 
A I B N  0.75 
A I B N  0.75 
A I B N  0.75 
A I B N  0.75 
A I B N  0.75 
A I B N  0.75 
A I B N  0.75 
A I B N  0.75 
A I B N  0.75 
A I B N  0 .75 

0.54 
0.64 
1.05 
1.19 
1.48 
0.56 
0.85 
1 . 2 0  
0.64 
1.12 
0 . 7 8  

19.332 
19.75 

20.55 
18.09 
25.39 
18.81 
18.89 
19.11 
16.64 
18.95 

2 8 .59 
7 . 7 8  
7.37 
7.72 
7.76 
8.41 
7.49 
6.21 
6.73 
6.49 
6.73 

10363 
13184 
13931 
14744 
15214 
12799 
14385 
9145 

14359 
16047 
17308 

9615 
11880 
10748 
7927 
9103 
8953 

10855 
8718 

12222 
12777 
16803 

6899 5.22 
5025 5.28 
7000 3.92 
6798 3.69 
6378 4.68 
5168 5.10 
4748 5 -85 
4983 5.69 
6143 4.53 
6487 4.52 
9211 3.47 

1, a f t e r  1 day exposure a t  460°F 

2 ,  a f t e r  4 day exposure a t  460'F 



p laced  on t h e  development of t h e  f i r s t  two systems.  

Experiments were performed t o  de te rmine  i f  copolymers o r  mixtures  

of homopolymers of S t ,  ACN, A a  o r  MAa were formed dur ing  t h e  polymeri-  

z a t i o n  p rocess .  

tes ts .  It w a s  determined t h a t  t h e  copolymer iza t ion  products  do n o t  

d i s s o l v e  i n  s o l v e n t s  f o r  p o l y a c r y l o n i t r i l e  such as dimethylfonnamide 

o r  i n  ace tone ,  a s o l v e n t  f o r  po lys ty rene .  This  i n d i c a t e s  t h e  absence 

of homopolymers. It was a l s o  noted t h a t  homogeneous t r a n s p a r e n t  f i l m s  

wi thou t  s i g n s  of i n c l u s i o n s  were produced when t h e  copolymers were p r e s s -  

molded. Th i s  a l s o  i s  ev idence  of  t h e  format ion  of t r u e  copolymers.  

The format ion  of copolymers w a s  confirmed by s o l u b i l i t y  

An I R  spec t roscopy i n v e s t i g a t i o n  of t h e  molecular  s t r u c t u r e  of t h e  

copolymer iza t ion  p roduc t s  (F igure  1) showed t h a t  a l l  a b s o r p t i o n  bands 

c h a r a c t e r i s t i c s  of p o l y s t y r e n e ,  p o l y a c r y l o n i t r i l e ,  and polyacrylamide 

(3400-3500, 3040, 2930, 2220, 1600, 1500 and 1450 cm-') a r e  p r e s e n t  i n  

t h e  s p e c t r a .  

Tests have been performed t o  opt imize  t h e  monomer composi t ion w i t h  

r e s p e c t  t o  t h e  p r o p e r t i e s  of t h e  PC. The c o n c e n t r a t i o n s  of each monomer 

c o n s t i t u e n t  i n  t h e  fo rmula t ions  were s e l e c t e d  based upon t h e  r e a c t i v i t y  

of each  monomer. PC samples were made c o n t a i n i n g  12 w t %  of t h e  monomer 

fo rmula t ions  and 88 w t %  of  f i l l e r  composed of a n  80-20 s i l i c a  sand - 
Type 111 p o r t l a n d  cement mix tu re .  The r e s u l t s  from p rope r ty  e v a l u a t i o n s  

performed on t h e s e  specimens are g iven  i n  Table  2.  These d a t a  i n d i c a t e  

t h a t  t h e  b o i l i n g  water a b s o r p t i o n  a f t e r  exposure of  t h e  specimens i n  an  

oven a t  238'C (460'~) f o r  32 days i n c r e a s e s  as t h e  c o n c e n t r a t i o n  of Aa 

is  inc reased  and d e c r e a s e s  w i t h  i n c r e a s e d  MAa c o n t e n t .  These d a t a  are 

p l o t t e d  i n  F igu re  2 .  The compressive s t r e n g t h  i n c r e a s e s  w i t h  inc reased  

MAa and d e c r e a s e s  as t h e  A a  c o n c e n t r a t i o n  i s  i n c r e a s e d  (F igure  3 ) .  

- 8 -  
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Figure 1. Infra-red structure of St-ACN-Aa copolymer. 
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The a d d i t i o n  of c r o s s - l i n k i n g  a g e n t s  t o  t h e  monomer mixtures  

improves t h e  thermal  and chemical  s t a b i l i t y  of  t h e  copolymers.  Two 

c r o s s - l i n k i n g  materials, t r ime thy lo lp ropane  t r i m e t h a c r y l a t e  (TMPTMA) 

and d i v i n y l  benzene (DVB), are being s t u d i e d .  Data from t h e s e  s t u d i e s  

are g iven  i n  Tables  4 and 5 and F i g u r e s  4-6.  These r e s u l t s  i n d i c a t e  t h a t  

t h e  optimum TMPTMA c o n c e n t r a t i o n  as determined by compressive s t r e n g t h  

(F igure  4 ) ,  b o i l i n g  water a b s o r p t i o n  (F igure  5 ) ,  and weight  l o s s  t e s t s  

i s  between 5 and 7 w t % .  

S t u d i e s  t o  de te rmine  t h e  e f f e c t  of t h e  r a t i o  of  ACN t o  S t  i n  f o r -  

mu la t ions  c o n t a i n i n g  S t  - ACN - A a  and a c r o s s l i n k i n g  agen t  (TMPTMA o r  

DVB) were a l s o  performed. Data p l o t t e d  i n  F igu re  7 i n d i c a t e  t h a t  f o r  a 

TMPTMA c o n c e n t r a t i o n  of 5 w t % ,  t h e  compressive s t r e n g t h s  of PC samples 

a f t e r  exposure t o  a i r  a t  238OC (460'F) and t o  b r i n e  a t  238'C (460'F) are 

e s s e n t i a l l y  t h e  same. 

0 . 4  t o  0 .5  and t h e n  d e c r e a s e s .  This  i s  i n  good agreement w i t h  copoly-  

m e r i z a t i o n  theo ry .  

The s t r e n g t h  i s  maximum i n  t h e  ACN/St range of 

The e f f e c t  of DVB c o n c e n t r a t i o n  on t h e  p r o p e r t i e s  of  PC c o n t a i n i n g  

S t  - ACN - A a  was determined.  The d a t a  i n d i c a t e  t h a t  t h e  optimum concen- 

t r a t i o n  i s  i n  t h e  range 1 t o  8 w t % .  I n  t h i s  range ,  t h e  PC has  t h e  h i g h e s t  

compressive s t r e n g t h  (F igure  8), lowest  water a b s o r p t i o n  (F igure  9 ) ,  and 

lowest weight  l o s s  a f t e r  exposure t o  ho t  a i r  (F igure  6 ) .  I n c r e a s i n g  

A C N / S t  r a t i o s  i n  t h e  range 0.45 t o  0.8 i n  PC samples c o n t a i n i n g  1 w t %  DVB 

(F igure  10) i n c r e a s e s  t h e  i n i t i a l  compressive s t r e n g t h  from -12,000 t o  

17,000 p s i .  

A d d i t i o n a l  work i s  i n  p rogres s  t o  de te rmine  which of t h e  two c r o s s -  

l i n k i n g  a g e n t s  i s  s u p e r i o r .  A t  t h i s  t i m e  samples c o n t a i n i n g  DVB appea r  

- 11 - 



TABLE 4 

Concentrat ion of TMPTMA a s  a Funct ion of P rope r t i e s  of Polymer Concrete 

Concentrat ion A S  Compressive s t r e n g t h ,  p s i .  a f t e r  Polymer weight  Boi l ing  water abso rp t ion  
-mwrMA 3 S t  l o s s  a f t e r  30 a f t e r  

w t %  r a t i o  prep. b o i l i n g  water  oven, 30 days au toc lave  days i n  oven au toc lave  oven 
abso rp t ion  a t  460°F 460°F a t  460°F, % % % 

0 0.73 19750 20167 
0 .60  24375 19750 

7128  13547 18.8 
2013 12030 25.6 

2 .oo 6.66 
1 . 7 1  5.09 

2.5 0.64 22832 23009 9217 15420 10.0 0.83 1.71 

5 .O 0 . 8 0  26842 25000 11200 12435 5.96 

P 0.50 27895 26316 20348 20348 5.96 
26053 23421 20522 19304 7.96 

I 

I 0.64 25817 26754 17409 16000 5.94 

10 
0.38 

0 . 7 1  0.65 
0.70 0.52 
0.68 0 .61  
0.71 0.85 

7.5 0 .82  27982 27193 22000 8000 5.06 
0.66 23333 21491 21739 8087 5.03 
0.52 20965, 16404 22696 5044 5 .41  
0.40 29737 17895 24087 12870 6.19 

0.59 0.35 
0.71 0.46 
0.51 0.50 
0.53 0.63 

10 0 .88  28597 27281 12226 5130 7.09 
0.69 28158 26053 16696 11304 5.16 
0.55 26930 23509 25478 11913 5.89 
0.42 2 6404 18333 2 5 130 13148 5.44 

0.69 0.64 
0.63 0.40 
0.62 0.64 
0.43 0.48 

Acrylamide concen t r a t ion ,  5 w t %  



TABLE 5 

Concentration of DVB a s  a Funct ion of P r o p e r t i e s  of Polymer Concrete 

Concentrat ion A D  Compressive s t r e n g t h ,  p s i . ,  a f t e r  Weight l o s s  of Boi l ing water  abso rp t ion  
DVB , S t  polymer a f t e r  a f t e r  
w t %  r a t i o  prep. bo i l i ng  water oven, 30 days au toc lave  30 days i n  Oven au toc lave ,  oven, 

absorpt ion a t  460°F 460°F a t  460"F, % 75 % 

Concentrat ion Aa, 5 w t %  
0 0.73 19750 20167 7128 13547 18.8 2 .oo 6.66 

0.76 24375 19750 2013 12030 25.6 1 . 7 1  5.09 

I 1 .oo 0.74 24825 25263 16870 18435 6.12 
w 0.59 25263 22632 16609 16696 5.86 

0.47 21754 18947 11652 21913 7.19 w 
I 

1.03 0.71 
0.78 0.61 
0.63 0.88 

2.5 28070 26930 
0-85 26496 25043 

18365 
19159 

13826 
22393 5.48 

0.76 24211 23622 17878 22348 5.62 
0.60 24737 22895 16783 13304 5.54 
0.48 25351 22018 21670 22609 5.44 

0.73 0.56 

0.60 0.60 
0.64 0.53 
0.69 0.67 

5 .o 0.80 25128 23675 16965 27607 6.76 
7 . 5  0.75 22906 23504 14310 29915 8.30 
10 0.70 21966 23162 7761 27778 12.89 

~ 

0.69 1.14 
0.58 1.61 
0.52 2.76 

Concetrat ion Ma, 5 w t %  
2.5 0.85 26552 26000 17148 20128 4.83 0.65 0.58 
5 .O 0.80 25130 24000 18383 16068 4.84 
7 . 5  0.75 22348 23913 14835 8761 4.44 

10 .o 0.70 18522 18957 19300 17992 14.13 

0.48 0.69 
0.59 0.51 
4.13 0.60 
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Figure 4 .  Compressive strength as a function of cross- 
linking agent concentration. 
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Figure 5. The boiling water absorption of PC as a function 
of "MA concentration. 
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Figure 6. Polymer weight loss as a function of cross- 
linking agent concentration. 
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Figure 7. The compressive strength of PC containing 
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Figure 9. ,The boiling water absorption of PC as a 
function of DVB concentration. 
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more s t a b l e  t o  h o t  b r i n e  t h a n  samples  c o n t a i n i n g  TMF'TMA. I n  h o t  a i r ,  

t h e  o p p o s i t e  t r e n d  has  been observed.  

Another impor tan t  parameter  i n  t h e  p r e p a r a t i o n  of PC i s  t h e  e f f e c t  

To o b t a i n  i n f o r -  of polymer con'tent on t h e  p r o p e r t i e s  of t h e  composi te .  

mat ion on t h i s  v a r i a b l e ,  a s e r i e s  of PC s a m p l e s  c o n t a i n i n g  a monomer 

mixture  of 55 w t %  S t  - 35 w t %  ACN - 5 w t %  A a  - 5 w t %  TMPTMA i n  conjunc-  

t i o n  w i t h  a 70 w t %  s i l i ca  sand - 30 w t %  Type 111 p o r t l a n d  cement aggrega te  

were t e s t e d .  

These r e s u l t s ,  summarized i n  Table  6 and F igure  11, i n d i c a t e  t h a t  t h e  

compressive s t r e n g t h s  decreased  w i t h  i n c r e a s i n g  polymer loading .  

The polymer load ing  was v a r i e d  between 12  and 20 w t % .  

I f  a PC c o n t a i n i n g  12  w t %  polymer can be assumed t o  be a homo- 

geneous system, f u r t h e r  i n c r e a s e s  i n  polymer c o n t e n t  r e s u l t  i n  t h e  

format ion  of he te rogeneous  s e c t i o n s  of  polymer. These impede t h e  

f i l l i n g  of t h e  c a p i l l a r i e s ,  t h e r e f o r e  reducing  t h e  cohes ive  f o r c e  between 

polymer and aggrega te .  E l e c t r o n  microscopic  s t u d i e s  suppor t  t h i s  assump- 

t i o n .  F i g u r e s  12-13 show f r a c t u r e d  s u r f a c e s  of PC samples  c o n t a i n i n g  1 2  

and 20% polymer load ings ,  r e s p e c t i v e l y .  The composi te  c o n t a i n i n g  12 w t %  

polymer (F igu re  12) has  a more uniform s u r f a c e  t h a n  t h e  sample c o n t a i n i n g  

20 w t %  (F igure  13 ) .  The polymer appea r s  t o  be evenly  f i l l i n g  t h e  pore  

space  between t h e  sand g r a i n s  and cement and a cont inuous  three-d imens iona l  

polymeric  network i s  formed. 

S t u d i e s  are a l s o  i n  p rogres s  t o  de te rmine  t h e  optimum r a t i o  of sand 

t o  cement i n  t h e  aggrega te  used t o  produce PC. The r e s u l t s  from t h e s e  

s t u d i e s  a r e  summarized i n  Table  7 and Figure  14. It was observed t h a t  

i n c r e a s e s  i n  cement c o n t e n t  from 10 t o  30% r e s u l t e d  i n  i n c r e a s e s  i n  

compressive s t r e n g t h  from 20,000 t o  27,000 p s i .  The w a t e r  a b s o r p t i o n  

- 18 - 



TABLE 6 

Summary o f  T e s t  R e s u l t s  f o r  Polymer C o n c r e t e  Systems C o n t a i n i n g  
55 w t %  S t  - 3 5  u t %  A C N  - 5 w t %  Aa - 5 w t %  TMPTMA and 70 w t %  - 30 w t %  Sand-Cement Aggrega te  

Monomer l o a d i n g ,  w t %  

P r o p e r t y  12 .o 15 .O 17.5 20.0 

Compressive s t r e n g t h  ( p s i )  a f t e r  
1 a .  p r e p a r a t i o n  

b .  b o i l i n g  water 
c .  oven (30 days,  460°F) 
d .  a u t o c l a v e  (10 d a y s ,  ho t  b r i n e )  

28319 25421 24737 17457 
2 584 1 23333 22193 21053 
17537 12649 14297 11955 
17 743 16052 15704 

B o i l i n g  Water a b s o r p t i o n  (%) a f t e r  

a .  p r e p a r a t i o n  
b .  oven (30 d a y s ,  460°F) 
c. (10 d a y s ,  ho t  b r i n e )  

1 0.33 0.26 0.26 0.24 
0.90 1.10 1.27 1.47 
0.64 0.64 0.59 - 

1. a v e r a g e  of 4 specimens 



12 14 16 18 20 

POLYMER LOADING,% 

Figure 11. The effect of polymer loading on the compressive 
strength of PC. 
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Figure 12. 
fractured surface of PC sample containing a 12% 
polymer loading. 

Scanning electron microscope picture of 

Figure 13. 
fractured surface of PC sample containing a 20% polymer 
loading. 

Scanning electron microscope picture of 
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TABLE 7 

P r o p e r t i e s  o f  Polymer C o n c r e t e  as a Func t ion  o f  Sand-Cement Composi t ion 

Aggrega te  c o m p o s i t i o n ,  
sand  -cement, 90 - 10 80-20 70-30 60-40 50-50 

w t% 

Monomer composi t  i on  55 w t %  S t  - 35 w t %  ACN - 5 w t %  A a  - 5 w t %  TMPTMA 

B o i l i n g  water a b s o r p t i o n  ( X )  a f t e r :  

a .  p r e p a r a t i o n  0.78 0.62 0.85 0.38 0.42 
b .  oven (30 d a y s ,  46O0F) 0.90 1.02 0.87 1.18 2.69 

I 
N 
N 

I 

Compressive s t r e n g t h  ( p s i )  a f t e r :  

a .  p r e p a r a t i o n  
b .  b o i l i n g  water 
c .  oven (30 d a y s ,  460°F) 

22212 24248 28319 20620 26549 
20266 27841 22920 23028 
18926 15537 17547 19174 16694 

Monomer compos i t ion ,  5 5  w t %  S t  - 37.5 w t %  ACN - 7.5 w t %  MAa 

R o i l i n g  water a b s o r p t i o n  (%) a f t e r :  

a .  p r e p a r a t i o n  2.05 1.25 1.41 2.33 2.63 
b .  oven (30 d a y s ,  460°F) 5.57 3.82 4.06 7.21 7.42 

Compressive s t r e n g t h  ( p s i )  a f t e r :  

a .  p r e p a r a t i o n  
b .  b o i l i n g  water 
c .  oven (30 d a y s ,  460°F) 

14655 15080 18620 13327 7168 
10779 19097 15027 6478 5699 
3652 4300 2209 1565 973 



I. COMPRESSIVE STRENGTH AFTER 

2. COMPRESSIVE STRENGTH AFTER OVEN, 
BOILING WATER 

30 DAYS, 460' F 

I I I c_ 

90 80 70 60 50 SAND 

Figure 14. The effect of sand-cement in aggregate on 
the properties of PC. 
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remained e s s e n t i a l l y  c o n s t a n t  over  t h i s  range .  F u r t h e r  i n c r e a s e  i n  cement 

c o n t e n t  reduces  t h e  s t r e n g t h  and i n c r e a s e s  t h e  water a b s o r p t i o n .  Th i s  

may be  exp la ined  by t h e  reduced p o r o s i t y  r e s u l t i n g  from t h e  added cement 

f i n e s .  Th i s  reduces  t h e  cohes ive  f o r c e s  between t h e  polymer and t h e  

f i l l e r .  A s  d i scussed  above,  i n c r e a s e s  i n  t h e  polymer c o n t e n t  of t h e  mix 

beyond 12 w t %  r e s u l t s  i n  f u r t h e r  r e d u c t i o n s  i n  p r o p e r t i e s .  

Based upon t h e  r e s u l t s  t o  d a t e ,  t h e  optimum f i l l e r  composi t ion f o r  

u s e  w i t h  t h e  S t  - ACN - A a  - TMPTMA sys tem i s  i n  t h e  range 70 t o  80 w t %  

s i l i c a  sand and 20 t o  30 w t %  cement. 

During t h e  nex t  r e p o r t  pe r iod  t h e  fo l lowing  work w i l l  be  performed. 

1. The thermal  p r o p e r t i e s  of t h e  systems as a f u n c t i o n  of  ACN 

c o n c e n t r a t i o n  w i l l  be  de te rmined .  

2 .  Long-term l a b o r a t o r y  and f i e l d  t es t s  t o  de te rmine  t h e  d u r a b i l i t y  

w i l l  be con t inued .  

3 .  Experiments  u s i n g  s i l o x a n e  as a h igh  tempera ture  b i n d e r  f o r  PC 

w i l l  be  i n i t i a t e d .  

S t u d i e s  t o  de te rmine  t h e  e f f e c t  of a g g r e g a t e  composi t ion  on t h e  

d u r a b i l i t y  o f  h i g h  tempera ture  PC materials a re  a l s o  con t inu ing .  

p rev ious  r e p o r t 5  i t  was s t a t e d  t h a t  t h e  i n c r e a s e d  thermal  s t a b i l i t y  of PC 

I n  t h e  

fo rmula t ions  of v i n y l - t y p e  monomers and a g g r e g a t e  c o n t a i n i n g  p o r t l a n d  cement 

w a s  n o t  due t o  f r e e  CaO bu t  t o  C a O  compounds of cement.  

During t h e  c u r r e n t  r e p o r t  pe r iod  work t o  de te rmine  t h e  e f f e c t  of 

CaO compounds of anhydrous cement such  as t r i c a l c i u m  s i l i c a t e  (3 C a O -  

S i 0 2 ) ,  d i c a l c i u m  s i l i c a t e  (2 CaO*Si02) and t r i c a l c i u m  a lumina te  (3 C a O .  

A 1  0 ) on t h e  thermal  s t a b i l i t y  w a s  performed. 
2 3  

D i f f e r e n t i a l  scanning  c a l o r i m e t e r  (DSC) and  i n f r a - r e d  ( I R )  a n a l y s i s  
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s t u d i e s  a r e - b e i n g  performed on PC samples c o n t a i n i n g  each of t h e  above 

compounds i n  c o n j u n c t i o n  w i t h  polymethyl m e t h a c r y l a t e  (PMMA) . The 

r e s u l t s  from t h e  DSC thermograms i n d i c a t e d  t h a t  3 CaOaSiO d e r i v e d  from 

t h e  chemica l  r e a c t i o n  between CaCO and S i 0  had a s i g n i f i c a n t  e f f e c t  

on t h e  the rma l  s t a b i l i t y  of PMMA. 

2 

3 2 

The thermograms o f  PMMA c o n t a i n i n g  3 CaO-Si0 d i d  n o t  e x h i b i t  a 2 

n o t i c e a b l e  endothermic peak i n  t h e  range 16O0-2OO0C (320'F t o  392'F) 

compared w i t h  t h a t  of a PMMA-CaCO -Si0  system. Genera l ly ,  t h e  f i r s t  
3 2  

endothermic peak of PMMA i t s e l f  i s  c h a r a c t e r i z e d  by t h e  double  peaks a t  

180'C (356'F) and 193'C (383'F). The f i r s t  broad peak a c t u a l l y  r e p r e -  

s e n t s  t h e  change from t h e  c r y s t a l l i n e  s o l i d  t o  a l i q u i d  c r y s t a l  s ta te .  

The thermal  decomposi t ion of  PMMA, t h e r e f o r e ,  i s  cons ide red  t o  occur  i n  

t h e  tempera ture  range of 15O0C-21OoC ( 3 0 2 " ~  10°F) . 
The endothermic peak n e a r  200'C (392°F) of  PMMA samples combined 

w i t h  CaO-Si0 systems has  a tendency t o  d i s a p p e a r  w i t h  i n c r e a s i n g  CaO 

c o n t e n t s .  I f  t h e  onse t  tempera ture  of endothermal  e f f e c t  i s  n o t  con- 

s i d e r e d ,  t h e  thermograms of PMMA-3 CaO-Si0 systems i n d i c a t e  t h a t  t h e  

f i r s t  endothermic peak f o r  PMMA is  i n c r e a s e d  from 180°C t o  

t o  580'F) due t o  t h e  a d d i t i o n  of 66 w t %  3 CaO-Si0 

2 

2 

303'C (356'F 

2 '  

A s  a n  a t t e m p t  t o  b e t t e r  unders tand  t h e  e f f e c t  of CaO i n  CaO-Si02 

systems on t h e  thermal  s t a b i l i t y  of v i n y l - t y p e  polymers ,  t h e  h e a t  of  f u s i o n  

of t h e  f i r s t  peak i n  t h e  r e g i o n  of  18O0C-21OoC (356OF-410"F) f o r  t h e s e  

samples was ob ta ined  by u s i n g  t h e  e q u a t i o n  LH = KRA/WS where: &H = Heat 

of f u s i o n  i n  ca lo r i e s /g ram;  K = C a l i b r a t e d  in s t rumen t  c o n s t a n t ;  R = 

Range s e n s i t i v i t y  i n  

W = Sample 

mcal / sec . - in . ;  A = Peak area i n  squa re  inches ;  

weight  i n  m i l l i g r a m s ;  S = Recorder  c h a r t  speed i n  i n . / s e c .  
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The h e a t  of f u s i o n  of PMMA i t s e l f  and PMMA samples  c o n t a i n i n g  Ca0.Si02, 

3 Ca0.2 S i02 ,  2 Ca0.Si02, 3 CaOaSiO and type  I11 por t l and  cement, were 2 

34.93 c a l / g ,  4.99 c a l / g ,  3.07 c a l / g ,  1.74 c a l l g ,  0.00 c a l / g  and 1 .23  

c a l / g ,  r e s p e c t i v e l y .  

111 p o r t l a n d  cement w a s  1 .23  c a l / g .  

The h e a t  o f  f u s i o n  of PMMA c o n t a i n i n g  66 w t %  type  

These d a t a  i n d i c a t e  t h a t  t h e  3 CaO. 

S i02  component of cement has  t h e  g r e a t e s t  e f f e c t  on thermal  s t a b i l i t y  of 

v i n y l - t y p e  polymers. 

From I R  s p e c t r a s  i t  has  been noted t h a t  t h e  

-CH2- group f o r  t h e  r eg ion  3000-2900 cm o f  PMMA 

inc reased  C a O  c o n t e n t  i n  CaO-Si0 systems.  A l s o ,  

-1 

2 

a b s o r p t i o n  band of t h e  

becomes s m a l l e r  w i t h  

t h e  I R  s p e c t r a s  of 

PMMA c o n t a i n i n g  3 CaO-Si0 

t o  have v e r y  s i m i l a r  a b s o r p t i o n  bands which con ta ined  smaller bands a t  

3020 cm-' and 2970 cm-' t h a n  t h o s e  of PMMA. 

and type  111 p o r t l a n d  cement were observed 2 

To o b t a i n  f u r t h e r  i n fo rma t ion  about  t h e  i n t e r a c t i o n  between t h e  

3 CaO-Si0 and t h e  -CH - group,  a q u a n t i t a t i v e  a n a l y s i s  w a s  performed 

by u s i n g  t h e  I R  absorbance r a t i o  ob ta ined  by d i v i d i n g  t h e  absorbance of 

2 2 

-1 t h e  -CH2- group a t  2970 cm 

1730 cm . These r e s u l t s  i n d i c a t e  t h a t  t h e  absorbance r a t i o  of  PMMA 

c o n t a i n i n g  3 Ca0.Si02 i s  almost  t h e  same (0.23 v s  0 .25)  as t h a t  of PMMA 

c o n t a i n i n g  type  111 p o r t l a n d  cement. 

by t h e  absorbance of t h e  -C=O group a t  

-1 

The r e s u l t s  from t h e  I R  s tudy  i n d i c a t e  t h a t  t h e  i n t e r a c t i o n  between 

systems t h e  -CH2- group of t h e  v i n y l - t y p e  polymer and t h e  C a O  of CaO'SiO 

t a k e s  p l a c e  as d e s c r i b e d  i n  t h e  prev ious  r e p o r t .  

2 
5 

A t  p r e s e n t ,  t h e  mechanical  e v a l u a t i o n ,  DSC s tudy  and I R  a n a l y s i s  

a f t e r  exposure f o r  30 days t o  25% b r i n e  a t  238'C (460 '~)  of PMMA and 

po lys ty rene  combined w i t h  each of t h e  CaO-Si02 systems,  CaO-A1 0 systems 2 3  
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and CaO-A1 0 -Fe 0 systems are i n  p r o g r e s s .  
2 3  2 3  

Task 2 .  P rocess  Technology 

Work t o  deve lop  t h e  technology r e q u i r e d  t o  produce PC and PC - 
l i n e d  p ipe  and vessels f o r  u s e  i n  c o n t a i n i n g  geothermal  f l u i d s  i s  

c o n t i n u i n g .  During t h e  r e p o r t  pe r iod  s e c t i o n s  of  PC p i p e  and l i n e d  p ipe  

were f a b r i c a t e d  f o r  t e s t i n g  a t  Cos0 Hot Spr ings .  S e c t i o n s  of  PC l i n e d  

p i p e  are c u r r e n t l y  be ing  f a b r i c a t e d  f o r  i n s t a l l a t i o n  a t  East Mesa, 

Fenton H i l l  and i n  t h e  San Diego Gas and Electr ic  Company F a c i l i t y  

a t  t h e  S a l t o n  Sea .  Th i s  work i s  d e s c r i b e d  i n  Task 4 .  

P r e v i o u s  work has  focused  on t h e  a p p l i c a t i o n  of  PC l i n e r s  t o  

s t r a i g h t  s e c t i o n s  of s teel  p ipe .  During t h e  c u r r e n t  r e p o r t  pe r iod  t e c h -  

n iques  f o r  l i n i n g  elbows and r educe r s  have been developed.  Components 

of t h i s  t ype  (see F igure  15) w i l l  be  exposed t o  f lowing  geothermal  f l u i d  

d u r i n g  t h e  next  r e p o r t  pe r iod .  

To d a t e ,  PC-l ined p i p e  has  been j o i n e d  t o  a d j a c e n t  p i p e  u s i n g  

f l anged  connec t ions .  The f e a s i b i l i t y  of weld ing  u s i n g  t echn iques  similar 

t o  t h o s e  used i n  connec t ing  cement - l ined  p ipe  has  r e c e n t l y  been demon- 

s t ra ted .  

Work t o  de te rmine  t h e  d e s c a l i n g  c h a r a c t e r i s t i c s  of PC s u r f a c e s  i s  

i n  p r o g r e s s .  P re l imina ry  d a t a  from one f i e l d  test  a t  East Mesa i n d i c a t e  

t h a t  t h e  small amount o f  scale t h a t  w a s  d e p o s i t e d  could  be e a s i l y  brushed  

o f f .  I n  a second t e s t ,  scale accumula t ion  w a s  n o t  a p p a r e n t .  

I n  a n  a t t e m p t  t o  o b t a i n  q u a n t i t a t i v e  d a t a  on t h e  d e s c a l i n g  cha rac -  

t e r i s t i c s ,  a s u b c o n t r a c t  has  been awarded t o  Daedalean A s s o c i a t e s ,  Inc .  

of Woodbine, Maryland. BNL w i l l  p rov ide  25 r e c t a n g u l a r  samples ( 6 ~ 6 ~ 0 . 7 5  

- in )  of  PC t o  Daedalean f o r  u se  i n  tes ts  i n  which t h e  PC w i l l  be  exposed 
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Figure 1 5 .  PC-lined p i p e  elbows. 
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t o  h igh  p r e s s u r e  c a v i t a t i n g  water j e t s .  

e r o s i o n  f o r  polymer c o n c r e t e  w i l l  be measured and i t  w i l l  be compared 

w i t h  t h a t  o f  s teel .  Experimental  work on t h i s  e f f o r t  w i l l  s t a r t  d u r i n g  

t h e  nex t  r e p o r t  pe r iod .  

The t h r e s h o l d  i n t e n s i t y  of 

Samples o f  geothermal  scale r e c e i v e d  from Daedalean have been 

s u c c e s s f u l l y  used  as a g g r e g a t e  i n  PC. Specimens w i t h  compressive 

s t r e n g t h s  up t o  8,000 p s i  were produced. 

s t a r t e d .  I f  s u c c e s s f u l ,  t h e  t echn ique  may y i e l d  a n  env i ronmen ta l ly  and 

economical ly  a c c e p t a b l e  method f o r  t h e  d i s p o s a l  o f  scale. 

D u r a b i l i t y  t e s t s  w i l l  be 

Task 3 .  P h y s i c a l  and Chemical P r o p e r t y  Measurements 

I n  s u p p o r t  of t h e  expe r imen ta l  work be ing  performed i n  Tasks 1, 

2 and 4 ,  t h e  mechanical and chemical  r e s i s t a n c e  p r o p e r t i e s  o f  c o n c r e t e  

polymer materials are being determined.  The tes ts  are be ing  performed 

i n  a u t o c l a v e s  a t  c o n d i t i o n s  s i m u l a t i n g  environments i n  which f i e l d  t e s t s  

are  i n  p r o g r e s s  o r  be ing  planned. 

P r e l i m i n a r y  t e s t i n g  of PC specimens i n  a n  a u t o c l a v e  c o n t a i n i n g  a 

25% c o n c e n t r a t i q n  of s y n t h e t i c  I m p e r i a l  V a l l e y  geothermal  b r i n e  a t  a 

t empera tu re  of 1 7 p C  (35OOF) w a s  completed d u r i n g  t h e  r e p o r t  p e r i o d .  

PC f o r m u l a t i o n s ,  60 w t %  S t  - 40 w t %  TMPTMA and 50 w t %  S t  - 33 w t %  ACN - 

17  w t %  TMPTMA were t e s t e d .  The PC mixes which were selected p r i o r  t o  

t h e  performance of t h e  a g g r e g a t e  o p t i m i z a t i o n  t e s t s  d e s c r i b e d  i n  Task 1, 

c o n s i s t e d  of 12  w t %  of t h e  monomer mix tu re  and 88 w t %  o f  a 90 w t %  s i l i c a  

sand-10 w t %  p o r t l a n d  cement a g g r e g a t e .  Po lymer i za t ion  was i n i t i a t e d  

u s i n g  2% benzoyl pe rox ide  by weight  o f  monomer and h e a t i n g  t o  80°C (176'F). 

The r e s u l t s  of  compressive s t r e n g t h  measurements made on t h e  

Two 

specimens as a f u n c t i o n  of t i m e  are  g iven  i n  Tab le  8. A s  n o t e d ,  b o t h  

- 29 - 



Table 8 

Compressive Strength of PC After Exposure 

to 25% Brine at 177OC (350OF) 

PC No. 1 PC No. 2 
Compressive strength, psi Exposure time, days 

0 9600 

63 4450 

14 2 3 900 

280 4352 

46 6 4355 

960 4880 

PC No. 1, 60 wt% styrene-40 wt% TMPTMA. 

PC No. 2 ,  50 wt% styrene-33 wt% acrylonitrile-17 wt% TMPTMA. 

Aggregate, 90 wt% sand-10 wt% portland cement. 

Specimen s ize , 0.75-in. -diam x 1.5-in. -long. 

Strengths measured at 20°C (68OF). 

10900 

7000 

6100 

7567 

7511 

7310 
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ser ies  e x h i b i t e d  i n i t i a l  r e d u c t i o n s  i n  s t r e n g t h ,  p robably  due t o  t h e  

decomposi t ion of low molecular  weight  f r a c t i o n s  of t h e  polymer o r  a n  

i n s u f f i c i e n t  amount of p o r t l a n d  cement i n  t h e  a g g r e g a t e .  S t r e n g t h s  

measured a f t e r  960 days were e s s e n t i a l l y  t h e  same as t h o s e  measured 

a f t e r  63 days .  V i s u a l  i n s p e c t i o n s  made throughout  t h e  t es t  i n d i c a t e d  

no  c r a c k i n g  o r  o t h e r  s i g n s  of  d e t e r i o r a t i o n .  

T e s t i n g  of several PC fo rmula t ions  i n  a 400 ppm b r i n e  s o l u t i o n  a t  

150'C (302°F) w a s  te rmina ted  a f t e r  exposure f o r  490 days .  Two monomer 

sys tems,  50 w t %  S t  - 33 w t %  ACN - 17 w t %  TMPTMA and 55 w t %  S t  - 36 w t %  

ACN - 9 w t %  TMFTMA used w i t h  ca lc ium a l u m i n a t e ,  alumdum and type  111 

p o r t l a n d  cements were t e s t e d .  These r e s u l t s  are summarized i n  Table  9. 

Work t o  de te rmine  t h e  f e a s i b i l i t y  o f  u s i n g  PC materials i n  h igh  

temperature- low pH environments  i s  con t inu ing .  Two tests are  c u r r e n t l y  

i n  p r o g r e s s .  

I n  one tes t  3 PC samples are be ing  exposed t o  a pH 1 HC1 s o l u t i o n  

a t  90°C (194'F). 

No evidence  of c o r r o s i o n  as de termined  by pH and weight  change h a s  been 

d e t e c t e d .  

To d a t e ,  t h e  samples "have been i n  t e s t  f o r  620 days .  

A t es t  i n  pH 1 HC1 a t  2OOoC (392'F) is  a l s o  i n  p r o g r e s s .  Three 

monomer fo rmula t ions  55 w t %  S t  - 36 w t %  ACN - 9 w t %  TMPTMA, 50 w t %  S t  - 
33 w t %  ACN - 17 w t %  TMPTMA and 60 w t %  S t  - 40 w t %  TMPTMA used  i n  con- 

j u n c t i o n  w i t h  a g g r e g a t e  c o n t a i n i n g  90 w t %  sand - 10 w t %  p o r t l a n d  cement 

were be ing  e v a l u a t e d .  No d e t e r i o r a t i o n  w a s  a p p a r e n t  a f t e r  - 170 days .  

Unfo r tuna te ly  a f t e r  240 days ,  f a i l u r e  of  t h e  tempera ture  c o n t r o l  on t h e  

a u t o c l a v e  r e s u l t e d  i n  a tempera ture  e x c u r s i o n  t o  a n  undetermined v a l u e .  

I n s p e c t i o n  o f  t h e  samples i n d i c a t e d  complete  d i s i n t e g r a t i o n  of t h e  
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Table 9 

Compressive Strength of PC After a 490 Day Exposure to 400 ppm Brine 

Monomer 

at 150'C (302'F) a 
Compressive strength, p s i  

Aggregate Control Exposure 

50% St - 33% ACN - 17% TME'TMA 50% sand-50% calcium 24,640 
aluminate cement 

24,135 

80% sand-20% calcium 23,474 15,278 
aluminate cement 

80% sand-20% alumdum 19,915 3,785 
cement 

80% sand-20% Type I11 25,217 
cement 

50% sand-50% alumdum 17,197 
cement 

55% St - 36% ACN - 9% W T M A  80% sand-20% calcium 23,580 
aluminate cement 

a, average of 2 specimens tested at 20'C (68'F) 

St, styrene 

ACN, acrylonitrile 

TMPTMA, trimethylolpropane trimethacrylate 
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fo rmula t ion  c o n t a i n i n g  55 w t %  S t .  S u r f a c e  d e t e r i o r a t i o n  of  t h e  sample 

c o n t a i n i n g  50 w t %  S t  w a s  appa ren t  b u t  e s s e n t i a l l y  no a t t a c k  w a s  a p p a r e n t  

on t h e  PC c o n t a i n i n g  60 w t %  S t  - 40 w t %  TMF'TMA. 

i s  con t inu ing .  

T e s t i n g  o f  t h i s  material 

Task 4 .  F i e l d  Tests 

To d a t e ,  tes ts  have been completed a t  The Geysers ,  Baca Wells, 

Klamath F a l l s ,  R a f t  River and East Mesa. Tests are  c u r r e n t l y  i n  p rogres s  

a t  The Geysers ,  R a f t  River, East Mesa and Ni land .  Samples o f  p i p e  have 

been sh ipped  t o  t h e  U.S. Naval Weapons Cen te r  f o r  i n s t a l l a t i o n  a t  Cos0 

Hot Spr ings .  P l a n s  t o  i n s t a l l  p i p e  a t  t h e  Los Alamos S c i e n t i f i c  Labora tory  

Fenton H i l l  s i t e  and i n  t h e  San Diego Gas and Elec t r ic  Company loop a t  

Niland have been made and t h e  materials have been o rde red .  

The Geysers  

T e s t i n g  of  PC materials i n  f lowing d r y  steam a t  a tempera ture  of  

238'C (460'F) has  been i n  p rogres s  a t  t h e  Geysers  s i n c e  May 1975. To 

d a t e  90 day and 2 y r  tes ts  have been completed and a t h i r d  t e s t  of  a t  

least  a 6 month d u r a t i o n  i s  i n  p r o g r e s s .  During t h e  c u r r e n t  r e p o r t  p e r i o d  

t h e  e v a l u a t i o n  of  samples exposed f o r  up t o  2 y r  was completed.  These 

samples ,  shown i n  F i g u r e  16,  had compressive s t r e n g t h s  r ang ing  between 

2278 p s i  (sample X-10) and 335 p s i  ( X - 8 ) .  The ave rage  s t r e n g t h  and water 

a b s o r p t i o n  was 1570 p s i  and  8.5% r e s p e c t i v e l y .  Earlier samples e v a l u a t e d  

a f t e r  exposure  f o r  180 days had v a l u e s  of 2350 p s i  and 8.7%. 

Test series No. 3 c o n s i s t i n g  of 48 c y l i n d e r s  was p laced  i n t o  tes t  

i n  November 1977. Four monomer sys tems;  80 w t %  S t  - 12 w t %  polyphenylene 

oxide  - 8 w t %  TMPTMA, 30 w t %  S t  - 60 w t %  t r i a l l y l  cyanura t e  - 10 w t %  
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Figure  16 .  PC specimens a f t e r  exposure f o r  2 y e a r s  t o  
d r y  steam a t  238OC ( 4 6 0 O F ) .  
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polyphenylene oxide ,  55 w t %  S t  - 35 w t %  ACN - 5 w t %  A a  - 5 w t %  TMPTMA 

and 50 w t %  S t  - 40 w t %  ACN - 5 w t %  MAa - 5 w t %  TMPTMA i n  con junc t ion  w i t h  

sand-cement aggrega te  are be ing  e v a l u a t e d .  

bu t  based upon ear l ie r  l a b o r a t o r y  work, t h e s e  systems are expected t o  

y i e l d  improvements over  t h e  r e s u l t s  ob ta ined  i n  S e r i e s  No. 1 and 2 .  

R e s u l t s  are n o t  y e t  a v a i l a b l e ,  

Ra f t  River 

One t e s t  has  been completed a t  Raf t  R ive r  and two o t h e r s  a r e  i n  

p rogres s .  The tes ts  c u r r e n t l y  i n  p rogres s  are be ing  performed a t  a temp- 

e r a t u r e  of 135'C (275OF) and flow rate of ,., 200 gpm u t i l i z i n g  t h e  "Raft 

River Mobile Corros ion ,  Depos i t i on  and Component T e s t  Labora tory ."  

I n  one t e s t  a series of 2 - in .  cubes has  been exposed f o r  480 

days.  

d u r a b i l i t y .  

An e v a l u a t i o n  performed a f t e r  exposure f o r  90 days i n d i c a t e d  good 

A 4 - f t .  s e c t i o n  of PC-lined p ipe  has been exposed t o  t h e  f l u i d  f o r  

300 days .  

e s t a b l i s h e d .  

A d a t e  f o r  t h e  f i r s t  v i s u a l  i n s p e c t i o n  has  not  y e t  been 

East Mesa 

During t h e  prev ious  r e p o r t  per iod5  48 hollow c y l i n d e r s  of PC (7/8 

- in . -o .d .x3/16-in.-wal l  x 2 3/8- in . - long)  were removed a f t e r  exposure t o  

f lowing b r i n e  a t  16OoC (320'F) f o r  60 days.  The samples c o n s i s t e d  of  

two monomer mix tu res ,  50 w t %  St - 33 w t %  ACN - 17 w t %  TMPTMA and 55 w t %  

S t  - 36 w t %  ACN - 9 w t %  TMPTMA, i n  con junc t ion  w i t h  4 /1  and 1/1 r a t i o s  

of sand and po r t l and  cement aggrega te .  It was r e p o r t e d  t h a t  t h e  i n n e r  

s u r f a c e s  of t h e  hollow c y l i n d e r s  were f r e e  of scale and t h e  s c a l e  on t h e  
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o u t e r  s u r f a c e s  w a s  e a s i l y  brushed o f f .  No dec rease  i n  c rush ing  s t r e n g t h  

as  a r e s u l t  of t h e  60 day exposure was observed.  A d d i t i o n a l  e v a l u a t i o n  

of t h e  samples is i n  p r o g r e s s .  

An 8 - f t  s e c t i o n  of  PC-lined 3- in .  Sch 40 carbon s t ee l  p i p e  was 

i n s t a l l e d  a t  East Mesa on December 6, 1977. The p i p e  (shown i n  F igu re  

17) i s  be ing  exposed t o  160°C (320'F) b r i n e  f lowing from Well 6-1 a t  

a r a t e  of 60-80 gal /min.  The s a l t  c o n t e n t  i s  - 26,000 ppm. 

The f i r s t  i n s p e c t i o n  of t h e  p ipe  w a s  made a f t e r  exposure f o r  - 60 

days .  No d e t e r i o r a t i o n  o f  t h e  PC o r  scale  accumula t ion  w a s  appa ren t .  

S c a l i n g  of  t h e  connec t ing  s t ee l  p ipe  was observed.  This  tes t  i s  con- 

t i n u i n g .  P l a n s  are  be ing  made t o  i n s t a l l  similar s e c t i o n s  i n  l i n e s  

c o n t a i n i n g  two phase f low.  F a b r i c a t i o n  of t h e  p i e c e s  i s  i n  p r o g r e s s  

and i n s t a l l a t i o n  d u r i n g  t h e  nex t  r e p o r t  pe r iod  i s  a n t i c i p a t e d .  

Arrangements are  be ing  made t o  t e s t  several s e c t i o n s  of polymer- 

impregnated c o n c r e t e  and a s b e s t o s  cement p i p e  t h a t  were prepared  and 

i n s t a l l e d  by t h e  Bureau of Reclamation a t  East Mesa 2 y r  ago ,  b u t  

neve r  exposed t o  b r i n e .  The p i p e  ( s e e  F i g u r e  18) is  impregnated w i t h  

60 w t %  S t  - 40 w t %  TMPTMA and has  been g iven  t o  BNL. 

it t o  t h e  t e s t  mani fo lds  are  be ing  made. 

P l ans  t o  connec t  

Ni land  

Two exper iments  are c u r r e n t l y  i n  p rogres s  u t i l i z i n g  t h e  Bureau of 

Mines f a c i l i t y  a t  Niland.  These exper iments  were s t a r t e d  du r ing  January  

1978 and t o  d a t e  test  r e s u l t s  are n o t  a v a i l a b l e .  

I n  one t es t ,  PC c y l i n d e r s  c o n t a i n i n g  55 w t %  S t  - 36 w t %  ACN - 9 w t %  

TMPTMA are  be ing  exposed t o  6 environments .  

(428'F) b r i n e  a t  t h e  i n l e t  t o  t h e  f i r s t  steam s e p a r a t o r ,  t h e  b r i n e  and 

These are i n  t h e  22OoC 
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Figure 17. PC-lined pipe in test at East Mesa. 

Figure 18. Polymer impregnated concrete and asbestos 
cement pipe installed at East Mesa but not as yet 
connected to brine system. 

- 37 - 



steam e f f l u e n t s  from t h e  f i r s t  and second steam s e p a r a t o r s ,  and a t  t h e  

s team/br ine  i n t e r f a c e  i n  t h e  second s e p a r a t o r .  

The second tes t  i s  o f  a 4 - f t  s e c t i o n  of  l i n e d  p i p e  (see F igure  19) 

which was i n s t a l l e d  du r ing  December 1977. The s e c t i o n  w a s  des igned  f o r  

service i n  a 25% b r i n e  s o l u t i o n  a t  260'C (500'F) and 350 p s i  p r e s s u r e .  

A d a t e  f o r  t h e  f i r s t  i n s p e c t i o n  of t h e  u n i t  has  n o t  been se t .  

U . S .  Naval Weapons Cen te r  

Twelve s e c t i o n s  of PC and PC-lined p ipe  (see F igure  20) have been 

f a b r i c a t e d  and sh ipped  du r ing  March f o r  t e s t i n g  a t  Cos0 Hot Spr ings .  

The PC-lined p ipe  c o n s i s t s  of 4 - f t  l e n g t h s  of 3- in . -  Sch 40 p ipe  

l i n e d  w i t h  a 0 .5- in .  t h i c k  PC. A t o t a l  o f  7 l e n g t h s  w e r e  f a b r i c a t e d .  

The PC p i p e  i s  3.5-in.-o.d.x0.75-inrwall. Three monomer f o m l a t i o n s ;  

55 W t %  S t  - 36 w t %  ACN - 9 w t %  TMPTMA, 55 w t %  S t  - 35 w t %  ACN - 5 W t %  

A a  - 5 w t %  TMPTMA and 80 w t %  S t  - 12 w t %  polyphenylene oxide - 8 w t %  

TMPTMA were used i n  con junc t ion  w i t h  a 70 w t %  s i l i c a  sand - 30 w t %  

type  I11 p o r t l a n d  cement aggrega te .  

Weapons Cen te r  pe r sonne l  and t e s t i n g  should commence du r ing  t h e  nex t  

r e p o r t  pe r iod .  Tests i n  low tempera ture  a e r a t e d  and non-aera ted  geothermal  

f l u i d s  w i l l  be  performed. The former w i l l  be  accomplished by t h e  i n t r o -  

d u c t i o n  of a i r  i n t o  t h e  f l u i d  through h o l e s  d r i l l e d  i n t o  t h e  PC p ipe .  

The p ipe  w i l l  be i n s t a l l e d  by Naval 

Los Alamos S c i e n t i f i c  Labora tory  (LASL) 

Arrangements have been completed t o  t e s t  PC-lined p ipe  and f i t t i n g s  

a t  t h e  LASL Fenton H i l l  ho t  rock geothermal  s i t e .  Th i s  t es t  w i l l  repre- 

sent t h e  f i r s t  exposure of PC-lined elbows t o  f lowing geothermal  f l u i d s .  

F a b r i c a t i o n  of t h e  tes t  c o n f i g u r a t i o n ,  shown i n  F igure  21, i s  i n  p rogres s .  
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Figure  1 9 .  PC-lined p ipe  i n  test  a t  USBM f a c i l i t y  
a t  Niland. 

F igure  20. PC p i p e  t o  be t e s t e d  a t  Cos0 Hot Spr ings .  
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Figure 21. PC test configuration to be installed at 
Fenton Hill. 



S t a r t - u p  of t h e  t es t  du r ing  t h e  l a t te r  p a r t  of t h e  nex t  r e p o r t  per iod  

is planned.  

p r e s s u r e  250 p s i  and flow rate 150 gpm. 

The a n t i c i p a t e d  t e s t  c o n d i t i o n s  are tempera ture  185'C (365'F) , 

San Diego Gas and E l e c t r i c  Company (SDGSrE) 

The SDG&E has  r eques t ed  t h a t  3 s e c t i o n s  of PC-l ined p ipe  be pro-  

v ided  f o r  t es t  a t  their  Geothermal Loop Experimental  F a c i l i t y  (GLEF) . 
Two 6 - f t - l o n g  s e c t i o n s  of 10-in.-diam pipe  and a 8- in . -diam x - 4 - f t -  

long s e c t i o n  w i l l  be  f a b r i c a t e d .  

Two of t h e  p ipes  w i l l  be i n s t a l l e d  i n  t h e  b r i n e  i n j e c t i o n  l i n e .  

The i n j e c t i o n  f law rate is  t y p i c a l l y  50 gpm, and t h e  b r i n e  i s  a t  - 93'C 

(200'F) and 100 p s i .  

t h e  f i r s t  and second s t a g e  f l a s h  drums and w i l l  c a r r y  about  150 gpm of b r i n e  

a t  150 p s i g  and 182'C (360'F). 

A p r i l  i s  a n t i c i p a t e d .  

The 8- in . -diam s e c t i o n  w i l l  be i n s t a l l e d  between 

I n s t a l l a t i o n  o f  t h e  s e c t i o n s  dur ing  

Task 5 .  Technology T r a n s f e r  and Economic Eva lua t ion  

S t u d i e s  t o  i d e n t i f y  areas i n  geothermal  processes  where t h e  use  

of non-me ta l l i c  materials such as p l a s t i c s ,  c o n c r e t e  polymer composi tes  

and r e f r a c t o r y  cements can f avorab ly  a f f e c t  t h e  economics of t h e  pro- 

c e s s e s  are con t inu ing .  

During t h e  p rev ious  r e p o r t  pe r iod  a s tudy  t o  e v a l u a t e  e l e c t r i c  

6 
g e n e r a t i n g  p rocesses  w a s  completed.  This  r e p o r t  has  been i s s u e d .  

Work t o  e v a l u a t e  d i r e c t  u t i l i z a t i o n  p rocesses  has  been i n i t i a t e d .  

I n  t h i s  work, t h e  Burns and Roe I n d u s t r i a l  S e r v i c e s  Corpora t ion ,  under  

c o n t r a c t  t o  BNL, w i l l  review 3 concep tua l  d e s i g n s  f o r  d i r e c t  u t i l i z a t i o n  

p rocesses  and de termine  i f  s av ings  i n  c a p i t a l  and o p e r a t i n g  c o s t s  can 

be accrued  by t h e  use  of non-me ta l l i c  materials i n  a p p l i c a b l e  p o r t i o n s  
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o f  t h e  p r o c e s s e s .  A r e p o r t  summarizing t h e  r e s u l t s  from t h i s  s tudy  w i l l  

be  i s s u e d  i n  l a t e  FY 1978. 

Task 6 .  Admin i s t r a t ive  

During t h e  c u r r e n t  r e p o r t  p e r i o d ,  6 "Monthly Admin i s t r a t ive  L e t t e r s "  

2 were submi t ted  t o  DGE and Q u a r t e r l y  P rogres s  Repor t  No. 14 was i s s u e d .  

A paper  e n t i t l e d  "Polymer Concre te  Materials f o r  Use i n  Geothermal Energy 

P rocesses"  w a s  p repared  f o r  p r e s e n t a t i o n  a t  t h e  "Second I n t e r n a t i o n a l  

Symposium on Polymers i n  Concrete"  which w i l l  be  h e l d  i n  Aus t in ,  Texas 

October  25-27, 1978. 

Two i n v i t e d  pape r s  on t h e  use  of polymer c o n c r e t e  t o  r e p a i r  c o n c r e t e  

s t r u c t u r e s  w e r e  p re sen ted  a t  t h e  "World of Concrete"  symposium i n  

Pheonix,  J anua ry  10-13, 1978.  
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