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ABSTRACT of geothermal systems abroad. From t h i s  base  of  
experience,  g e n e r a l  guidell.nes about m a t e r i a l  
s e l e c t i o n  and a p p r o p r i a t e  design t o  minimize 
c o r r o s i o n  problems i n  space  and domestic water 
h e a t i n g  systems have been der ived.  

The economic u t i l i z a t i o n  of geothermal . resources  
wi th  tempera tures  ranging from 49"C-l05"C r e q u i r e s  
Creat ion O f  SyStelUS w i t h  long  p l a n t  l i f e  and minimum 
o p e r a t i o n  and maintenance c o s t s .  Development of  
such systems r e q u i r e s  c a r e f u l  cor ros ion  engineer ing  
i f  t h e  most c o s t  e f f e c t i v e  m a t e r i a l  s e l e c t i o n  and KEY SPECIES 
des ign  choices  are t o  b e  made. 

Based on a s t u d y  of 20 low temperature  d i r e c t  
u t i l i z a t i o n  Systems i n  t h e  United S t a t e s  and abroad,  corrosive e f f e c t  (DeBerry e t  al,, 1978). The 
g e n e r a l  c o r r o s i o n  engineer ing  g u i d e l i n e s  are pre- 
sen ted . ,  P ip ing ,  v a l v e s ,  and h e a t  exchange equip- 
ment are considered.  These g u i d e l i n e s  are a p p l i c a b l e  * Oxygen ( g e n e r a l l y  from a e r a t i o n )  
t o  a l a r g e  number of resources  i n  t h e  United S t a t e s .  

Geothermal f l u i d s  commonly conta in  seven key 
chemical s p e c i e s  t h a t  produce a s i g n i f i c a n t  

key spec ies  a r e :  

Hydrogen i o n  (pH) 
Chloride i o n  

INTRODUCTION 

Direct u t i l i z a t i o n  of geothermal resources  wirh  
temperatures  ranging  from 49"C-l05"C can d i s p l a c e  
a s i g n i f i c a n t  demand on f o s s i l  f u e l s  f o r  h e a t i n g  
purposes. 
sources  r e q u i r e s  systems wi th  long  p l a n t  l i f e  
and minimum o p e r a t i o n  and maintenance (OSrM) c o s t s .  
Development of  such systems r e q u i r e s  proper  
m a t e r i a l s  and des ign  d e c i s i o n s  (cor ros ion)  
engineer ing) .  

The economic use of t h e s e  energy 

For a number of y e a r s  Radian Corporat ion has  been 
working f o r  t h e  DOE Divis ion of Geothermal Energy 
t o  develop a m a t e r i a l s  s e l e c t i o n  handbook. The 
F i r s t  Edi t ion :  M a t e r i a l  S e l e c t i o n  Guidel ines  
- f o r  Geothermal Power Systems w a s  complet'ed i n  
1978 and is a v a i l a b l e  from NTIS a s  document ALO- 

-- 

3904-1. This  e d i t i o n  was l i m i t e d  t o  l i q u i d  
dominated r e s o u r c e s  of  power genera t ing  p o t e n t i a l  
i n  t h e  United States. Work i s  near ing  completion 
on a Second E d i t i o n :  M a t e r i a l  S e l e c t i o n  Guide l ines  
- for Geothermal Energy Systems. 
updated and materials test d a t a  and o p e r a t i n g  

Previous d a t a  are 

exper ience  from e x i s t i n g  geothermal power: p l a n t s  
around t h e  world are inc luded ,  a s  w e l l  a s  tests 
r e s u l t s  from over  twenty geothermal resources  
w i t h  tempera tures  as low a s  49°C. 

S u l f i d e  s p e c i e s  
Carbon d i o x i d e  s p e c i e s  
Ammonia s p e c i e s  
S u l f a t e  i o n  

Corrosive phenomena t h a t  can be observed w i t h  
d i f f e r e n t  m a t e r i a l s  due t o  t h e  presence of some 
o r  a l l  of t h e s e  s p e c i e s  i n  conjunct ion w i t h  
p h y s i c a l  f a c t o r s  such as f l u i d  temperature ,  
p r e s s u r e ,  and v e l o c i t y ,  are: 

Uniform (genera l )  cor ros ion  
P i t t i n g  
Crevice c o r r o s i o n  

Hydrogen b l i s t e r i n g  
0 I n t e r g r a n u l a r  cor ros ion  

Galvanic c o r r o s i o n  
Corros ion- fa t igue  
Deal loying 

* E x f o l i a t i o n  

S t r e s s  c o r r o s i o n  c racking  

These phenomena n a t u r a l l y  are t o  b e  avoided i n  
o r d e r  t o  decrease  downtime, i n c r e a s e  p l a n t  l i f e  
and minimize o p e r a t i o n  a n d  maintenance ( O M )  
c o s t s .  
choices  (cor ros ion  engineer ing)  can achieve  these  
goa ls .  

Proper materials s e l e c t i o n s  and design 

CLASSIFICATION OF GEOTHERMAL RESOURCES 

AS a p a r t  of  t h i s  e f f o r t ,  Radian 's  Material Science 
Laboratory h a s  performed f a i l u r e  ana lyses  on 
numerous f a i l e d  and non-fai led components from 
s e v e r a l  geothermal  d i r e c t  u t i l i z a t i o n  systems I n  
t h e  United S t a t e s  and h a s  s t u d i e d  materials problems 

mile developing t h e  Second Edi t ion :  
S e l e c t i o n  Guide l ines  for Geothermal Energy 
Systems, i t  was n o t i c e d  t h a t  p r e s e n t l y  developed 
resources  could b e  d iv ided  i n t o  s i x  p r o v i s i o n a l  
classes based on c e r t a i n  key chemical s p e c i e s ,  

Mater ia l  
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wel lhead temperature ,  and similarities of co r ros ion  
behavior .  This  c l a s s i f i c a t i o n  does n o t  e l imina te  
t h e  need f o r  s i t e  s p e c i f i c  eva lua t ion  of co r ros ion  
problems, b u t  does a l low some gene ra l i za t ion  about  
expected m a t e r i a l s  performance and des ign  
requirements .  One o f  t h e  p r o v i s i o n a l  c l a s s e s  
inc ludes  most low temperature  resources .  It has  
t h e  fo l lowing  c h a r a c t e r i s t i c s  : 

Tota l  key s p e c i e s  (TKS) <5000 ppm 
Chlor ide  f r a c t i o n  i n  TKS 3-72% b u t  > 10 ppm 
pH 6.5-10 
T o t a l  s u l f i d e  0.01-5 ppm 
Temperature 49"C-l05"C 

The rest of t h i s  paper  w i l l  cons ider  co r ros ion  
engineer ing  gu ide l ines  f o r  systems u t i l i z i n g  
resources  of t h i s  c l a s s .  

PERFORMANCE OF MATERIALS 

Carbon S t e e l  

S t a i n l e s s  S t e e l s  

The l i m i t e d  test r e s u l t s  a v a i l a b l e  a t  t h i s  time 
(Howard e t  a l . ,  1980; unpubl ished Radian d a t a )  
i n d i c a t e  t h a t  T304 and T316 s t a i n l e s s  steels 
are s u i t a b l e  i n  most low temperature  environ- 
ments. Chlor ide  stress co r ros ion  c racking  i s  
p o s s i b l e  a t  t h e  h ighe r  temperatures  i n  t h i s  f l u i d  
c l a s s ,  provided t h a t  t h e  f l u i d  i s  ae ra t ed  and 
t h e  s tee l  i s  h igh ly  s t r e s s e d ,  so  p a r t s  should be  
s t r e s s - r e l i e v e d  a f t e r  forming. P i t t i n g  and c r e v i c e  
cor ros ion  r e s i s t a n c e  should  b e  adequate  i n  most 
cases .  The 400 series s t a i n l e s s  steels have more 
r e s i s t a n c e  t o  SCC than  t h e  300 series, bu t  w i l l  
probably p i t  s eve re ly  (DeBerry e t  a l . ,  1978). 

Aluminum 

Geothermal exper ience  t o  d a t e  i n d i c a t e s  t h a t  
aluminum a l l o y s  w i l l  n o t  b e  accep tab le  i n  most 
ca ses  because of s eve re  p i t t i n g  (Howard, 1980; 
DeBerry, e t  a l . ,  1978). 

Ti tanium 

This  m a t e r i a l  has  extremely good cor ros ion  

and contaminat ion wi th  m e t a l l i c  i r o n  p a r t i c l e s  

The uniform co r ros ion  r a t e s  of carbon s teel  i n  
oxygen-free (<lOppb) wa te r  wi th  pH >9 are 
usua l ly  less than 25 pm/yr. (Einarsson,  e t  a i . ,  r e s i s t ance .  However, i t  cannot  be  ac id  cleaned,  
1977) ,  wh i l e  i n  t h e  range pH 6-9, rates a r e  
t y p i c a l l y  25-125 pm/yr. P i t  pene t r a t ion  r a t e s  can cause p i t t i n g .  
are r epor t ed  t o  vary  from zero  t o  760 pm/yr. 
Sa tu ra t ion  wi th  a i r  i n c r e a s e s  t h e  cor ros ion  rate CPVC (Chlor ina ted  Polyvinyl  Chlor ide)  and FRP 
a t  least  ten-fold (DeBerry e t  a l . ,  1978; (F iber  Reinforced P l a s t i c )  
Hermannson, 19 70). 

These m a t e r i a l s  o f f e r  ease of f a b r i c a t i o n  and 
Carbon s tee l  p ip ing  has  been used widely but  carbon a r e  n o t  adve r se ly  a f f e c t e d  by oxygen i n t r u s i o n .  
s t e e l  tube-and-shell h e a t  exchangers  have been The i r  mechanical p r o p e r t i e s  a t  h ighe r  temper- 
s a t i s f a c t o r y  only  i n  systems where 1 0  ppm excess  a t u r e s  vary g r e a t l y  from ambient temperature  
s u l f i t e  is added cont inuous ly  as oxygen p r o p e r t i e s  and c a r e  must b e  exe rc i sed  no t  t o  
scavenger .  Zinc ga lvaniz ing  does n o t  con t ro l  exceed t h e  mechanical l i m i t s  o f  t h e  materials. 
cor ros ion  (Hermnnnson, 1970). The usua l  mode of  f a i l u r e  is  c reep  rup tu re  

and t h e  c reep  rup tu re  s t r e n g t h  decays wi th  time. 
Copper and Copper Alloys 

Copper f an -co i l  u n i t s  and copper tubed hea t  exchangers 
have a c o n s i s t e n t l y  poor performance i n  U.S. 
geothermal f l u i d s  due t o  presence of t r a c e s  of  
s u l f i d e  spec ie s .  Copper tub ing  r ap id ly  becomes 
fouled  wi th  cuprous s u l f i d e  f i l m s  more than l m m  
t h i c k .  Ser ious  c rev ice  cor ros ion  occurs  a t  c racks  
i n  t h e  f i l m  and uniform co r ros ion  rates of 50-150 
pm/yr appear  t y p i c a l  based on f a i l u r e  ana lyses  
( E l l i s ,  1980; Griess, 1977; Mi tche l l ,  1980). These 
cor ros ion  rates are more than  ten-fold g r e a t e r  
than t h e  rates measured by coupons (Lund, e t  a l . ,  1976 
Howard et a l . ,  1980) i n  low v e l o c i t y  (% 0.03 m/ 
s e c )  f l u i d  a t  t h e  same o r  s i m i l a r  resources .  

Experience i n  Ice land  a l s o  i n d i c a t e s  t h a t  copper 
i s  unsa t i s f ac to ry  and t h a t  b r a s s e s  (Cu-Zn) and 
bronzes (Cu-Sn) a r e  s t i l l  less s u i t a b l e  f o r  h e a t  
exchanger s e r v i c e  (Hermannson, 1970). F a i l u r e  of  
s i l i c o n  bronze by d e z i n c i f i c a t i o n  has  a l s o  been 
observed ( E l l i s ,  1980). Cupronickels  can be  
expected t o  perform more poor ly  than  copper i n  
low temperature  geothermal s e r v i c e  because of  t r a c e  
s u l f i d e  (DeBerry e t  a l . ,  1978). 

Design d a t a  a r e  a v a i l a b l e  from manufacturers ,  
based on e x t r a p o l a t i o n  of 10,000 hour test 
r e s u l t s  t o  100,000 hours .  The e f f e c t  on 
mechanical p r o p e r t i e s  of  exposures  longer  than  
100,000 hours  is  no t  known. 

DESIGN TO LIMIT CORROSION PROBLEMS 

It i s  ev iden t ,  based on e x i s t i n g  geothermal 
exper ience ,  t h a t  geothermal f l u i d s  impost 
m a t e r i a l  s e l e c t i o n  and des ign  c o n s t r a i n t s  n o t  
normally encountered i n  low temperature  water 
(LTW) systems. Successfu l  des ign  r equ i r e s  
s p e c i a l  cons ide ra t ion  of  co r ros ion  problems 
encountered i n  t h e  geothermal environment. 

Ma te r i a l s  w i th  adequate  co r ros ion  r e s i s t a n c e  
must be  s e l e c t e d  t o  avoid unexpected and 
unacceptable  maintenance and r e p a i r  c o s t s .  
d i s t r i c t  s i z e d  hea t ing  p r o j e c t s  wi th  a t t endan t  
s u r f a c e  s t o r a g e  and f l u i d  exposure t o  oxygen, 
i t  may be  economical t o  i n h i b i t  t h e  geothermal 
f l u i d  by cont inuous a d d i t i o n  of  excess  s u l f i t e  
as an oxygen scavenger .  I f  t h i s  i s  done, 
carbon s tee l  can be used f o r  hea t  exchange 
equipment. System des ign  should minimize 

For 
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REFERENCES i n t r o d u c t i o n  of  oxygen i n t o  t h e  geothermal f l u i d  
t o  reduce s u l f i t e  cos ts .  Vented tanks  should  
b e  avoided. 

S u l f i t e  a d d i t i o n  w i l l  probably n o t  be  p r a c t i c a l  
f o r  s m a l l e r  sys tems because t h e  s p e c i a l  equipment 
and o p e r a t o r  requirements  may prove uneconomical. 
I f  s u l f i t e  i s  n o t  added t o  scavange oxygen, i t  is  
ext remely  impor t an t  t o  minimize oxygen i n t r u s i o n  
from t h e  atmosphere. 
some oxygen contaminat ion w i l l  occur ,  and carbon 
s tee l  h e a t  exchangers  w i l l  probably b e  unacceptable .  
The d i f f i c u l t y  o f  a l t e r n a t e  material s e l e c t i o n  
is inc reased  because of t h e  need t o  use "off 
t h e  s h e l f "  components. 

Even w i t h  c a r e f u l  des ign ,  

Even wi th  c a r e f u l  materials s e l e c t i o n ,  geothermal 
systems w i l l  r e q u i r e  more maintenance than  con- 
v e n t i o n a l  systems.  System des ign  should minimize 
t h e  number and k i n d  of components which con tac t  
geothermal  f l u i d s .  Th i s  can b e s t  b e  done by us ing  
a n  i s o l a t i o n  h e a t  exchanger t o  t r a n s f e r  h e a t  t o  
a non-corrosive secondary h e a t  t r a n s f e r  medium- 
f o r  c i r c u l a t i o n  t o  domest ic  water h e a t e r s  and 
fan-coi l s .  A l l  geothermal  components should be 
e a s i l y  disassembled f o r  maintenance. S c a l e  
d e p o s i t s  from geothermal  f l u i d  may make threaded 
j o i n t s  a lmost  imposs ib le  t o  disassemble,  so t h i s  
t ype  o f  j o i n t  should  be  avoided. S imi l a r ly ,  p l a t e  
h e a t  exchangers  may be very d e s i r a b l e  bo th  because 
they  have h ighe r  h e a t  t r a n s f e r  e f f i c i e n c y  than  
tube-and-shell u n i t s ,  and because they are easy 
t o  c l ean  and i n s p e c t .  

DESIGN/MATERIALS INTERACTION 

System des ign  and materials s e l e c t i o n  i s  an  i n t e r -  
a c t i v e  process  i n  t h a t  t h e  development o f  a 
s p e c i f i c  des ign  r e q u i r e s  c e r t a i n  materials wh i l e  
s e l e c t i o n  of  a given m a t e r i a l  w i l l  g r e a t l y  a f f e c t  
des ign  . 
The appended t h r e e  t a b l e s  i l l u s t r a t e  materials 
choice /des ign  c o n s t r a i n t  i n t e r a c t i o n s  f o r  p ip ing ,  
va lves ,  and h e a t  exchange m a t e r i a l s .  I n  these  
t a b l e s ,  m a t e r i a l s  have been d iv ided  i n t o  f i v e  
performance c a t e g o r i e s  based on t h e  a v a i l a b l e  da t a  
from 29 d i r e c t  u t i l i z a t i o n  systems which s a t i s f y  
t h e  c o n d i t i o n s  o f  chemistry and temperature  s t a t e d  
previous ly .  
b e  observed to o b t a i n  f avorab le  r e s u l t s .  

Corrosion and des ign  cau t ions  must 
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Low tempera ture  (4OoC-105"C) geothermal f l u i d s  
impose c o n s t r a i n t s  on material s e l e c t i o n  and system 
des ign  n o t  normally encountered i n  low temperature  
water systems.  Re l i ab le  d i r e c t  u t i l i z a t i o n  systems 
have been b u i l t  and can b e  b u i l t ,  b u t  economical 
system des ign  r e q u i r e s  a s p e c i a l i z e d  concern f o r  
t h e  co r ros ion  problems encountered i n  geothermal 
environments , i n  o r d e r  t o  minimize m a t e r i a l  c o s t s  
wh i l e  a s s u r i n g  accep tab le  O&M c o s t s .  
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TABLE 1. MATERIALlDESIGN INTERACTION MATRIX FOR PIPING 

I 
Carbon steel 
( m i l l  scale f r e e )  

Carbon steel 
(with m i l l  s c a l e )  

Galvanized steel 

Corrosion Comments 

Class I1 

Caution: Oxygen must be  r igo rous ly  
excluded. Aera t ion  w i l l  
cause ten- fo ld  o r  g r e a t e r  
i n c r e a s e  i n  co r ros ion  rate. 

Caution: P i t t i n g  may b e  s e r i o u s  i n  
some cases .  Oxygen w i l l  
exacerba te  p i t t i n g .  

Class 111 

Rapid p i t t i n g  a t  d e f e c t s  i n  m i l l  
scale w i l l  occur i n  many cases. 

Caution: Oxygen contamination w i l l  
cause very  s e r i o u s  
l o c a l i z e d  cor ros ion .  

Class IV 

Zinc n o t  p r o t e c t i v e  a t  o p e r a t i n g  
temperatures and may cause  r a p i d  
p i t  t i n g  . 

Class 111 

May be accep tab le  i n  t h i c k  wal led  
app l i ca t ions .  

Caution: Crevice co r ros ion  a t  c r acks  
i n  the  cuprous s u l f i d e  
cor ros ion  product  s c a l e  has 
been observed. 

Caution: No s u i t a b l e  s o l d e r s  have 
been i d e n t i f i e d .  

Class V 

Osrygen i n t r u s i o n  should  have no 
e f  f e c t .  

F a i l u r e  by degrada t ion  of c reep  
rup tu re  s t r e n g t h  wi th  t i m e .  No 
d a t a  are a v a i l a b l e  f o r  e s t i m a t i n g  
a l lowable  stress a f t e r  lo5 h r s  
(11.4 y r s ) .  

Caution : P r o p e r t i e s  d e t e r i o r a t e  
s i g n i f i c a n t l y  a t  e l eva ted  
temperature . 

Design Comments 

Minimize oxygen i n t r u s i o n  
i n t o  t h e  system. 

Do n o t  use  vented tanks ,  
e s p e c i a l l y  r e c i r c u l a t i o n  
tanks .  

Avoid threaded  junc t ions  
because of maintenance 
problems. 

P r o t e c t  e x t e r i o r  from ground 
water. 

If used, des ign  should  pro- 
v i d e  f o r  easy replacement. 

Limit f l u i d  v e l o c i t y  t o  less 
than 1 . 3  meter/second. 

Observe manufac turer ' s  
t empera ture ,  p re s su re ,  and 
stress l i m i t s .  

F a b r i c a t e  j o i n t s  carefull;.. 

Class I: Can be r e l i a b l y  used i n  most ca ses ,  with l i t t l e  o r  no t e s t i n g ,  provided co r ros ion  and design 

Class 11: Acceptable i n  many cases, bu t  confirmatory tests are advisable .  

Class 111: Acceptable i n  a l i m i t e d  number of cases. 

Class IV: Probably n o t  acceptab le .  

Class V: 

c au t ions  are observed. 

must be  observed. 

and des ign  cau t ions  must be observed. 

Corrosion and des ign  cau t ions  

Confirmatory tests s t r o n g l y  advisable .  Corrosion 

Long term s u i t a b i l i t y  h a s  n o t  been v e r i f i e d .  
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1 Material 

- 

Carbon s tee1 body w i t h  
carbon s tee l  t r i m  

Brass body w i t h  b r a s s  
t r i m  and b r a s s  o r  
s t a i n l e s s  steel s t e m  

CPVC body and T r i m  

F ibe r  Reinforced 
P l a s t i c  body and t r i m  

Carbon s tee l  body 1 wi th  AISI 400 series 

Carbon s teel  body wi th  
AISI 300 series t r i m  

I 

E l l i s  and Conover 

TABLE 2 .  MATERIAL/DESIGN INTERACTION MATRIX FOR VALVES 

Co r r o s  ion  Comments 

Class I V  

T r i m  l i f e  n o t  adequate  i n  many 
cases .  

Loca l ized  cor ros ion  a t  stem/ 
seal /a i r  i n t e r f a c e .  

Caution: Aera t ion  w i l l  cause  r ap id  
f a i l u r e .  

Class I11 

P i t t i n g  of t r i m  s i g n i f i c a n t  r i s k .  

Caution: Aeration w i l l  cause  
r ap id  cor,rosion of body. 

Class I 

* Caution: Aeration w i l l  cause  r ap id  
co r ros ion  of body. 

Class I11 

Caution: Cathodic t o  steel bu t  
e f f e c t  probably n o t  s eve re  
i n  most cases .  

Caution: D e z i n c i f i c a t i o n  may be 
s i g n i f i c a n t  r i s k .  

Class V 

F a i l u r e  of  materials by degra t ion  
of c reep  rup tu re  s t r e n g t h  wi th  t i m e .  
Data n o t  a v a i l a b l e  f o r  e s t ima t ing  
a l lowable  s t r e s s  a f t e r  l o 5  h r s  
(11.4 y r s ) .  

Oxygen i n t r u s i o n  should  have no 
e f f e c t .  

Caution: P r o p e r t i e s  d e t e r i o r a t e  
g r e a t l y  a t  e l e v a t e d  
temperatures.  

Design Comments 

Probable f a i l u r e  mode t r i m  
r e l a t e d .  Valves should  b e  
easy t o  remove and main ta in ,  
Flange o r  wafer des igns  
favored. Minimize threaded  
p a r t s .  

P lug  (globe) va lves  n o t  
recommended f o r  f requent  
cyc le  duty because o f  p lug/  
stem corros ion  problems and 
r e c i p r o c a t i n g  s t e m  motion 
which causes  seal f a i l u r e  
o r  s e i z i n g .  

Gate va lves  not  recommended 
f o r  f r equen t  c y c l e  duty 
because r eF ip roca t ing  s t e m  
motion causes seal f a i l u r e  
o r  s e i z i n g .  

-- 

Ball o r  B u t t e r f l y  va lves  
recommended f o r  f requent  
cyc le  duty because r o t a t i o n  
of s t e m  minimizes stemlseal 
problems. AISI 300 series 
s t a i n l e s s  s t e e l  o r  e l a s to -  
meric (Buna N ,  Vi ton ,  TFE) 
seat s a t i s f a c t o r y .  

-- 

Observe comments above, 

Observe manufacturers 
l i m i t a t i o n s  on temperature,  
p re s su re ,  and stress. 

Class I: Can be  r e l i a b l y  used i n  most ca ses ,  wi th  l i t t l e  o r  no t e s t i n g ,  provided co r ros ion  and design 

Class I f :  Acceptable i n  many cases, b u t  conf i rmatory  tests are adivsable .  

Class 111: Acceptable i n  a l i m i t e d  number o f  casest Confirmatory tests s t r o n g l y  advisable .  Corrosion 

c a u t i o n s  are observed. 

must b e  observed. 
Corrosion and design cau t ions  

and des tgn  cau t ions  must be  observed. 

Class I V :  Probably n o t  acceptab le .  

Class V: Long term s u i t a b i l i t y  h a s  n o t  been v e r i f i e d .  
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E l l i s  and Conover 

TABLE 3. MATERIALS/DESIGN INTERACTION MATRIX FOR HEAT EXCHANGERS 

Material 

Carbon steel 

Cor r o s  i o n  Comments 

Class  I V  i f  oxygen scavenger  is  n o t  used, 

Class I1 i f  water  i s  cont inuous ly  t r e a t e d  
wi th  excess  s u l f i t e  and pH > 9. 

Class I11 i f  water is cont inuous ly  t r e a t e d  
wi th  excess  s u l f i t e  and pH 6.5-9. 

Aluminum 

Copper 

Caution: Heat exchange co r ros ion  rates 
t y p i c a l l y  o rde r  of  magnitude 
g r e a t e r  than coupon rates. 
Ser ious  degrada t ion  by ppb 
H2S. S u i t a b l e  s o l d e r s  no t  
i d e n t i f i e d .  

Class I V  

Extremely seve re  co r ros ion  wi th  
c a t a s t r o p h i c  p i t t i n g .  - 

Class I V  

~ Class  11 AIS1 300 series 
s t a i n l e s s  steels 

Caution: SCC of T304 p o s s i b l e  above 
70-85°C. Res is tance  t o  
SCC i n c r e a s e s  wi th  
molybdenum a d d i t  ions .  

Caut ion:  P i t t i n g  and c r e v i c e  
co r ros ion  of T304 p o s s i b l e  
a t  high temperature ,  high 
c h l o r i d e  cond i t ions ,  w i th  
oxygen. P i t t i n g  and 
c rev ice  co r ros ion  r e s i s t a n c e  
inc reases  wi th  molybdenum 
a d d i t  ions .  

Can be  a c i d  cleaned.  - 
Titanium Class I 

Caution: Can n o t  b e  a c i d  cleaned.  
Avoid s c r a t c h i n g  w i t h  meta l  
t o o l s .  

Design Comments I 
I 

Continuous use of oxygen 
scavenger  requi red .  

P l a t e  type  hea t  exchangers  
recommended f o r  ease of 
c l ean ing  and economic 
reasons.  

S t r e s s  r e l i e f  a f t e r  forming 
i s  recommended. 

Fiberous gaske ts  should  be 
avoided. 

Minimum a e r a t i o n  recommended. 

P l a t e  type  hea t  exchangers  
recommended over  tube-and- 
s h e l l  f o r  economic reasons  
and ease of  c leaning .  

Class I: Can be  r e l i a b l y  used i n  most cases ,  wi th  l i t t l e  o r  no t e s t i n g ,  provided cor ros ion  and des ign  
cau t ions  are observed. 

Class 11: Acceptable  i n  many c a s e s ,  bu t  confirmatory tests are advisable .  Corrosion and des ign  cau t ions  
must be  observed. 

Class 1 I I :Accep tab le  i n  a l i m i t e d  number of cases. 

Class I V :  Probably n o t  acceptab le .  

Class V: Long t e r m  s u i t a b i l i t y  h a s  n o t  been v e r i f i e d .  

Confirmatory tests s t rong ly  advisable .  Corros ion  
and des ign  cau t ions  must b e  observed. 
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