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INSPECTION OF ALUMINUM COMPONENTS FROM FREEZE 
DESALTING FACILITY AT WRIGHTSVILLE BEACH,,NC 

D. G. Melton and T. S. Lee 
The I n t e r n a t i o n a l  Nickel  Company-, Inc .  
LaQue Center  f o r  Corrosion Technology 

W r i g h t s v i l l e  Beach, NC 28480 

An insp ,ec t ion  was made of a  f reeze-type ' d e s a l t i n g  p i l o t  
p l a n t  t h a t  has  opera ted  f o r  approximately f o u r  years .  The 
purpose of  t h i s ' i n s p e c t i o n  w a s  t.o document t h e  seawater  
s e r v i c e  exper ience ,  of t h e  v a r i o u s  aluminum a l l o y s  p r e s e n t  i n  
t h e  p l an t .  'The,components i n spec t ed  inc lude  .two tube-type 
h e a t  exchangers,  one p la te - type  h e a t  exchanger,  and t h e  
f r e e z i n g  compartment. Photographs a r e  used t o  i l l u s t r a t e  

. t h e  co r ros ion  behavior  of t h e s e  components. 

I. INTRODUCTION . 

' 

On January 18, 1979, an i n s p e c t i o n  was performed of components i n  a 
d e s a l t i n g  p i l o t  p l a n t  a t  t h e  O f f i c e  of Water Research and Technology (OWRT) 
a t  W r i g h t s v i l l e  Beach, NC. ' Those p r e s e n t  included F. L. LaQue ( c o n s u i t a n t ) ,  
J. E. Draley and J: B. Darby$ . . Jr. (Argonne Nat iona l  ~ a b o r a t o r y ) ,  J. F. Rynewicz 
(Lockheed A i r c r a f t  carp.), R. S. ~ o b i n s o n  (OWRT), and D. G. Melton and 
T. S. ' ~ e e  (LaQue Center f o r  Corrosion .Technology). The purpose of t h e  inspec-  
t ion .  was. t o  document t h e  seawater s e r v i c e ' e x p e r i e n c e  of t h e  v a r i o u s  aluminum 

. . 
a l l o y s  p re sen t  in  t h e  plan't. 

. The 240,000-liter-per-qay p i l o t  p l a n t  cons t ruc t ed  by AVCO Systems 
Divis ion  i s  a d i r e c t - c o n t a c t  secondary r e f r i g e r a n t  f r e e z e  d e s a l t i n g  p l a n t  
u t i l i z i n g  r e f r i g e r a n t  R-114 (Dichlorotetrafloroethane) a s  t h e  working f l u i d .  
The performance ,of t h i s  p l a n t  is  documented i n  two AVCO r e p o r t s .  i The . 

s i m p l i f i e d  o p e r a t i o n  of t h i s  process1 is shown schemat i ca l ly  i n  F igu re  1, 
. with  ' the inspec ted  components shaded f o r  c l a r i t y .  An overview of t h e  f a c i l ' i t y  

is shown i n  F igu re  2. 

I n i t i a l ' o p e r a t i o n ' o f  t h i s  p i l o t  p l a n t ' s t a r t e d  i n  1974 and w a s  i n t e r i  
m i t t e n t l y  i n  o p e r a t i o n . u n t i 1  1978. ~ u r i n ~ ' t h i s  pe r iod ,  t h e  p l a n t  opera ted  
approximately.SO% of t h e  t ime, and t h e  h e a t  exchangers u s u a l l y  were n o t  - 
dra ined  during s h u t  downs. 

11.. PLATE-TYPE HEAT EXCHANGER 

' 

.The  p l a t e - type  h e a t  exchanger u t i l i z e s  enhanced s u r f a c e  p l a t e s  and is  
designed s o  t h a t  t h e  f eed  water  f lows counter  c u r r e n t  t o  t h e  b r i n e  and product  
water i n  a l t e r n a t i n g  passages.  The u n i t  se rved  t h e  purpose of lowering t h e  
tempera ture .of  t h e  seawater  e n t e r i n g  the system. 



F i l t e r e d  seawater  ( 5  vm) w i t h  a r e s i d u a l  c h l o r i n e  l e v e l  of approxi- 
mate ly  0.1 m g l l i t e r  se rved  as t h e  feed  water ,  and t h e  u n i t  opera ted  a t  75 t o  
225 l i t e r s l m i n  w i t h  a 100 t o  200 kPa p r e s s u r e  drop. The u n i t  has  been i n  
s e r v i c e  s i n c e  p l a n t  s t a r t - u p  i n  1974 w i t h  only  one i n t e r m e d i a t e  c l ean ing ,  
which c o n s i s t e d  of a f l u s h i n g  w i t h  a 5-10% c i t r i c  a c i d  ~ o l u t i o n . ~  . 

The m a t e r i a l s  of c o n s t r u c t i o n  inc lude  aluminum a l l o y  6061-T4 cover 
p l a t e s ,  carbon s t e e l  t i e  rods ,  and Alclad 3003/7072 heat-exchanger p l a t e s .  ' 
During d isassembly  of t h e  h e a t  exchanger,  however, t h e  producer  markings on 
t h e  top  heat-exchanger p l a t e  i nd ica t ed  t h e  m a t e r i a l  t o  be  aluminum a l l o y  
3003-0. Subsequent me ta l log raph ic  examination confirmed t h e  absence of a n  
Alclad l a y e r  of 7072 on t h e  p l a t e s .  An overview of t h e  par t ia l ly  disassembled 
u n i t  is  shown i n  F igu re  3. 

A s  t h i s  h e a t  exchanger .was disassembled,  c o r r o s i o n  a t t a c k  t o  a depth  of 
approximately 0.03 mm w a s  measured on t h e  cover s h e e t  . i n  c o n t a c t  w i th  t h e  top  
p l a t e .  Although t h i s  a r e a  w a s  n o t  a p a r t  of - the  flow p a t t e r n ,  mois ture  was 
e v i d e n t l y  t rapped  dur ing  assembly. Th i s  cover s h e e t  is  shown i n  F igure  4. 
F igu re  5 shows what appeared t o  be co r ros ion  .on t h e  i n l e t  end of t h e  seawater  
p l a t e s , .  b u t  l a t e r  c l ean ing  proved t h i s  t o  be a b u i l d  up of salts from. leakage. 

When the  i n d i v i d u a l  p l a t e s  were in spec t ed ,  'a  regular '  p a t t e r n  of c r e v i c e  
s i t e s  w a s  n o t e d , . w i t h  c o r r o s i o n  products  a t  each  of t h e s e  s i t e s .  The gene ra l  

, 

appearance of one of t h e s e  p l a t e s  i s  shown i n  F igure  6. This  r e g u l a r  p a t t e r n  
was c r e a t e d  by t h e  c o n t a c t  p o i n t s  between p l a t e s .  Fu r the r  i n s p e c t i o n  of t hese  ' * 

s i t e s  has 'shown crevice-cor ros ion  a t t a c k  t o  va ry ing  e x t e n t s ,  and, i n  a t  least 
. two of t h e  s i x  p l a t e s  i n spec t ed ,  t h e  c o r r o s i o n  had p e r f o r a t e d  t h e  1 mm th ick-  

ness .  

Samples of t h e  d e p o s i t s  surrounding t h e s e  c o n t a c t  p o i n t s  have been 
analyzed and found t o  be  calcium carbonate .  The cause  of t h e  b l ack  appearance 
of t h e s e  d e p o s i t s  is p r e s e n t l y  unknown. '!he c r o s s  secrlon of one of these a , 

c o n t a c t  poinks is shown i n  Figur'e 7. 

111. FREEZER 

The f r e e z e r  wag supp l i ed  w i t h  seawater  from t h e  p la te - type .  h e a t  exchanger 
w i t h . a  water l e v e l  of 60 t o  8 0  cm whi le  i n  opera t ion .  The f r e e z i n g  of water 
was accomplished by purging r e f r i g e r a n t  R-114 through the .  seawater .  The u n i t ,  
a 1.7-meter-diameter by 8-meter-long h o r i z o n t a l l y  mounted c y l i n d e r ,  was fab- 
r i c a t e d  from aluminum a l l o y  5083. The f r e e z e r  u n i t  h a s  been i n  o p e r a t i o n  
w i t h  t h e  p l a n t  s i n c e  1974; t h e  only  change was i n  t h e  supply  f low d i s t r i b u t i o n .  
The i n t e r n a l  appearance of t h e  f r e e z e r  is  shown i n  ~ i ~ u r e "  8. 

Minimal c o r r o s i o n  w a s  found du r ing  t h e  in spec t ion .  F i g u r e  9 is  a c lose-  
up view of a welded b a f f l e  i n  t h e  bottom of t h e  f r e e z e r  showing t h e  e x c e l l e n t  
c o n d i t i o n  of t h e  aluminum a l l o y  5083. Some sha l low p i t t i n g  w a s  observed,  a s  
evidenced by F igu re  10; however, t h i s  p i t t i n g  appeared t o  be  l i m i t e d  t o  t h e  
m a t e r i a l  exposed i n  t h e  vapor o r  upper h a l f  of t h e  f r e e z e r .  



, I V  . MELTER-CONDENSER 

The melter-condenser .condensed r e f r i g e r a n t  vapor on t h e  s h e l l  s i d e  whi le  
melt,ing a n  i c d .  s l u r r y  f r h  the' f r e e z e r  on t h e  tube  s i d e .  This  u n i t ,  a s  
o r i g i n a l l y  cons t ruc t ed ,  was a 1-meter-OD by 8-meter-long h e a t  exchanger wi th  a  
U-tube con£ i g u r a t i o n .  The tube  s h e e t  (F igure  11) and water  box (F igu re  12)  
were f a b r i c a t e d  from aluminum a l l o y  5083'and t h e  U-tubes of aluminum a l l o y  

, 3003 w i t h  e x t e r n a l  f i n s . '  Due to'many f a i l u r e s  a t t r i b u t e d . t o  v i b r a t i o n ,  gas  
impingement, and c ~ r r o s i o n , ~  t h e  melter-condenser was re tubed  i n  January 1977 
wi th  s t r a i g h t  tubes  of aluminum . a l l o y  5 0 5 2 . ~  I n  o r d e r  t o .  u%e t h e  s t r a i g h t  
tubes, ,  a  f l o a t i n g  head had t o  be i n s t a l l e d ,  and a  row.of t ube  h o l e s  i n  t h e  
tube  s h e e t  w a s  plugged a s  shown i n  F igure  13. 

Some minor c o r r o s i o n  was found a t  t h e  i n t e r f a c e  between t h e  tubes  and 
tube s h e e t ,  as evidenced by t h e  c o r r o s i o n  product  shown i n  F igure .14;  however., 
no co r ros fon  was v i s i b l e  on t h e  i n l e t  ends of t h e  tubes.  Depth of a t t a c k  on 
t h e  tube  s h e e t ' w a s  approximately 0.3 nun. F igu re  14  a l s o  shows some d e b r i s  
t h a t  was found i n  t h e  tubes.  There' was a l a r g e  amount of t h i s  d e b r i s  i n  t h e  
d i scha rge  s i d e  of t h e  wat.er.box t h a t  was appa ren t ly  t he - r ema ins  of a t t e m p t s  
t o  c o a t  t h e  p i p e l i n e s 4  and of i r o n  c o r r o s i o n  products .  F igure  1 5  shows t h e  
i n l e t  f l a n g e  of t h e  melter-condenser water  box w i t h  minimal cor ros ion .  I n  
~ i g u r e  1 6 , t h e  d h c h a r g e  s i d e  of t h e  water. box exh ib i t ed  a c c e l e r a t e d  g e n e r a l  
and p i t t i n g  cor ros ion .  - E e , a c c e l e r a t e d  a t t a c k  on t h e  d i scha rge  f l a n g e  could . -. - -- -. . .. - 
b e  due t o  g a l v a n i c  a t t a c k  r e s u l t i n g  from . a  d i r e c t  connect ion t o " a  s t e e l  f l a n g e  
and pipe.  

V. HEAT-REMOVAL CONDENSER 

The heat-remdval condenser,  a  0.6-meter-diameter by 8-meter-long u n i t ,  
used seawater  on the' tube  s i d e  t o  cond-ense t h e  remaining r e f r i g e r a n t  vapor 
from t h e  melter-condenser.  O r i g i n a l l y  t h i s  u n i t ,  a two-pass U-tube h e a t  
exchanger,  was cons t ruc t ed  with.alurninum a l l o y  6061 f o r  t h e  s h e l l  and water  
box and aluminum a l l o y  3003 f o r  t h e  tubes . l  Seve ra l  a e r y  small l e a k s  developed 
between 1974 and 1976 and were r epo r t ed  as being due t o  c o r r o s i o n  o r  e r o s i o n  
of t h e  tubes.  Theref o r e , .  i n  January 1977, t h e  heat-removal condenser w a s  
re tubed  wi th  aluminum a l l o y  5052-0.2,3 . T h i s  h e a t  exchanger and i t s  water  box, 
as shown i n . F i g u r e s  17 and 18, have b e e n . i n  o p e r a t i o n  w i t h  t h e  p i l o t  p l a n t  
s i n c e  1974.. 

4 .  

  he heat-removal condenser d i sp l ayed  s e v e r e  p i t t i n g  oh t h e  tube  s h e e t  
(approximately 6-mm d e p t h ) ,  a s  shown i n  F igu re  19; however, t h e  tubes  i n  t h i s  
u n i t  showed no v i s i b l e  c o r r o s i o n  on t h e  i n l e t  ends. Severe p i t t i n g  a l s o  was 
found .on the.water-box i n l e t  f l a n g e  and p ipe ,  a s  shown i n  F igu res  20 and 21. 

. This  p i t t i n g  co r ros ion  could be a t t r i b u t e d  t o  t h e  s t e e l  p ipe  s e c t i o n  t h a t  was 
a t t ached  d i r e c t l y  t o  t h e  i n l e t  f l a n g e  (F igure  22). . However, a s  shown by 
Figure  23, t h e  d i scha rge  f l a n g e  and p i p e  were f r e e  of any s i g n s  of p i t t i n g  
co r ros ion .  
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b AIR REMOVAL 

1 SEA WATER FEED I 

Figure 1. Pilot-plant System 



Figure 2. Overview. of AVCO 
Desalting P i l o t  Plant . .  
(A) Freezer, (B) m e l t e r -  
condenser, and (C) hcat- 
rcmoval condcnocr. 
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rance of Plate-type Heat ~ x c h a n ~ e r  
after Removal of cover Plate and Tie Rods 

Figure 4. Appearance of Cover Sheer an Tap of '"First 
Plate of Plate-type Heat Exchanger, M+cimum 
depth of corrosion measured at 0.03*mm. 



Figure 5 .  Close-up View of Inlet End -- Raw :--water 
Side of Plate Showlng Build-up of Salts. 
Cleaning revealed minimal attack to  under- 
lying aluminum. 
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Figure 6. Appearance of Plate Showing Crevice Attack 
- ~ t  Contact Points between Individual Plates 



Photomicrograph of Cross Section through P l a t e  
a t  Location of Contact Point.  Magnification 55X. 

Figure 8. View of Ins ide  of Freezer. Note wa te r l ine  
approximately 80 cm above bottom. 



Ffgure 9. Close-up View of Welded BaFIle Plate 
in  Bottom of Freezer 

Figure 10. Close up of welded Nipple and Baffle i n  Top 
of Freezer. Note shallow pitting due to  
refrigerant and chloride vapor environment. 
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Figure 11. Overall View of Melter-Condenser 
with Water Box Removed. 



Figure 12. Internal View of Melter-Condenser Water Box 
with Inlet on Bottom. Note debris from failed 
coating system and corrosion products f x m  
s tee l  pipe l ines  i n  system. 



Figure 13. Appearance of Tube Sheet and Tubes on Melter-Condense?, 
Note tub& sheet plugs to  allow for instal lat ion of 
floating head on opposite end o f  condenser. 

Figure 14. Close-up V i e w  of Melter-Condenser Showing 
(A) Corrosion Product between Tube and Tube 
Sheet and (B) Debris i n  Tubes 



Figure 15. Inlet Flstnge on Meltes-Condenser Water .Box 

Figure 16. Discharge Flange on Melter-Condenser Water Box 



Figure 17. Overall Appearance of Tube Sheet 
on Hea  L-L eiwval Cundepset 



Figure 18. Appcnrnncc of Heat- 
r~mnva 1 Condenser Water Rox. 
(A) Inlet ,  (B) discharge, and 

- - ( C )  s t e e l  blank and bolts.  
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Figure 19. Close-up View of Heat-removal Condenser Tube 
Sheet Showing Pitting Corrosion. Maximum 
depth of attack approximately 6 mm. 

Figure 20. Close-up Apgearanci of Inlet  Flange on 
Heat-removal Condenser Water Box. Depth 
of attack approxipately 6 mm. 



Figure 21. Clclse-up Appearance bf Inlet Pipe on 
Heat-removal Condenser Water Box Showing 
(A) Corrosion Products and (3) Pitting 

Figure 22. Overview of Inlet-discharge End of Heat- 
removal Condenser with Water Box Removed. 
Steel pipe section that supplied seawater to 
heat exchanger i s  designated by the symbol A. 



Figure 23. Close-up View of Discharge Flange on Heat-removal 
1 

Condenser Water Box Showing Minimal Corrosion Attack 
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