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Abstract:
The focus of the research was significant pitting corrosion which occurred under biofilm deposits on
the cooling water side of 304 (16 ga) stainless steel heat exchanger tubing in an open, recirculating,
cooling tower system (RCT) in a methanol plant. The corrosion morphology was characterized by
pitting of two types: (1) large, round surface pits, and (2) small surface pits leading to subsurface
caverns and tunnels.

The main objectives of this study were to simulate these corrosion phenomena in the laboratory and to
observe the effect of operating variables on corrosion. The make-up water from the RCT system was
used as nutrient feed in the laboratory experiments. RotoTorque reactors were fed continuously with
make-up water at different dilution rates which influences biofilm accumulation. The make-up water
was enriched with biodegradable carbon (methanol) to recirculating water strength to simulate the
effect of cycles of concentration in the Methanol plant RCT system. Chlorine was added as a biocide
once a day.

A computer model of the RCT system was developed to mathematically simulate the general system
behavior under different operating conditions. The computer simulations were used to "numerically
experiment" with the recirculating cooling water as opposed to the make-up water which was the only
reasonable choice for laboratory experimentation for two reasons: (1) the source water for cooling at
the plant was modified between the times of the corrosion episodes and the laboratory experiment and
(2) the recirculating water at the plant during this laboratory study was receiving high dosages of
biocide which altered its quality considerably.

Field experiments were also conducted in the Methanol plant RCT system make-up water line.

No conclusive evidence of MIC was observed of any kind from the laboratory or field experiments. No
significant corrosion was observed in the laboratory experiments. The stainless steel 304 coupons
installed in the industrial RCT system experienced no corrosion. The cooling source water has changed
since the failures occurred. The new source water is of higher quality. In addition, biocide is dosed at
relatively high levels to the RCT. No failures have been observed with these new conditions. However,
from the experimental results, we conclude that poor water quality alone was not the cause of failure of
stainless steel heat exchanger tubing in the RCT system. 
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4*%2"�.�+�*#+����/�*�02)*�+�5�.�)2����#�-#=2"�4#,+��21�0�))�/!�#/. �

4"���4��42""2+�2/:� �2%%�4)�2/�2"�#44,-,%#)�2/�21�+2%�.+�2/�+,"1#4�+ �

�+�#%+2�42/.,4����)2�0�))�/!� G�2,"4�� �#/.�22 �21��)#�/%�++� �)��%+6 �

�-�"�4#/� �24��)�� 12"���)#%+�9,�%�4#)�2/+6� 78KKH�:

�2""2+�2/�21� ��� ���� �/���+�/4��21� �#4)�"�#

�2+)� -�)#%+� �/� )*��"� 0,"�� 12"-� #"�� ,/+)#�%�� �/� -#/� �

�/��"2/-�/)+� #/.� )�/.� )2� "���")� )2� 42""�+02/.�/!� 2>�.�+� 2"� 2)*�" �

+)#�%�� 42-��/#)�2/+� 1"2-� $*�4*� )*��� $�"�� .�"���.6� �:�:6� )*��

42""2.�:
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1%2$�12"�42""2+�2/�)2�244,":� ��.�11�"�/4���/�02)�/)�#%�4#/����4#,+�. �

��� +���"#%� 1#4)2"+� �/4%,.�/!� .�11�"�/4�� �/� 42/4�/)"#)�2/� 21 �

.�++2%��.�2>�!�/�#)�2/��02�/)� 42-0#"�.�$�)*�#/2)*�"6� .�11�"�/4�� �/ �

42-02+�)�2/6� #/.�+%#!� �/4%,+�2/+:

?*�/�42""2+�2/�244,"+6� -�)#%+�!2��/)2�+2%,)�2/�#)�#/2.�4�#"�#+ �

#+� -�)#%� *�."2>�.�:� �*�+� �+� #/� 2>�.#)�2/� "�#4)�2/:� �/�� 2"� -2"� �

"�#4)�2/+� 244,"� #)� 4#)*2.�4� #"�#+� G"�.,4)�2/� "�#4)�2/+H:� ��."2!�/ �

�2/+� #"�� "�.,4�.� )2� #)2-�4� *�."2!�/� ��� )# �/!� 2/� )*�� #�#�%#�%� �

�%�4)"2/+:� �*�� #)2-�4� *�."2!�/� 42-��/�+� )2� 12"-� *�."2!�/� !#+� #) �

4#)*2.�4�#"�#+:� �1�)*�+�-2/2-2%�4,%#"�%#��"�21�*�."2!�/�!#+� �+� /2) �

.�+),"��.6� 02%#"�5#)�2/�$�%%�244,"�#/.�)*��42""2+�2/�"�#4)�2/�$�%% �

��� +,00"�++�.:� �*�� *�."2!�/� %#��"� 4#/� ���'�.�+)"2��.� ��� ��)*�" �

-�4*#/�4#%�2"� 4*�-�4#%�-�#/+6� 2"��2)*:

��� ���� .2�+� /2)� 42""2.�� �/� /�,)"#%�0��$#)�"� 1"��� 21� 2>�!�/6 �

�2$���"�422%�/!�$#)�"��+�,+,#%%��+#),"#)�.�$�)*�.�++2%��.�2>�!�/�#/. �

�+� *�!*� �/� 42/4�/)"#)�2/� 21� .�++2%��.� #/.�0#")�4,%#)�� -#)�"�#%+: �

�*�+��1#4)2"+�)�/.�)2� �/*#/4��42""2+�2/:� �)*�"�1#4)2"+� �/1%,�/4�/! �

)*�� 42""2+�2/� 21� ��� #"�� )�-0�"#),"�6� "#)�� 21�:�$#)�"� 1%2$6� 0�6 �

4*%2"�.�� 42/4�/)"#)�2/�#/.�4#"�2/� .�2>�.�� 42/4�/)"#)�2/:

�1� )*��-�)#%�*�."2>�.�� �+� "�%#)���%��+2%,�%�6� #+� �/�)*�� 4#+� �

21�1�""2,+�*�."2>�.�6� �)�$�%%�"�-#�/��/�+2%,)�2/�,/)�%�)*��+2%,)�2/ �

��42-�+� +#),"#)�.6� #/.� )*�/� +�0#"#)�� 2,):� �2"�� 1�""2,+� �2/+� 4#/ �

.�11,+�� )*"2,!*� )*�� 0"�4�0�)#)�.� 1�""2,+� *�."2>�.�� G��G��H��H�6�:�#/. �

4#/� ��� 2>�.�5�.� #/.� 0"�4�0�)#)�.� #+� �)� "�#4*�+� )*�� 2>�.�&$#)�" �

�/)�"1#4�:� �/�#4)����#/2.��42/)�/,#%%��0"2.,4�+�1�""2,+� �2/+�$*�4* �

.�11,+�� #/.� �%�4)"24*�-�4#%%�� -�!"#)�� )2$#".� )*�� ?#)�"&��G��H�
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�+� )*#)� #� +-#%%�0�)� �+� 12"-�.� #)� )*�� #/2.�4� #"�#6� 42��"�.�$�)*� # �

4#/20��21� .�02+�)�.�-#)�"�#%�4#%%�.�#�),��"4%�:

�2""2+�2/�-#��#%+2�244,"�#+�#�"�+,%)�21�.�11�"�/4�+� �/�2>�!�/ �

42/4�/)"#)�2/� �/� 42/)#4)�$�)*� #�-�)#%� +,"1#4�� .,�� )2� )*��0"�+�/4� �

21� �/+2%,�%�� .�02+�)+:� �*�� 42��"�.�-�)#%� +,"1#4�� �+� "�#4*�.� ��� # �

+2%,)�2/� 42/)#�/�/!� +-#%%�"� #-2,/)+� 21�:�.�++2%��.� 2>�!�/� #/. �

42/)�/,�+� )2� 42""2.�6� $*�%�� )*�� #.=#4�/)� -�)#%� +,"1#4�� �/� 42/)#4) �

$�)*�2>�!�/&"�4*� +2%,)�2/6� #4)�/!�#+� #�4#)*2.�6� �+�0"2)�4)�.:

�2""2+�2/�21� ��� ���� �/�9"�+�/4��21��#4)�"�#

�*��42""2+�2/�"�+�+)#/4��21���������/��/.,+)"�#%�$#)�"�+�+)�-+ �

4#/����!"�#)%���/1%,�/4�.������2%2!�4#%�1#4)2"+:� �2""2+�2/�21������� �

�/.,4�.�����#4)�"�#��+� #�$�.�%�� "�42!/�5�.�0*�/2-�/2/� �/�)*��0,%0 �

#/.�0#0�"� �/.,+)"��#/.� �/� 422%�/!&+�+)�-+�#-2/!�2)*�"+:

����"#%�)*�2"��+� *#������/�0"202+�.�)2� �>0%#�/�)*��-�4*#/�+- �

21�-�4"2��#%%���/1%,�/4�.�42""2+�2/� G���H� 21�������:� �����+���%����. �

)2� ��� �/�)�#)�.� #)� +�)�+� 21� �/4%,+�2/+� 2/� )*�� -�)#%� +,"1#4� �

"�+,%)�/!��/�42/4�/)"#)�.�-�)#%�4*%2"�.��12"-#)�2/:� �2%%�4#��)� #%: �

G78MKH� #/.� 2)*�"+� "�02")�.� #�"2��4� �#4)�"�#� +�))%�-�/)� 2/� )*� �

+)#�/%�++� +)��%� +,"1#4�+� %�#.�/!�)2� #/� �/4"�#+�.�2>�!�/� "�.,4)�2/ �

"#)��4#,+�/!��/*#/4�.�%24#%�5�.�42""2+�2/�0"20#!#)�2/�"#)�:� �2-��21 �

)*�� �#4)�"�#� �.�/)�1��.�$�)*����� 21� ��� ���� +,"1#4�+� #"�� .�+4"���.
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42--2/�+*�#)*�12"�+���"#%�4�%%+�#/.�0"2.,4�+�#�4*#"#4)�"�+)�4�+)#% T

%� �6� 1�%#-�/)2,+� 12"-:� �2-�� +0�4��+� 4#/� 2>�.�5�� #/.� 42/4�/)"#)� �

���/�-#/!#/�+�:� ��%#-�/)2,+��"2/��#4)�"�#�*#������/�*�02)*�+�5�.�)2 �

���"�+02/+��%��12"�)*��42--2/�*2%%2$6� ),��"4%�+�+��/�#)�)*��+�)��21 �
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),��"4%�+� G�#)/#%%6� 78M7H:
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���/�.�-2/+)"#)�.��/�+2-��4#+�+�#/.�)*#)�4�")#�/�-�4"22"!#/�+-+�4#/ �
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4"�#)�� �/��"2/-�/)+� 12"� )*�� #44,-,%#)�2/� 21� 4*%2"�.�� �2/+� G)2 �

-#�/)#�/� 4*#"!�� /�,)"#%�)�H� #/.� 12"-� #4�.�4� 1�""�4� 4*%2"�.�� #/. �

-#/!#/�4�4*%2"�.�6� $*�4*�#"��*�!*%��42""2+����)2�������:� �,")*�"�0�) �

.���%20-�/)� �+� �/*#/4�.�#+� #/� 2>�!�/� 42/4�/)"#)�2/� 4�%%� .���%20+: �

�%+26� -�)#%&2>�.�5�/!� 2"!#/�+-+� �11�4��/)%�� +4#��/!�� 2>�!�/� #/.6 �

)*�"�12"�6�0"2��.��42/.�)�2/+�12"�)*��!"2$)*�21�2�%�!#)�6� #/#�"2��4 �

�#4)�"�#:

�4�.�9"2.,4�/!��#4)�"�#

�4�.�0"2.,4�"+6� )�0�1��.� ��� �%2+)"�.�#6� 0"2.,4�� +*2")&4*#�/ �

2"!#/�4�#4�.+������)*�"�1�"-�/)#)�2/�2"�#4�.2!�/�+�+:� �*��%24#%�5�.
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4#)*2.�4� .�02%#"�5#)�2/� )*�2"�� 12"� ���� 42""2+�2/:� �*�� )*�2"� �
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*�."2!�/#+�� )*�2"�� �,)� 0"202+�.� )*#)� )*�� 4#)*2.�4� .�02%#"�5#)�2/ �

244,""�.�2/�)*�� �"2/� +,%1�.�� �/+)�#.�21�)*���"2/�+,"1#4�:� �2+)�%%2 �
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.�"�4)%��.�02%#"�5�+�)*��4#)*2.�:� �/�+,--#"�6� �I��42""2+�2/��+�,/.�" �
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-H� #/#%�+�+� #.."�++� )*�� +)",4),"�6� 42-02+�)�2/6� #/.� 0"24�++�+ �

244,""�/!�$�)*�/� )*�� 12,%�/!� .�02+�)� #/.�#)� )*�� �/)�"1#4�� ��)$��/ �

)*��12,%�/!�.�02+�)�#/.�)*��-�)#%�#%%2�� G�:�:6� )*��+,�+)"#),-H�:� �) �

)*�� -�+2+4#%�� G����&��� -H6� )*�� �/1%,�/4�� 21� *�."2.�/#-�4+� #/. �

!�2-�)"�� G�:!:6� 4�"4,%#"�),��H� $#+�42/+�.�"�.:� �)�)*��-#4"2+4#%�� GC �

7�� -H6� )*�� +�+)�-� .�+�!/� #/.�20�"#)�2/� G�:!:6� *�."#,%�4� "�+�.�/4� �

)�-�6� 4�4%�+� 21� 42/4�/)"#)�2/H� .�)�"-�/�� )*�� �,% � �/��"2/-�/)#% �

42/.�)�2/+� G�:!:6� $#)�"� 3,#%�)�6� )�-0�"#),"�6� �)4:H� �/� $*�4*� )*� �

12,%�/!�#/.�42""2+�2/�)# ��0%#4�:
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1"2-�)*�� �,%1� 21� ��>�42:� �202!"#0*�� �+� 1%#)6� #/.6)*�� $#)�"� )#�%� �

*�!*:� �$#-0+6� �#�2,+6� +%2,!*+6� #/.� �+),#"��+� #"�� /,-�"2,+: �

�,""2,/.�/!���!�)#)�2/��+�.2-�/#)�.����$#)�"�2# +�#/.�+2,)*�"/�0� / � : �

�-���/)� )�-0�"#),"�� "#/!�+� 1"2-� �� )2� �JV�� $�)*� #/� #��"#!�� #//,#% �
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&� �*�� $2" � +�)�� 42/)#�/+� +���"#%� 0%#/)+� �/4%,.�/!� -�)*#/2%6 �

#/�%�/�6� #--2/�#6� #/.�)$2�+0�4�#%)�&02%�-�"+:� �*����)*#/2%�0%#/)��+ �

%24#)�.��/�)*�� +2,)*$�+)�42"/�"�21�)*�� +�)��$�)*�)*��#--2/�#�0%#/) �
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