
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  ©  Publication  number:  0 1 7 3 4 2 7  

Office  europeen  des  brevets 

©  EUROPEAN  PATENT  APPLICATION 

@  Application  number:  85304467.5  ©  Int.  CI  4:  C  23  F  1 1 / 1 4  

@  Date  of  filing:  24.06.85 

@  Priority:  26.06.84  US  624653  ©  Applicant:  BETZ  EUROPE,  INC.,  4636  Somerton  Road, 
Trevose  Pennsylvania  19047  (US) 

®  Date  of  publication  of  application:  05.03.86  @  Inventor:  Hollander  Orln,  258  Colonial  Drive,  Langhorne 
Bulletin  86/10  Pennsylvania  19047  (US) 

@  Representative:  Gore,  Peter  Manson  et  al,  W.P. 
THOMPSON  &  CO.  Coopers  Building  Church  Street, 

@  Designated  Contracting  States  :  BE  DE  FR  GB  IT  NL  Liverpool  L1  3AB  (GB) 

@  Corrosion  inhibition. 

  The  present  invention  provides  a  method  of  inhibiting  the 
corrosion  of  non-ferrous  metals  in  contact  with  an  aqueous 
system,  which  comprises  adding  to  the  aqueous  system  a 
sufficient  amount  for  the  purpose  of  a  water  soluble  compound 
having  the  formula: 

wherein  R  is  a  hydrocarbon  group  containing  from  3  to  about 
8  carbon  atoms.  There  may  also  be  present  a  corrosion  inhibitor 
composition  for  any  ferrous  metal  present  in  contact  with  the 
aqueous  composition. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  t h e   i n h i b i t i o n   o f  

c o r r o s i o n   of  m e t a l   p a r t s   in  c o n t a c t   w i t h   an  a q u e o u s  

s y s t e m   and  c o m p o s i t i o n s   t h e r e f o r .  

The  use  o f   b e n z o t r i a z o l e   as  c o r r o s i o n   or  t a r n i s h   or  s t a i n i n g  

i n h i b i t o r s   for  copper  and  copper  a l l o y s  i s   well  k n o w n .  I n   a d d i t i o n  

to  the  use  of  t h i s   compound  for  a e s t h e t i c   purposes ,   i t   t o g e t h e r   w i t h  

t o l y l t r i a z o l e   have  found  widespread  use  in  the  water  t r e a t m e n t  

i n d u s t r y   and  in  p a r t i c u l a r   in  the  cool ing  water  i n d u s t r y .  

As  i n d i c a t e d   in  the  BETZ  HANDBOOK  OF  INDUSTRIAL  WATER 

CONDITIONING,  1980,  Betz  L a b o r a t o r i e s ,   Inc . ,   Trevose,   PA,  pp 

202-231,  c o r r o s i o n   and  depos i t   cont ro l   t r e a t m e n t s   are  a lways  

necessary   to  ensure   the  economical  and  cont inued  ope ra t i ons   o f  

cool ing   water  systems,   whether  the  systems  be  open,  r e c i r c u l a t i n g   o r  

c losed .   On  pages  207  to  209 ,   many  i n d i v i d u a l   c o r r o s i o n  

i n h i b i t o r s ,   as  well  as  c o m b i n a t i o n  s y s t e m s ,   are  d i scussed   i n c l u d i n g  

the  well  known  chromate;   phosphate ,   zinc  i n h i b i t o r s ,   D i a n o d i c ®  

and  Dianodic  I I  ® t r e a t m e n t s .   However,  as  the  l a s t   paragraph  on 

page  208  of  the  Handbook  i n d i c a t e s ,   if  copper  or  copper  a l loys   a r e  

p resen t   in  the  s t r u c t u r a l   par ts   of  the  cool ing  water  system,  and 

these  par ts   are  con tac t ed   by  the  cool ing   water ,   copper  c o r r o s i o n  

i n h i b i t o r s   must  n e c e s s a r i l y   be  inc luded .   U.S.  Pa tents   4 , 3 0 3 , 5 6 8 ;  

3 ,837 ,803;   and  3,960, 576  provide  i l l u s t r a t i o n s   as  to  the  type  o f  

c o r r o s i o n   i n h i b i t o r s   commonly  used  in  c o n j u n c t i o n   with  basic  f e r r o u s  

metal  i n h i b i t o r s   and/or   c o m p o s i t i o n s .  



As  e s t a b l i s h e d   by  the  above  r e f e r e n c e s ,   m e r c a p t o b e n z o t h i a z o l e   as  

well  as  c e r t a i n   other   t h i a z o l e s ,   and  b e n z o t r i a z o l e   and  d e r i v a t i v e s  

t h e r e o f ,   p r i m a r i l y   t o l y l t r i a z o l e ,   have  found  widespread  use.  As  i s  

apparen t ,   the  water  t r e a tmen t   i ndus t ry   is  c o n t i n u a l l y   e v a l u a t i n g  

a d d i t i o n a l   compounds  in  an  a t tempt   to  d i scover   more  e f f e c t i v e ,   more 

economical ,   more  e a s i l y   appl ied   t r e a t m e n t s ,   and  a  s i g n i f i c a n t   p a r t  

of  th i s   e f f o r t   is  the  development  of  copper  i n h i b i t o r s .   While  t h e s e  

i n h i b i t o r s   are  in  fac t   s i g n i f i c a n t   in  the  water  t r ea tment   i n d u s t r y ,  

they   are  also  impor tan t   in  general  use  for  i n h i b i t i n g   the  s t a i n i n g  

and/or   t a r n i s h i n g   of  items  such  as  d e c o r a t i v e   p ieces ,   p o t s ,  

s t r u c t u r a l   p a r t s  o f   lamps,  etc.   which  a r e ' f a b r i c a t e d   from  copper  o r .  

copper  con t a in ing   a l l oys .   As  is  well  known,  items  such  a s  t h e  

d e c o r a t i v e   p i e c e s ,   when  exposed  to  even  a  s l i g h t l y   humid  a t m o s p h e r e ,  

t a r n i s h   or  s t a i n .   Accord ingly ,   tha t   i ndus t ry   is  also  booking  f o r  

ways  to  avoid  the  p rob lem.  

' I t   has   now  b e e n   f o u n d   t h a t   t h e   a p p l i c a t i o n   of  a  

compound  compris ing  the  fo rmula  

wherein  R  is  a  l i n e a r   or  branched,   s u b s t i t u t e d   or  u n s u b s t i t u t e d ,  

hydrocarbon   group  c o n t a i n i n g   3  to  about  8,  and  p e r f e r a b l y   about  4  t o  

about  6,  carbon  atoms to  a  n o n - f e r r o u s   metal  s u r f a c e ,   and  in  p a r t i c u l a r  

copper  or  copper  c o n t a i n i n g   s u r f a c e s ,   will  promote  c o r r o s i o n  



p r o t e c t i o n ,   as  w e l l   as  t a r n i s h   and  s t a i n   r e s i s t a n c e .  

Of  p a r t i c u l a r   i n t e r e s t   in   t h i s   r e g a r d   is   b u t y l -  

b e n z o t r i a z o l e .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   o f  

i n h i b i t i n g   t h e   c o r r o s i o n   of  n o n - f e r r o u s   m e t a l s   i n  

c o n t a c t   w i t h   an  a q u e o u s   s y s t e m ,   w h i c h   c o m p r i s e s   a d d i n g  

to  t h e   a q u e o u s  s y s t e m   a  s u f f i c i e n t   a m o u n t   f o r   t h e  

p u r p o s e   of   a  w a t e r   s o l u b l e   c o m p o u n d   h a v i n g   t h e   f o r m u l a :  

w h e r e i n   R  i s   a  h y d r o c a r b o n   g r o u p   c o n t a i n i n g   f r o m   3  t o  

a b o u t   8  c a r b o n   a t o m s .  

The  p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s   a  m e t h o d   o f  

i n h i b i t i n g   t h e   c o r r o s i o n   of   m e t a l   p a r t s   in   c o n t a c t  

w i t h   an  a q u e o u s   s y s t e m ,   t h e   m e t a l   p a r t s   b e i n g   c o m p o s e d  

of   b o t h   f e r r o u s   and  n o n - f e r r o u s   m e t a l s ,   w h i c h  

c o m p r i s e s   a d d i n g   to   t h e   a q u e o u s   s y s t e m   a  s u f f i c i e n t  

a m o u n t   f o r   t h e   p u r p o s e   of   a  c o r r o s i o n   i n h i b i t o r  

c o m p o s i t i o n   f o r   t h e   f e r r o u s   m e t a l ,   and  a l s o   a d d i n g   t o  

t h e   a q u e o u s   s y s t e m   an  e f f e c t i v e   a m o u n t   f o r   t h e   p u r p o s e  
of   a  c o r r o s i o n   i n h i b i t o r   f o r   t h e   n o n - f e r r o u s   m e t a l ,  

t h e   c o r r o s i o n   i n h i b i t o r   f o r   t h e   n o n - f e r r o u s   m e t a l  

c o m p r i s i n g   a  c o m p o u n d   r e p r e s e n t e d   by  t h e   f o r m u l a :  



w h e r e i n   R  i s   a  h y d r o c a r b o n   g r o u p   c o n t a i n i n g   f rom  3  t o  

a b o u t   8  c a r b o n   a t o m s .  

The  p r e s e n t   i n v e n t i o n   s t i l l   f u r t h e r   p r o v i d e s   a  

c o m p o s i t i o n   e f f e c t i v e   f o r   i n h i b i t i n g   t h e   c o r r o s i o n   o f  

m e t a l l i c   p a r t s   or  s y s t e m s   c o m p o s e d   of  b o t h   f e r r o u s   a n d  

n o n - f e r r o u s   m e t a l s   in  c o n t a c t   w i t h   w a t e r ,   w h i c h  

c o m p o s i t i o n   c o m p r i s e s   a  c o r r o s i o n   i n h i b i t i n g  

c o m p o s i t i o n   f o r   t h e   f e r r o u s   m e t a l s ,   and  a  c o r r o s i o n  

i n h i b i t o r   f o r   t h e   n o n - f e r r o u s   m e t a l s ,   c o m p r i s i n g   a  

c o m p o u n d   of   t h e   f o r m u l a :  

w h e r e i n   R  i s   a  h y d r o c a r b o n   g r o u p   c o n t a i n i n g   a b o u t   3  t o  

a b o u t   8  c a r b o n   a t o m s .  

As  i n d i c a t e d   e a r l i e r ,   e x t e n s i v e   u s e   of   t h e   s u b j e c t  

c o m p o u n d s   i s   p r o j e c t e d   in   t h e   w a t e r   t r e a t m e n t ,   and  i n  

p a r t i c u l a r   t h e   c o o l i n g   w a t e r ,   i n d u s t r y   f o r   t h e  

p r o t e c t i o n   of   t h e   s t r u c t u r a l   p a r t s   of   c o o l i n g   w a t e r  

s y s t e m s ,   w h e r e   s u c h   p a r t s   a r e   f a b r i c a t e d   f rom  c o p p e r  
a n d / o r   c o p p e r   a l l o y s   and  t h e   w a t e r   c o n t a i n e d   in   s u c h  

i s   a g g r e s s i v e   t h e r e t o .  

The  c o m p o u n d s   u s e d   in   t h e   p r e s e n t   i n v e n t i o n   may  b e  

a d d e d   to   t h e   s y s t e m   or   a p p l i e d   to   t h e   c o p p e r   s u r f a c e s  

e i t h e r   a l o n e   or  in   c o n j u n c t i o n   w i t h   o t h e r   t r e a t m e n t  

a g e n t s .  
I f   t h e   b e n z o t r i a z o l e   c o m p o u n d s   a r e   u s e d   f o r   t h e  

t r e a t m e n t   of   c o o l i n g   w a t e r   s y s t e m s ,   t h e y   may  be  a d d e d  

i n d i v i d u a l l y   as  an  a q u e o u s   s o l u t i o n ,   or  may  b e  

c o m b i n e d   w i t h   t h e   w e l l   known  c o r r o s i o n   i n h i b i t i n g  

c o m p o s i t i o n s   d e s i g n e d   to  p r o t e c t   t h e   f e r r o u s  



s t r u c t u r e s   of   t h e   c o o l i n g   w a t e r   s y s t e m .   For   e x a m p l e ,  

t h e s e   c o m p o u n d s   may  be  f o r m u l a t e d   in  t he   p r o p e r   a m o u n t  

( s u f f i c i e n t   t h a t   when  t h e   t o t a l   p r o d u c t   i s   a d d e d   t o  

t h e   c o o l i n g   w a t e r ,   t h e r e   i s   a  s u f f i c i e n t   a m o u n t   of   t h e  

p r e s e n t   c o m p o u n d ( s )   to   p e r f o r m   t h e   f u n c t i o n   a n d  

p r o v i d e   t h e   p r o t e c t i o n )   w i t h   s u c h   w e l l   k n o w n  

t r e a t m e n t s .   S u c h   t r e a t m e n t s   i n c l u d e :   t h e   D i a n o d i c   I I  

t r e a t m e n t s   w h i c h   a r e   d i r e c t e d   to  t h e   u se   o f   an  a c r y l i c  

a c i d   h y d r o x y a l k y l a c r y l a t e / o r t h o p h o s p h a t e   to   p r o v i d e  

c o r r o s i o n   p r o t e c t i o n .   ( S e e   U . S . P a t e n t   4 , 3 0 3 , 5 6 8 ) ;   t h e  

z i n c   c h r o m a t e   a n d / o r   p h o s p h a t e - b a s e d   t r e a t m e n t s ;   t h e  

p h o s p h o n a t e   c o n t a i n i n g   t r e a t m e n t s ;   t h e   p o l y   a n d  

o r t h o p h o s p h a t e - p o l y m e r   t r e a t m e n t s ,   e . g . ,   t h o s e  

c o n t a i n i n g   p o l y a c r y l i c   a c i d s   p o l y m e r s ,   s u l f o n a t e d  

s t y r e n e - m a l e i c   a n h y d r i d e   p o l y m e r s ,   a c r y l i c   a c i d / -  

a c r y l a m i d e   c o p o l y m e r s ,   t h e   a c r y l a m i d o m e t h y l p r o p a n e  
s u l f o n a t e - b a s e d   p o l y m e r s   ( S e e  B e t z   U . S . P a t e n t  

3 , 8 9 8 , 0 3 7 )   and  t h e   l i k e .   For   more   d e f i n i t i v e  

e x p l a n a t i o n s ,   n o t e   t h e   BETZ  H a n d b o o k   a t   t h e   s e c t i o n s  

c i t e d   e a r l i e r .  



The  c o m p o u n d s   u s e d   in  t h e   p r e s e n t   i n v e n t i o n   w o u l d   a p p e a r  
to  be  u t i l i z a b l e   w i t h   any  f e r r o u s   m e t a l   p r o t e c t i v e   s y s t e m  
w h e t h e r   i t   be  by  the   p a s s i v a t i o n   t e c h n i q u e   or  t h e   b a r r i e r  
p r o t e c t i o n   t e c h n i q u e .  

As  e a r l i e r   i n d i c a t e d ,   the  compounds  have  the  f o rmu la  

The  atoms  compris ing  the  s t r u c t u r e   are  numbered  in  order  to  l e n d  

g rea t e r   s p e c i f i c i t y   to  the  p a r t i c u l a r   compounds  which  have  been 

found  to  be  unexpec ted ly   s u p e r i o r ,   i . e . ,   the  4  or  5  b u t y l -  

b e n z o t r i a z o l e s .  

While  the  R  group  has  e a r l i e r   been  desc r ibed   as  having  C3  to  C8 

groups,   the  compounds  are  more  s p e c i f i c a l l y   r e p r e s e n t e d   as  f o l l o w s :  



and  the  l i ke ,   where  the  4  or  5  p o s i t i o n   is  p r e f e r r e d .   I t  i s   a l s o  

pos s ib l e   to  s u b s t i t u t e   add i t i ona l   func t ion   groups  both  on  t h e  

hydrocarbon  group  and  in  the  ring  at  the  6  and/or   7  p o s i t i o n s .   Such 

groups  as  a lky l ,   h a l o a l k y l ,   halo,  amino,  a lkoxy l ,   and  ca rboxamido  

groups  might  be  u s e f u l .  



The  compounds  used  in  the  p r e s e n t   i n v e n t i o n   should  be  used,  o b v i o u s l y ,  

in  an  amount  s u f f i c i e n t   for  the  purpose,   but  more  s p e c i f i c a l l y   can  b e  

added  to  the  aqueous  system  in  an  amount  of  from  about  0.1  to  200 

. ( p r e f e r a b l y   0.1  to  100)  p a r t s   per  m i l l i o n   of  water  in  the  aqueous  s y s t e m .  

Figures  1  to  4  a r e   d e s c r i b e d   in  t h e   R e s u l t s .  

Spec i f i c   Examples 

In  order  to  e s t a b l i s h   the  e f f i c acy   of  the  p resen t   compounds 

over  the  known  compounds,  the  fo l lowing  exper iments   and  s t u d i e s   were  
c o n d u c t e d .  

Desc r ip t i on   of  E x p e r i m e n t s  

I.  E lec t rochemica l   Methods 

Since  co r ro s ion   is  a  p r imar i l y   e l e c t r o c h e m i c a l   phenomenon  i t  

is  poss ib l e   to  use  e l e c t r o c h e m i c a l   t echniques   to  study  i t s  

mechanisms and  a c t i v i t y .   The  exper iments   are  performed  by 

placing  an  e l e c t r o d e   (the  working  e l e c t r o d e )   of  the  meta l  

al loy  of  i n t e r e s t   in  a  s u i t a b l e   medium  (a  conduct ive   l i q u i d )  

along  with  a  s u i t a b l e   r e f e rence   e l e c t r o d e   ( r e s u l t s   r e p o r t e d  

herein  are  r e f e r enced   to  the  Sa tu ra ted   Calomel  E l e c t r o d e  

[SCE]),  and  by  means  of  var ious   types  of  e l e c t r o n i c   d e v i c e s  

( g e n e r a l l y   r e f e r r e d   t o  a s   p o t e n t i o s t a t s )   c o n t r o l l i n g   e i t h e r  

the  e l e c t r o s t a t i c   p o t e n t i a l   (vo l t age)   or  c u r r e n t ,   and 

- s i m u l t a n e o u s l y   measuring  t h e  r e s u l t a n t   c u r r e n t   or  p o t e n t i a l .  

The  f i r s t   major  technique   i s  p o t e n t i o s t a t i c   p o l a r i z a t i o n   o r  
"Tafel"  p o l a r i z a t i o n .  



A.  Tafel  P o l a r i z a t i o n  

Since  during  the  co r ros ion   process   e l e c t r o n s   a r e  

t r a n s f e r r e d   from  the  co r rod ing   metal  to  the  e n v i r o n m e n t ,  

the  ra te   of  e l e c t r o n   flow,  or  c u r r e n t ,   is  d i r e c t l y   r e l a t e d  

to  the  rate   of  c o r r o s i o n   using  Fa raday ' s   law:  

N  =  i / n F  

where  N  =  number  of  moles  undergoing  r e a c t i o n   per  u n i t  

time  ( i . e . ,   the  c o r r o s i o n   r a t e ) "  

n  =  number  of  e l e c t r o n s   per  atom  requ i red   (or  e q u i v a l e n t s  

per  mole)  

i  =  e l e c t r i c   c u r r e n t   (charge  per  unit   t i m e )  

F  =  Faraday  (coulombs  per  e q u i v a l e n t )  

The  ra te   of  c o r r o s i o n ,   expressed   as  an  average  p e n e t r a t i o n  

r a t e ,   is  given  by :  

C.  R. =  (N  x  At .Wt) / (d   x  A) 

where  C.  R.  =  c o r r o s i o n   rate   in  s u i t a b l e   u n i t s  

N  =  p r e v i o u s l y   d e f i n e d  

At.  Wt.  =  mass  per  mole  of  the  a l l o y  



d  =  dens i ty   of  a l l o y  

A  =  sur face   area  of  t e s t   specimen 

The  p o l a r i z a t i o n   technique  invo lves   pe r tu rb ing   the  sys tem 

e l e c t r i c a l l y   well  away  from  the  c o r r o s i o n   p o t e n t i a l   so  as  t o  

e f f e c t i v e l y   suppress   one  of  the  c u r r e n t   components,  t h e r e b y  

a l lowing  a  d e t e r m i n a t i o n   of  the  other   component.  Thus,  by 

applying  a  p o s i t i v e   p o t e n t i a l   the  ca thodic   r e a c t i o n   i s  

suppressed ,   a l lowing  measurement  of  anodic  c u r r e n t s .   Apply ing  

nega t ive   p o t e n t i a l s   accompl ishes   the  oppos i te   p rocess .   By 

s u i t a b l e   mathematical   t r ea tment   of  the  data  the  c o r r o s i o n  

,  c u r r e n t   can  be  de termined.   Fur thermore ,   d e t a i l e d   a n a l y s i s   o f  

the  c u r r e n t - p o t e n t i a l   r e l a t i o n s h i p s   r evea l s   m e c h a n i s t i c  

d e t a i l s .   For  example,  comparison  of  the  shapes  of  the  anod ic  

and  ca thodic   curves  with  and  wi thout   i n h i b i t o r s   can  reveal  t h e  

p r i n c i p a l   mode  of  i n h i b i t i o n .   In  the  a t t ached   data,   showing 

such  t e s t s ,   i t  c a n   be  seen  that   the  ca thodic   r educ t ion   o f  

oxygen  is  most  s i g n i f i c a n t l y   a f f e c t e d   by  the  i n h i b i t o r  

molecu les ,   and  tha t   b u t y l b e n z o t r i a z o l e   e x h i b i t s   the  g r e a t e s t  

degree  of  ca thodic   r eac t ion   r e t a r d a t i o n .  

B.  Linear  P o l a r i z a t i o n  

One  drawback  of  Tafel  P o l a r i z a t i o n   is  that   the  passage  o f  

s i g n i f i c a n t   c u r r e n t s   through  the  sample  and  s o l u t i o n  

causes  permanent  changes  in  the  system.  Repea ted  

measurements  are  precluded  as  the  r e s u l t s   cannot  be 

r e l a t e d   to  a  known  s ta te   of  the  system.  Typical  changes  

are  s o l u t i o n   pH,  . l u t i o n   compos i t ion ,   and  s u r f a c e  

s t r u c t u r e   of  the  t e s t   specimen.  Linear  p o l a r i z a t i o n  



solves  th i s   problem  by  using  very  small  p e r t u r b a t i o n  

c u r r e n t s   so  tha t   any  changes  in  the  s t a t e   of  the  sy s t em 

remain  n e g l i g i b l e .   The  n o n - l i n e a r i t y   of  system  r e s p o n s e ,  

however,  c r e a t e s   c o m p l i c a t i o n s   with  r e spec t   to  t h e  

t r e a t m e n t   of  the  data.   Various  a lgor i thms   are  a v a i l a b l e  

for  such  t r e a t m e n t   and  are  employed  in  c o m p u t e r  p r o g r a m s  

used  for  th is   p u r p o s e .  

A  measurement  of  the  i n s t a n t a n e o u s   slope  of  the  c u r r e n t -  

p o t e n t i a l   curve  at  the  c o r r o s i o n   p o t e n t i a l   has  un i t s   o f  

ohms,  or  e l e c t r i c a l   r e s i s t a n c e   bn i t s .   For  samples  of  t h e  

same  compos i t ion   and  su r face   area  th is   p o l a r i z a t i o n  

r e s i s t a n c e   value  is  i n v e r s e l y   p r o p o r t i o n a l   to  t h e  

c o r r o s i o n   r a t e .   Thus,  the  g r e a t e r   the  r e s i s t a n c e   t h e  

lower  the  c o r r o s i o n   r a t e .  

This  t echn ique   has  the  advantage  of  a l lowing  r e p e a t e d  

measurements  on  the  same  system,  but  s a c r i f i c e s   t h e  

mechan i s t i c   d e t a i l s   o b t a i n a b l e   by  Tafel  p o l a r i z a t i o n .  

The  a t t a ched   l i n e a r   p o l a r i z a t i o n   data  shows  a  s i g n i f i c a n t  

and  comple te ly   unexpected  improvement  for  b u t y l b e n z o -  

t r i a z o l e   over  t o l y l t r i a z o l e   and  b e n z o t r i a z o l e .  

II.  Performance  S t u d i e s  

Apart  from  the  purely  e l e c t r o c h e m i c a l   aspects   of  c o r r o s i o n   and 

i t s   i n h i b i t i o n   there   a r i s e s   the  ques t ion   of  the  e f f e c t   o f  

ex te rna l   c o n d i t i o n s .   Of  primary  i n t e r e s t   to  open 
r e c i r c u l a t i n g   cool ing  system  t r e a t m e n t   technology  are  t h e  

e f f e c t s   of  water  chemis t ry ,   f l o w r a t e ,   and  t e m p e r a t u r e .  



Accordingly ,   t e s t   equipment  is  designed  to  s imulate   a  wide 

range  of  p o t e n t i a l   ope ra t i ng   c o n d i t i o n s ,   and  a d d i t i o n a l l y ,  

p rov i s ion   is  made  for  the  i n s e r t i o n   of  t e s t   specimens.  These 

specimens  may  then  be  s tudied   v i s u a l l y ,   e l e c t r o c h e m i c a l l y   o r  

g r a v i m e t r i c a l l y   as  is  d e s i r ed .   The  two  p r inc ipa l   t e s t s  

employed  for  the  cu r r en t   s t u d i e s   are  sp inners   and 

r e c i r c u l a t o r s   (RTU's) .  

A.  Spinner  T e s t s  

A  17  l i t e r   tank  is  p r o v i d e d  i n   which  the  t e s t   water  i s  

placed.   Prov is ion   is  made  for  ma in ta in ing   c o n s t a n t  

t empera ture   i n  t h e   range  of  room  tempera ture   to  100°C 

(212°F);  a d d i t i o n a l l y ,   a i r   s a t u r a t i o n   of  the  t e s t   s o l u t i o n  

is  ma in ta ined .   Cleaned,  weighed  metal  samples  in   the  form 

of  coupons  (metal  s t r i p s   of  varying  dimension  based  on  t h e  

a l loy)   are  a f f ixed   to  the  pe r iphe ry   of  a  mandrel.  The 

coupons  are  then  immersed  in  the  t e s t   so lu t ion   and  r o t a t e d  

around  a  v e r t i c a l   axis  at  cons t an t   speed.  The  rim  v e l o c i t y  
is  ma in t a ined   at  48 .77cm/sec .   (1.6  f e e t / s e c o n d ) .  

Following  exposure  for  a  p rede te rmined   period  ( t y p i c a l l y  

3-7  days)  the  t e s t   coupons  are  removed  and  i n s p e c t e d ,  

c leaned,   dried  and  weighed.  From  these  data  c o r r o s i o n  

ra tes   are  c a l c u l a t e d .  

B.  R e c i r c u l a t i n g   Test  Unit  (RTU) 

This  t e s t   procedure  is  c o n c e p t u a l l y   s i m i l a r   to  the  s p i n n e r  

t e s t ,   but  r a the r   than  r o t a t e   the  t e s t   specimens  in  a 

s t a t i o n a r y   l iqu id   the  t e s t   specimens  are  s t a t i o n a r y   and 



the  l i qu id   is  c i r c u l a t e d   at  a  f ixed  but  a d j u s t a b l e  

v e l o c i t y .   A d d i t i o n a l l y ,   means  are  provided  to  r e p l e n i s h  

the  t e s t   s o l u t i o n   at  a  f ixed ,   a d j u s t a b l e   rate  and  t o  

r e g u l a t e   pH  to  w i t h i n  ±   0.2  pH  u n i t s .   P rov i s ion   is  made 

for  conduct ing   e l e c t r o c h e m i c a l   c o r r o s i o n   measurements  i n  

the  flowing  stream.  Fur the rmore ,   a  t e s t   specimen  can  be 

i n s e r t e d   into  the  flowing  stream  to  which  a  cons t an t   h e a t  

flux  may  be  appl ied   via  an  i n t e r n a l   r e s i s t a n c e   h e a t i n g  
device  in  order  to  r e g u l a t e   the  sur face   t empera ture   of  t h e  

spec imen .  

I I I .   Resu l t s   of  T e s t s  

A.  Tafel  P o l a r i z a t i o n s  

Copper  e l e c t r o d e s   were  placed  in  the  t e s t   v e s s e l  

c o n t a i n i n g   0.1N  sodium  s u l f a t e   ad jus ted   to  pH  7.0  and  a r e  
a i r   s a t u r a t e d .   A  control   had  no  t r e a t m e n t ,   and  s u b s e q u e n t  

t e s t s   i n c o r p o r a t e d   one  p a r t - p e r - m i l l i o n   (ppm)  of  e i t h e r  

b e n z o t r i a z o l e   (BZT),  t o l y l t r i a z o l e   (TTA),  or  b u t y l b e n z o -  

t r i a z o l e   (b-BZT).  

A  p o t e n t i a l   sweep  of  10  m i l l i v o l t s   per  minute  (mV/min) 

from  -550  mV  to  +  250  mV  (versus   a  s a t u r a t e d   ca lomel  

r e f e r e n c e   e l e c t r o d e )   was  app l i ed .   A  p lot   of  log  c u r r e n t  

vs.  p o t e n t i a l   is  shown  in  Figure  1.  The  s a l i e n t   f e a t u r e  

is  the  decrease   in  ca thod ic   c u r r e n t   at  a  given  p o t e n t i a l  

as  one  examines  the  s e r i e s :   no  t r ea tmen t   ( 1 ) ;  

t o l y l t r i a z o l e   (2);  b-BZT  (3  and  4).  Abatement  of  t h e  

anodic  c u r r e n t   is  the  same  for  TTA  and  b-BZT,  and  i s  

several   orders   of  magnitude  below  tha t   of  the  u n t r e a t e d  

c o n t r o l .  



These  r e s u l t s   show  tha t   both  TTA  and  b-BZT  act  as  a n o d i c  

and  ca thodic   i n h i b i t o r s ,   tha t   the  degree  of  anod ic  

i n h i b i t i o n   is  e s s e n t i a l l y   the  same  for  both,  and  t h a t  

b-BZT  is  a  supe r io r   ca thodic   i n h i b i t o r   to  TTA  by  a  f a c t o r  

of  10-100  f o l d .  

Figure  2  is  a  c a t h o d i c - o n l y   sweep  which  f u r t h e r  

i l l u s t r a t e s   the  inc rease   in  ca thodic   i n h i b i t i o n   of  b-BZT 

over  tha t   of  TTA.  The  decrease   in  ca thodic   cu r r en t   a t  

equal  p o t e n t i a l   is  t en fo ld   for  b-BZT  versus  TTA. 

B.  Linear  P o l a r i z a t i o n / R e c i r c u l a t o r  

1.  Pref i lmed  T e s t s  

Cleaned  e l e c t r o d e s   were  exposed  to  10  ppm  (pH  =  7) 

s o l u t i o n s   of  TTA,  b-BZT,  and  BZT  for  24  hours.  The 

e l e c t r o d e s   were  placed  in  holders   in  the  t e s t   rack  o f  

an  RTU.  The  t e s t   c o n d i t i o n s   were  Ca  (as  CaC03)  600 

ppm,  Mg  (as  CaC03)  300  ppm,  Cl-  1000  ppm,  pH  =  7 ,  

120°F.  

Linear  P o l a r i z a t i o n   vs.  time  is  as  f o l l o w s :  



The  data  show  tha t   the  new  mater ia l   ( r i gh tmos t   column) 

is  10  to  30  times  as  i n h i b i t i v e   as  TTA  or  BZT. 

F l u c t u a t i o n s   in  the  data  are  due  to  s l i g h t  

o s c i l l a t i o n s   of  the  pH  over  t i m e .  

In  ano ther   t e s t   using  the  same  water  c o n d i t i o n s   b u t  

p r e f i l m i n g   at  100  ppm  the  r e s u l t s   are  as  f o l l o w s :  



The  r e s u l t s   i nd i ca t e   an  i n h i b i t i v e   e f f e c t   for  the  new 

mate r ia l   on  the  average  of  five  times  tha t   of  TTA.  Of 

g r e a t e r   s i g n i f i c a n c e   is  the  f a i l u r e   of  the  TTA  f i l m  

a f t e r   190  hours  whereas  the  film  formed  by  b-BZT  was 

s t i l l   more  i n h i b i t i v e   than  the  average  TTA  film  for  an 
a d d i t i o n a l   150  hours  at  l e a s t   as  seen  in  Figure  3 .  

In  another   run  the  water  c o n d i t i o n s   were  as  f o l l o w s :  

600  ppm  Ca  (as  CaC03),  300  ppm  Mg  (as  CaC03),  440 

p p m   Cl-.  The  t e s t   e l e c t r o d e s   were  pref i lmed  at  100 

ppm.  Resul ts   were  as  f o l l o w s :  

Figure  4  is  a  plot   of  r e s i s t a n c e   vs.  time.  Again  t h e  

r e s u l t s   i nd i ca t e   a  s i g n i f i c a n t   inc rease   in  t h e  

i n h i b i t o r y   power  and  film  longev i ty   for  b-BZT. 



2.  On-l ine  Filming  T e s t  

Another  t e s t ,   designed  to  mimic  real  f i e ld   c o n d i t i o n s ,  

was  run  using  the  fo l lowing  water  c o n d i t i o n s :   Ca  780 

ppm  (as  CaC03),  Mg  280  ppm  (as  CaC03),  Cl-  12 

ppm,  SO4=  1000  ppm,  pH  =  7.3,  120°F.  This  t ime  

p r e f i l m i n g  w a s   at  10  ppm,  but  the  f i lming  was  done 

under  dynamic  c o n d i t i o n s   in  the  flowing  system  f o r  

four  hours  r a t h e r   than  in  a  s t a t i c   ja r   for  24  hours  as  

was  done  in  the  previous   t e s t s .   This  is  a  r e a l i s t i c  

t e s t   of  an  actual  f i e l d   use  since  the  o n - l i n e  

p r e t r e a t m e n t   is  the  only  mode  poss ib l e   in  a  r e a l  

sy s t em.  

3.  Spinner  T e s t s  

The  b-BZT  was  t es ted   a g a i n s t   TTA  at  t h r e e  



c o n c e n t r a t i o n   l e v e l s .   The  water  was  as  fo l lows:   Ca  ( a s  

CaCO3)  170  ppm,  Mg  (as  CaC03)  110  ppm,  15  ppm 

Si02,  pH  =  7.0,  120°F.  The  c o r r o s i o n   r a tes   o f  

Admiral ty  brass  were  as  f o l l o w s :  

These  t e s t s ,   which  are  not  p a r t i c u l a r l y   s t r e s s f u l   o r  

p r e c i s e ,   show  tha t   b-BZT  is  equal  to  or  s u p e r i o r   t o  

TTA. 



1.  A  m e t h o d   of   i n h i b i t i n g   t h e   c o r r o s i o n   o f  

n o n - f e r r o u s   m e t a l s   in   c o n t a c t   w i t h   an  a q u e o u s   s y s t e m ,  
w h i c h   c o m p r i s e s   a d d i n g   to  t h e   a q u e o u s   s y s t e m   a  

s u f f i c i e n t   a m o u n t   f o r   t h e   p u r p o s e   of  a  w a t e r   s o l u b l e  

c o m p o u n d   h a v i n g   t h e   f o r m u l a :  

w h e r e i n   R  i s   a  h y d r o c a r b o n   g r o u p   c o n t a i n i n g   f rom  3  t o  

a b o u t   8  c a r b o n   a t o m s .  

:  2.  A  m e t h o d   of   i n h i b i t i n g   t h e   c o r r o s i o n   of   m e t a l  

p a r t s   in   c o n t a c t   w i t h   an  a q u e o u s   s y s t e m ,   t h e   m e t a l  

p a r t s   b e i n g   c o m p o s e d   of  b o t h   f e r r o u s   and  n o n - f e r r o u s  

m e t a l s ,   w h i c h   c o m p r i s e s   a d d i n g   to  t h e   a q u e o u s   s y s t e m   a  

s u f f i c i e n t   a m o u n t   f o r   t h e   p u r p o s e   of   a  c o r r o s i o n  

i n h i b i t o r   c o m p o s i t i o n   f o r   t h e   f e r r o u s   m e t a l ,   and  a l s o  

a d d i n g   to   t h e   a q u e o u s   s y s t e m   an  e f f e c t i v e   a m o u n t   f o r  

t h e   p u r p o s e   of   a  c o r r o s i o n   i n h i b i t o r   f o r   t h e  

n o n - f e r r o u s   m e t a l ,   t h e   c o r r o s i o n   i n h i b i t o r   f o r   t h e  

n o n - f e r r o u s   m e t a l   c o m p r i s i n g   a  c o m p o u n d   r e p r e s e n t e d   b y  

t h e   f o r m u l a :  



3.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  or  2  w h e r e i n   R 

c o n t a i n s   f rom  a b o u t   4  to  a b o u t   6  c a r b o n   a t o m s .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   3  w h e r e i n   R  i s   a n  

a l k y l   g r o u p .  
5.  A  m e t h o d   a c c o r d i n g   to  c l a i m   4  w h e r e i n   t h e  

c o m p o u n d   h a v i n g   f o r m u l a   I  is   a  b u t y l b e n z o t r i a z o l e .  

6.  A  m e t h o d   a c c o r d i n g   to   c l a i m   5  w h e r e i n   t h e  

b e n z o t r i a z o l e   i s   4  or  5  b u t y l b e n z o t r i a z o l e .  

7.  A  m e t h o d   a c c o r d i n g   to   any  of   c l a i m s   1  to   6 ,  

w h e r e i n   t h e   c o m p o u n d   h a v i n g   f o r m u l a   I  i s   a d d e d   to  t h e  

a q u e o u s   s y s t e m   in  an  amoun t   of   0 . 1   to   200  p a r t s   p e r  
m i l l i o n   p a r t s   of   w a t e r   in  s a i d   s y s t e m .  

8.  A  m e t h o d   a c c o r d i n g   to   c l a i m   7  w h e r e i n   t h e  

c o m p o u n d   h a v i n g   f o r m u l a   I  i s   a d d e d   to   t h e   a q u e o u s  

s y s t e m   in  an  a m o u n t   of  a b o u t   0 . 1   to   100  p a r t s   p e r  

m i l l i o n   p a r t s   of   w a t e r   in  s a i d   s y s t e m .  
9.  A  m e t h o d   a c c o r d i n g   to   any  of   c l a i m s   1  to   8  

w h e r e i n   t h e   n o n - f e r r o u s   m e t a l   is   or   c o n t a i n s   c o p p e r .  
10.   A  m e t h o d   a c c o r d i n g   to   any  of   c l a i m s   1  to   9 

w h e r e i n   t h e   a q u e o u s   s y s t e m   i s   a  c o o l i n g   w a t e r   s y s t e m .  
11.   A  m e t h o d   a c c o r d i n g   to   c l a i m   10  w h e r e i n   t h e  

w a t e r   c o n t a i n e d   w i t h i n   t h e   c o o l i n g   w a t e r   s y s t e m   a n d / o r  

t h e   c o n d i t i o n s   of  o p e r a t i o n   o f   t h e   a q u e o u s   s y s t e m   i s  

or   a r e   s u c h   as  to   p r o v i d e   a  h i g h l y   c o r r o s i v e   m e d i u m  

f o r   t h e   c o p p e r   or  c o p p e r   c o n t a i n i n g   m e t a l .  

12.   A  c o m p o s i t i o n   e f f e c t i v e   f o r   i n h i b i t i n g   t h e  

c o r r o s i o n   of   m e t a l l i c   p a r t s   or  s y s t e m s   c o m p o s e d  o f  

b o t h   f e r r o u s   and  n o n - f e r r o u s   m e t a l s   in   c o n t a c t   w i t h  

w a t e r ,   w h i c h   c o m p o s i t i o n   c o m p r i s e s   a  c o r r o s i o n  

i n h i b i t i n g   c o m p o s i t i o n   f o r   t h e   f e r r o u s   m e t a l s ,   and  a  

c o r r o s i o n   i n h i b i t o r   f o r   t h e   n o n - f e r r o u s   m e t a l s ,  

c o m p r i s i n g   a  c o m p o u n d   of   t he   f o r m u l a :  



w h e r e i n   R  i s   a  h y d r o c a r b o n   g r o u p   c o n t a i n i n g   a b o u t   3  t o  

a b o u t   8  c a r b o n   a t o m s .  

13.   A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   12  w h e r e i n  

s a i d   g r o u p   c o n t a i n s   f rom  a b o u t   4  to  a b o u t   6  c a r b o n  

a t o m s .  

14.   A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   13  w h e r e i n  

t h e   g r o u p   i s   an  a l k y l   g r o u p .  
15.   A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   14  w h e r e i n  

t h e   c o r r o s i o n   i n h i b i t o r   f o r   t h e   n o n - f e r r o u s   m e t a l   i s   4  

or   5  b u t y l b e n z o t r i a z o l e .  

16.   A  c o m p o s i t i o n   a c c o r d i n g   to   any  of   c l a i m s   1 2  

to   15  w h e r e i n   t h e   n o n - f e r r o u s   m e t a l   i s   or  c o n t a i n s  

c o p p e r .  
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