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Qjj)  Polyamides  and  anti-fouling  compositions  containing  them. 

Novel  liquid  polyamides  of  formula  RCONH(CH2CH2NH)n- 
OCR  where  R  is  alkyl  or  alkenyl  with  10  to  22  carbon  atoms  and 
n  is  an  integer  in  the  range  1  to  4  may  be  used  in  compositions 
to  reduce  fouling  on  heat  exchange  surfaces. 



The  p r e sen t   i n v e n t i o n   r e l a t e s   to  novel  po lyamides ,   and  t o  

compos i t i ons   c o n t a i n i n g   said  a d d i t i v e s   alone  or  in  combina t ion   w i t h  

o the r   a c t i v e   i n g r e d i e n t s   for  reducing  the  tendency  of  a  p e t r o l e u m  

m a t e r i a l   ( e i t h e r   crude  o i l   or  petroleum  f r a c t i o n s )   to  foul   h e a t  

exchange  s u r f a c e s   (eg  heat  exchange  tubes)   when  the  hea ted   p e t r o l e u m  

m a t e r i a l   is  in  con tac t   with  heat  exchange  s u r f a c e .   The  p r e s e n t  

i n v e n t i o n   f u r t h e r   r e l a t e s   to  an  improved  process   for  exchanging  h e a t  

with  a  hot  pe t roleum  m a t e r i a l   through  a  heat   exchange  s u r f a c e .   The 

p rocess   is  p a r t i c u l a r l y   a p p l i c a b l e   to  h e a t i n g   p e t r o l e u m   m a t e r i a l s   by 

c o n t a c t   with  a  heat  exchange  m a t e r i a l .  

Heat  t r a n s f e r   through  heat  exchangers   is  o f t en   reduced  d u r i n g  

o p e r a t i o n   due  to  the  f ou l i ng   of  the  tube  walls   by  d e p o s i t i o n   from  t h e  

p rocess   s t ream.   Fouled  exchangers   then  opera te   at  l o w e r .  e f f i c i e n c i e s  

and  t h i s   o f ten   r e s u l t s   in  th roughpu t   r e d u c t i o n s   and  f r e q u e n t   shutdowns 

for   c l e a n i n g .  

The  most  s e r ious   heat  exchanger  f o u l i n g   problem  w i t h i n   o i l  

r e f i n e r i e s   u sua l l y   e x i s t s   in  the  crude  oil   d i s t i l l a t i o n   un i t   (CDU) 

p r e h e a t   t r a i n   where  the  h o t t e s t   exchanger ,   i . e .   the  one  i m m e d i a t e l y  

p r i o r   to  the  fu rnace ,   i s  p a r t i c u l a r l y   s u s c e p t i b l e   to  f o u l i n g   by 

d e p o s i t s   which  bui ld   up  so  qu ick ly   that   f r equen t   c l e a n i n g   is  r e q u i r e d ,  

sometimes  as  of ten  as  every  four  mon ths .  

In  order   that   the  d i s t i l l a t i o n   column  i n l e t   t e m p e r a t u r e   i s  

ma in ta ined   so  that   f r a c t i o n a t i o n   e f f i c i e n c y   and  hence  product   q u a l i t y  

is  not  l o s t ,   the  heat  input   drop  due  to  fouled  exchangers   has  to  be 

made  up  by  i nc rea sed   f i r i n g   of  the  fu rnace .   With  c u r r e n t   fuel   o i l  

p r i c e s   th i s   can  r e p r e s e n t   a  s i g n i f i c a n t   i n c r e a s e   in  o p e r a t i n g   c o s t s .  



A n a l y s i s   of  d e p o s i t s   taken  from  these   r e f i n e r y   e x c h a n g e r s  

i n d i c a t e s   tha t   both  i n o r g a n i c   and  o rgan ic   d e p o s i t i o n   occurs ,   with  t h e  

p r o p o r t i o n s   of  each  va ry ing   from  un i t   to  u n i t .   The  i n o r g a n i c   d e p o s i t s  

are  p r e d o m i n a n t l y   s a l t s   of  i ron  ( c o r r o s i o n   p r o d u c t s ) ,   sodium  ( s a l t   i n  

the  water   a s s o c i a t e d   with  crude  o i l   and  from  c a u s t i c   soda  i n j e c t i o n )  

and  ca lc ium  and  magnesium  ( h a r d n e s s   s a l t s   in  d e s a l t e r   w a t e r ) .   A  h i g h  

p r o p o r t i o n   of  these   s a l t s   o r i g i n a t e   from  the  d e s a l t e r   where  s a l t   i s  

e x t r a c t e d   from  the  crude  o i l   by  washing  with  water .   The  crude  o i l  

l e a v i n g   the  d e s a l t e r   can  c o n t a i n   as  much  as  0.3X  wt  d i s s o l v e d   w a t e r .  

In  a d d i t i o n   to  th i s   d i s s o l v e d   wate r ,   c a r r y - o v e r   of  a  s e p a r a t e   w a t e r  

phase  occurs   from  time  to  time  and  i t   is  th is   aqueous  phase  which  

c o n t a i n s   the  i ron  c o r r o s i o n   p r o d u c t s ,   the  ha rdness   s a l t s   and  t h e  

a l k a l i   being  i n j e c t e d   to  p r even t   c o r r o s i o n   of  the  column  o v e r h e a d s  

c o n d e n s e r .   At  the  t e m p e r a t u r e s   in  these  h o t t e s t   e x c h a n g e r s ,  

p a r t i c u l a r l y   at  the  o u t l e t   end,  some  of  the  water  can  be  vapor i sed   so  

t h a t   even  s o l u b l e   s a l t s   can  be  d e p o s i t e d   on  the  metal  s u r f a c e s .  

S i m u l t a n e o u s   lay-down  of  h y d r o c a r b o n   polymers  with  t h e i r   s u b s e q u e n t  

c o n v e r s i o n   to  coke  p robably   binds  the  i n o r g a n i c s   into  a  h a r d ' d e p o s i t  

which  is  not  r e a d i l y   f l u shed   away  by  the  f lowing  o i l .  

F requen t   c l ean ing   of  heat   exchangers   is  to  be  avoided  for  s e v e r a l  

r e a s o n s .   Cleaning   of  the  h o t t e s t   CDU  p r e - h e a t   exchangers   u s u a l l y  

r e q u i r e s   the  uni t   to  be  shut  down  or,  if  the  exchangers   are  i n  

p a r a l l e l   banks  which  can  be  i s o l a t e d ,   the  th roughpu t   to  be  r e d u c e d .  

C l e a n i n g ,   p a r t i c u l a r l y   m e c h a n i c a l ,   r e q u i r e s   a  l a rge   main tenance   e f f o r t  

and  o f t e n   l a s t s   s e v e r a l   days  for  each  e x c h a n g e r .  

An  a l t e r n a t i v e   s o l u t i o n   to  the  problem  is  the  i n j e c t i o n   o f . a n  

e f f e c t i v e   a n t i - f o u l a n t   into  the  crude  o i l   s t ream  before   it   en te r s   t h e  

heat   exchanger .   A n t i - f o u l a n t s   are  u s u a l l y   blends  of  a d d i t i v e s   in  an  

o r g a n i c   s o l v e n t   with  i n j e c t i o n   l eve l s   in  the  range  5  -  3 0   ppm  on 
crude.   Because  f o u l i n g   is  so  complex  and  covers  s e v e r a l   d i f f e r e n t  

types  and  mechanisms,  the  a c t i v e   i n g r e d i e n t s   of  a n t i - f o u l a n t s   can  be  

very  v a r i e d .   Examples  of  a n t i - f o u l a n t   types  i nc lude   d i s p e r s a n t s ,  

d e t e r g e n t s ,   metal   c o - o r d i n a t o r s ,   a n t i - o x i d a n t s ,   f i lm  f o r m e r s ,  

c o r r o s i o n   i n h i b i t o r s   and  a n t i - p o l y m e r a n t s .  



There  is  on  the  market  a  wide  range  of  a n t i - f o u l a n t s .   The 

a s s e s s m e n t   of  a n t i - f o u l a n t s   on  a  commercial  un i t   is  an  expens ive   and 

t ime-consuming   o p e r a t i o n   as  a  f u l l   t r i a l   would  have  to  be  run  f o r  

s e v e r a l   months.  Some  t r i a l s   have  even  r e s u l t e d   in  i n c r e a s e d   f o u l i n g .  

It   is  t h e r e f o r e   d e s i r a b l e   to  ca r ry   out  t e s t s   in  the  l a b o r a t o r y   w i t h  

the  hydrocarbon   stream  and  the  a n t i - f o u l a n t s   before   any  r e f i n e r y  

t r i a l s   are  p l a n n e d .  

Our  B r i t i s h   P a t e n t   S p e c i f i c a t i o n   1564757  d i s c l o s e s   and  claims  a  

method  for  e v a l u a t i n g   the  f o u l i n g   tendency  of  a  hea ted   l i q u i d   c r u d e  

o i l   or  pe t ro leum  f r a c t i o n   which  method  comprises   h e a t i n g   the  l i q u i d ,  

adding  to  i t   a  s o l u t i o n   or  s u s p e n s i o n   c o n t a i n i n g   one  or  more  i n o r g a n i c  

and /o r   organic   f o u l a n t s   to  give  an  enhanced  c o n c e n t r a t i o n   of  f o u l a n t  

in  the  l i q u i d ,   pass ing   the  r e s u l t i n g   l i q u i d   through  a  heated  t u b u l a r  

t e s t   s e c t i o n   and  measur ing  over  a  per iod  of  time  the  i n c r e a s e   i n  

p r e s s u r e   drop  across   the  t e s t   s e c t i o n   and/or   the  d e c r e a s e   i n  

t e m p e r a t u r e   of  the  l i q u i d   at  the  o u t l e t   of  the  t e s t   s e c t i o n .  

The  fou l ing   produced  in  th i s   method  is  s i m i l a r   to  that   p r o d u c e d  

in  r e f i n e r y   heat  exchange r s ,   being  a  mixture  of  o rgan ic   and  i n o r g a n i c  

d e p o s i t s .  

An  a l t e r n a t i v e   t e s t   for  d e t e c t i n g   f ou l i ng   t e n d e n c i e s   which  i s  

wel l   known  in  the  pe t ro l eum  i n d u s t r y   is  the  Jet   Fuel  Thermal  O x i d a t i o n  

Test   (JFTOT) -   ASTM  Test  D-3241-74T.  In  th is   case,  however,  t h e  

d e p o s i t s   produced  are  wholly  o r g a n i c .  

The  s e l e c t i o n   of  a c t i v e   i n g r e d i e n t s   for  a n t i - f o u l a n t   blends  is  a 

d i f f i c u l t   and  u n p r e d i c t a b l e   e x e r c i s e .  

The  p re sen t   i n v e n t i o n   p rov ides   novel  polyamides  of  the  f o r m u l a  

given  be low.  

Thus,  accord ing   to  the  p r e s e n t   i n v e n t i o n   there   is  provided  a 

l i q u i d   polyamide  of  gene ra l   f o r m u l a  

R  CONH  (CH2CH2NH)n  OCR  ( I )  

where in   R  is  an  a lkyl   or  a lkeny l   group  c o n t a i n i n g   10  to  22  c a r b o n  

atoms,  and  n  is  an  i n t e g e r   in  the  range  1  to  4 .  

By  l i qu id   polyamide  we  mean  a  polyamide  which  is  l i q u i d   at  25°C 

and  a tmospher ic   p r e s s u r e .  



Oil  s o l u b l e   compounds  having  the  above  formula  are  u s e f u l  

components  of  a n t i - f o u l i n g   a d d i t i v e s   e i t h e r   alone  as  a  s o l u t i o n   in  a  

s o l v e n t   m i s c i b l e   with  the  pe t ro l eum  m a t e r i a l ,   or  in  admix tu re   w i t h  

o the r   a c t i v e   m a t e r i a l s .   The  oi l   s o l u b l e   polyamides   may  have  an  a n t i -  

f o u l i n g   a c t i o n   on  t h e i r   own  in  c e r t a i n   s i t u a t i o n s ,   which  may  be  

enhanced  by  the  a d d i t i o n   of  o ther   m a t e r i a l s .   In  o the r   s i t u a t i o n s   t h e  

po lyamides   a lone   may  i n c r e a s e   f o u l i n g ,   but  in  combina t ion   with  o t h e r  

a d d i t i v e s   w i l l   reduce   f o u l i n g   as  e x p l a i n e d   be low.  

In  a  p r e f e r r e d   polyamide  R  is  a l k e n y l   c o n t a i n i n g   17  c a r b o n  

atoms.  P r e f e r a b l y   n  is  2 .  

The  novel   po lyamides   may  be  p r epa red   by  r e a c t i n g   t o g e t h e r   a  

c a r b o x y l i c   acid  of  formula  RCOOH  and  a  polyamine  of  f o r m u l a  

NH2(CH2CH2NH)nH. 

I t   is  p r e f e r r e d   to  use  c a r b o x y l i c   acids  which  are  l i q u i d   at  25°C 

and  a t m o s p h e r i c   p r e s s u r e .  

Examples  of  s u i t a b l e   s a t u r a t e d   c a r b o x y l i c   acids  ( ie   R  =  a l k y l )  

are  dodecano ic   acid  ( l a u r i c   a c i d ) ,   hexadecano ic   acid  ( p a l m i t i c   a c i d ) .  

An  example  of  a  s u i t a b l e   e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c .  a c i d   ( i e  

R  =  a l k e n y l )   is  o c t a d e c - 9 - e n o i c   acid  ( o l e i c   a c i d ) .   O c t a d e c - 9 - e n o i c  

acid  is  p r e f e r r e d .  

S u i t a b l e   po lyamines   i n c l u d e   d i e t h y l e n e   t r i a m i n e ,   t r i e t h y l e n e  

t e t r a m i n e   and  t e t r a e t h y l e n e   p e n t a m i n e .  

The  polyamide   may  be  p repa red   by  h e a t i n g   the  acid  and  t h e  

polyamine  t o g e t h e r   in  s o l u t i o n   eg  in  a  l i g h t   a romat ic   s o l v e n t   in  a  
molar  r a t i o   in  the  range  1:1  to  3:1,   p r e f e r a b l y   1.8:1  to  2 . 2 : 1 .  

Examples  of  s u i t a b l e   t e m p e r a t u r e s   are  those  in  t h e  r a n g e   110°  t o  
150°C.  The  r e a c t i o n   is  p r e f e r a b l y   con t inued   u n t i l   the  q u a n t i t y   o f  

water   r e l e a s e d   c o r r e s p o n d s   to  tha t   expected   from  the  s t o i c h i o m e t r y .  

The  polyamide   is  s u i t a b l e   for  use  as  a n t i - f o u l i n g   a d d i t i v e   where  

f o u l i n g   is  c h i e f l y   due  to  o rgan ic   c o n t a m i n a n t s ,   e .g .   in  h e a t  

exchangers   a s s o c i a t e d   with  v i s b r e a k i n g   u n i t s .  

Where  i n o r g a n i c   f o u l i n g   is  l i k e l y   to  be  encoun te red   in  a d d i t i o n ,  

e .g.   in  crude  o i l   d i s t i l l a t i o n   duty,  the  polyamide  is  p r e f e r a b l y  

employed  in  combina t i on   with  an  e m u l s i f i e r .   In  fac t   when  i n o r g a n i c  

f o u l i n g   is  e n c o u n t e r e d ,   use  of  the  polyamide  alone  may  lead  to  an  
i n c r e a s e   in  f o u l i n g .  



Thus,  a c c o r d i n g   to  a  f u r t h e r   f e a t u r e   of  the  p r e s e n t   i n v e n t i o n ,  

t h e r e   is  p rov ided   an  a n t i - f o u l i n g   a d d i t i v e   c o m p o s i t i o n   compr i s ing   a  

polyamide   as  h e r e i n b e f o r e   de f ined   and  an  oi l   s o l u b l e   e m u l s i f i e r .   The 

p r e f e r r e d   e m u l s i f i e r s   are  those  of  gene ra l   f o r m u l a :  

R'COOCH2  (CHOH)m  CH20H 

where in   R'  is  an  a lky l   or  a lkeny l   group  c o n t a i n i n g   1 0  -  2 2   c a r b o n  

atoms  and  m  is  an  i n t e g e r   in  the  range  1  to  4  i n c l u s i v e .  

The  e m u l s i f i e r s   are  p a r t i a l   e s t e r s   of  p o l y h y d r i c   a l c o h o l s   and 

c a r b o x y l i c   a c i d s .  

S u i t a b l e   p o l y h y d r i c   a l c o h o l s   i nc lude   m a n n i t o l ,   x y l i t o l   and 

e r y t h r i t o l   and,  p r e f e r a b l y ,   s o r b i t o l .  

The  p r e f e r r e d   e m u l s i f i e r   is  s o r b i t a n   monoo lea te .   Any  o t h e r  

e m u l s i f i e r   used  is  p r e f e r a b l y   as  oi l   so lub l e   as  s o r b i t a n   m o n o o l e a t e .  

The  polyamide  and  the  e m u l s i f i e r   are  s u i t a b l y   p r e s e n t   in  a  w e i g h t  

r a t i o   in  the  range  20:1  to  1:1,  p r e f e r a b l y   7:1  to  11:1  for  optimum 

p r o p e r t i e s .  

In  c i r c u m s t a n c e s   l i k e l y   to  give  r i s e   to  the  p r e s e n c e   of  f r e e  

r a d i c a l s ,   e .g.   d e s u l p h u r i s a t i o n ,   the  polyamide  is  p r e f e r a b l y  e m p l o y e d  

in  combina t ion   with  an  a n t i - o x i d a n t .  

Thus,  a cco rd ing   to  a  f u r t h e r   f e a t u r e   of  the  p r e s e n t   i n v e n t i o n ,  

the re   is  p rovided  an  a n t i - f o u l i n g   a d d i t i v e   compos i t i on   compr is ing   a  

polyamide   and  a  h indered   pheno l i c   a n t i - o x i d a n t .  

S u i t a b l e   h inde red   pheno l i c   a n t i - o x i d a n t s   i n c l u d e   2 , 6 - d i - t e r t .  

b u t y l   phenol ,   2 , 6 - d i - t e r t . b u t y l - 4 - m e t h y l   phenol  and  4 , 4 ' - m e t h y l e n e   b i s  

( 2 , 6 - d i - t e r t . b u t y l   p h e n o l ) .  

The  polyamide  and  the  a n t i - o x i d a n t   are  s u i t a b l y   p r e s e n t   in  a  

weight   r a t i o   in  the  range  4:1  to  1:4,  p r e f e r a b l y   0.5  to  1.5,  eg  1 : 1 .  

In  some  s i t u a t i o n s ,   p a r t i c u l a r l y   where  c o r r o s i o n   is  an  a d d i t i o n a l  

problem,  i t   may  be  d e s i r a b l e   to  add  a  f i l m - f o r m i n g   agent  to  t h e  

a n t i - f o u l a n t   a d d i t i v e .   The  f i l m - f o r m i n g   agent  used  in  the  p r e s e n t  

i n v e n t i o n   is  a  m a t e r i a l   which  acts  as  a  c o r r o s i o n   i n h i b i t o r   by  f o r m i n g  

an  impermeable  film  on  a  metal  s u r f a c e ,   the reby   p r e v e n t i n g   c o r r o s i v e  

s u b s t a n c e s   from  r e a c t i n g   the  metal  i t s e l f .   Such  f i l m - f o r m i n g   a g e n t s  

are  well-known  m a t e r i a l s .  

S u i t a b l e   f i l m - f o r m i n g   agents   inc lude   amines  eg  long  chain  amines  

and  amine  c a r b o x y l a t e s .   The  p r e f e r r e d   agent  is  m o r p h o l i n e .  



The  r e l a t i v e   p r o p o r t i o n s   may  be  the  same  as  for  p o l y a m i d e /  

a n t i o x i d a n t   m i x t u r e s .  

According  to  a  f u r t h e r   f e a t u r e   of  the  p r e s e n t   i n v e n t i o n   there   i s  

p rov ided   a  p rocess   for  exchanging   heat  with  a  hot  pe t ro leum  m a t e r i a l  

c o n t a i n i n g   an  a n t i - f o u l i n g   a d d i t i v e   through  a  heat  exchange  s u r f a c e  

c h a r a c t e r i s e d   in  that   the  a n t i - f o u l i n g   a d d i t i v e   comprises   a  p o l y a m i d e  

of  formula   ( I ) .  

As  e x p l a i n e d   above  the  a n t i f o u l i n g   a d d i t i v e   may  c o n s i s t   only  o f  

the  polyamide  in  c e r t a i n   cases ,   whi le   where  i n o r g a n i c   f o u l i n g   i s  

p r e s e n t   the  a d d i t i o n   of  e m u l s i f i e r   may  be  n e c e s s a r y .   Based  on  t h e  

d i s c l o s u r e   of  th i s   s p e c i f i c a t i o n   however  the  s k i l l e d   person  wi l l   b e  

e a s i l y   able  to  produce  a  s u i t a b l e   a n t i - f o u l i n g   a d d i t i v e   c o n t a i n i n g  

p o l y a m i d e .  

The  process   is  p a r t i c u l a r l y   a p p l i c a b l e   to  h e a t i n g   p e t r o l e u m  

m a t e r i a l s .  

The  a n t i - f o u l i n g   a d d i t i v e   is  p r e f e r a b l y   s to red   and  used  in  t h e  

form  of  a  s o l u t i o n   in  a  h y d r o c a r b o n   so lven t   eg  an  a romat i c   h y d r o c a r b o n  

s o l v e n t   such  as  to luene   or  xy lene .   The  c o n c e n t r a t i o n   of  t h e .  

polyamide  in  the  s o l u t i o n   may  for  example  be  in  the  range  20-60%  by 

w e i g h t .   In  order   to  improve  the  s t o r a g e   s t a b i l i t y   of  the  s o l u t i o n   i n  

p a r t i c u l a r   under  cold  wea ther   c o n d i t i o n s   it   is  d e s i r a b l e   to  i n t r o d u c e  

a  minor  p r o p o r t i o n   of  methanol   into  the  s o l u t i o n   for  example  0.1  t o  

0.4  p a r t s   by  weight  of  methanol   per  par t   by  weight  of  h y d r o c a r b o n  

s o l v e n t .  

The  optimum  c o n c e n t r a t i o n   w i l l   depend  on  the  p rocess   to  which  t h e  

p e t r o l e u m   m a t e r i a l   is  s u b j e c t e d .   In  crude  oi l   d i s t i l l a t i o n  

c o n c e n t r a t i o n s   of  a d d i t i v e   s o l u t i o n   of  20-30  ppm  are  u s u a l l y   u s e d ,  

t y p i c a l l y   c o r r e s p o n d i n g   to  8-12  ppm  of  polyamide.   In  v i s b r e a k i n g  

c o n c e n t r a t i o n s   of  a d d i t i v e   s o l u t i o n   of  50  ppm  are  more  u s u a l ,  

t y p i c a l l y   c o r r e s p o n d i n g   to  over  20  ppm  of  p o l y a m i d e .  

The  i n v e n t i o n   is  i l l u s t r a t e d   with  r e f e r e n c e   to  the  f o l l o w i n g  

E x a m p l e s .  

Example  1 

P r e p a r a t i o n   of  p o l y a m i d e  

lOg  o l e i c   acid  ( o c t a d e c - 9 - e n o i c   acid)   and  1.85g  d i e t h y l e n e  

t r i a m i n e   (molar  r a t i o   of  2:1)  were  d i s s o l v e d   and  heated  in  18g  t o l u e n e  



under  r e f l u x   for  5  hours .   Water  produced  in  the  r e a c t i o n   (0.65  ml )  

was  removed  using  a  Dean  and  S ta rk   h e a d .  

The  p roduc t   was  a  y e l l o w i s h   brown  l i q u i d   c o n t a i n i n g   40%  by  w e i g h t  

po lyamide .   The  p r e sence   o f  

RCONH(CH2CH2NH)20CR 

where  R =  CH3(CH2)7CH=CH(CH2)7  was  shown  by  the  l i b e r a t i o n   of  t h e  

amount  of  water  c o r r e s p o n d i n g   to  the  p r o d u c t i o n   of  t h i s   compound. 

Mass  s p e c t r o s c o p y   and  n u c l e a r   magnet ic   r e sonance   r e s u l t s   were  

c o n s i s t e n t   with  t h i s   f o r m u l a .  

Example  2 

The  polyamide  made  in  Example  1  was  t e s t e d   for  crude  d i s t i l l a t i o n  

un i t   duty  in  the  Sunbury  Foul ing   Rig  (SFR)  as  d e s c r i b e d  i n   GB  1564757 

on  a  t e m p e r a t u r e   bas i s   and  the  JFTOT  as  d e s c r i b e d   in  ASTM  T e s t  

D-3241-74T .  

Example  3 

Example  2  was  r e p e a t e d   using  as  a n t i f o u l a n t   a  mix tu re   of  t h e  

polyamide  made  in  Example  1  and  s o r b i t a n   monoolea te   (an  oi l   s o l u b l e  

e m u l s i f i e r   sold  under  the  t rade   name  Span  8 0 )  i n   the  weight   r a t i o  

( p o l y a m i d e : e m u l s i f i e r )   of  4:1.   The  r e s u l t s   are  given  in  Table  1.  

Comparat ive   Tests   A-E 

Example  2  was  r e p e a t e d   but  using  s o r b i t a n   monoolea te   alone  a s  

a n t i - f o u l a n t   (Test   A),  or  va r ious   commercia l ly   a v a i l a b l e   a n t i - f o u l a n t s  

( i d e n t i f i e d   as  AF1 to  AF4  r e s p e c t i v e l y   (Tes ts   B -  E ) .  



Example  4 

The  polyamide  of  Example  1  was  mixed  with  an  a n t i o x i d a n t   ( 2 , 6 -  

d i - t e r t - b u t y l   phenol)   in  a  weight   r a t i o   of  1:1  and  was  t e s t e d   in  t h e  

JFTOT  r ig   to  de t e rmine   i t s   s u i t a b i l i t y   for  use  with  a  d e s u l p h u r i s e r  

f e e d s t o c k   and  compared  wi th   s e v e r a l   commercia l ly   a v a i l a b l e   a d d i t i v e s .  

The  r e s u l t s   are  g iven  in  Table  2 .  

Example  5 

Example  4  was  r e p e a t e d   us ing   a  mixture  of  the  polyamide  o f  

Example  1  and  morpho l ine   (a  f i lm  forming  agent)   in  the  weight  r a t i o  

1 : 1 .  

The  r e s u l t s   are  given  in  Table  2 .  

Compara t ive   Tests   F,  G,  H,  I,  J  

Example  3  was  r e p e a t e d   us ing  va r ious   commerc ia l ly   a v a i l a b l e  

a n t i - f o u l i n g   a d d i t i v e s   i d e n t i f i e d   r e s p e c t i v e l y   as  AF4,  AF2,  AF5,  AF6 

and  AF1.  The  r e s u l t s   are  given  in  Table  2 .  

The  a d d i t i v e   c o m p o s i t i o n s   acco rd ing   to  the  p r e sen t   i n v e n t i o n   a r e  

c l e a r l y   s u p e r i o r .  



E x a m p l e  6  

The  polyamide  of  Example  1  was  t e s t e d   in  a  v i s b r e a k i n g   p i l o t  

p l an t   to  de te rmine   i t s   s u i t a b i l i t y   in  r educ ing   v i s b r e a k i n g   c o k i n g .  

The  r e s u l t s   are  given  in  Table  3 .  

Compara t ive   Tes ts   K,  L,  M 

Example  6  was  r epea t ed   using  commerc ia l ly   a v a i l a b l e   a n t i f o u l i n g  

a d d i t i v e s   i d e n t i f i e d   as  AF2,  AF7  and  AF4  r e s p e c t i v e l y .   The  r e s u l t s  

are  given  in  Table  3 .  

The  polyamide  was  the  most  e f f e c t i v e .  



1.  A  l i q u i d   polyamide  of  f o r m u l a :  

whe re in   R  is  an  a lky l   or  a l k e n y l   group  c o n t a i n i n g   10  to  22  c a r b o n  

atoms,   and  n  is  an  i n t e g e r   in  the  range  1  to  4  i n c l u s i v e .  

2.  A  polyamide  a cco rd ing   to  claim  1  where in   R  is  a l keny l   c o n t a i n i n g  

17  carbon  atoms,  and  n  =  2 .  

3.  A  p roces s   for  p roduc ing   a  polyamide  where in   a  l i q u i d   c a r b o x y l i c  

ac id   of  formula  RC02H  and  a  polyamine  of  f o r m u l a  

NH2(CH2CH2NH)nH 

are  hea ted   t o g e t h e r   in  s o l u t i o n   in  a  molar  r a t i o   of  1:1  to  3 : 1 .  

4.  A  p rocess   accord ing   to  claim  3  where in   the  molar  r a t i o   is  1:8.1  t o  

2 . 2 : 1 .  

5.  An  a n t i - f o u l i n g   c o m p o s i t i o n   compr i s ing   a  polyamide  accord ing   t o  

c la ims   1  or  2  and  an  oi l   s o l u b l e   e m u l s i f i e r .  

6.  An  a n t i - f o u l i n g   a d d i t i v e   compos i t ion   compr i s ing   a  p o l y a m i d e  

a c c o r d i n g   to  claims  5  and  an  e m u l s i f i e r   of  f o r m u l a  

R'COOCHZ(CHOH)mCH20H 

where in   R ' i s   an  a lky l   or  a l k e n y l   group  c o n t a i n i n g   10  to  22  c a r b o n  

atoms,  and  m  is  an  i n t e g e r   in  the  range  1  to  4  i n c l u s i v e .  

7.  An  a n t i - f o u l i n g   a d d i t i v e   compos i t i on   a c c o r d i n g   to  claim  6 

whe re in   the  e m u l s i f i e r   is  s o r b i t a n   m o n o o l e a t e .  

8.  An  a n t i - f o u l i n g   a d d i t i v e   a c c o r d i n g   to  any one  of  the  claims  5  to  7 

whe re in   the  weight  r a t i o   of  polyamide  to  e m u l s i f i e r   is  3 .5:1  to  4 . 5 : 1 .  

9.  An  a n t i - f o u l i n g   a d d i t i v e   compr i s ing   a  polyamide  accord ing   to  any 

one  of  claims  1  to  3  and  a  h indered   pheno l i c   a n t i o x i d a n t .  

10.  An  a n t i - f o u l i n g   a d d i t i v e   acco rd ing   to  claim  9  where in   the  w e i g h t  

r a t i o   of  polyamide  to  a n t i - o x i d a n t   is  4:1  to  1 : 4 .  



11.  An  a n t i - f o u l i n g   a d d i t i v e   compr i s ing   a  polyamide  accord ing   to  any 

one  of  claims  1  to  3  and  a  f i l m - f o r m i n g   a g e n t .  

12.  A  p rocess   for  exchanging   heat  with  a  hot  pe t ro l eum  m a t e r i a l ,  

c o n t a i n i n g   an  a n t i - f o u l i n g   a d d i t i v e ,   through  a  heat  exchange  s u r f a c e  

c h a r a c t e r i s e d   in  tha t   the  a n t i - f o u l i n g   a d d i t i v e   comprises   a  p o l y a m i d e  

a c c o r d i n g   to  any one  of  claims  1  to  3 .  
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