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@)  Installation  (plant)  for  thermo-cracking  a  hydrocarbon  starting  material  to  aikene,  shell  and  tube  heat  exchanger  for  use  in 
such  an  installation  and  process  for  manufacturing  shell  and  tube  heat  exchanger. 

  The  invention  relates  to  an  installation  (plant)  for  ther- 
mocracking  a  hydrocarbon  starting  material  to  alkenes, 
comprising  a  cracking  furnace  with  externally  heated  reac- 
tor  tubes  (coils)  and  a  shell  and  tube  heat  exchanger 
(«quench»,  cooler,  «transfer  line»  heat  exchanger,  TLX)  to 
be  used  for  quenching  the  reactor  effluent  and  connected  to 
the  cracking  furnace,  wherein  on  the  shell  side  steam  is 
generated,  wherein  the  internal  surface  of  the  tubes  of  the 
heat  exchanger  is  coated  with  an  inert  layer  impermeable  to 
the  materials  in  the  reactor  effluent  which  are  responsible 
for  the  fouling,  said  layer  masking  the  alloy  of  which  the 
heating  exchanger  tubes  consist.  Said  layer  has  a  thickness 
of  preferably  0.5 -  20  pm  and  is  a  layer  based  on  an  inert 
metal,  in  particular  aluminium,  metal  oxide,  aluminate,  sili- 
cate  or  graphite  or  is  an  inert  polymeric  layer,  in  particular 
a  layer  formed  by  thermosetting  alkylene  quench  oil  with  a 
peroxide,  like  benzoyl  peroxide.  The  invention  also  relates 
to  the  heat  exchanges. 



The  i n v e n t i o n   r e l a t e s   to  a  p l a n t   for  t h e r m o - c r a c k i n g   a  h y d r o -  

carbon  s t a r t i n g   m a t e r i a l   to  a l k e n e s ,   compr i s ing   a  c r a c k i n g   f u r n a c e  

with  e x t e r n a l l y   hea ted   r e a c t o r   tubes   ( co i l s )   and  a  s h e l l   a n d . t u b e  

h e a t - e x c h a n g e r   connec ted   to  the  c r a c k i n g   fu rnace   in  o rder   t o  

quench  the  r e a c t o r   e f f l u e n t .  ( " q u e n c h " ,   c o o l e r ,   " t r a n s f e r   l i n e "  

hea t   exchanger ,   TLX)  wherein   steam  is  g e n e r a t e d   on  the  s h e l l   s i d e .  

Such  i n s t a l l a t i o n s   ( p l a n t s ) ,   which  are  g e n e r a l l y   used  in  t h e  

p r e p a r a t i o n  o f   a lkenes   l i ke   e thene   and  propene  from  s t a r t i n g  .  

m a t e r i a l s   which  may  vary  from  n a t u r a l   gas  to  naph thas   and  gas  o i l ,  

are  d e s c r i b e d   in  Kirk-Othmer ,   E n c y c l o p e d i a   of  Chemical  T e c h n o l o g y ,  

t h i r d   e d i t i o n ,   vol .   9  (1980)  pages  400-408,   in  p a r t i c u l a r   p a g e s  
4 0 3 - 4 0 8 .  

In  the  course   of  time  a  number  of  g e n e r a l   c o n d i t i o n s   were  f o u n d  

for  the  c r a c k i n g   fu rnaces   of  those   i n s t a l l a t i o n s ,   which  should   b e  

met  r e g a r d l e s s   the  hydroca rbon   s t a r t i n g   m a t e r i a l ,   and  even  c o n t r o l  

programs  c o n t r o l l e d   by  a  "computer"   were  de s igned ,   which  as  to  t h e  

power  ba lance   g u a r a n t e e   an  optimum  o p e r a t i o n   of  the  c r a c k i n g  

fu rnaces   and  by  which  is  r eached ,   t h a t   the  c r a c k e r   fu rnaces   c a n  



be  o p e r a t i v e   for  some  months  t o g e t h e r .  

The  r e a c t o r   e f f l u e n t   of  the  c r a c k i n g   f u r n a c e s   is  quenched  in  t h e  

s h e l l   and  tube  hea t   exchanger   from  750-900°C  to  3 5 0 - 5 6 0 ° c  

(Kirk-Othmer  l . c . ,   page  407,  t a b l e   5)  to  p r e v e n t   t h a t   a f t e r  

l e a v i n g   the  c r a c k e r   f u r n a c e ,   in  s a id   e f f l u e n t   s t i l l   r e a c t i o n s  

take  p lace   under  a d i a b a t i c   c o n d i t i o n s ,   which  would  a f f e c t   a d v e r s e l y  

the  y i e l d   of  a l k e n e s ,   and  s i m u l t a n e o u s l y   steam  with  a  p r e s s u r e  
of  105-125  bara   (bar  a b s o l u t e )   is  g e n e r a t e d .  

However  when  quenching   the  r e a c t o r   e f f l u e n t   the  i n s i d e   s u r f a c e s  

of  the  hea t   exchanger   tubes   are  f ou l ed ,   sa id   f o u l i n g   l e a d i n g  

to  a  d e c r e a s e   in  hea t   t r a n s f e r   while   a lso   the  s e n s i b l e   hea t   o f  

the  r e a c t o r   e f f l u e n t   is  ever  l e s s   used  for  the  g e n e r a t i o n   of  t h e  

high  p r e s s u r e   steam.  The  e f f l u e n t   coming f rom  the  s h e l l   and  t u b e  

h e a t e x c h a n g e r   has  an  ever  i n c r e a s i n g   t e m p e r a t u r e .  

Up  to  now  i t   was  assumed  t h a t   t h i s   phenomenon  cannot   be  p r e v e n t e d .  

G e n e r a l l y   the  phenomenon  was  a s c r i b e d   to  c o n d e n s a t i o n   of  h e a v y  

hydroca rbon   components  from  the  e f f l u e n t   from  the  c r a c k i n g  

fu rnace   onto  the  c o l d e r   hea t   exchanger   s u r f a c e s   fo l lowed   by  

c o n t i n u i n g   d e h y d r o g e n a t i o n   r e a c t i o n s   in  the  condensa t e   at  t h e  

t e m p e r a t u r e   p r e v a i l i n g   on  the  wall   of  the  heat   exchanger   t u b e s  

(vide  Lohr.  B  &  H  Di t tmann,   OGJ,  1978,  May  1 5 ) .  

Accord ing   to  Dutch  p a t e n t   a p p l i c a t i o n   70  07556  in  a  d i f f e r e n t  

quench ing   system,  wherein   a  c r a c k e r   gas  mix ture   is  quenched  by  

i n t r o d u c i n g   sa id   gas  mix ture   via  an  i n l e t   in to   a  quench  l i q u i d  

which  is  p r e s e n t   in  a  quenching   b a r r e l ,   the  problem  of  f o u l i n g  

and  even  c l o g g i n g   of  the  i n l e t   pipe  by  d e p o s i t i o n   of  t a r   a n d  

ca rbonaceous   m a t e r i a l s   on  the  i n s i d e   of  the  i n l e t   pipe  i s  

p r e v e n t e d ,   by  i n s u l a t i n g   the  i n l e t   pipe  on  the  ou t e r   s ide ,   so  t h a t  

the  t e m p e r a t u r e   of  the  i n s i d e   of  the  i n l e t   pipe  remains  r e l a t i v e l y  



high  and  c o n d e n s a t i o n   of  t a r   and  ca rbonaceous   m a t e r i a l s   a p p e a r s  

less   easy  on  the  i n s i d e .   The  i n s u l a t i n g   l aye r   has  a  t h i c k n e s s   o f  

some  c e n t i m e t e r s .  

This  s o l u t i o n   is  not  p o s s i b l e   i f   a  s h e l l   and  tube  hea t   e x c h a n g e r  

is  used,  as  i n s u l a t i o n   of  the  tubes  of  s h e l l   and  tube  h e a t  

exchanger   n u l l i f i e s   ( o v e r r i d e s )   the  e n t i r e   c o o l i n g   of  the  r e a c t o r  

e f f l u e n t .  

I t   was  now  found  t h a t   the  f o u l i n g   on  the  i n s i d e   of  the  h e a t  

exchanger   can  be  d e c r e a s e d   and /o r   i n h i b i t e d ,   so  t h a t   the  s h e l l   a n d  

tube  hea t   exchanger   can  be  in  o p e r a t i o n   for  a  much  l onge r   t i m e s ,  

i f   the  i n t e r n a l   s u r f a c e s   of  the  tubes   of  the  heat   exchanger   a r e  

coa ted   with  an  i n e r t   l a y e r ,   impermeable  to  t h e  m a t e r i a l s   f rom 

the  r e a c t o r   e f f l u e n t ,   which  are  r e s p o n s i b l e   for  the  f o u l i n g ,   s a i d  

l aye r   masking  the  a l l o y   of  which  the  hea t   exchanger   tubes   c o n s i s t .  

Such  a  l a y e r   should  have  such  a  t h i c k n e s s ,   t h a t   i t   is  i m p e r m e a b l e  

to  the  r e a c t o r   e f f l u e n t ,   but  on  the  o the r   hand  i t   should   not  b e  

so  t h i c k   t h a t   i t   impedes  the  heat   t r a n s f e r .  

The  minimum  t h i c k n e s s   should  p r e f e r a b l y   be  0.5  µm.  P r e f e r a b l y  

i t   has  a  t h i c k n e s s   of  not  more  than  20  p m , f o r ,   with  g r e a t e r  

t h i c k n e s s e s ,   the  e f f e c t ,   the  t e m p e r a t u r e   drop  on  the  l a y e r ,   s h o u l d  

be  too  b i g .  

According  to  a  p r e f e r r e d   embodiment  of  the  i n v e n t i o n   the  l a y e r  

s u b s t a n t i a l l y   compr ises   g r a p h i t e ,   and /o r   metal   and /o r   metal   o x i d e s ,  

metal   s a l t s   and /or   s i l i c a t e s .  

A  p a r t i c u l a r l y   s u i t a b l e   p rocess   which  can  be  used  to  o b t a i n   s u c h  

a  l aye r   is ,   us ing   a  v i scous   mix tu re   of  a  powdered  g r a p h i t e ,   m e t a l s ,  

metal   ox ides ,   metal  s a l t s   ( p a r t i c l e   s i ze   g e n e r a l l y  <   5 µm)  w i t h  



a  s i l i c o n e   based  r e s i n   in  an  a r o m a t i c   s o l v e n t .   Said  mix ture   i s  

a p p l i e d   with  c u r r e n t   s p r a y i n g   methods  and  is  t h e r m o s e t .  

T h e r m o s e t t i n g   t akes   s u i t a b l y   p l ace   at   t e m p e t a t u r e s   between  2750c  

and  3750C  for  1½ -  5  h.  Said  t h e r m o s e t t i n g   (curing)   is  n e c e s s a r y  
to  v a p o r i z e   the  s o l v e n t ,   and  to  have  r e t i c u l a t i o n   take  p l ace   in  t h e  

r e s i n   component,   and  o p t i o n a l l y   to  have  the  r e s i n   componen t  

decomposed,  whi le   s i l i c o n   remains  e n c l o s e d   in  the  l a y e r .   The  r e s u l t  

is  t h a t   a  q u a s i - c o n t i n u o u s   l a y e r   is  formed,  with  a  small   s p e c i f i c  

a r ea .   Such  a  l a y e r   is  h i g h l y   w e a r - r e s i s t a n t   and  r e s i s t a n t   to  h i g h  

t e m p e r a t u r e s .  

The  i m p e r m e a b i l i t y   of  the  l aye r   can  be  i n c r e a s e d   by  r e p e a t i n g   t h e  

p r o c e s s   s e v e r a l   t imes .   Beside  g r a p h i t e   e s p e c i a l l y   meta ls   f rom 

group  3  or  4  of  the  p e r i o d i c a l   system  and  t h e i r   oxides   a r e  

c o n s i d e r e d ,   e . g .  a l u m i n i u m ,   t i t a n i u m ,   z i r con ium.   Also  s i l i c a t e s   a n d  

a l u m i n a t e s   can  be  used . .  

E s p e c i a l l y   g r a p h i t e   and  aluminium  appear   to  p rov ide   the  r e s u l t  

aimed  at   (dec rease   a n d / o r   i n h i b i t i o n   of  the  f o u l i n g   phenomena ) ,  

whi le   both  are  cheap  and  can  be  e a s i l y   a p p l i e d .  

Other  p r o c e s s e s   which  can  be  used  to  apply  a  metal   l aye r   are  c u r r e n t  

t e c h n i q u e s   l ike   v a p o r i z a t i o n  u n d e r   vacuum,  (vacuum  coa t ing   o r  

vacuum  m e t a l i z i n g ) ,   forming  a  d e p o s i t   of  metal   by  decompos i t i on   o f  

a  vaporous  metal   compound  (gas  p l a t i n g ) .  

Accord ing   to  a  second  embodiment  of  the  i n v e n t i o n   the  impe rmeab le  

l a y e r   on  the  i n t e r n a l   s u r f a c e   of  the  hea t   exchanger   tubes  c o n s i s t s  

of  an  i n e r t   po lymer ic   l a y e r .  

P r e f e r a b l y   t h i s   i s - a   po lymer ic   l a y e r ,   formed  by  app ly ing   a  m i x t u r e  

of  the  o i ly   f r a c t i o n   which  is  r e c o v e r e d   when  quenching  t h e  

e f f l u e n t   from  the  c r a c k i n g   r e a c t o r   ( e thy lene   quench  oi l )   and  of  an  



i n i t i a t o r   forming  f ree   r a d i c a l s ,   in  p a r t i c u l a r   a  p e r o x i d e ,   l i k e  

benzoyl   p e r o x i d e ,   cumene.  hydroperoxide. ,   on  the  i n t e r n a l   s u r f a c e  

of  the  tubes ,   d r a i n i n g   the  excess   and  t h e r m o s e t t i n g   t h e  

r e m a i n i n g  m i x t u r e .  

Such  a  l aye r   has  a  s t r u c t u r e   which  h i g h l y   r e sembles   the  f o u l i n g  

l a y e r   which  normal ly   appea r s ,   and  i t   is  s t a b l e   at  the  t e m p e r a t u r e s  

p r e v a i l i n g   in  the  heat   exchanger ,   so  t h a t   i t   does .  not   i n f l u e n c e  

the  phenomena  which  appear   in  the  hea t   exchange r .   On  t h i s   l a y e r ,  

once  formed,  only  a  small  f o u l i n g   l a y e r   a p p e a r s .  

The  i n v e n t i o n  a l s o   r e l a t e s   to  a  s h e l l   a n d  t u b e   h e a t e x c h a n g e r   to  b e  

u s e d  i n   an  a p p a r a t u s   for  c r a c k i n g   a  hyd roca rbon   s t a r t i n g   m a t e r i a l  

to  a l k e n e s ,   wherein  the  i n t e r n a l   s u r f a c e s   of  the  heat   e x c h a n g e r  

tubes  are  coated   with  an  i n e r t   l a y e r   impermeable  to  the  r e a c t o r  

e f f l u e n t   of  a  c r a c k i n g   fu rnace   for   the  p r e p a r a t i o n   of  a l k e n e s ,   s a i d  

l aye r   masking  the  a l l oy   of  which  the  heat   exchanger   tubes  c o n s i s t .  

The  l aye r   by  which  the  i n t e r n a l   s u r f a c e s   of  the  heat   e x c h a n g e r  

tubes  are  coated   should  p r e f e r a b l y   meet  the  a b o v e - m e n t i o n e d  

c o n d i t i o n s .  

The  i n v e n t i o n   a lso  r e l a t e s   to  a  p roces s   for  m a n u f a c t u r i n g   a  s h e l l  

and  tube  h e a t e x c h a n g e r   to  be  used  in  an  i n s t a l l a t i o n   for  c r a c k i n g  

a  hydrocarbon   s t a r t i n g   m a t e r i a l   to  a lkenes   and  r e s i s t a n t   t o  

quenching   of  the  e f f l u e n t   from  the  c r a c k i n g   r e a c t o r   of  such  a n  

i n s t a l l a t i o n ,   wherein   a  po lymer ic   l a y e r   is  formed  by  sp ray ing   a  

mixture   of  the  o i l y   f r a c t i o n   which  is  r e c o v e r e d   when  q u e n c h i n g  

the  e f f l u e n t   from  the  c r ack ing   r e a c t o r   ( a l k y l e n e   quench  oi l)   a n d  

of  an  i n i t i a t o r   forming  f ree   r a d i c a l s   onto  the  i n t e r n a l   s u r f a c e  

of  the  tube  and  t h e r m o s e t t i n g   i t .  

In  sa id   p rocess   p r e f e r a b l y   a  p e r o x i d e   is  used  as  c a t a l y s t ,   i n  



p a r t i c u l a r   benzoyl   p e r o x i d e ,   as  p e r o x i d e s   in  the  p o l y m e r i s a t i o n   o f  

a l kenes   and  a lkene   mix tu re s   are  e f f e c t i v e   c a t a l y s t s .  

The  amount  of  c a t a l y s t   may  vary  w i th in   wide  ranges  but  p r e f e r a b l y  

a  mix ture   is  used  which  comprises   0 . 5  -   3%  of  c a t a l y s t ,   as  w i t h  

such  a  mix ture   qu i ck ly   a  good  polymer  l a y e r   can  be  o b t a i n e d .  

The  e f f e c t   which  is  o b t a i n e d   with  the  i n s t a l l a t i o n   a c c o r d i n g   t o  

the  i n v e n t i o n   is  e l u c i d a t e d   in  the  f o l l o w i n g   e x a m p l e s .  

Example  I  

In  a  c u r r e n t   i n s t a l l a t i o n   for  the  p r e p a r a t i o n   of  e t h e n e , w i t h   a  

c a p a c i t y   of  40000  t o n s / y e a r   e thene ,   gas  o i l   was  c racked .   The 

e f f l u e n t   of  the  c r a c k i n g   furnace   had  the  f o l l o w i n g   c o m p o s i t i o n -  





Said  e f f l u e n t ,   which  had  a  t e m p e r a t u r e   of  800-850°C  and  a  p r e s s u r e  

of  1.6  bara  was  quenched  in  two  j u s t   c l eaned   s h e l l   and  tube  h e a t  

exchangers   (TLX)  connec ted   in  p a r a l l e l ,   while   on  the  s h e l l   s ide  o f  

the  heat   exchangers   steam  with  a  p r e s s u r e   of  110  bara  was  g e n e r a t e d .  

One  TLX  (A)  had  h e a t e x c h a n g e r   tubes  made  from  a  n i c k e l - c h r o m i u m -  

a l l o y   which  is  usual   for   t h i s   type  of  t u b e s .  

The  o t h e r   TLX  (B)  had  hea t   exchanger   tubes  from  the  same  n i c k e l  

chromium  a l l o y ,   the  i n t e r n a l   s u r f a c e   of  which  was  coa ted   with  a  

5  µm  t h i ck   aluminium  based  l a y e r   a p p l i e d   in  3  s t e p s .  

The  t e m p e r a t u r e   of  the  quenched  e f f l u e n t   coming  from  the  TLX  (A) 

in  the  b e g i n n i n g   of  the  t e s t   was  420°C  and  the  t e m p e r a t u r e   of  t h e  

quenched  e f f l u e n t   coming  from  TLX  (B)  was  450°C.  

The  v a r i a t i o n   in  t h e  t e m p e r a t u r e   of  the  e f f l u e n t s   coming  from  b o t h  

TLX  a g a i n s t   the  time  d u r a t i o n   of  the  t e s t   is  e l u c i d a t e d   in  t h e  

f i g u r e .  

Curve  A  shows  the  r e s u l t   for  TLX  (A). 

Curve  B  shows  the  r e s u l t   for  TLX  (B) .  

One  sees  t h a t   with  TLX  (A)  (Curve  A)  the  t e m p e r a t u r e   of  t h e  

e f f l u e n t   coming  from  the  TLX,  i n c r e a s e d   to  500 C  in  about   5  d a y s  

and  du r ing   the  r e s t   of  the  t e s t   the  t e m p e r a t u r e   g r a d u a l l y   f u r t h e r  

i n c r e a s e d ,   u n t i l   a f t e r   26  days  the  maximum  a l lowed  t e m p e r a t u r e  

of  560°C  was  o b t a i n e d .  

The  f o u l i n g   r a t e   in  TLX  (B)  (Curve  B)  was  s u b s t a n t i a l l y   c o n s t a n t  

and  the  e x t r a p o l a t e d   a t t a i n a b l e   hours  of  s e r v i c e   w i l l   be  60  days  

in  s t ead   of  26  l i ke   for  TLX  (A).  



Herefrom  i t   fo l lows   t h a t   with  the  second  TLX  the  hea t   t r a n s f e r  

dur ing   the  whole  t e s t   was  b e t t e r   than  with  the  f i r s t   TLX. 

Both  TLX's  were  thrown  out  of  o p e r a t i o n   and  were  i n s p e c t e d .  

TLX  (A)  appeared   to  comprise   a  t h i c k   f o u l i n g   l a y e r .  

In  TLX  (B)  only  a  s l i g h t   f o u l i n g   was  p r e s e n t .  

Coat ing  the  i n t e r n a l   s u r f a c e   of  the  heat   exchanger   tubes  o f  

TLX  (B)  was  c a r r i e d   out  by  s p r a y i n g   a  mix ture   of  12%  by  weight   o f  

aluminium  powder  with  a  p a r t i c l e   s ize   o f  <   2  µm,  48%  by  w e i g h t  

of  a  s i l i c o r e r e s i n   compr i s ing   methyl  groups  and  phenyl  g r o u p s ,  

and  40%  by  weight   of  t o luene   in to   the  tube,   d r a i n i n g   the  e x c e s s  

and  h e a t i n g   the  r emain ing   l aye r   for  2  hours  at  300°C,  t h u s  

v a p o r i z i n g   the  to luene   and  r e t i c u l a t i n g   the  r e s i n ,   r e p e a t i n g  

t h i s   p r o c e s s i n g   once,  and  f i n a l l y   r e p e a t i n g   the  t r e a t m e n t   o n c e  

with  a  mix ture   of  10%  by  weight   of  aluminium  powder  with  a  

p a r t i c l e   s ize   of  <  2  µm,  40%  by  weight   of  the  same  s i l i c o r e  r e s i n  

and  50%  by  weight   of  t o l u e n e .  

Example  I I  

The  t e s t   of  example  I  was  r e p e a t e d ,   while   a  TLX  (C)  was  used,   t h e  

heat   exchanger   tubes  of  which  were  coa ted   on  the  i n s i d e   with  a  

5  µm  t h i ck   l aye r   based  on  g r a p h i t e ,   which  was  a p p l i e d   as  f o l l o w s :  

A  mixture   of  24%  by  weight   of  g r a p h i t e   having  a  p a r t i c l e   s i ze   o f  

4  1 µm,  36%  by  weight   of  the  same  s i l i c o r e r e s i n   as  was  used  when 

forming  the  c o a t i n g   a c c o r d i n g   to  example  I  and  40%  by  weight   o f  

t o l u e n e   was  i n t r o d u c e d   in to   the  t ubes ,   the  excess   was  d r a i n e d   o f f  

and  the  r emain ing   l aye r   was  hea ted   for  2  hours  at  300°C  at  w h i c h  

t e m p e r a t u r e   the  to luene   was  v a p o r i z e d   and  the  r e s i n   was  s u b j e c t e d  

to  r e t i c u l a t i o n .   This  p r o c e s s i n g   was  r e p e a t e d   once  and  f i n a l l y  



the  p r o c e s s i n g   was  r e p e a t e d   once  with  a  mixture   of  20%  by  w e i g h t  

of  g r a p h i t e   having  a  p a r t i c l e   s ize  <  1 µm,  30%  by  weight   of  t h e  

same  s i l i c o n e r e s i n   and  50%  by  weight   of  t o l u e n e .  

The  v a r i a t i o n   in  the  t e m p e r a t u r e   of  the  e f f l u e n t   coming  from  s a i d  

TLX  (C)  a g a i n s t   the  time  c o r r e s p o n d e d   to  the  v a r i a t i o n   in  t h e  

t e m p e r a t u r e   of  the  e f f l u e n t   coming  from  TLX  (B)  (example  I)  a g a i n s t  

the  t i m e .  

At  the  end  of  the  t e s t   the  heat   exchanger   tubes  were  i n s p e c t e d ;  

only  a  s l i g h t   f o u l i n g   was  o b s e r v e d .  

Example  I I I  

A  s i m i l a r   t e s t   was  c a r r i e d   out  as  in  example  I,  wherein  now  a  

TLX  (D)  was  used  having  heat   exchanger   tubes  the  i n t e r n a l   s u r f a c e  

of  which  was  coa ted   with  a  po lymer ic   l a y e r ,   formed  by  mixing  t h e  

o i l y   f r a c t i o n   o b t a i n e d  w h e n   quenching   the  e f f l u e n t   from  t h e  

c r a c k i n g   r e a c t o r   ( e t h y l e n e   quench  o i l )   with  1.5%  of  b e n z o y l  

p e r o x i d e   and  i n t r o d u c i n g   sa id   mix tu re   in to   the  heat   exchanger   t u b e s ,  

d r a i n i n g   of f   the  excess   and  e x t e r n a l l y   h e a t i n g   the  tubes  at  4000C. 

The  v a r i a t i o n   in  the  t e m p e r a t u r e   of  the  e f f l u e n t   coming  f rom 

TLX  (D)  a lso   c o r r e s p o n d e d   to  curve  B  of  the  f i g u r e .   A t - the   e n d  

of  the  t e s t   the  heat   exchanger   tubes   of  TLX  (D)  were  i n s p e c t e d .  

On  the  po lymer ic   l aye r   a  s l i g h t   f o u l i n g   had  been  d e p o s i t e d .  



1.  I n s t a l l a t i o n   (plant)   for  t h e r m o c r a c k i n g   a  hyd roca rbon   s t a r t i n g  

m a t e r i a l   to  a l k e n e s ,   compr i s ing   a  c r a c k i n g   fu rnace   w i t h  

e x t e r n a l l y   hea ted   r e a c t o r   tubes  ( co i l s )   and  a  s h e l l   and  tube  h e a t  

exchanger   ("quench"  c o o l e r ,   " t r a n s f e r   l i ne"   heat   exchanger ,   TLX) 

to  be  used  for  quenching   the  r e a c t o r   e f f l u e n t   and  connec ted   to  t h e  

c r a c k i n g   f u r n a c e ,   wherein  on  the  s h e l l   s ide  steam  is  g e n e r a t e d .  

c h a r a c t e r i z e d   in  t h a t ,   the  i n t e r n a l   s u r f a c e s   of  the  tubes   of  t h e  

heat   exchanger   are  coa ted   with  an  i n e r t   l aye r   impermeable  to  t h e  

m a t e r i a l s   in  the  r e a c t o r   e f f l u e n t   which  are  r e s p o n s i b l e   for  t h e  

f o u l i n g ,   sa id   l aye r   masking  the  a l l o y   of  which  the  h e a t i n g  

exchanger   tubes  c o n s i s t .  

2.  I n s t a l l a t i o n   a c c o r d i n g   to  c la im  1,  c h a r a c t e r i z e d   in  t h a t   t h e  

i n e r t   c o a t i n g   l aye r   impermeable  to  the  m a t e r i a l s   in  the  r a c t o r  

e f f l u e n t   which  are  r e s p o n s i b l e   for   the  f o u l i n g ,   has  a  t h i c k n e s s  

between  0.5  µm  and  20  pm. 

3.  I n s t a l l a t i o n   a c c o r d i n g   to  claim  1  or  2,  c h a r a c t e r i z e d   in  t h a t  

the  inner   s u r f a c e s   of  the  tubes  of  the  heat   exchanger   are  c o a t e d  

with  a  l aye r   based  on  an  i n e r t   meta l ,   metal   oxide ,   a l u m i n a t e   a n d / o r  

s i l i c a t e .  

4.  I n s t a l l a t i o n   a c c o r d i n g   to  claim  3,  c h a r a c t e r i z e d   in  t h a t   t h e  



l aye r   based  on  i n e r t   metal   c o n s i s t s   of  a  c o a t i n g   based  on 

a l u m i n i u m .  

5.  I n s t a l l a t i o n   a c c o r d i n g   to  c la im  1  or  2,  c h a r a c t e r i z e d   in  t h a t  

the  tubes   of  the  heat   exchanger   are  i n t e r n a l l y   coa ted   with  a  

l a y e r   based  on  g r a p h i t e .  

6.  I n s t a l l a t i o n   a c c o r d i n g   to  c la im  1  or  2,  c h a r a c t e r i z e d   in  t h a t  

the  tubes  of  the  heat   exchanger   are  i n t e r n a l l y   coa ted   with  an  

i n e r t   po lymer ic   l a y e r .  

7.  I n s t a l l a t i o n   a c c o r d i n g   to  c la im  6,  c h a r a c t e r i z e d   in  t ha t   t h e  

po lymer i c   l a y e r   is  formed  by  app ly ing   a  mixture   of  the  o i l y  

f r a c t i o n   which  is  r e c o v e r e d   when  quenching  the  e f f l u e n t   from  t h e  

c r a c k i n g   r e a c t o r   ( a lky l ene   quench  oi l )   and  a  f ree   r a d i c a l  f o r m i n g  

i n i t i a t o r   onto  the  i nne r   s u r f a c e   of  the  l i n e s ,   e .g .   by  s p r a y i n g ,  
fo l lowed   by  t h e r m o s e t t i n g   sa id   l a y e r .  

8.  I n s t a l l a t i o n   a c c o r d i n g   to  c la im  7,  c h a r a c t e r i z e d   in  tha t   t h e  

po lymer i c   l a y e r   is  formed  by  a p p l y i n g   a  mixture   of  the  o i l y  

f r a c t i o n   which  is  r e c o v e r e d   when  quenching   the  e f f l u e n t   from  t h e  

c r a c k i n g   r e a c t o r ,   and  a  p e r - o x i d e   as  i n i t i a t o r   onto  the  s u r f a c e  

fo l lowed   by  t h e r m o s e t t i n g .  

9.  She l l   and  tube  hea t   exchanger   to  be  used  in  an  i n s t a l l a t i o n   f o r  

c r a c k i n g   a  hydrocarbon   s t a r t i n g   m a t e r i a l   to  a l k e n e s ,   c h a r a c t e r i z e d  

in  t h a t   the  i n t e r n a l   s u r f a c e s   of  the  heat   exchanger   tubes  a r e  

coa ted   with  an  i n e r t   l a y e r ,   impermeable  to  the  r e a c t o r   e f f l u e n t   o f  

a  c r a c k i n g   fu rnace   for  the  p r e p a r a t i o n   of  a l k e n e s ,   said  l a y e r  

masking  the  a l l o y   of  which  the  heat   exchanger   l i n e s   c o n s i s t .  

10.  She l l   and  tube  h e a t e x c h a n g e r   a c c o r d i n g   to  claim  9,  c h a r a c t e r i z e d  

in  t h a t   the  impermeable   c o a t i n g   l aye r ,   which  is  i n e r t   for  t h e  



r e a c t o r   e f f l u e n t   on  the  i n t e r n a l   s u r f a c e s   of  the  heat   e x c h a n g e r  

tubes  has  a  t h i c k n e s s   between  0.5  um  and  30  um. 

11.  She l l   and  tube  h e a t e x c h a n g e r   a c c o r d i n g   to  claim  9  or  10,  

c h a r a c t e r i z e d   in  t h a t   the  i n t e r n a l   s u r f a c e s   of  the  l i n e s   of  t h e  

h e a t e x c h a n g e r   are  coated   with  a  l aye r   based  on  an  i n e r t   m e t a l ,  

ox ide ,   s i l i c a t e .  

12.  Shel l   and  tube  h e a t e x c h a n g e r   a c c o r d i n g   to  c la im  11, 

c h a r a c t e r i z e d   in  t h a t   the  l a y e r   of  i n e r t   m a t e r i a l   c o n s i s t s   of  a  

c o a t i n g   based  on  a l u m i n i u m .  

13.  She l l   and  tube  h e a t e x c h a n g e r   a c c o r d i n g   to  claim  9  or  10,  

c h a r a c t e r i z e d   in  t h a t   the  tubes  of  the  h e a t e x c h a n g e r   a r e  

i n t e r n a l l y   coa ted   with  a  l aye r   based  on  g r a p h i t e .  

14.  She l l   and  tube  h e a t e x c h a n g e r   a c c o r d i n g   to  claim  9  or  10,  

c h a r a c t e r i z e d   in  t h a t   the  tubes  of  the  h e a t e x c h a n g e r   are  i n t e r n a l l y  

coa ted   with  an  i n e r t   po lymer i c   l a y e r .  

15.  Shel l   and  tube  h e a t e x c h a n g e r   a c c o r d i n g   to  claim  14,  c h a r a c t e r i z e d  

in  t h a t   the  po lymer ic   l aye r   is  formed  by  s p r a y i n g   a  mix ture   of  t h e  

o i l y   f r a c t i o n   which  is  r e c o v e r e d   when  quenching   the  e f f l u e n t   f r o m  

the  c r a c k i n g   r e a c t o r   ( a lky l ene   quench  o i l )   and  of  an  i n i t i a t o r  

forming  f ree   r a d i c a l s ,   onto  the  i n t e r n a l   s u r f a c e   of  the  l i n e s  

fo l lowed   by  t h e r m o s e t t i n g .  

16.  Shel l   and  tube  h e a t e x c h a n g e r   a c c o r d i n g   to  claim  15,  

c h a r a c t e r i z e d   in  t h a t   the  po lymer i c   l a y e r   is  formed,  by  a p p l y i n g  

a  mix ture   of  the  o i ly   f r a c t i o n   which  is  r e c o v e r e d   when  q u e n c h i n g  

the  e f f l u e n t   from  the  c r a c k i n g   r e a c t o r   and  a  pe rox ide   as  i n i t i a t o r  

onto  the  s u r f a c e   fo l lowed  by  t h e r m o s e t t i n g .  



17.  Process   for  the  manufac tu re   of  a  s h e l l   and  tube  h e a t e x c h a n g e r ,  

to  be  used  in  an  i n s t a l l a t i o n   for  c r a c k i n g   a  hydrocarbon   s t a r t i n g  

m a t e r i a l   to  a lkenes   and  i n t e n d e d   for  quenching   the  e f f l u e n t   coming 

f rom- the   c r a c k i n g   r e a c t o r   of  such  an  i n s t a l l a t i o n ,   c h a r a c t e r i z e d   i n  

t h a t   the  i n t e r n a l   s u r f a c e s   of  the  heat   exchanger   tubes  are  s p r a y e d  

with  a  mixture   of  an  o i l y   f r a c t i o n   o b t a i n e d   when  quenching  t h e  

e f f l u e n t   from  a  c r a c k i n g   r e a c t o r   for   the  p r e p a r a t i o n   of  a l k e n e s  

and  of  an  i n i t i a t o r   forming  f ree   r a d i c a l s ,   d r a i n i n g   off   the  e x c e s s  

of  the  mixture   from  the  heat   exchanger   tubes  and  h e a t i n g   t h e  

tubes   at  a  t e m p e r a t u r e   at  which  the  mix ture   is  c u r e d .  

18.  Process   a c c o r d i n g   to  claim  17,  c h a r a c t e r i z e d   in  t h a t   a s  

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

19.  Process   a c c o r d i n g   to  claim  18,  c h a r a c t e r i z e d   in  t h a t  

benzoyl   p e r o x i d e   is  used  as  i n i t i a t o r .  

20.  P rocess   a c c o r d i n g   to  claim  17-19,  c h a r a c t e r i z e d   in  t ha t   a  

mix tu re   is  used  which  comprises   1-5%  i n i t i a t o r .  
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