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In connection with the need fo r  expanding the product ion of liquid para f f ins ,  it is e x t r e m e l y  impor tan t  to 
invest igate  the effects  o'f inhibitors on the dewaxing or  deparaff in iza t ion  p r o c e s s ,  It  is known that  ce r t a in  
types  of r e s ins  or  t a r s  will suppres s  the reac t ion  of u r ea  adduct fo rmat ion  with n -a lkanes  [1-3]. Cer ta in  
a roma t i c  hydrocarbons  that  a r e  p r e s e n t  in d iese l  fuel cuts a r e  adsorbed  on the c ry s t a l s  of u r e a  and the c o m -  
plex [4, 5], p robably  resul t ing in lower  yields  of n -a lkanes .  

Here ,  we are  repor t ing  on studies of the influence of a roma t i c  hydrocarbons  on adduct fo rmat ion ,  with 
a view toward es tabl ishing the re la t ionship  between t he i r  adsorpt ion  in teract ion and t he i r  inhibiting p rope r t i e s .  
In forming  the adducts we used n-heptadecane  as the s ta r t ing  ma te r i a l ;  the u r e a  was c rys ta l l ine  m a t e r i a l  in 
"ch.d.a" ["pure ,  fo r  analys is"]  grade;  the solvent  was r e f e r e n c e - g r a d e  isooctane;  the ac t iva to r  was methanol .  
As inhibitors we used ~-methylnaphtha lene  and te t ra l in ,  as the m o s t  r ep re sen t a t i ve  of the a r o m a t i c  hydro -  
ca rbons  that  a r e  p r e s en t  in d iese l  fuel cuts f r o m  a number  of p rospec t ive  crude  oils and a r e  dist inguished by 
the abi l i ty to be adsorbed  on u r e a  c r y s t a l s  [5]. In our  expe r imen t s ,  the following conditions were  maintained:  
volume ra t io  of n-heptadecane  to solvent 1 : 9; m a s s  ra t io  of feedstock to c rys ta l l ine  u rea  w : 1; m a s s  ra t io  
of feeds tock  to ac t iva to r  1 : 0.04; t e m p e r a t u r e  25~ s t i r r ing  ra te  900 rpm.  

The studies were  c a r r i e d  out in a l abo ra to ry  unit {Fig. 1), using a t he rmograph ic  analyt ica l  technique. 
The n-heptadecane  was p remixed  with the solvent; then the mix tu re  was charged  to the 500-ml  t he rmos t a t ed  
f lask  6. Through the t r a n s f o r m e r  8, the e lec t r i c  mo to r  4 was turned on, dr iving the s t i r r e r  5. At the s ame  
t ime ,  the e lec t ronic  sect ion 2 was switched on, as well  as the e lec t ron ic  po ten t iomete r  1. A weighed sample  
of u r e a  was added slowly, in sma l l  por t ions ,  to the f lask  6, so as to ensu re  un i form mixing of the two phases .  
Af te r  s tabi l izing the t e m p e r a t u r e  conditions of the two-phase  sy s t em,  the ac t i va to r  was introduced into the 
reac t ion  sys tem.  The amount  of heat  r e l e a s ed  as a r e su l t  of the adduct fo rma t ion  was r e g i s t e r e d  by means  
of the r e s i s t ance  t h e r m o m e t e r  7. The signal was s tabi l ized,  ampli f ied in the sect ion 2, and r eco rded  in the 
f o r m  of a continuous curve  on the s t r ip  char t  of the po ten t iomete r  1, showing the concentra t ion  as a function 
of t ime.  

These  expe r imen t s  have yielded the f i r s t  data  on the re la t ionship  between the amount  of n -hep tadecane  
that  has  en tered  into the act ion and the concentra t ion  of a r o m a t i c  hyd roca rbons ,  as desc r ibed  by the e m p i r i -  
ca l  fo rmula  
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Fig. 1. D i a g r a m  of unit fo r  de te rmina t ion  of 
adduct fo rmat ion  ra te  by a t he rmograph ic  
method: 1) e lec t ronic  po ten t iometer ;  2) e l e c -  
t ron ic  section; 3) hea te r ;  4) e l ec t r i c  motor ;  5) 
s t i r r e r ;  6) t he rmos ta t ed  f lask;  7) r e s i s t a n c e  
t h e r m o m e t e r ;  8) t r a n s f o r m e r .  
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TABLE 1. F o r m  of Re l a t i onsh ips  with Dif -  
f e r e n t  C o n c e n t r a t i o n s  of A r o m a t i c  Hydro -  

c a r b o n  

Concn. of I standard aromatic hy- I Absolute 
drocarbon, I Empirical formula 
mass % rela- error 
rive to urea 

0,00 

4,85 

9,70 

14,55 

21,60 

0,00 

10,20 

15,35 

21,58 

43,25 

Tetralin 

Yl = 92,660e- 5. 531 e 0' 0107t 

y~ = 72,581 e - 4 '  109 e - 0 ' 0 0 8 9 8 t  

Ys = 65, 335e-3' 138 e - ~  00631t 

Y4 = 55,886 e - 3 '  595 e-- O, 00748t 

Y5 : 55,779 e - 3 '  255 e - O '  00606t 

a-  Methylnaphthalene 

Yl = 92, 660e-5' 53t e ~ 0107t 

Y~ : 79,160 e_4,973 e--O, 0o916t 

/]3 : 69,821 e -z'6~ e -0'~176 

Y4 : 65,415 e - 5 '  353 e - 0 '  009691 

Y5 : 59,006 e - 5 '  005 e - ~  0103t 
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Fig.  2. Effect  of a r o m a t i c  h y d r o -  
c a r b o n s  on adduct  f o r m a t i o n  r e a c -  

t ion:  1) with added t e t r a l i n  (5 - r a in  
r eac t ion ) ;  2) s a m e  (10- ra in  reac t ion) ;  
3) with added a - m e t h y l n a p h t h a l e n e  
( 5 - m i n  r eac t ion ) ;  4) s a m e  (10- ra in  
r eac t ion ) .  
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whe re  y is the quan t i ty  of n - h e p t a d e c a n e  tha t  has  e n t e r e d  into the adduct ,  % of t heo re t i c a l ;  a ,  b,  and c a r e  
c o n s t a n t s  tha t  depend on the c o n c e n t r a t i o n  of a r o m a t i c  h y d r o c a r b o n  in the m i x t u r e  and on i ts  p h y s i c o c h e m i c a l  
p r o p e r t i e s ;  t is the r e a c t i o n  t i m e ,  sec .  

The equa t ion  r e l a t i n g  the quant i ty  of n - h e p t a d e c a n e  that  has  e n t e r e d  into the adduct  and the length of the  
r e a c t i o n  p e r i o d ,  with d i f f e ren t  c o n c e n t r a t i o n s  of a r o m a t i c  h y d r o c a r b o n ,  a r e  shown in Tab le  1. 

F o r  a c o m p a r i s o n  of the inh ib i t ing  effects  of t e t r a l i n  and a - m e t h y l n a p h t h a l e n e  on the adduct  f o r m a t i o n  
r e a c t i o n ,  c u r v e s  w e r e  plot ted  fo r  the quant i ty  of n - h e p t a d e c a n e  e n t e r e d  into the adduct  a f t e r  5 and 10 ra in  f r o m  
the  s t a r t  of the r e ac t i on ,  as  a func t ion  of the  c o n c e n t r a t i o n  of a r o m a t i c  h y d r o c a r b o n  in  the r e a c t i o n  m i x t u r e  
(Fig.  2). These  p lo t s  show tha t  t e t r a l i n  inh ib i t s  the r e a c t i o n  of adduct  f o r m a t i o n  to a g r e a t e r  d e g r e e  than  does  

a - m e t h y l n a p h t h a l e n e .  F o r  a g iven  c o n c e n t r a t i o n  of a r o m a t i c  h y d r o c a r b o n  in  the m i x t u r e  and fo r  a g iven  r e -  
ac t i on  pe r i od ,  the  amoun t  of n - h e p t a d e c a n e  e n t e r i n g  into the adduet  is  c o n s i d e r a b l y  l e s s  when t e t r a l i n  is  p r e s -  
en t  than when a - m e t h y l n a p h t h a l e n e  is  p r e s e n t .  The r e l a t i o n s h i p  be t w e e n  the a m o u n t  of n - h e p t a d e c a n e  e n t e r -  
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ing into the adduct and the concentrat ion of a romat ic  hydrocarbon,  with a react ion t ime of 5 rain, is descr ibed 
by the equation 

X M 1  
y = a +  - -b- -cx  

where y is the quantity of n-heptadecane that has entered into the adduct, % of theoret ical ;  a ,  b, and c are  
constants;  x is the concentrat ion of a romat ic  hydrocarbon,  mass  % relat ive to urea.  

For  te t ra l in ,  the constants a ,  b, and c in this equation are  respect ively  68.152, 0.119, and 0.0221; the 
absolute standard e r r o r  in this relat ionship is 0.2665. For  ~-methylnaphthalene,  the respect ive  values a re  
73.608, 3.507, and 0.0273; the absolute standard e r r o r  is 0.4828. 

With a react ion t ime of 10 rain, the relationship is expressed  by the equation 

�9 y = a . - } - b x + c x  2 

where for  te t ra l in  a = 90.142, b = 4.123, and c = 0.107; for  ~-methylnaphthalene,  the respect ive  values are  
89.227, 1.588, and 0.0205. The absolute standard e r r o r  is 0.8427 for  te t ra l in  and 1.1407 for  c~-methylnaph- 
thalene. 

Thus we see that the kinetic curves  for  u rea  adduct formation with an n-alkane in the p resence  of a ro-  
matic hydrocarbons  are logari thmic.  The re la t ionsh ips  between the content of n-heptadecane in the adduct and 
the content of te t ra l in  of ~-methylnaphthalene in the react ion mixture are  nonlinear.  Tetral in  inhibits the ad-  
duct format ion p rocess  to a g rea t e r  degree  than does ~-methylnaphthalene.  For  these two aromat ic  hydro-  
carbons ,  we find that the s t ronger  inhibition of complex format ion is associa ted with more  strongly mani-  
fested adsorpt ion bonding to the urea  c rys ta l s .  
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