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INCREASING THE YIELD OF P O L Y - ~ O L E F I N  OIL 

R. Sh.  Kuliev UDC 621.892.28 

Synthet ic  lubricants are increas ingly  widely used in technology, especia l ly  in au tomot ive  transport,  where  

p o l y - a - o l e f i n  (PAO) oils are p re fe r red  [1 - 4 ] .  The highest  quality lubricants o f  the SHPD class are manufac tured  

with these oils for diesel engines  [5]. With lower consumpt ion  of  PAO oil, the c leanness  of  carburetor  engines  is 

better, consumpt ion  of  addit ives is slowed, and they combine  better with e las tomers  [4]. 

F e e d s t o c k  canno t  be  t o t a l l y  conve r t ed  into oi l  when  they are m a n u f a c t u r e d  by  p o l y m e r i z a t i o n  o f  
a -olef ins  in the presence of  a luminum chloride as catalyst .  The yield of  oil as a function of  the feeds tock  is 

74.5 - 83 wt. % (Table 1) and does  not exceed 83% even  in polymerizat ion of  individual  a -olefins [6]. 

We invest igated the poss ib i l i ty  of  increasing the yield of  PAO oil in po lymer iza t ion  of  a -olefins on A1C13 

catalyst.  C 8 - C t4 et -olef ins dis t i l l ing within the l imits o f  140 - 240~ obta ined  by cracking of  waxes were used 

as the feedstock�9 

The  a-olef in  and o le f in-conta in ing  hydrocarbons  were  po lymer ized  in prev ious ly  determined op t imu m 

condit ions [7]: amount of  cata lys t :  4 wt. % in ~x-olefins; temperature:  30~ contact  time: 3 h. 
The  possibil i ty of  po lymer iza t ion  of ct -olef ins  contained in <350~ cuts and these cuts together  with 

c t -o lef ins  was verified. It was found (Table 2) that as a result  of  three-s tage  polymer iza t ion  of t~-olefins,  the 

TABLE 1 

P o l y m e r i z a t i o n  f e e d s t o c k  ct - o l e f i n s  
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C r a c k i n g  of  w a x e s  140-240 C8---C14" 74.5 32.5 120.0 -28 889 

O l i g o m e r i z a t i o n  o f  e t h y l e n e  65 - 240 C6--C14"* 81.5 33.0 122.0 --18 893 

A c c u r a t e  f r a c t i o n a t i o n  - CgHLs 74.5 32.8 120.7 -28 890 

S a m e  - Cl0Hz0 77.8 35.6 121.3 -28  890 

S a m e  - CuH22 80.1 37.7 120.3 -28  890 

S a m e  - C 1 2 H 2 4  82.5 37.7 120.5 -28 890 

S a m e  - C 1 3 H 2 6  83.0 40.9 120.8 -36  910 

Notes, * Con t a i n s  h y d r o c a r b o n s ,  wt. %: c t - o l e f i n i c ,  81.7; o l e f i n i c ,  11.2; p a r a f f i n i c ,  7.1.  

** C o n t a i n s  h y d r o c a r b o n s ,  wt .  %: tt - o l e f i n i c ,  95 ;  o l e f in i c ,  3.7;  p a r a f f i n i c ,  1.3. 
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TABLE 2 

I n d e x e s  

D e g r e e  o f  
po l~cmer iza t ion  

G r o u p  h y d r o c a r b o n  c o m p o s i t i o n  o f  <350~  f r ac t ion ,  wt. % 

p a r a f f i n s  44.6 74.3 99.5 

o l e f i n s  47.3 19.4 0.4 

d i e n e s  and c y c l o o l e f i n s  4.1 3.8 0.1 

t r i e n e s  0.9 0.7 None 

a l k y l b e n z e n e s  2.8 1.7 None 

a l k e n y l b e n z e n e s  0.3 0.1 None 

Y ie ld  o f  cu t ,  wt. % 

< 3 5 0 ~  in in i t ia l  o l e f i n s  - 28.9 20 

t a r g e t  > 350~ 

in < 3 5 0 ~  cut  - 71.7 30.3 

in in i t i a l  o l e f i n s  74.5 16 6 

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  o f  P A O  oil  

v i s c o s i t y  at 100~ mmZ/sec  32.50 22.16 20.14 

v i s c o s i t y  index  120 120 118 

so l id  p o i n t  -28 -34  -36  

m o l e c u l a r  we igh t  889 879 868 
c o l o r ,  STC uni ts  4 3 3 

TABLE 3 

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  
Taken ,  wt. % O b t a i n e d ,  wt. % o f  PAO oil  
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Fi r s t  22.5 77.5 24.5 93.5 32.61 120 -28 4 

S e c o n d  24.5 77.5 23.5 96.2 32.60 120 -28 4 

T h i r d  23.5 76.5 21.5 97.3 32.59 120 -28 4 

F o u r t h  21.5 78.5 20.7 97.4 32.58 120 -28 4 

F i f th  20.7 79.3 20.3 97.5 32.75 120 -28 4 

S ix th  20.3 79.7 20.3 97.5 32.75 120 -28 4 

concentrat ion of  olefin hydrocarbons in the <350~  cut decreased f rom 47.3 to 0.4 wt. % and the concentrat ion 

of  paraffinic hydrocarbons  attained 99.5 wt. %. 

The y ie ld  o f  the >350~ cut o f  PAO oil  increased f rom 74.5 wt. % after  one - s t age  po lymer i za t i o n  

to 96.5 wt. % after  three-s tage polymer iza t ion .  The oils obtained af ter  the second and third s tages  differed f rom 
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TABLE 4 

D e g r e e  of  
p o l y m e r i z a t i o n  

G r o u p  h y d r o c a r b o n  c o m p o s i t i o n  of  <350~ cut ,  wt. % 
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First 44.6 47.3 4.1 0.9 2.8 0.3 

Second 73.8 19.4 3.8 0.6 2.2 0.1 

Third 79.17 15.8 2.8 0.4 1.8 0.03 

Fourth 84.47 11.3 2.4 0.4 1.4 0.03 

Fifth 90.17 6.4 2.0 0.3 1.1 0.03 

Sixth 98.30 None 1.2 0.1 0.4 None 

TABLE 5 

I n i t i a t o r  
c o n t e n t  in 
f e e d s t o c k ,  

wt. % 

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  o f  i n i t i a to r  

m o l e c u l a r  n - p a r a f f i n  
w e i g h t  con ten t  

Yie ld  
of  PAO 

oil ,  
wt. % 

in 
o le f ins  

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  o f  
PAO oi l  

v i s c o s i t y  
at IO0~ 
mm2/sec  

v i s c o s i t y  
i n d e x  

sol id  
point ,  ~ 

Polymerization feedstock 
15 160 99.7 95.8 63.8 133 -28 

20 160 99.7 97 47 125 -28 

25 160 99.7 97 38.6 122 -28 

20 150 89 97 37.5 122 -28 

Cs-C14 olefins 
20 160 99.7 97.5 38.6 123 -28 

20 150 89 97.1 38 120 -28 

20 100 100 80 59.8 130 -28 

C6"C14 olefins 
20 160 99.7 97.1 38.7 123 -28 

20 150 89 97.1 38.3 121 -28 

the oil obta ined  after the first  s tage due to the lower v iscos i ty  and molecular  weight ,  lower solid point,  and 

slightly bet ter  color, while the v iscos i ty  index was on the same level .  

The results of  po lymer iza t ion  of  the <350~ cut mixed with (t -olefins in ca ta lys t  consumption of  4 wt. % 

in ct-olefins are reported in Table 3. To obtain 97.5 wt. % PAO oil, it was necessary to conduct  five po lymer iza t ion  

cycles. The oils obtained after  each cycle had almost  the same physicochemical  proper t ies .  

As Table 4 suggests,  af ter  the fifth polymerizat ion cycle,  the concentration of  unsatura ted  hydrocarbons  in 

the <350~ cut decreased f rom 55.4 to 9.83 wt. % and was a total  of  1.7 wt. % after  the sixth cycle. Paraff in ic  

hydrocarbons  accumulated in the l ight cuts in polymerizat ion of  the <350~ cut wi th  recirculation.  After  the 

sixth cycle ,  it reached 98.3 wt. % or approximate ly  20 wt. % in polymerizat ion feeds tock.  

It also fol lows f rom Tables  3 and 4 that the paraffinic hydrocarbons  contained in o~ -olefins in the amount  

of 18 - 20 wt. % intensify the polymer iza t ion  process. For this reason,  we investigated the possibil i ty of  increasing 
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the yield of  PAO oil by adding paraff inic and naphtheno-paraf f in ic  hydrocarbons  to the system.  Individual  

C13H26 (1 -olefin and mix tu res  of  C 8 - C14 and C 6 - C14 tx -olefins were used  as feedstock. 

Polymerizat ion was  conducted in the o p t i m u m  conditions indicated above with addit ion of a mixture of  

pa r a f f i n i c  h y d r o c a r b o n s  wi th  a mol.  wt. o f  160 conta in ing  99 .7% n -pa ra f f i n i c ,  or n a p h t h e n o - p a r a f f i n i c  

hydrocarbons  with mol.  wt. of  150 obtained in a lkylat ion of the 140 - 200~ crude oil cut. The results of  

polymeriza t ion  in the p resence  of initiator addi t ives  are reported in Table  5. 

Addition of an in i t ia tor  increased the yie ld  o f  PAO oil to 97 - 97.5 wt. %. The op t imum init iator content 

is 20% in o lef ins .  I n i t i a t o r s  o f  the p a r a f f i n i c  and  n a p h t h e n o - p a r a f f i n i c  base  shou ld  h a v e  a m i n i m u m  

mol.  wt. o f  150. In their  presence,  the viscosi ty  o f  the oil increases while  the other quality indexes  remain high. 

The yield of  PAO oil  can thus be increased  to 97.5 wt. % with the fol lowing methods:  
�9 three-stage polymer iza t ion  of  the < 3 5 0 ~  cut separated by a tmospher ic -vacuum dist i l lat ion f rom the 

polymer iza te ;  

�9 polymer iza t ion  with six-fold rec i rcu la t ion  of the <350~ cut; 

�9 po lymer iza t ion  of  tx -olef ins mixed  wi th  paraffinic or naph theno-para f f in ic  hyd roca rbons  with a 
min imum mol.  wt. of 150. 
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