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The opening of the Orenbu rg  gas  condensate  f ie ld has  posed a n u m b e r  of p r o b l e m s ,  mainly  in the t r e a t -  
men t  of  the gas,  the wide cut of l ight hydroca rbons  (WCLH), and the s tabi l ized  condensate  to r e m o v e  mercap tan ,  
sulfide,  and disulf ide sul fur .  

Const ruc t ion  of  a spec ia l ly  designed complex  at the Salavat  P e t r o c h e m i c a l  Combine is planned [1] in o r -  
der  to handle  the p r o c e s s i n g  of the s tabi l ized  condensate  and WCLH f r o m  the Orenburg  gas  p roces s ing  plant .  
This  design ca l l s  fo r  mixing the depropanized  wide cut with tile s tabi l ized  condensate  and desulfur iz ing this mix -  
tu re  in a hydro t r ea t ing  unit. However ,  the hydro t rea t ing  p r o c e s s  involves m a j o r  capi ta l  and opera t ing  cos t s .  
The nominal  cost*  fo r  t r ea t ing  1 m e t r i c  ton of gasol ine  in the Salavat  P e t r o c h e m i c a l  Combine is 2.67 rubles .  

The wide cut may  be dem ercap t an i zed  by means  of an effect ive p r o c e s s  developed by VNIIUS and t e s t ed  
under  c o m m e r c i a l  condit ions in the example  of n -pen tane  [2] (nominal cos t  of t rea t ing  0.54 rub les / ton ) ;  how- 
ever ,  t he re  is no cu r ren t ly  avai lab le  c o m m e r c i a l  method, o the r  than hydrot rea t ing ,  to r e m o v e  sulfides,  disul-  
f ides ,  and thiophenes.  Fu r the r ,  no data have  appeared  in the l i t e r a t u r e  on the dis t r ibut ion of sulfides,  disulfides,  
and thiophenes in hydroca rbon  cuts.  

The dis t r ibut ion of su l fu r  compounds in the hydrocarbon  f rac t ions  of the Orenburg  gas condensate  has  
been  inves t iga ted  by means  of a l a b o r a t o r y  unit [3]. I t  was  found that the disulf ides and thiophenes a r e  concen-  
t r a t ed  in the hexanes  and h e a v i e r  f rac t ions ,  but the sulf ides a r e  d is t r ibuted  in the f rac t ions  beginning with n-  
butane.  In this connection, a feas ib i l i ty  study has  been made  on the product ion of a WCLH in the Orenburg  gas 
p r o c e s s i n g  plant  with m i n i m um  content of C5-C G hydroca rbons  by making changes in the opera t ing  conditions of 
the unit producing  this m a t e r i a l .  

According tO the design, the WCLH is produced in the Orenburg  gas  p r o c e s s i n g  plant  in Unit 90 by r e -  
covery  f r o m  the s tabi l iza t ion  gases  ( t rea ted  to r e m o v e  hydrogen sulfide) and the s tabi l ized condensate  (dis t i l la-  
tion range  - 3 5  ~ to +230~ Unit 90 is designed in a two- tower  scheme.  The f i r s t  v e s s e l  is an a b s o r p t i o n / s t r i p -  
ping tower  (AST) used  fo r  absorp t ion  of the C3-C 5 hydroca rbons  f r o m  the s tabi l izat ion gases  (with s tabi l ized con- 
densa te  as  absorbent)  and deethanizat ion of  the sa tu ra t ed  absorbent ;  the second is a s tabi l izat ion tower  in which 
the WCLH is s e p a r a t e d  f r o m  the sa tu ra t ed  absorbent .  In Tables  1 and 2 we have  l is ted the main  c h a r a c t e r i s t i c s  
of  the towers  and the i r  design opera t ing  condit ions.  

* A s tandard  nreduced cos t "  including opera t ing  expenses  and a s t a n d a r d p e r c e n t a g e  re tu rn  on capital  - T r a n s l a t o r .  

TABLE 1. P r i m a r y  C h a r a c t e r i s t i c s  of Tower  Equipment  of Unit 90 

Vesse l  
C h a r a c t e r i s t i c  

AST s t ab i l i ze r  

Height,  m 
Diame te r ,  m 
T r a y  type 

N u m b e r  of t r ays  

3O 
2.0 

Grid, 
no downcomers  

31 

25 
2 .6 /3 .2  
Valve 

30 
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TABLE 2. Design Operating Conditions of 
Equipment of Unit 90 

Basic parameters 

Pressure, kgf/cm ~ 
Temperature, ~ 

tower top 
feed 
still 
reboiler 

Vessel 

AST 

5 

35 
4O 
83 
9O 

stabilizer 

14 

127 
160 
210 
230 

The composit ion of the WCLH f rom the Orenburg refinery,  as produced in accordance with the design 
scheme in Unit 90 of the Orenburg  gas p rocess ing  plant in December ,  1974, was as follows: 

ContenI:, Component wL% 

Methane 0.13 
Ethane 1,67 
Propane 20,87 
Isobutane 10.6 
n-Butane 23.63 
Isopentane 17,57 
n-Pentane 18.46 
C~ and higher 5.28 
Hydrogen sulfide 0.005 
Sulfide, disulfide, and thio- 

phene sulfur 0,22 
Mercaptan sulfur 1.57 

including: 
a) SCHasH 0.37 
b) SC~H6sH 0.94 
C) SCsHTSH 0.~ 

The individual composition of the mercaptans  and sulfides was studied in a g a s - l i q u i d  chromatograph 
with a select ive coulometr ie  detector  of the flow type [4]. The length of the glass  chromatographic  column was 
4 m, inside d iameter  0.4 cm, column tempera tu re  25~ c a r r i e r  gas (air) velocity 0.3 m / s e e .  The electrolyte  
was a 0.01 N solution of potass ium iodide, fed in at a ra te  of 0.01 m/ see .  

As can be seen f rom the data we have listed, the content of total sulfur  in the wide fract ion is 1.795% by 
weight, with the mercap tans  accounting for more  than 85% of the total sulfur. 

Through a VNIIUS labora to ry  study of the p rocess  through which the WCLIt is separated in the Orenburg 
gas p rocess ing  plant, it was found that, when the WCLH is lightened up so that it contains no more  than 10% C 5 
by weight, the disulfides and thiophenes a re  completely eliminated, and the sulfide [sulfur] content is reduced 
to 0.02% by weight. 

In o rde r  to determine the feasibil i ty of operat ing the unit under conditions giving a l ighter  WCLH (C 5 con- 
tent less  than 10% by weight) with a reduced content of sulfide sulfur, the stabilization p rocess  was calculated 
in an M-222 computer .  The basis  for  this calculation was a p rog ram for  calculation of absorption and f rac t iona-  
tion p r o c e s s e s  by a relaxation method [5]. The experiment,  which was pe r fo rmed  over  a wide range of va r i a -  
tion of the p roces s  pa rame te r s ,  showed that the s tabi l izer  can provide the required separat ion under the follow- 
ing conditions: p r e s s u r e  14.5 kg f / cm 2, tower top tempera ture  75~ tower bottom tempera ture  180~ reflux 
tank tempera tu re  45~ reflux ratio 2. The decisive p a r a m e t e r  of the p rocess  is the tempera ture  of the s ta-  
b i l izer  still .  

The r ecove ry  of wide cut and C 4 hydrocarbons  are  shown in Fig. 1 as functions of s tabi l izer  bottom tem- 
pera ture ,  with var ious  contents of C 5 hydrocarbons .  

With a s tabi l izer  still t empera ture  of 180~ 85wt.% of the potential butanes i n t h e f e e d a r e  recovered .  Under 
these conditions, the propane recovery  is 90 ;JJt.%, andthe content of pentanes in theWCLH does not exceedl0wt .%.  
The p rocess ing  scheme provides for the possibi l i ty of operat ing the unit e i ther  with a continuous feed of fresh 
absorbent  o r  with reeirculat ion of absorbent.  In view of the fact that the major  amount of the sulfur  compounds 
enters  the WCLH f rom the stabil ized condensate used in the AST as an absorbent,  it has been recommended 
that Unit 90 should be opera ted  with rec i rcula t ion  of absorbent  in the absorp t ion-s tab i l i za t ion  section. An ex- 
per imenta l  run of the unit in January,  1975, conf i rmed the feasibil i ty of obtaining a WCLH with pentane content 
below 10% by weight. The composit ion of this cut is as follows: 
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Component Content, wt. % 
Methane 0.02 
Ethane 0.34 
Propane 43.40 
Isobutane 18.11 
n-Butane 32.34 
Isopentane 2.30 
n-Pentane 0.97 
C6 and higher 0.23 
Hydrogen sulfide 0.01 
Sulfide sulfur 

(dimethyl sulfide) 0.01 
Mercaptan sulfur 0,56 
Thiophene and disulfide 

sulfur None 

It  will be seen  that, when the contents of  C 5 and higher  hydrocarbons  in the wide cut a r e  reduced,  not only 
the sulfide, disulfide,  and thiophene su l fur  contents a r e  reduced,  but also the mercap t an  sulfur .  This can be 
explained when we cons ide r  that the ethyl m e r c a p t a n  (T b = 35~ dis t i l ls  to the extent of 80-85% with the n -pen-  
tane and r e m a i n s  in the s tabi l ized  condensate .  

In o r d e r  to t r e a t  the l igh te r  WCLH to r e m o v e  m e r c a p t a n s  by the VNIIUS method [2] in the cent ra l  gas f r a c -  
t ionating unit of the Salavat  P e t r o c h e m i c a l  Combine,  a t r i p o t a s s i u m  phosphate  t rea t ing  unit was recons t ruc ted .  
The flow plan of this unit is shown in Fig. 2. 

The wide cut of  light hyd roca rbons  f r o m  the Orenburg  gas  p r o c e s s i n g  plant  is caust ic  t r e a t e d i n t a n k E - 2 7  
with a 10-15~ NaOH solution to r e m o v e  hydrogen sulfide.  The hydrogen su l f ide - f r ee  wide cut, at  a t e m p e r a t u r e  
of  15-20"C, p a s s e s  to the bo t tom of the e x t r a c t o r  K-7,  the tower  of  which is packed with two beds of  25 • 25 x 3 
m m  Rasch ig  r ings ,  -each bed 4.5 m in height.  The upper  pa r t  of  the tower  is fed, by means  of the c i rcula t ing  
pump N-32, with 12-15 m 3 / h  of a ca ta lys t  complex  that has  been cooled to 30~ in the heat  exchanger  T-16, this 
ca t a ly s t  complex  r e p r e s e n t i n g  the continuous phase  in the tower.  The ca t a lys t  complex  (CTC) contains 0.1% by 
weight of  the ca t a lys t  (sodium sa l t  of cobal t  disulfophthaloeyanine) with a p r o m o t e r ,  15-20% caust ic  soda, 5-8% 
monoethanolamine ,  and 70-80% s t e a m  condensate .  

In Tower  K-7,  ex t rac t ion  of the m e r c a p t a n s  p roceeds  in accordance  with the reac t ion  

RSH +NaOH ~ R S N a  +H20 +q 

The sodium m e r c a p t i d e s  pa s s  quanti tat ively into the CTC l aye r ,  and the m e r c a p t a n - f r e e  wide  cut leaves  
the top of the tower  K-7 and p a s s e s  to the c l a r i f i e r  0-8 fo r  r emova l  of entra ined CTC and then to 0-7 fo r  mixing 

90- 

85- 

8g- 

75 

gl 
3 

2z I - 

l I 1 [ I 

T,,# I . . . .  

773 775 777 ]79 18! 
Temperature, *C 

Fig. 1 Fig. 2 

Fig. I. Recovery of EC 4 relative to potential in wide cut (scale A) and total recov- 
ery of wide cut (scale/3) as functions of tower bottom temperature, with various con- 
tents  of  EC 5 in wide cut: 1) EC5=7%; 2) 10%; 3) 17%; 4) 25%. 

Fig.  2. Simplif ied flow plan fo r  WCLH demercap tan iza t ion  p rocess -  1) un t rea ted  
WCLH; ID sod ium hydroxide  solution; IID r e g e n e r a t e d  CTC; IV) t r ea t ed  WCLH; V) 
CTC with sodium mercap t ides ;  VI) a i r  to regenera t ion ;  VII) exhaust  air ;  VIID hex-  
ane cut; IX) hexane cut with disulf ides.  
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with feedstock of the central gas-fractionating unit. The mercaptide-saturated CTC is withdrawn from the still 
of K-7 (governed by interface level) and passes through the heat exchanger T-17, where it is heated with steam 
to 40~ after which it enters the regenerator tower K-8. This tower was reconstructed; the S-channel trays 
were removed, and the tower was packed with 25 • 25 x 3 man Raschig rings in a single bed with a height of 6 m. 
The still of the tower K-8 was fed with process air in amount of 300-350 m3/h, preheated to 40~ in the heat 
exchanger T-22. The tower K-8 operates under flooded conditions in a regime of emulsification; at 40~ with 
a pressure of 2-4 kgf/cm 2, the caustic is regenerated in accordance with the reaction 

2RSNa -1-- 0.50~ q- H~O ~ RSSR q- 2NaOH �9 

The spent a i r  f rom the upper  pa r t  of the tower  K-8, passing through the s e p a r a t o r / s p r a y  t rap E-19, is 
d i rec ted  to a furnace  P -2  for  combustion. The cata lys t  complex with the disulfides passes  f rom the sti l l  of K-8 
to the disulfide sepa ra to r  tank E-20,  where  the disulfides a r e  washed out of  the CTC with a hexane cut (1met r ic  
ton /h ) .  F r o m  E-20,  the upper l aye r  (hexane cut with disulfides) passes  to a c l a r i f i e r  and then is pumped to 
hydrot rea t ing .  The bot tom l aye r  in E-20,  consist ing of regenera ted  CTC, is withdrawn (governed by interface 
level) and re fed  by the pump N-32 as the liquid wash in the ex t r ac to r  K-7. 

The content of mercap tan  sulfur  in the wide cut a f te r  t reat ing is less  than 0.001% by weight, and the hydro-  
carbons  in the exhaust  a i r  amount to no more  than 0.1% by volume. The expected se rv ice  life of the cata lys t  
complex is 3-4 months.  
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ALKYLATION OF BENZENE WITH PROPYLENE 

OVER PROMOTED BORON FLUORIDE-CONTAINING 

CATALYSTS 

V. A. Sidorov and E. V. Lazareva UDC 665.652.4 

Earlier reports [I, 2] dealt with studies aimed at improving the quality of boron fluoride-containing cat- 
alysts, consisting of boron fluoride on various types of porous solid supports. One of the important perform- 
ance characteristics in rating these catalysts is their stability in alkylation reactions, since boron fluoride 
in the presence of traces of promoters (moisture, Bronsted acids, Lewis acids, etc.) manifests a rather high 
activity. 

The present article is devoted to investigation of the process technology for manufacturing isopropyl- 
benzene on one of the catalysts that have been developed, this catalyst being promoted with fluorine and sat- 
urated with boron fluoride [i]. This particular catalyst is more stable than unpromoted, boron fluoride-satu- 
rated specimens of aluminum oxide or other supports [I, 2]. 

The alkylation of benzene with propylene was studied in a flow-type unit with a fixed bed of catalyst, at 
various pressures, temperatures, specific feedstock space velocities, and molar ratios of reactants. The basic 
flow plan of the allcylation unit is for the most part similar to one described previously [3]. 

The experimental procedure was as follows. A reactor, designed for 150 kgf/cm 2, was fed with the re- 
quired quantity of benzene (from a feed buret, pumped), and the propylene was fed from a calibrated high-pres- 
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