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Ai r  pollution is a se r ious  p r o b l e m  in l a rge  indust r ia l  cen te r s .  Some of the main  sources  of a tmosphe r i c  
pollution a r e  e l ec t r i c  power  genera t ing  s ta t ions ,  bo i l e r  fu rnaces ,  and indust r ia l  fu rnaces  burning res idual  fuel 
oils produced f r o m  medium and h igh - su l fu r  c rudes .  S t ra igh t - run  bo i l e r  fuels f r o m  the m a j o r  types  of m e -  
d ium-su l fu r  c rudes  contain up to 2-2.8% sulfur .  Reduction of the sulfur  content  in the fuel to 0.5-1% can e f -  
fect  s ignif icant  reduct ions in the d i scha rge  of SO 2 with the s t a c k  gas.  Also,  in many b ranches  of industry,  
bo i l e r  fuels  with sulfur  contents below 0.5% a r e  requi red  by the p r o c e s s  specif icat ions .  

Sulfur can be r emoved  f r o m  p e t r o l e u m  res idua l  s tocks  (long res ids  and ta rs )  by hydrogenat ion under  
a hydrogen p r e s s u r e  of 15-20 MPa.  The fabr ica t ion  of equipment fo r  such p r o c e s s  units involves ce r t a in  d i f -  
f icul t ies ,  and the opera t ing cos ts  in the h i g h - p r e s s u r e  p r o c e s s e s  a r e  quite high. The ea s i e s t  route to the 
economica l  product ion  of low-su l fu r  bo i l e r  fuels  f r o m  medium and h igh-su l fu r  res idua l  s tocks is through vac -  
uum dis t i l la t ion of long r e s id  (a tmospher ic  res id) ,  hydrodesul fur iza t ion  of the heavy gasoi l  at  compara t i ve ly  
low p r e s s u r e s  (about 5 MPa),  and blending of the hydro t r ea t ed  gasoi l  with the unt rea ted  vacuum res id .  

Depending on the quantity of vacuum res id  used  in the c o m m e r c i a l  bo i l e r  fuel and the degree  to which 
the gasoi l  is desul fur ized ,  fuels may  be produced with var ious  sulfur  contents.  In this a r t i c l e ,  In the example  
of th ree  typica l  e tudes  (Samotlor ,  Romashkino,  and Arlan),  we have analyzed the poss ib i l i t i e s  of obtaining 
bo i l e r  fuels  with sul fur  contents at  var ious  leve ls ,  0.5% and up, depending on the amount  of gasoi l  taken out 
in the vacuum dist i l lat ion.  F o r  these  e tudes ,  we have l is ted the potent ial  contents of 500 and 540~ end point 
gaso i l s  in the a tmosphe r i c  r e s i d s ,  the cor responding  contents of vacuum bot toms,  and the sul fur  contents of 
these  cuts (Table 1). Fo r  the a tmosphe r i c  res id  f r o m  Samot lor  crude,  the yie lds  of al l  cuts and the quality of 
these  cuts were  de te rmined  exper imenta l ly .  In the case  of the Romashkino crude,  the yield of 500~ end point 
gaso i l  and the cor responding  yield of a vacuum res id  were  taken f r o m  data r epor ted  in [1]; fo r  the 350-540~ 
cut,  these  values  we re  de te rmined  by extrapolat ion.  Exper imen ta l  data  on the low-bot toms vacuum d is t i l l a -  
t ion of a tmosphe r i c  res id  f r o m  Arlan  crude,  up to 525~ were  obtained at  BashNII NP [Gashldr  Sc ient i f ic -Re-  
s ea r ch  Inst i tute fo r  P e t r o l e u m  Process ing]  [2]. F r o m  these  data we de te rmined  the yields  and quality of the 
p roduc t s  dist i l l ing below 540~ and the res idue  above 540~ by extrapolat ion.  

TABLE 1. Potent ia l  Contents of Cuts in Atmo-  
pher ic  Resids  f r o m  Samot lor ,  Romashkino,  and 
Ar lan  Crudes ,  and Sulfur Contents in These  Cuts 

Content ~ for indicated crude 

Product 

Arm. resid (above 
350"69 

Cut 
350--500~ 
350--540~ 

Residue 
above 500~ 
above 540~ 

Yield of atm. resid, 
mass % on crude 

Samotlor 

r .~ 0 

~ . ~  

I 

:00,0 l1,8~ 

I 
59,3 ]1 ,SE 
68,1 I1,6,~ 

I 40, 712,3C 
41,912,4r 39,8 

Romash-kino I Arian 

o0,o 12,6~ 1oo,o J 4,1 

44,212,~ 41,0[3,5 
53,4 12,2C 55,6 [3,6 
55,8 [3, H 59,0/4,5 
46,6 [3,2C 44,4 ]4,9 

52,0 54,0 
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TABLE 2. Component Composi t ion and Sulfur Content of Boi le r  Fuels  

Sulfur content[Yield of Fuel comp., mass % ~Unused vac. [[ Yield of Fuel comp., mass % 
in boiler fuel,[boiler fuel, on atmospheric resid [resid, mass [] boiler fuel, [on atmospheric resid 
mass 4o mass ~o on ~ -  c ~al~~176 atmo[dlresi, mass % on 350.540oc vac, resid 

arm. resid cut (> 500 C] -~ [[ atm. resid cut (> 540~ 

Unused vac. 
resid, mass 
% on atmo- 
spheric resid 

0,15 
1,00 
1,05 
1,20 

0,50 
1,00 
1,50 
1,78 
2,00 

55,4 
76,7 

9 ,5 

39 ;9 
49,2 
64,3 

9~9 

49,8 
49,8 

4~,8 

37,1 
37,1 
37,1 

3~,i 

5,6 
26,9 

4~,7 

2,8 
12,1 
27,2 

5~,,8 

Samotlor crude 
35,1 ] 63.2 
13,8 ] 85,8 
-~- 89__,I 

Romashkino crude 

53,0 48,2 
43,7 59,2 
28,6 76,6 
0 91,5__ 

57,2 
57,2 
57,2 

44,9 
44,9 
44,9 
44,9 

6,0 
28,6 
31,9 

3,3 
14,3 
31,7 
46,6 

25,9 
3,3 
0 

43,3 
32,3 
14,9 

0 

0,50 
1,00 
1,50 
2,00 
2,72 
3,10 

31,0 
35,4 
41,3 
49,6 

88,5 

29,5 
29,5 
29,5 
29,5 

29,5 

1,5 
5,9 

11,8 
20,1 

5~,o 

Arian crude 

57,5 
53, I 
47,2 
38,9 

0 

41,8 
47,2 
55,3 
63,5 
84,4 

40,0 
40,0 
40,0 
40,0 
40,0 

1,8 
7,2 

15,3 
23,5 
44,4 

42,6 
37,2 
29,1 
20,9 

0 

In c a r r y i n g  out the calcula t ions  (Table 2) on the bas i s  of expe r imen ta l  data ,  it was  a s sumed  that  in hy-  
d ro t r ea t ing  the gasoi l s  f r o m  the Samot lor  and Romashkino c rudes ,  the yield of desul fur ized  cuts (hydrotreated 
products)  dis t i l l ing above 350~ would be 84% by m a s s  re la t ive  to the or iginal  gasoi l ,  and fo r  the gasoi l  f r o m  
the Ar lan  crude  the yield would be 72% by m a s s .  The sulfur  content was a s sumed  to be the s ame  in these  cuts ,  
0.3%. These  data indicate that ,  when p r o c e s s i n g  the a tmosphe r i c  r e s ids  f r o m  these  e tudes  in accordance  with 
this  s cheme ,  low-su l fu r  bo i l e r  fuels  with 0.5-1% sul fur  can be obtained. When the takeoff  of vacuum gasoil  
is i nc rea sed  by ra i s ing  the cut points to 540~ the yield of low-su l fur  bo i l e r  fuel with 0.5% sulfur i n c r e a s e s  by 
7.5, 8.3, and 10.8% for  the Samotlor ,  Romashkino,  and Ar lan  crudes ,  r e spec t ive ly .  

The inc reased  takeoff  of vacuum gasoi l ,  f o r  al l  t h ree  c rudes ,  gives a reduct ion in the sulfur  content of 
the bo i l e r  fuel  when both the gasoi l  and vacuum res id  a r e  fully uti l ized. Fo r  the Samot lor  crude,  this d i f f e r -  
ence amounts  to 0.15%, fo r  the Romashkino crude  0.22%, and fo r  the Ar lan  crude 0.38%. Thus we see that  an 
i nc r ea se  takeoff  of gasoil  with subsequent  hydro t rea t ing  and compounding with the vacuum res id  is m o s t  e f fec -  
t ive  fo r  heavy,  h igh-su l fu r  c rudes .  However ,  the deg ree  of su l fur  content reduct ion in the bo i l e r  fuel  in c o m -  
p a r i s o n  with the or ig inal  a tmosphe r i c  res id  in this  case  is-no g r e a t e r  than 25-35%. In o r d e r  to obtain bo i l e r  
fuels  with lower  su l fur  contents (0.5-1%), it is p r e f e r a b l e  to use  c rudes  of the Samot lo r  type,  since when p r o -  
ducing low-su l fu r  bo i l e r  fuel  f r o m  the Ar ian  crude,  only 4-16% of the to ta l  amount  of avai lable  vacuum res id  
is ac tual ly  uti l ized. If it is a s s um ed  that  asphal t  product ion will  use  about 10% of the vacuum res id  { re fe r red  
to a tmosphe r i c  res id) ,  then we see  that ,  without any addit ional consumption of vacuum res id  as a coke r  feed-  
s tock,  it is poss ib le  to obtain bo i l e r  fuels  with 0..5-1% sul fur  f r o m  Samot lor  crude ,  with 1.5-1.8 sulfur  f r o m  
Romashkino c rude ,  and with 2.5-3% f r o m  Ar lan  crude.  If f u r t he r  reduct ions a r e  to be  made  in the bo i l e r  fuel 
su l fur  content,  p a r t  of the vacuum res id  mus t  be used in some so r t  of independent p r o c e s s i n g  such as delayed 
coking, fluid coking, etc.  

When the gasoi l  end point is r a i s ed  f r o m  500 to 540~ the quantity of  feeds tock  fo r  these  p r o c e s s e s  is 
reduced  by r e spec t i ve  amounts  of 10.5, 11.5, and 15.9% by m a s s  re la t ive  to the a tmosphe r i c  r e s ids  f r o m  these  
t h r ee  c rudes .  A d e c r e a s e  in the re la t ive  r a t e  of vacuum re s id  p r o c e s s i n g  should have a favorab le  effect  on 
the ove ra l l  s cheme  of a tmosphe r i c  res id  p r o c e s s i n g ,  s ince r a t h e r  se r ious  diff icult ies  a r e  encountered in hy-  
d ro t r ea t ing  the liquid products  f r o m  vacuum res id  p r o c e s s i n g  and in the eff icient  use  of h igh-su l fu r  cokes .  
Natura l ly ,  fo r  a given sul fur  content in the bo i l e r  fuel  f r o m  Samot lor ,  Romashkino,  and Arlan  e tudes ,  the r e l -  
a t ive  amounts  of vacuum res id  in these  bo i l e r  fuels  will d e c r e a s e  f r o m  crude  to crude  in the o r d e r  l is ted.  
F o r  example ,  when producing bo i l e r  fuel with 1% sul fur ,  the r e spec t i ve  amounts  of vacuum res id  in this fuel  
a r e  35 -33%,  25-24%,  and 17-15% f o r  these  th ree  e tudes .  The va r ia t ion  in bo i l e r  fuel p r o p e r t i e s  with the 
content  of vacuum res id  in the fuel  is shown fo r  the Samot lor  c rude  in Fig. 1. With the lowest  su l fur  content 
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Fig. 1. Variation of most important propert ies  
of boiler  fuel with the contents of vacuum resid 
(above 540~ and hydrotreated vacuum gasoil 
(350-540~ from Samotlor crude: 1) density at 
20~ 2) nominal viscosity at 80~ [similar to 
Engler viscosity]; 3) solid point; 4) sulfur content. 

(0.5%), the fuel corresponds to Grade 40 boiler  fuel meeting GOST 10585-75; and in the other cases c o r r e -  
sponds to Grade 100, being classed in the lat ter  grade mainly because of its high solid point. 
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The delayed coking unit at the Nadvornaya refinery is equipped with two reaction chambers,  each 4.6 m 
in diameter ,  one pyramidal-type furnace, and distillation equipment of the type conventionally used in de- 
layed coking units [1]. The coker feedstock is a cracked ta r  f rom mixed Bitkov and Eastern Ukrainian resids.  
This coker unit is one of the best  in the petroleum industry in the USSR with r e spec t  to its basic operating 
indices. The coker has reached the level specified by the design with respect  to the production of total coke, 
and the yield of electrode coke fractions amounts to 50% by mass; the feedstock capacity is 20-30% above the 
design level. However, the lengths of the runs in the coker uni~ between shutdowns for  maintenance are  no 
grea te r  than 25-30 days, in comparison with runs of 100 days or  more that are  made in many delayed coking 
units in the USSR, and with a run of 170 days that has been made in the  coker  unit at the Novo-Ufa refinery.  

The length of the run in a delayed coker unit between shutdowns for maintenance is affected by a number 
of factors ,  principally the feedstock quality (Table 1). We have listed in Table 2 the basic coil dimensions and 
the operating conditions for  the cokers in the Nadvornaya and Novo-Ufa ref iner ies .  It can be seen from the 
data of Table 1 that the coker feedstock at the Nadvornaya ref inery contains four t imes as much paraffinie- 
naphthenic hydrocarbons and only half as much polycyclic aromatic hydrocarbons and resins as the coker 
feedstock at the Novo-Ufa refinery.  This ratio of components in the coker feedstock at the Nadvornaya r e -  
finery is responsible for  a lower stability of this stock in te rms of aggregation of colloidal part icles ,  and 

Bashkir Scientific-Research Institute for  Petroleum Processing (BashNlI NP). Translated f rom Khimiya 
i Tekhnologiya Topliv i Masel, No. 11, pp. 29-31, November, 1979. 

0009-3092/79/1112- 0815 $07.50 �9 1980 Plenum Publishing Corporation 815 


