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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 
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TABLE 1. Quality of Pr imary  and Secondary Feedstocks for  Delayed Coker Units 

Indice s 

Density, d 2~ 
Conradson Carbon residue, mass 70 
Sulfur content, mass 70 
True boiling point distillation 

Nadvornaya refinery 

pr imary  secondary 

0.9378 0.9595 
6.7 4.2 
0.82 0.84 

Novo-Ufa refinery 

pr imary  secondary 

IBP, ~ 
mass % distilled 

IBP-200~ 
200-250~ 
250-300~ 
300-3500C 
350-4000C 
below 400~ (total) 

175 

1.37 0.38 
4.11 1.71 
9.51 4.56 

10.50 20.46 
17.93 31.51 
43.42 58.62 

1.0302 1.0755 
14.8 16.6 

3.15 3.40 

191 246 

Hydrocarbon group composition, 
mass % 

paraffinic and naphthenic 
monocyclic 
bicyclic 
polycyclic 
resins 
asphaltenes 
carboids 

44.27 
10.69 

9.54 
17.46 
12.90 

4.54 
0.43 

26.4 

0.9 
3.16 

11.76 
15.82 

10.59 
9.77 
9.40 

35.16 
26.95 

8.04 
0.09 

TABLE 2. Delayed Coking Unit Operating Paramete rs  

Indices Nadvornaya ref inery Novo-Ufa ref inery 

3.9 1.7 Consumption of turbul izer  in second- 
ary feed, mass % 

Temperature ,  ~ 
at inlet to reaction coil 
at outlet from reaction coil 
at inlet to reaction chamber 

Temperature  drop between chamber 
and furnace, ~ 

P res su re ,  MPa 
at inlet to reaction coil 
at outlet f rom reaction coil 
in chamber 

Length of reaction coil, m 
Outside diameter ,  m 

tubes 
t ransfe r  line 

Linear velocity of vapor in upper 
section of chamber,  m/sec  

357 
499 
474 

25 

2.55 
1.18 
0.35 
850 

0.127 
0.152 
0.136 

360 
493 
485 

8 

2.43 
0.64 
0.18 
920 

0.127 
0.152 
0.09 

hence faster  coking of the tubes [2]. Also, the tube coking rate is very definitely affected by the hydrodynamic 
condition in the coil, the coil geometry, the heat load on the tube, the coil pressure ,  and other factors. 

Certain hydrodynamic parameters  in the reaction coils of the two units are  listed in Table 3; these data 
show that the fraction of distillate and the volumetric gas content are  higher in the Nsdvornaya furnace coil, 
but the l inear velocities at the furnace outlet a re  fa r  higher in the Novo-Ufa furnace coiL The higher values 
for  the fraction of distillate and the volumetric gas content are  explained by the fact that the secondary feed- 
stock in the Nadvornaya furnace is lower in distillation range, containing 58.62% by mass distilling below 
400~ in comparison with 15.82% for  the secondary feedstock in the Novo-Ufa unit (see Table 1). The quantity 
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TABLE 3. Hydrodynamic  P a r a m e t e r s  of React ion Coils in Delayed Coking Units 

P a r a m e t e r  Novo-Ufa r e f ine ry  Nadvornaya r e f ine ry  

Gas content,  vol. f rac t ion  0.969 
Linear  ve loci ty  of p roduc t  at  furnace  37 

outlet,  m / s e c  
Mass f rac t ion  of d is t i l la te  at  furnace  0.44 

outlet  
Residence t ime  of product  in coil ,  sec 

at  430~ 97* 
at  450~ 41 
in las t  15 tubes 13.5 
in las t  6 tubes 1.5 

* Residence t ime  was de te rmined  by I. M. Blokh by a techni( 
of rad ioac t ive  isotopes .  
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Fig. 1. Var ia t ion of heat  t r a n s f e r  
coeff icient  along reac t ion  coil  in 
fu rnaces  of delayed coking units at  
the following re f ine r i e s :  1) Nad- 
vornaya;  2) Novo-Ufa. 

of  secondary  feed in the Novo-Ufa unit is 1.5 t imes  that  in the Nadvornaya unit; hence the l inea r  veloci t ies  at 
the Novo-Ufa furnace  outlet  a r e  cons iderab ly  higher .  The higher  gas content and lower  veloci t ies  tend to give 
p o o r e r  hea t  t r a n s f e r  (Fig. 1), as can be seen  f r o m  the var ia t ion  in the coeff icient  of heat  t r a n s f e r  f r o m  the 
tube meta l  to the flow core  along the coil.  

Moreove r ,  the heat  t r a n s f e r  p r o c e s s  in two-phase  flow through tubes is g rea t ly  affected by the s t ruc tu re  
of the flow [3]. It  was es tab l i shed  p rev ious ly  [4, 5] that  Nsecond-order"  c r i s i s  phenomena of hea t  t r a n s f e r  a r e  
p r e s e n t  in the delayed coke r  furnace: at  the Nadornaya re f inery .  F r o m  the data in Fig. 1 it can be seen  that  the 
hea t  t r a n s f e r  in both fu rnaces  becomes  much p o o r e r  in the sect ion of the coil  n e a r  the outlet; in the Novo-Ufa 
furnace  this is obse rved  only in the l a s t  70-100 m,  but in the Nadvornaya furnace  in the las t  350-400 m of the 
coil.  Operat ing exper ience  with these  units has  shown that  in the Novo-Ufa furnace  the tubes mos t  f requent ly  
coked a re  the las t  s ix or  seven  roof  tubes ,  whereas  in the Nadvornaya furnace  oil al l  of the roof  tubes a r e  
coked,  as evidenced by the n u m b e r  of tubes that  a r e  d i scarded  during the cour se  of operat ion.  This is a p p a r -  
ently explained by the ea r ly  changeover  of the d i s p e r s e - a n n u l a r  r eg ime  to the comple te ly  d i spe r sed  r eg ime  of 
two-phase  flow in the Nadvornaya furnace  coil.  The h igher  coking ra te  of the Nadvornaya furnace  coil  is a l so  
re la ted  to the long res idence  t ime  of the feeds tock  in the zone of intense cracking,  beginning at  a t e m p e r a t u r e  
of 450~ (see Table  3). The furnace  opera t ing  r eg ime  is g rea t ly  influenced by the g e o m e t r y  and layout of the 
t r a n s f e r  line. High hydraul ic  r e s i s t a n c e  in the t r a n s f e r  line gives h igher  p r e s s u r e s  in the furnace  coil ,  and 
this  tends to suppres s  the vapor iza t ion  p r o c e s s  and reduces  the amount  of vapor  and the heat  content of the 
mix tu re  at  the furnace  outlet; this,  in turn ,  a f fec ts  the t h e r m a l  r eg ime  of the reac t ion  c h a m b e r s .  
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Fig. 2. Design of bot tom sect ion 
of T-1  tower:  1) s i eve - type  t r ays ;  
2) cascade  t r ay s ;  I) p r i m a r y  feed; 
II) secondary  feed; HI) vapor  f r o m  
reac to r ;  IV) ref lux (heavy gasoil) .  

The t e m p e r a t u r e  drop between the furnace  and r e a c t o r  in the Nadvornaya coke r  is 25~ (see Table  2); 
with a furnace  outlet  t e m p e r a t u r e  of 499~ , the t e m p e r a t u r e  at the r e a c t o r  inlet drops  to 474~ in the Novo- 
Ufa coker ,  with a lower  t e m p e r a t u r e  of the product  at the furnace  outlet  (493~ we find a h igher  t e m p e r a t u r e  
a t  the r e a c t o r  inlet  (485~ This d i f ference  is explained by the lower  dis t i l la t ion range  of the coke r  feeds tock  
and the g r e a t e r  length of the t r a n s f e r  line in the Nadvornaya coke r  (about 70 m in compar i son  with 45 m in the 
Novo-Ufa coker)  and the g r e a t e r  n u m b e r  of r e tu rns  (18 in c o m p a r i s o n  with 9 in the Novo-Ufa coker) .  Calcula-  
t ions have  shown that  if the p r e s s u r e  at the furnace  outlet  is reduced f r o m  1.18 to 0.6-0.7 MPa,  the product  
t e m p e r a t u r e  at  the furnace  outlet  will  be lowered by 10-12~ but the c h a m b e r  inlet t e m p e r a t u r e  will  not be 
lowered;  i .e . ,  the quality of the coke will not be changed (cur rent ly ,  in the Nadvornaya coker ,  the content of 
volat i le  m a t e r i a l  in the e lec t rode  coke is 7% by mass ) .  Moreove r ,  h igher  p r e s s u r e s  in the furnace  coil  tend 
to p reven t  the vapor iza t ion  of  the light paraf f in ic  f rac t ions  which, remain ing  in the liquid phase ,  will  p r e c i p -  
i tate the asphal tenes  on the furnace  tube walls  and thus give rapid coking. 

The length of the runs between shutdowns fo r  maintenance and the operat ing eff iciency of the unit depend 
on the vapor  veloci ty  in the r eac to r .  The l inea r  veloci ty  of vapor  in the f r e e  sect ion of the r e a c t o r  should be 
no g r e a t e r  than 0.09 m / s e c  [6]; in the Nadvornaya coker ,  this veloci ty  is cons iderab ly  h igher  (see Table  2). 
With this h igher  vapor  veloci ty  the re  is m o r e  c a r r y o v e r  of coke pa r t i c l e s  f r o m  the r e a c t o r s  to the next  p ieces  
of equipment  (dist i l lat ion tower  and furnace) ,  and this r e p r e s e n t s  one of the r easons  fo r  the shor t  runs of the 
unit  between maintenance  shutdowns. At the end of each run, the lower  p a r t  of the T-1  tower  is found to be 
plugged with coke. 

Thus we see  that  the use  of a paraf f in ic  feeds tock  with a re la t ive ly  low dis t i l la t ion range,  the h igher  hy-  
draul ic  r e s i s t a n c e  in the t r a n s f e r  l ine,  and the h igher  l inear  veloci ty  of vapo r  in the r e a c t o r  (considerably  
h igher  than the al lowable value) a r e  the p r inc ipa l  r ea sons  fo r  the shor t  runs of the Nadvornaya coke r  between 
main tenance  shutdowns. It is not feas ib le  to add any so r t  of m a t e r i a l s  to the feeds tock  to i nc rea se  its a r o m -  
at iei ty;  hence~ the only solution is to r eexamine  the en t i re  r e f i ne ry  flow plan fo r  c rude  oil p rocess ing .  The 
a t m o s p h e r i c  p ipes t i l l  should be supplemented with a vacuum section; the vacuum gasoi l  and the coke r  gasoi l  
should be d i rec ted  to the t h e r m a l  c rack ing  unit; the c racked  t a r  should be mixed with the s t r a igh t - run  vacuum 
re s id  fo r  use  as  the coke r  feedstock.  In o r d e r  to improve  the f rac t ionat ion conditions in the bot tom sect ion of 
the T-1  tower  (Fig. 2), the cascade  t r a y s  should be supplemented by the ins ta l la t ion o.f one or  two s ieve  t r a y s ,  
and ref lux should be  provided in the f o r m  of heavy coke r  gasoil .  

Calculat ions have shown that ,  when the n e c e s s a r y  conditions fo r  f rac t ionat ion a r e  se t  up, a res idue  d i s -  
t i l l ing above 400~ can be obtained f r o m  the bot tom of the tower ,  and this  will e ssen t ia l ly  cut in half  the load on 
on the reac t ion  coi ls  (see Table  1). In o r d e r  to reduce  the consumption of t u rbu l i ze r  to 1-1.5% by m a s s  in the 
secondary  feed,  i t  will  be n e c e s s a r y  to r ep lace  the 0 .127-m d i a m e t e r  tubes in the reac t ion  coil by 0 .102-m d iam-  
e t e r  tubes.  The use  of the h e a v i e r  feed and the d e c r e a s e  in consumption of t u rbu l i ze r  will r esu l t  in a much 
lower  hydraul ic  r e s i s t a n c e  in the tubes .  The r e s i s t a n c e  can a l so  be  reduced by changing the t r a n s f e r  l ine ge -  
ome t ry .  
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The net r e su l t  of these  changes will  be a sha rp  i nc r ea se  in the length of runs  between main tenance  shut-  
downs, an i nc r ea s e  in the output of coke,  and an i nc rea se  in e f fec t iveness  of the equipment.  
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In the alkylat ion of isobutane with olefins,  the ca t a lys t  (sulfuric  acid) accumula tes  impur i t i e s  that  lower  
its concentra t ion.  The data  that  a r e  avai lab le  on the t r e a t m e n t  of acid in the i n t e r e s t  of p r o c e s s  opt imizat ion 
a r e  f a r  f r o m  adequate [1-3]. In connection with this shor tage  of informat ion ,  we have  c a r r i e d  out a study of 
the effects  of acid concent ra t ion  and impur i t i e s  in the acid on the quality of the a lkylat ion produc ts .  These  
s tudies  were  p e r f o r m e d  in a typica l  c o m m e r c i a l  a lkylat ion unit at  the Novo-Groznyi  r e f ine ry ,  equipped with 
ve r t i c a l  r e a c t o r s  and with an am m on i a  r e f r i g e r a t i o n  s y s t e m  to r e m o v e  heat  f r o m  the reac t ion  zone. The feed-  
s tock was a b u t a n e - b u t y l e n e  cut f r o m  cata ly t ic  cracking.  The capaci ty  of the unit r ema ined  p r ac t i c a l l y  con-  
s tant ,  and was h igher  than the design capaci ty  by about 30%. The p r o c e s s  conditions were  as follows: t e m -  
p e r a t u r e  - 1 3  to - 16~  s t i r r e r  speed 380 r p m ,  volume ra t io  of isobutane to olefins at  r e a c t o r  inlet  about 6, 
and ra t io  of acid to hydroca rbons  1.1. 

Samples  of the acid were  drawn at  the outlet  of the c i rcu la t ing  pump,  and s amp le s  of the a lkylat ion 
p roduc t s  were  drawn a f t e r  the acid s e t t l e r  and were  s tabi l ized at  a t m o s p h e r i c  p r e s s u r e  fo r  30 rain at  35~ 
The acid concent ra t ion  was de te rmined  in accordance  with GOST 4204--66, and the b romine  n u m b e r  of the 
p roduc t s  was de t e rmined  in accordance  with GOST 8997-57 ;  the contents  of organic  impur i t i e s ,  a lkyl  su l fa tes  
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Fig. 1. Acid concent ra t ion  (1) and content  of 
organic  impur i t i e s  in acid (2) as  functions of 
opera t ing  t ime  on acid.  
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