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The production of liquid paraffins is a rapidly growing branch of the national economy. By 1985, the 
output of these materials will be many times the 1970 production. In addition to rigid requirements on the 
content of n-alkanes (96-.99% by mass) and aromatic hydrocarbons (0.02-0.5% by mass), the narrow cuts from 
the paraffin are limited in terms of the presence of unsaturated hydrocarbons; as a consequence, theymust not 
ha.v.e any odor [1]. 

Paraffinic hydrocarbons are comparatively unstable in the region of moderate temperatures (200-360~ 
Hence, for a scientifically based selection of process conditions and flow plans for heating paraffins during 
the recovery of these materials from diesel fuel and subsequent distillation, the following must be known: 
highest allowable temperature for heating the paraffin t/t (the limit of thermal lability), the degree of decom- 
position of the paraffin at various temperatures,  and the effect of the paraffin heating method on the extent 
of decomposition. 
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Fig. 1. Diagrams of-experimental units: a) flask 
with s t i r rer ;  b) autoclave; c) laboratory furnace; 
unit for distillation of liquid paraffins; 1) flask; 
2) electric heater; 3) thermocoupIe; 4) cooIer; 5) 
coil; 6) feed tank; 7) receiver; 8) rotameter; 9) 
stopcock; 10)autoclave; 11)sampler;  12)pres-  
sure gauge; 13) drain; 14) distillation column; 15) 
heating furnace; 16) ejector; I) 240-350~ cut; ]1) 
IBP-200~ cut; HI) 200-320~ cut; IV) 300-360~ 
cut; V) steam. 
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Fig.. 2. Results from heating of liquid paraffins. Graphs 
a-c show isotherms for conversion of tridecane, octade- 
cane, and mixed C10-C24 n-alkanes in relation to the length 
of the heating period at: 1) 360~ 2) 3400C; 3) 3200C; 4) 
300"C; 5) 2800C; 6) 2600C. Graph d shows the change in 
content of unsaturated hydrocarbons in liquid paraffin and 
the characteristic temperatures on the distillation curve in 
relation to the number of distillations: 1) content of unsat- 
urates in paraffin; 2, 3) IBP and EP of paraffin; 4, 5) 5% and 
95% points (by volume) on distillation curve of paraffin. 

TABLE 1. Results from Heating Liquid Par-  
affins under Static Conditions 

Parameters o f heati n 8 

o$ "~ ~-, 

o,.~ 

O 
o to 

Paraffin 

275 

280 

260 
300 
340 
260 
300 
340 
260 
300 
340 

In ARN-2 apparatus 

I 312[ 16,8 I 0,278 
In flask with stirrer 

1Ol 8,4 [ 0,015 

In autoclave 
5 13,4 0 
5 13,9 0,07 
5 14,3 0,24 
5 13~4 0,03 
5 13,9 0,07 
5 14,3 0,30 
5 13,4 0,02 
5 13,9 0,03 
5 14,3 0,40 

Cg--q~ I 

C . - - q ,  I 

qsH~8 

C1sHss 

qo - -C .  

2,2 

0,12 

0 
0,22 
0,45 
0,20 
0,90 
1,80 
0,71 
1,05 
3,20 

The t h e r m a l  lability of liquid paraff ins  has  been the subject  of  a combined invest igat ion under labora-  
tory  and c o m m e r c i a l  condit ions ,  the lat ter  studies  being carr ied  out in a liquid paraff in dis t i l lat ion unit. In the 
f i r s t  s tage  of this  program,  in v iew of the lack of  any data on the k inet ics  of  t h e r m a l  decompos i t i on  of paraf -  
f ins  in the t emperature  range of 200-400~ the l imit  of thermal  labil ity t/t  was  es t imated  on the bas i s  of the 
kinet ic  equation for  thermal  cracking ,  k = 1 / r  log 100/ (100 - x ) ,  us ing an extrapolated Ne l son  chart  for  the 
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TABLE 2. Resul ts  f r o m  Heating Liquid P a r -  
affins under  Dynamic Conditions 

Paraffin P 

He ati ng parameters '~ 

�9 o . o ;  

In furnace coil (l = 0.95 m) 

Cn-- C2~ 250 3,0 3,02 0,007 0 
270 0,45 14,5 0,087 0,045 
310 l, l 6,22 0,080 0,203 
350 0,28 21,2 0,410 0,153 
In furnace coil (l = 10.8 m) 

2,1 0,35 0, 00 

In flameless combustion furnace (l = 324 m) 
Cn--C25 [ 254 ) 12,0 12,I 0,539 0,051 

1 300 I i9,0 9,8 0,357 0,014 
317 19,0 10,5 0,357 0,03[ 

In flameless combustion furnace (1 = 84 m) 

C1~--C~5 I 269 [ 4,5 6,3 i 0,600 0,047 
276 9,0 5,0 0,350 0,056 
277 9,0 5,8 0,350 0,110 

* The f i r s t  value shown is the length of a s in -  
gle heat ing per iod  (rain); the second value is 
the n u m b e r  of heating cycles .  

re la t ionship  between k and t [2]. It was es tab l i shed  that  t / t  = 260-280~ fo r  x = 0.05%. At a h igher  level  of x, 
0.2%, the cor responding  value of t is h igher ,  in the range of 295-350~ depending on the value of r [3]. 

In the second stage of the p r o g r a m ,  the t h e r m a l  labil i ty of liquid pa ra f f ins  was studied exper imen ta l ly  
in va r ious  types  of uni ts ,  under  s ta t ic  and dynamic conditions {Fig. 1). In addition to these  uni ts ,  use  was 
made  of the ARN-2 appara tus  (GOST 11011-64)  and the Engle r  appara tus  (GOST 2177-66) ,  as well  as a con-  
tinuous l abo ra to ry  dis t i l la t ion unit and o ther  types  of appara tus .  The heating conditions in the expe r imen t s  
w e r e  se t  up different ly;  spec i f ica l ly ,  we invest igated heating in contact  with a i r  and ni t rogen,  under  vacuum, 
under  excess  p r e s s u r e ,  with continuous s t i r r i ng ,  in an oil bath,  with e lec t r i c  heating,  with f i red  heat ing,  etc. 
The expe r imen ta l  units  and the heat ing conditions were  se lec ted  so as to c o v e r  all  poss ib le  heat ing methods 
within the p a r t i c u l a r  range  of t e m p e r a t u r e s  invest igated (240-360~ 

F i r s t ,  we invest igated the t h e r m a l  labil i ty of liquid para f f ins ,  individual n -a lkanes ,  and m i x ~ r e s  of a l -  
kanes  under  s ta t ic  conditions. The expe r imen ta l  data  (Table 1 and Graphs a - c  in Fig. 2) show that  the con-  
v e r s i o n  of paraf f in ic  hydroca rbons  and the content  of unsa tura ted  hydroca rbons  in the para f f in  t e s t  s amples  
a r e  p ropor t iona l  to the t e m p e r a t u r e  and durat ion of heating,  and a lso  to the length of the ca rbon  chain in the 
hydrocarbon .  Fur the r ,  the convers ion  is not p ropor t iona l  to the content of unsa tura ted  hydrocarbons  when the 
d i f ferent  para f f ins  a r e  heated.  F o r  example ,  when C13H28 was heated to 300~ the convers ion  was 0.22% by 
m a s s ,  and the content  of unsa tura ted  hydrocarbons  was 0.07% by m a s s .  When this s ame  hydrocarbon  was 
hea ted  to 340~ these  values  were  h igher  by r e spec t ive  f ac to r s  of 2 and 3.5. F o r  the mixed C10-C24 p a r a f -  
f ins ,  the conver s ion  and the content of unsa tura ted  hydrocarbons  a f t e r  heat ing to 300~ were  r e spec t ive ly  1.05 
and 0.03%, and a f t e r  heat ing to 340~ they were  3.2 and 0.4%. 

Upon compar ing  the resu l t s  f r o m  heating the C10-C24 mix tu re  and the C18H3s hydrocarbon  under  identical  
condit ions,  it b e com es  evident that  the content of unsa tura ted  hydrocarbons  is lower  in the mix tu re  than in the 
C18 hydroca rbon  fo r  heat ing t e m p e r a t u r e s  up to 300~ whereas  at  h igher  t e m p e r a t u r e s  the r e v e r s e  is t rue .  
This  is explained by the p r e s e n c e  of h igher  n -a lkanes ,  with lower  t h e r m a l  s tabil i ty,  in the mixe(]_ paraf f ins .  

The 160-308~ para f f in  cut was red is t i l l ed  under  the t e s t  conditions of GOST 2177-66 ,  16 t imes  in suc -  
cess ion ,  taking a l m o s t  al l  of the m a t e r i a l  overhead each t ime.  The r e su l t s  f r o m  this  expe r imen t  {see Fig. 2) 
indicate that ,  with heating up to 320~ t h e r m a l  decomposi t ion  of the paraf f in  occurs ,  with the fo rmat ion  of un-  
sa tu ra ted  hydroca rbons  and the accumula t ion  of these  hydrocarbons  a f t e r  each dist i l lat ion.  There  was a lso  a 
change in the paraf f in  dis t i l la t ion curve .  F o r  example ,  when 0.4% unsa tura ted  hydrocarbons  had appeared ,  the 
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Fig. 3. T e m p e r a t u r e  dependence of t h e r m a l  de -  
composi t ion  ra t e  constants  fo r  n -a lkanes :  a) our  
data; b) ex t rapola ted  data of Nelson. 

initial  boil ing point and the end point of the paraf f in  were  lowered by 10 ~ and 6~ respec t ive ly .  F u r t h e r  hea t -  
ing (13th dist i l lat ion) led to convers ion  of the high-boi l ing f rac t ions  of the paraf f in  to t a r ,  increas ing  its end 
point and lowering the content of unsa tura ted  hydrocarbons  to 0.3%. 

As a r e su l t  of the expe r imen t s  p e r f o r m e d  under  s ta t ic  conditions,  the following values were  obtained 

fo r  t/t: Ct3H28 260~ D18H38 250~ Ci0-C24 mix ture  240~ 

The data obtained by heating the liquid para f f ins  under  dynamic conditions (Table 2) show that  the hy-  
draul ic  r eg ime  of paraf f in  movemen t  in the h e a t e r  has a cons iderab le  effect  on the extent of paraf f in  d eco m-  
posi t ion and on t / t ,  depending on the ave r age  m o l e c u l a r  m a s s  of the paraff in ,  the t e m p e r a t u r e ,  and the duration 
of the heating.  With increas ing  ra te  of paraf f in  flow veloci ty in the hea t e r ,  the re  was less  decomposi t ion,  and 
t / t  was higher .  F o r  example ,  Cll-C22 paraf f in ,  when heated at 250~ with a res idence  t ime  of 3 rain in the 
h e a t e r ,  did not decompose;  the Cli-C25 paraf f in ,  even at  300~ with a res idence  t ime  of 19 rain, contained about 
0.014% on sa tura ted  hydrocarbons .  This  s a m e  paraf f in ,  when heated at  254~ with a res idence  t ime  of 12 rain, 
decomposed  to f o r m  3.5 t imes  the quantity of unsa tura ted  hydrocarbons  in compar i son  with that  fo rmed  by the 
heat ing to a h igher  t e m p e r a t u r e .  This  d i f fe rence  is explained by the h igher  heat  flux densi ty ,  which was 12.1 
M J / ( m  z h) in the second case  in compar i son  with 9.8 M J / ( m  2- h) in the f i r s t  case ,  with comparab le  heating 
r a t e s .  

Higher  flow veloci t ies  of the paraf f in  in the hea t e r  gave less  t h e r m a l  decomposi t ion.  F o r  example ,  the 
C15-C25 paraff in ,  when heated in a f l a m e l e s s  combust ion  furnace  of the BB152/6 type with a flow veloci ty  of 
0.35 m / s e c ,  fo rmed  0.11% unsa tura ted  hydrocarbons ;  with a flow veloci ty  of 0.6 m / s e c ,  it f o rmed  only 0.038% 
unsa tura ted ,  in both cases  heating to a t e m p e r a t u r e  of 277~ with a heat  flux densi ty of 7.2 M J / ( m  2" h). The 
expe r imen ta l  data show that  t / t  is a hmct ion of s e v e r a l  p a r a m e t e r s ,  re la t ing  to the heating conditions and a lso  
to the paraf f in  composi t ion.  With a flow veloci ty  of 0.2 m / s e c  fo r  this s ame  paraf f in  in the hea te r ,  t / t  was 
found to be 260-280~ When the veloci ty  was inc reased  to 0.5-0.6 m/ sec  with r = const ,  this t e m p e r a t u r e  
l imi t  was inc reased  to 300-310~ with s t i l l  h igher  flow ve loc i t ies ,  the paraf f in  may be heated to 330-340~ 

A compu te r - a ided  workup of the expe r imen ta l  data  by the l e a s t - s q u a r e s  method gave the following r e -  
g r e s s ion  equation fo r  the deg ree  of paraf f in  decomposi t ion:  

x = (1.479t-5.01v-2.TqSq + 6.792v + 0.1S2M) 10s 

where  X is the content of unsa tura ted  hydrocarbons  in the paraff in ,  m a s s  %; it is the t e m p e r a t u r e  to which 
the para f f in  is heated,  ~ v is the res idence  t ime  of the para f f in  in the furnace  in the hot zone, rain; q is the 
hea t  flux densi ty  fo r  the hea te r ,  M J / ( m  2. h); v is the paraf f in  flow veloci ty  in the h e a t e r  m/sec ;  M is the a v -  
e r age  m o l e c u l a r  m a s s  of the paraff in .  

We a l so  obtained pa r t i a l  co r r e l a t i on  coeff ic ients  between each of the f ive p a r a m e t e r s  invest igated,  
through which we were  able to rank  the i r  influence on X in the following o r d e r  of dec reas ing  influence: t ,  v, 
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TABLE 3. Recommended Parameters for Heating Liquid Paraffins (Ci0-C24) 

Indices 

Temperature, ~C, no higher than 
Time, rain, no longer than 
Flow velocity in heater, m/sec 
Heat flux density for heater surface, 
MI l(m 2" h) 

Heating method 

Allowable content of unsaturated hydrocarbons, mass % 

[lone O, 05 

250 260 
lO 12 

0,6--1,2 0,6--1,2 
30--35 35--40 

Intermediate heat 
career 

I 

0,1 

280 
15 

0,8--1,4 
40--45 

0,2 0,5 

300 320 
20 20 

1,0--1,4 1,2--1,5 
45--52 52--60 

Fired 

i I 

340 
30 

1,4--1,6 
60--65 

v, q, and M. On the basis of experimental data on the thermal lability of paraffins, plots were made of the 
temperature dependence of the thermal decomposition rate constant for the n-alkanes (Fig. 3). Also shown 
in Fig. 2 are analogous plots obtained by extrapolating the Nelson charts [2] to the moderate-temperature 
region, on the assumption of equality of the kinetic characteristics of petroleum products and n-alkanes with 
the same molecular mass. These relationships show that the experimental data cannot be described by ex- 
trapolating the Nelson relationship. Therefore, in carrying out design and research studies, use should be 
made of the relationship between k and t that is shown in Fig. 3. 

Apart from the factors we have analyzed, the the~cmal lability of a paraffin is influenced to a great de- 
gree by the heating method. In commercial operations, the heating may be carried out in fired furnaces of 
the flameless combustion type, or by means of high-temperature heat transfer fluids (mixed biphenyl) or high- 
pressure steam (5.9-9.8 MPa). The selection of the method used for paraffin heating is determined by the 
limits placed on the content of unsaturated hydrocarbons in the paraffin. If no unsaturated hydrocarbons are 
allowed, the paraffin must be heated under mild conditions; this is done by supplying heat through a boiler, 
i.e., by the use of high-potential steam (6-10 MPa). 

In the event that paraffin decomposition up to 0.05% by mass is allowed, other high-temperature heat 
carriers may be used [4], such as biphenyl mLxture or ditolylmethane; however, there may be problems with 
these materials contaminating the paraffin and thus lowering its quality with respect to the content of aro- 
matic hydrocarbons. In all other cases, if higher contents of unsaturates are allowable, fired heating of the 
paraffin is the simplest and most suitable method. The recommended parameters and methods for heating 
paraffins, depending on the allowable content of unsaturated hydrocarbons, are listed in Table 3. 
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