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The poss ibi l i ty  of p l a sma  jet py ro lys i s  of oil in a d i rec t  flow r e a c t o r  and a r e a c t o r  with a r e -  
v e r s e  flow design was conf i rmed exper imenta l ly .  A compar i son  was  made of the technologi-  
cal  output of gaseous  products  for  different  sy s t em p a r a m e t e r s  for  both construct ion var ian t s .  

The p rob lem of choosing the mos t  ra t ional  design f r o m  those known at p resen t  for  the mixing of a 
p l a s m a  jet  with raw ma te r i a l s  is examined in the p resen t  a r t i c l e .  The two schemes  mos t  acceptable  for 
the given p roce s s  f rom our  point of view were  compared:  d i rec t  flow (injection of raw ma te r i a l  pe rp en -  
dicular  to p l a sm a  jet), and counter  flows whose const ruct ive  solution was obtained in r e a c t o r s  of an anal -  
ogous type. Some  deviation f r o m  normal  p rac t i ce s  was inherent  to the r e ac to r  using the counter  flow s y s -  
tem, since it f inally became  a two-s tage  r e a c t o r  in the f i r s t  stage of which the p l a s m a  jet  was  mixed with 
the s ta r t ing  raw m a t e r i a l s  by the counter  flow sys tem,  while the second stage had the f o r m  of a quenching 
appara tus  in which quenching of the py ro lys i s  products  by cold gas  is combined with their  cooling on the 
cold su r faces  of a heat exchanger .  

The pyro lys i s  of d i rec t ly  disti l led oil in a low t e m p e r a t u r e  p l a s m a  jet  was chosenas  the m o d e l p r o c e s s .  

A p lasmot ron  of the core  type using nitrogen as the p l a s m a - g e n e r a t i n g  gas was used in both design 
var ian t s .  In the p lasmot ron  power range f r o m  10 to 22 kW and 60-90% eff iciency the average  p l a s m a  t e m -  
pe ra tu re  var ied  in the in terval  of 3500-7000~ which provided a range of average  enthalpies of the react ion  
components obtained in the r e a c t o r  mixing f r o m  0.4.103 to 1.2 �9 103 kca l /kg  for  the var ious  sys t ems .  Here  
the average  enthaIpy of the mixture  of p l a sma-gene ra t i ng  gas and pyrolyzed raw ma te r i a l s  in the r e a c t o r  
was calculated as the di f ference between the power supplied to the r e a c t o r  by the p l a s m a - g e n e r a t i n g  gas and 
raw ma te r i a l  and the power lost  in cooling the construct ion components  of the ent i re  r e a c t o r  in operat ion by 
the d i rec t  flow s ys t em  or only in the f i r s t  r e a c t o r  stage in operat ion with the r e v e r s e  flow sys tem.  
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Fig. I. Dependence of pyrolysis gas products yields 
C, %vol on enthalpy hdis, keal/kg for direct flow de- 
sign (a) and with opposite s t r e a m s  (b): 1) C2H2; 2) C 2 
�9 H4; 3) CH4; 4) H 2. 
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Fig. 2. Dependence of C2H 2 yield on specific energy in direct  flow 
reac to r  (a) at consumptions of original raw mater ia l :  1) G r = 1.85 
g/sec; 2) 1.75; 3) 1.5, and thermal  efficiency (b) on useful power: 
1) for r eac to r  using direct  flow design; 2) for f i rs t  stage of r eac -  
tor with opposite flow. C, %voI; Q u s e . r / G r ,  kW-h /Nm 3. 

Direct ly  distilled oil f rom the Romashkinskii  deposit with the following charac te r i s t i c s  was used as 
the s tar t ing product in the experiments:  specific gravi ty 0.869 g/cm 3, v iscosi ty  10.5 cP (start  of bubbling 
30~ element composition (in %vo[): C = 85.4, H 2 = 12.74, S = 1.61, 02 ~ 0.18, and scale of bubbling: 

~ Up to 80 100 220 300 

% vol 7,8 32,9 38,0 86,7 

In all the experiments  the raw mater ia l  was injected into the p lasma jet in liquid drop form through 
an a tomizer  f rom a feeder  under a p re s su re  of 6-10 aim. The flow rate of the raw mater ia l  in the experi-  
ments was 1.5, 1.75, and 1.85 g/sec. 

The pyrolys is  gases  at the output of the second (quenching) stage of the reac to r  were cooled in a tubu- 
lar  condenser,  passed through a trap for liquid products,  and entered a manifold for separating the gas-  
eous products  of pyrolys is  for analysis and thenwered i sca rded  into the atmosphere.  

The gaseous pyrolys is  products  were analyzed by the method of gas absorption chromatography using 
two chromatographs ,  KhL-4 and LKhM-Va, on de tec to r -ca tha romete r s .  

In both chromatographs  the adsorbent used was ASK sil ica gel modified with vaseline oil in a concen- 
tration of 10% of the weight of si l ica gel. 

The components N 2 + HCN, CH4, C2HG, C2H4, C2H2, and Call 8 were analyzed on the KhL-4 chromato-  
graph using hydrogen as the c a r r i e r  gas. Hydrogen in the pyrolys is  gas was determined separately  on the 
LKhM-Va chromatograph (Ar c a r r i e r  gas). The experiment continued for 5-10 min. After reaching the 
s tat ionary stage, determined by a c h r o m e l - a l u m e l  thermocouple,  upon reaching a constant temperature  
at the output of the second reac to r  stage or  after quenching in the direct  flow design gas samples  were taken 
for analysis in three to four pipettes uniformly during the time the experiment  was conducted. 

The dependence of the yields of gaseous pyrolys is  products of oil in % voI on the enthalpy of the gases 
discharged f rom the r eac to r  hdi s for  the case of the direct  flow reactor ,  and the enthalpy of the gases dis-  
charged f rom the f i r s t  stage of the r eac to r  hdi s (lst  st.) for the counter flow design are presented in Fig. 
l a  and b. Among the curves  presented in Fig. l a  and b the dependence of the yields of acetylene are most 
interesting, which in the case of the counter cur ren t  has a minimum in the region of hdi s (1st st .)  ~ 0.9 
.103 keal/kg,  while for  the direct  flow with an increase  in hdi s the acetylene content grows with the increase 
in enthalpy. As regards  the ethylene yields, it is seen f rom Fig. 1 that the nature of the dependencies 
presented for both var iants  coincides with the maximum in the enthalpy region of 0.7-0.8 kcal/kg. The ab- 
solute yield of ethylene is higher for the counter flow and reaches  a value of 8-9%vol. 

In view of severa l  differences in the geometr ica l  s izes of the reac tor  construct ion designs compared,  
the compar ison of the resul ts  of the pyrolys is  p rocess  was car r ied  out with the condition of maintaining ap- 
proximately the same thermal  reac to r  efficiencies for the charac te r i s t i c  operating conditions of the sys tems 
which were compared.  In connection with this the dependence of the thermal efficiency of the reac to r  (or 
its f i r s t  stage in the counter  flow case) for both designs on the amount of heat Quse.r  usefully employed in 
the r eac to r  (or in the f i rs t  stage, respectively) is presented in Fig. 2b. 

The dependence of the yields of gaseous products on the specific energy consumption Quse . r /Gr  is 
shown in Fig. 3, analogous to those shown in Fig. la,  b. 
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Fig. 3. Dependence of yield of C2H4, C2H2, and Z(C2H 2 + C2H4) on specif ic energy: 1) C2H 2 (opp.); 
2) C2H ~ (dir.);  3) C2H 4 (opp.); 4) C2H 4 (dir.);  5) Z(C2H 4 + C2H2) (opp.); 6) Z(C2H 4 + C2H2) (dir .) .  
C, %vol. ; Quse . r /Gr ,  k W . h / N m  3. 

Fig. 4. Compar i son  of dependencies  of genera l  degree  of convers ion  ~?gen (%) and convers ion  to 
acetylene 7C H (%) on the specif ic energy consumption in a d i rec t  flow r e a c t o r  and in a r e a c t o r  

2 
with opposite f[2ow: 1) ~?gen (opp.); 2) ~gen (dir.); 3) YC2H2 (opp.); 4) YC2H2 (dir.);  5)~gen ac -  
cording to data of [1]. Q u s e . r / G r ,  k W . h / N m  3. 

The compara t ive  dependencies  p resen ted  in Fig. 3 for  the sum of unsaturated hydrocarbons  c l ea r ly  
favor  the opposite flow, since in the wide range of values  of Q u s e . r / G r  f r o m  2 to 4 the sum EC2H 2 + C2H 4 
mainta ins  an a lmos t  constant  value while for  the d i rec t  flow it i nc reases  only with the increase  in Quse . r  
/ G r ,  exceeding the resu l t s  for  the opposite flow design only at values  of Q u s e . r / G  r > 3.0. Thus,  it is 
evident that in using a r e ac t o r  with the opposite flow design it is poss ib le  to obtain about the same yield of 
total C2H 2 and C2H 4 at low energy  consumption.  An analysis  of the acetylene yield as a function of the 
specific energy  consumption Q u s e . r / G  r fo r  the d i rec t  flow design at different  flow r a t e s  of the original  raw 
ma te r i a l  is p resen ted  in Fig. 2a. Reducing the consumption of raw ma te r i a l  Gr f r o m  1.85 to 1.5 g/sec with 
a s imultaneous inc rease  in Q u s e . r / G  r leads to an increase  in the acetylene yield (to 12 %vol) which is f u r y  
explained by the p re sence  of a l a rge r  enthalpy potential  of the mix ture  in the r e a c t o r  due to the lower con- 
sumption of the raw ma te r i a l  supplied. The p resence  of ex t r ema l  dependencies  of the C2H 2 yield in the 
r e ac to r  having opposite flow can be hypothet ical ly explained by the quenching conditions, which were  taken 
as identical for  both va r i an t s  but were  optima[ for  the d i rec t  flow. In connection with this the construct ion 
design of the cooling stage for  the r e a c t o r  with opposite flow evidently r equ i r e s  final development  and a 
fu r ther  detailed study. 

The genera[  degree  of convers ion  ~? en and the degree  of convers ion  to C2H2, "/C2H2, as functions of 
the specif ic energy  consumptions Quse.r)~Gr is shown in Fig. 4. Some increase  is evident in ~Tgen (by 
about 10%) for  the s y s t e m  with opposite flow, which is mos t  not iceable in the region of values  of Quse . r  
/ G  r < 3.0 kW- h / N m  3. However  the p resence  of an ex t remal  dependence fo r  C2H 2 once again causes  one 
to examine the stil l  unstudied region of values  of Q u s e . r / G r  = 1.0-2.0, since in the region studied a de-  
c r e a s e  in the specif ic  energy  consumption f r o m  3.0 to 2.0 kW �9 h / N m  3 leads to an increase  in C2H 2 yields 
and in the respec t ive  degree  of convers ion  TC2H 2. 

The dependence of ~gen on Q u s e . r / G r  according  to l i t e ra tu re  data [1] for  pyro lys i s  of low octane ben-  
zene in an argon p l a s m a  jet  is also presented  for  compar i son  in Fig. 4. Evaluation of the inc rease  in 
specific energy  consumptions during py ro lys i s  of oil should be p e r f o r m e d  with regard  to the fact  that in 
the p re sen t  work the oil was injected in liquid drop form,  while in [1] a vapor  f o r m  was used. 

The p rob lem was  not r a i sed  in the ar t ic le  of achieving the max imum yields of acetylene  (or the sum 
of acetylene and ethylene) as indicated by the choice of p l a sma-gene ra t i ng  gas,  although the resu l t s  ob- 
tained on the yield of acetylene up to 12%vol and of ethylene to 8-10% vol are sufficiently high even in com-  
par ison with the pyro lys i s  of oil in a hydrogen p l a sma  [2], where  an acetylene concentrat ion on the o rde r  
of 15% was obtained. One should also note the absence f r o m  the resu l t s  of the analys is  of unsatura ted  
hydrocarbons  with C > 3 (in some exper imen t s  ethane and propane were  also obtained in concentra t ions  
not exceeding 1.0%vol) which may have a definite advantage in some cases .  
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