
GAS CRACKING CHARACTERISTICS I N  THE COMMERCIAL RANGE OF OPERATIONS. R .  Orris, 
G. 6. Nowowiejski  and A. P. Moore. 
Houston, Texas 77046. 

The c rack ing  o f  gases f o r  e thy lene  p roduc t i on  has undergone a resurgence i n  r e c e n t  
t imes i n  t h e  U.S.A. P r i c e s  f o r  ethane have t r u l y  made i t  t h e  feeds tock  of o p p o r t u n i t y .  
Ethane cont inues  t o  be o f  o r e a t  i n t e r e s t  as a feeds tock  i n  areas wh ich  have l a r g e  gas 
reserves ,  among these be ing  Canada, Indones ia ,  N i g e r i a ,  e t c .  C rack ing  c o n d i t i o n s  f o r  
ethane and propane r e q u i r e  some i n t e r e s t i n g  eva lua t i ons  e v o l v i n g  f rom the  un ique s i t u a -  
% ion  w i t h  r;ases whereby unconver ted  feeds tock  i s  recovered as a pu re  p roduc t  and can be 
recyc led .  The r e c y c l i n g  o f  unconverted feed  impacts the  recove ry  s e c t i o n  c a p a c i t y  and 
the  u l t i m a t e  y i e l d  o f  p roduc ts  ob ta ined.  
s e v e r i t y  i s  i n f l u e n c e d  by  t h e  va lues  p laced on feed, c a p i t a l  and by-produc ts ,  f o r  pure 
feeds and m ix tu res  o f  ethane and propane. 
a l s o  cons ider  the  e f f e c t s  o f  c o n t a c t  t ime  and p a r t i a l  p ressure .  
l ook  a t  t h e  bas i c  v a r i a t i o n s  which a f f e c t  c a p a c i t y  and u l t i m a t e  y i e l d s  as p a r t i a l  p res-  
sure  and con tac t  t ime  a r e  v a r i e d  ove r  the  p r a c t i c a l  ranges ach ievab le  i n  commercial 
opera t i  ons. 

The M.W. Ke l logg  Company, 3 Greenway P laza  East, 

T h i s  paper w i l l  show how t h e  s e l e c t i o n  o f  

I n  des ign ing  new p l a n t s ,  t h e  des igne r  must 
T h i s  paper w i l l  a l s o  

IMPLICATIONS OF FEEDSTOCK FLEXIBILITY I N  THE DESIGN OF OLEFINS PLANTS. 
DeHaan. C-E Lummus, Combustion Engineering, I n c . ,  1515 Broad Stree t ,  Bloomfield, 

Stephen 

New Jersey 07003. 

Currently operational  o l e f i n s  plants  crack feeds ranging from ethane t o  vacuum gas 
oil. Unt i l  recent ly ,  most individual  plants  were designed t o  u t i l i z e  a s i n g l e  feed.  
Even plants with some feedstock f l e x i b i l i t y  were usual ly  based on e i t h e r  natural gas de-  
r ived feedstocks or crude o i l  based feedstocks.  Current and predicted future market 
forces  d i c t a t e  that  new plants  have considerably more f l e x i b i l i t y .  To asses s  the  impact 
of feedstock f l e x i b i l i t y  on overa l l  plant energy consumption and c a p i t a l  c o s t s ,  a s e l e c -  
t i o n  of case s tud ies  are  analyzed. 

OPTIMAL CONTROL OF AN OLEFINS PLANT. M.  D .  Weiss, B e c h t e l  
Petroleum, I n c . ,  Houston, Texas 77001-2166 

Within t h e  p a s t  f i v e  y e a r s  improvement i n  m i c r o p r o c e s s o r  computer 
c o n t r o l  of  O l e f i n s  P l a n t s  have enab led  r e a l i z a t i o n  o f  numerous 
b e n e f i t s  i n  economy and ene rgy  s a v i n g s  i n  t h e s e  f a c i l i t i e s .  The 
u s e  of  advanced c o n t r o l  f a c i l i t a t e d  by mic roprocesso r  d i s t r i b u t e d  
c o n t r o l  made o p t i m i z a t i o n  and c o n t r o l  of p y r o l y s i s  f u r n a c e s ,  
d i s t i l l a t i o n  columns, d r y e r s ,  and o t h e r  u n i t  o p e r a t i o n  r e a d i l y  
a v a i l a b l e  t o  t h e  o r i d i n a r y  c o n t r o l  e n g i n e e r ,  u s i n g  env i ronmen ta l  
v a r i a b l e  c o n t r o l ,  material  b a l a n c e  c o n t r o l ,  h e a t  b a l a n c e  c o n t r o l ,  
energy min imiza t ion ,  and p o l l u t i o n  c o n t r o l .  D e t a i l s  w i l l  be  
s u p p l i e d  of control t e c h n i q u e s  used  i n  t h e  p y r o l y s i s  f u r n a c e ,  
deme than ize r  system, a c e t y l e n e  removal and me thy l  a c e t y l e n e /  
p ropad iene  removal reactors,  d e p r o p a n i z e r ,  v a r i o u s  d r i e r s  and 
d i s t i l l a t i o n  columns, r e s u l t i n g  i n  cos t  and ene rgy  s a v i n g s ,  and 
i n  b e t t e r  c o n t r o l  when t h c  p l a n t  is o p e r a t e d  a t  r educed  c a p a c i t y .  
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REACTOR SURFACE EFFECTS DURING STEAM PYROLYSIS OF A WHOLE CRUDE. C .  W. Chang and 
B .  L. Crynes.  School of Chemical Engineer ing,  Oklahoma S t a t e  Un ive r s i ty ,  423 

Engineering North,  S t i l l w a t e r ,  OK 74078. 

The thermal  decomposition o f  a n  Alaskan crude o i l  i n  t h e  presence of s team was 
s tud ied  i n  unpacked, downflow r e a c t o r s .  The experiments  were conducted a t  e s s e n t i a l l y  
atmospheric p r e s s u r e  over  a t empera tu re  range of 650-800 C w i th  a mass r a t i o  of oi l - to-  
s team of 2.5. Four d i f f e r e n t  r e a c t o r s ;  304 s s ,  a lon ized  304 s s ,  Vycor and Inconel  600, 
were chosen t o  s t u d y  w a l l  e f f e c t s .  
i n t o  th ree  d i s t i n c t  e n t i t i e s :  ( i )  a heavy l i q u i d  f r a c t i o n  b o i l i n g  i n  t h e  range of 210- 
550 C ,  ( i i )  a l i g h t  l i q u i d  f r a c t i o n  from C4 t o  b o i l i n g  p o i n t  of 210 C ,  and ( i i i )  gas 
p l u s  coke. 

' h e  products  from t h e  p y r o l y s i s  r e a c t i o n s  were lumped 

A model of r e v e r s i b l e  s e r i e s  r e a c t i o n s  was pos tu l a t ed  t o  f i t  t h e  experimental  da t a ,  
and success fu l ly  p red ic t ed  t h e  t r e n d s  of conversion and y i e l d s .  The d i f f e r ' en t  su r f aces  
showed varying e f f e c t s  on product  d i s t r i b u t i o n s  and coke formation.  

FIASH PYROLYSIS PROCESS FOR THE PRODUCTION OF CHEMICALS AND FLELS FROM BIOMASS. 
Kvthu S .  Sundaram, Meyer S t e i n b e r g ,  and P e t e r  Fa l lon ,  Process  Sciences Divis ion,  

Department o f  Energy and Environment,  Brookhaven Na t iona l  Laboratory,  Upton, NY 11973. 

The o b j e c t i v e  of t h e  work i s  t o  produce t r a n s p o r t a t i o n  f u e l s  and chemical feed- 
s t o c k s  from Biomass v i a  F la sh  P y r o l y s i s .  
saw-dust of Douglas F i r  wood i n  a downdraft ,  cont inuous flow, bench s c a l e  r e a c t o r .  The 
p y r o l y s i s - g a s i f i c a t i o n  o f  wood p a r t i c l e s  was done i n  one s t e p  with no use  of c a t a l y s t s .  
The in f luence  of v a r i o u s  gaseous environments - which inc lude  hydrogen, helium and 
methane - on t h e  r e a c t i v i t y  o f  wood was i n v e s t i g a t e d .  The combined e f f e c t s  of high hea t -  
up r a t e  (lo4 - lo5 OC/sec) of t h e  wood p a r t i c l e s  and s h o r t  r e s idence  t imes (0.5 - 4 s e c )  
of t h e  d e v o l a t i l i z a t i o n  products  r e s u l t e d  i n  an  almost  complete g a s i f i c a t i o n  of carbon 
'995 C )  i n  t h e  feed wood a t  85ooc and 50 p s i  hydrogen p res su re .  Py ro lys i s  i n  methane 
Gas cha rac t e r i zed  by h igh  y i e l d s  of e thy lene  (up t o  21% C )  and BTX (up t o  12% C ) .  The 
e f f e c t s  of various pyrolysis atmospheres and major process  v a r i a b l e s  on t h e . y i e l d  and 
d i s t r i b u t i o n  o f  products  were s t u d i e d  i n  d e t a i l .  The composition o f  py ro lys i s  t a r s  and 
b a s i c  k i n e t i c  d a t a  were a l s o  ob ta ined .  
o f  p ipe l ine  gas  and methanol and chemical f eeds tocks  have been made. 

Experiments were conducted wi th  oven-dried,  

P re l imina ry  economic ana lyses  f o r  t he  production 

GAS EVOLUTION DURING PYROLYSIS OF CHATTANOOGA OIL SHALE R .  J. Feng and M. D. 
McKinley. Chemical and M e t a l l u r g i c a l  Engineer ing Department,  The Un ive r s i ty  of 

Alabama, P.  0. Box G ,  U n i v e r s i t y ,  Alabama:35486. 

A composite sample of Chattanooga o i l  s h a l e s  from s e v e r a l  c o u n t i e s  i n  t h e  s t a t e s  of 
Alabama and Tennessee w a s  pyrolyzed i n  a n i t rogen  atmosphere t o  99OoC a t  th ree  hea t ing  
r a t e s ;  2 ,  5, and lZ°C/min. 
w i thou t  temperature  soaking o r  wi th  10 hours  i so the rma l  soaking a t  23OoC. The o i l  sha l e  
p a r t i c l e  s i z e s  examined were -3+4 mesh and -8+16 mesh. A f i r s t  o rde r  k i n e t i c  r a t e  equa- 
t i o n  was used as t h e  nonisothermal  k i n e t i c  model i n  t h i s  s tudy.  Two k i n e t i c  parameters,  
frequency f a c t o r  and a c t i v a t i o n  energy,  were eva lua ted  by f i t t i n g  t h e  model k i n e t i c  equa- 
t i o n  t o  t h e  gas  e v o l u t i o n  d a t a  u s i n g  a non l inea r  l e a s t  squa res  program. The major gases 
i d e n t i f i e d  i n  t h e  p y r o l y s i s  gas  i n c l u d e  hydrogen, carbon monoxide, methane, carbon d i -  
ox ide ,  e thene,  e thane ,  and propane. The o i l  y i e l d  inc reased  from 31.88 % t o  54.79 % of 
t h e  modified F i sche r  Assay a s  t h e  h e a t i n g  r a t e  chan ed from 2 t o  12°C/stin. 

when the hea t ing  r a t e  i nc reased  from 2 t o  12%/min. 
tended to s h i f t  t h e  maximum g a s  e v o l u t i o n  r a t e  t o  lower temperatures .  
s h a l e  p a r t i c l e s  i so the rma l ly  a t  230% f o r  10 hour s  d i d  no t  improve t h e  o i l  y i e l d  i n  t h i s  
s tudy .  The nonisothermal  k i n e t i c  model used gave a good r e p r e s e n t a t i o n  of  t h e  thermovo- 
lume t r i c  experimental  d a t a  measured. 

The nonisothermal  p y r o l y s i s  p rocesses  were c a r r i e d  ou t  e i t h e r  

he t o t a l  
volumes of gaseous p roduc t s  d e c r e a s e s  from 85.68 cm 5 /g raw s h a l e  t o  36.23 cm 5 /g raw sha le  

General ly ,  lower hea t ing  r a t e s  
Soaking the  o i l  
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\ COAL ANALYSIS U S I N G  THERMOGUVIEIETRY. M. A. Se rage ld in  and Wei-Ping Pan. 

Thermogravimetric,  TG, a n a l y s i s  i s  i n c r e a s i n g l y  being used today t o  o b t a i n  k i n e t i c  
da t a  r e l a t e d  t o  c o a l  decomposition. 
b a s i s  t ha t  t h e  meaning of t h e  a c t i v a t i o n  energy of s o l i d  s ta te  r e a c t i o n s  obtained from 
TG experiments i s  n o t  c l e a r .  
a c t i v a t i o n  energy and en tha lpy  of r e a c t i o n  w a s  found. 
r e a c t i o n s  of atoms and sma l l  r a d i c a l s .  
decomposition o f  c o a l  under t h r e e  g a s  atmospheres (N2, CO 
Seve ra l  f e a t u r e s  were r epor t ed  such a s  t h e  e f f e c t  o f  t h e  z a t a l y s t s  on c o a l  conversion 
and CH4,  CO and Cog emission.  
energy. 

However, t h i s  method i s  open t o  c r i t i c i s m  on t h e  

In  t h i s  s tudy  a l i n e a r  r e l a t i o n s h i p  between p rocedura l  
This  i s  t y p i c a l  of e lementary 

The e f f e c t s  of a l k a l i  metal  s a l t s  on t h e  
and a i r )  were i n v e s t i g a t e d .  

These were r e l a t e d  t o  observed changes i n  a c t i v a t i o n  

KINETIC INVESTIGATION OF LIGNITE PYROLYSIS. Jefferson Jih and Uzi Mann, Department 
of Chemical Engineering, Texas Tech University, Lubbock, Texas 79409. 

In this paper we describe an experimental method for determining the individual 
kinetic parameters (frequency factors and activation energies) for the formation o f  gas- 
eous, liquid and solid products during lignite pyrolysis. The system constructed faci- 
litates the collection of the gas and tar formed and measurement of the solid weight 
loss  as a function of time. In addition, the technique facilitates monitoring the solid 
temperature with time. The latter enables one to account for the solid "heating-up" ef- 
fect in determining the kinetic parameters. 

The pyrolysis of San Miguel (Texas) lignite between 600 and 95OoC was investigated. 
It was found at these temperatures the sum of all lignite decomposition reactions is 
exothermic. This is probably due to partial simultaneous oxidation of the lignite with 
structure oxygen. An attempt is described for estimating the pyrolysis rates constant 
by substructing of the oxiginated gaseous carbon products from the total gas generated. 
Experimental kinetic data of Texas lignite are analyzed and the theoretical basis and 
computation procedures of estimating the kinetic parameters are discussed. 

, LIGNITE DEVOIATILIZATION I N  A FIXED BED REACTOR. A. J. Gokhale and R. Mahalincam. 
Department of Chemical Engineer ing,  Washington S t a t e  Un ive r s i ty ,  Pullman, WA 99164. 

D e v o l a t i l i z a t i o n  of l i g n i t e  c o a l  w i th  a steam/oxygen mixture  i n  a f ixed-bed,  
a tmospheric  p re s su re  r e a c t o r ,  i n  t h e  temperature  range 300 C t o  550 C ,  w i th  the  o b j e c t i v e  
of s tudy ing  the  tars.  The p a r t i c l e  s i z e s  were (-Bl), (-5+2) and (-4+3) mm. The t a r  
y i e l d  was observed t o  inc rease  and then dec rease  wi th  temperature ,  due t o  secondary 
cracking r eac t ions .  
increased wi th  inc rease  i n  d e v o l a t i l i z a t i o n  temperature .  
model, when f i t t e d  t o  t h e  experimental  d a t a ,  y i e lded  an  energy of a c t i v a t i o n  i n  t h e  
range 1 5  t o  18 kCal/mol, i r r e s p e c t i v e  of p a r t i c l e  s i z e .  A s e r i e s - p a r a l l e l  r e a c t i o n  
model i nd ica t ed  t h a t  t h e  c rack ing  of t a r  t o  cha r  k i n e t i c a l l y  r ep resen ted  t h e  most 

s, 

The melt ing po in t ,  v i s c o s i t y  and s p e c i f i c  g r a v i t y  of t h e  t a r  samples > A f i r s t  o r d e r  s i n g l e  r e a c t i o n  

I d i f f i c u l t  s t e p .  
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PYROLYSIS OF WESTERN CANADIAN COALS I N  A SPOUTED BED REACTOR. A .  J a r a l l a h  and A.  P. 
Watkinson. Department of Chemical Engineer ing,  The Unive r s i ty  o f  B r i t i s h  Columbia, 

Vancouver, B.C.  Canada V6T 1W5. 

Coal p y r o l y s i s  has  been s t u d i e d  in a 12 .8  c m  d i a .  cont inuous spouted bed r e a c t o r  with 
t h e  a i m  o f  determining c o n d i t i o n s  f o r  maximum l i q u i d  y i e l d s  from Western Canadian c o a l s .  
Nitrogen and n i t rogen /ca rbon  d iox ide  mixtures  and c o a l  o f  s i z e  - 3.36 + 1 . 1 2  mm a r e  f ed  
a t  atmospheric p re s su re  t o  an  e l e c t r i c a l l y  heated r e a c t o r  con ta in ing  sand .  The tar y i e l d  
is determined by sampling t h e  o u t l e t  gas through a series of cooled impingers .  The spout- 
ed bed py ro lyze r  behaves i n  a manner similar t o  a f l u i d i z e d  bed u n i t ,  and shows a maxirnum 
t a r  y i e l d  with temperature  a t  a f i x e d  f eed  rate. A t  a given py ro lyze r  temperature ,  t h e  
t a r  y i e ld  was i n v e r s e l y  p r o p o r t i o n a l  to t h e  c o a l  feed r a t e  ove r  t h e  r ange  0.4 t o  7.6 kg/h. 
Coal type s t r o n g l y  in f luenced  t h e  l i q u i d  y i e l d s  a s  expected.  A bituminous c o a l  (Sukunka) 
from t h e  Peace River c o a l  f i e l d  gave a maximum t a r  y i e l d  a t  6OO0C of 31% w t / w t  MAF c o a l  
a t  a feed r a t e  of 116 kg/hr-m2. The corresponding gas y i e l d  w a s  2.8%, and t h e  cha r  y i e l d  
(uncorrected)  w a s  64%. A t  abou t  t h e  same throughput ,  a maximum t a r  y i e l d  of 19.4% w t / w t  
MAF c o a l  a t  58OoC was found f o r  Balmer c o a l  - a bituminous c o a l  from t h e  Crowsnest coa l  
f i e l d .  A sub-bituminous c o a l ,  Fo res tbu rg ,  from t h e  Edmonton Formation produced s i g n i f i -  
c a n t l y  h ighe r  gas  y i e l d s  of 20% v e r s u s  6% f o r  t h e  bituminous c o a l s  due t o  h ighe r  C02 pro- 
duc t ion  and a tar  y i e l d  of 21% a t  53OOC. 
y i e l d  from 20.4 t o  22.4 t o  26.7% w t / w t  MAF c o a l  was found as t h e  average c o a l  p a r t i c l e  
s i z e  was reduced from 2.28 t o  0.95 mm to 0.65 mm. Nc significant e f f e c t s  on t a r  y i e l d  
were f o i d  fcr -;ar:aLions i n  bed dep th ,  or vapour r e s idence  time. 

With Sukunka c o a l ,  a s t eady  i n c r e a s e  i n  tar 
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