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1 , 2 . 1 0  AMMONIA RECOVERY - UNIT 26 

U n l t  26 ,  Ammonia  R e c o v e r y  c o m p r e s s e s  and l l q u e f l e s  the  ammonia v a p o r  

s t r e a m  f rom E f f l u e n t  W a t e r  T r e a t m e n t  ( T e x a c o )  - U n i t  27 .  The u n i t  n o r m a l l y  

p r o d u c e s  abou t  43 s t p d  o f  anhydrous  ammonia.  The p r o d u c t  I s  pumped t o  Ammonia 

S t o r a g e  and S h l p p l n g  - U n l t  5? .  

The v a p o r  f e e d  i s  compres sed  to  205 p s l g  i n  a t w o - s t a g e  r e c i p r o c a t i n g  

c o m p r e s s o r .  Knockout  drums a r e  used  u p s t r e a m  o f  e a c h  s t a g e  o f  t h e  c o m p r e s s o r  

t o  r e m o v e  e n t r s l n e d  l l q u l d .  The compressed  s - . . o n l a  I s  c o n d e n s ~  a t  IO0°F and 

s t o r e d  In  the  a , , non ia  a c c u m u l a t o r ,  which p r o v l d e s  s u r g e  t l m e  f o r  d e l i v e r y  t o  

t h e  s t o r a g e  a r e a .  

A. B a s l s  o f  Des18n  

U n l t  26 c o n s i s t s  o f  one  t r a i n  c a p a b l e  o f  h a n d l l n g  t h e  t o t a l  

aunnonla vapor stream from Unlt 27. Turndown capab111ty Is 50Z. 

Feed S t r e a m s  

Component 

Ammonla Rich Gas From Effluent 

Water Treatment - Unlt 27 

( lb  mol/hr) (molZ) 

t~t3 210.90 98.64 

H2S t r a c e s  - 

Total Dry, Ib mol/hr 210.90 - 

H20 2.91 1.36 

Total Wet~ lb  mol/hr 213.81 100.00  

Total, Ib/hr 3,644 - 

Pressure, psla 70 - 

Temperature, °F I00 - 

I I - 1 . 2 . 1 0 - 1  
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Product Streams 

Component 

, ,  , ,  , 

Anhydrous Ammonia 

(lb mol/hr) (mol X) 

Condensate 

( Ib  mol/hr) (molZ) 

NH3 210.50 99.07 0.40 

H2S trac..__~e - trac_~e 

Total Dry, Ib mol/hr 210.50 - 0.40 

H20 1.97 0.93 0.94 

Total Wet, lb mol/hr 212.47 I00.00 1.34 

Total, ib/hr 3,620 24 

Pressure, psla 215 103 
°F Temperature, 100 I00 

30.00 

70.00 

100,00 

B, Process Selectlon Ratlonale 

The product ion of  l lqu ld  anhydrous ammonia from ammonla - r l ch  

vapo r  by compress ion i s  a s i m p l e ,  r e l i a b l e ,  and proven commercial process  

with wide appl1cation worldwide. 

The present state of the art in ammonia compressor 

technology allows a long period of trouble-free performance with proper 

scheduled maintenance and ensures a high degree of flexlbillty for turndown 

purpose. 

C. Process Description 

Refer to Document No. D-26-MP-INP, the process flow and 

control diagram for the Ammonia Recovery Systems, Unit 26. 

The vapor stream from Unit 27 contains about 98.6 molZ 

ammonia, 1.4 molX moisture, and possible trace quantities of hydrogen 

I I - 1 . 2 . 1 0 - 2  
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s u l f i d e .  The vapor  feed s t r eam plus  any compressor s p i l l b a c k  enCers  Feed Drum 

26-01-1201.  Very l i t t l e  water  condenses  at  o p e r a t i n g  c o n d i t i o n s .  L i q u i d  f rom 

the feed  drum i s  r e t u r n e d  to  Unit  2 7  on l e v e l  c o n t r o l .  

Vapor e x i t i n g  the  f e e d  drum p a s s e s  t h r o u g h  S u c t i o n  F i l t e r  

26-01-2701 to ensure clean feed to the flrst-stage compressor. Filters are 

Installed to protect the compressor from possible damage caused by solid or 

llquld entrainment. Typlcally, the feed streams contain only traces of 

contaminants. 

The ammonia vapor stream is compressed from 42 pslg tO about 

92 pslg In the flrst-stage of Ammonia Compressor 26-01-1801. The compressor 

discharge temperature is about 2180F. The discharge stream is cooled to about 

100°F in Ammonla Compressor Intercooler 26-01-1301, Water condenses at these 

operating conditions. The condense.re collects In First-Stage Ammonia Knockout 

Drum 26-01-1202 and is returned to Unit 27 on level control. Vapor from the 

knockout drum enters the second-stage of Ammonia Compressor 26-01-1801, where 

it is compressed to 205 pslg. The compressor discharge temperature is about 

238 °Y, 

The compressed  vapor  s t ream i s  condensed a t  100°F in  Ammonia 

Product Condenser 26-01-1302. The stream is condensed as anhydrous ammonia. 

This straam enters Ammonia Accumulator 26-01-1203. The accumulator was 

designed to allow separation of the vapor/llquld stream and to provide 

sufficient surge time to smooth out feed to storage, Unit 57. 

D. Risk Assessment 

The Ammonia Recovery  Unit  i s  composed o f  two knockout  drums, 

two 2 - s t a g e  compressors  (one o p e r a t i n g  and one spare)  vrl th an i n t e r c o o l e r  and 

ammonia p r o d u c t  c o n d e n s e r ,  and one ammonia accumula to r .  The o p e r a t i o n  of  the  

un i t  i s  simple and r o u t i n e ;  no p roces s  r i s k s  a re  a n t i c i p a t e d .  

II-I. 2.10-3 
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E. P, rocess  Flow and Cont ro l  ,Diagram ( Inc lud ing  Ma te r i a l  

Balance) 

The P r o c e s s  Flow and C o n t r o l  Diagram f o r  Ammonia Recovery 

Unit 25 is as follows: 

D,rawLn ~ No. Titl_....~e 

D-26-MP-INP PFCD A1nmonia Recovery - Unit  26 

I 1 - 1 . 2 . 1 0 - 4  
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Y. P1o.t Plan/General Arrans:ement Drawin~e 

See' Volume IT_, 1.2.11(F) for Plot Plan 

Arrangement l)rawlngs for Ammonia Recovery - Unit 26. 
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G. Single-Line.Diagram 

See Volume ~ I ,  

~ecovery Unit 26.  

1.2.9(G) for Single-Llue Diagram for Ammonia 
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1.2.11 EFFLUENT WATER TREATMENT (TEXACO) - UNZT 27 

The Texaco Effluent Water Treatment Process was utilized 

to process the wastewater from the gasification plant. The Texaco Effluent 

Water  T r e a t m e n t  P r o c e s s  i s  a p r o p r i e t a r y  p r o c e s s  s u p p l i e d  by t h e  T e x a c o  

Development Corpo ra t i on .  

The Texaco  E f f l u e n t  Water  Trea tmen t  Unit  produces  - ~ , o n t a - r t c h  

gas f o r  r e c o v e r y  as anhydrous l i q u i d  ammonia and t r e a t e d  c l a r i f i e d  w a t e r  f o r  

r e u s e .  B y - p r o d u c t  s l u d g e s  a r e  produced In  the  p r e c i p i t a t i o n  s e c t i o n  and the  

b ~ o l o g l c a l  s e c t i o n .  The s ludge  from the  p r e c i p i t a t i o n  s e c t i o n  i s  c o n s i d e r e d  

t~:Ic since sufficient data are not available at thls tlme to support a more 

favorable classlflcatlon; therefore~ It Is routed to the water treatment 

solid waste disposal area. The blotceatment sludge undergoes further 

treatment an~ is disposed of as nonhazardous inert landfill. 

A. Basis of  Deslsn 

The e f f l u e n t  w a t e r  t r e a t m e n t  p l a n t  f e a t u r e s  common s t o r a g e  

and pumping f a c i l i t i e s  f o r  f e r r o u s  s u l f a t e  s o l u t i o n ,  l i m e  s l u r r y ,  c a u s t i c  

s o l u t i o n ,  and sand £ i l t e r  backwash  w a t e r .  Zn case  of  f a i l u r e  of  any one of  

the  s t r i p p e r s ,  t h e  p i p i n g  i n t e r c o n n e c t i o n  b e t w e e n  t h e  t r a i n s  p e r m i t s  t h e  

s t r i p p e r s  in  o p e r a t i o n  to  p roces s  the  t o t a l  de s ign  f low of w a s t e w a t e r .  

A common s ludge  sump i s  used f o r  b o t h  b i o t r e a t m e n t  t r & £ n s .  

The c l a r i f i e d ,  t r e a t e d ,  s t r i p p e d  water  i s  s u i t a b l e  f o r  r e u s e .  

'l m m m a m ~  • ..',~m~ 
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Feed Streams 

i I ill i i 

Blowdown from 
Gasification Unit 

Components ( l b  m o l / h r )  

ps 8 
TOC, ppmw 140 
TIC, pp~¢ 104 
~DS, ppmw 2,000 
TSS, ppmw 132 
COD, ppmw 500 
Organics, ppbw 9 
Ammonia 215.66 
Brom£de 0.03 
Chloride 115.20 
Fluor ide  21.11 
Cyanide 3.96 
¥ o m a t e  26.58 
Nitrate 0.35 
Sul f ide  5.94 
Su l fa te  0.50 
Thloeyanate 0.31 

Dissolved Sol ids ,  l b /h r  

~e~e: ,  l b / h r  
Tota l ,  l b / h r  

4,596 

2 ,291 ,480  
2 ,296 ,080  

gpm 4,700 
Pressu re ,  ps ia  70 
Temperature, °F 170 

Note: This stream does not inc lude  4,596 l b / h r  of a s h / s l a g .  
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Produc~ Streams 

Components 

i , i  

Amaon£a IKch Gas 
~o Ammonia Recovery Uni¢ 

(.1.b mol /hr)  (mol?.) 

Ammonia 
Sulf ide 

210.90 98.6390 
Traces Tra~es 

Total Dry, lb mol/hr 210.90 98.6390 
~aCer 2.91 1.3610 

Total Ue~, lb mol/hr 
T o t a l ,  l b / h r  

P~eSB~e ,  ps~a 
Temperature, °F 

213.81 100.0000 
3 ,644 .00  

70 
100 
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Product Streams (Contd) 

Components 

pe 
TOC, ppmw 
TDS, ppmw 
TSS, ppmw 
COD, ppmw 
Organics, ppbw 
Ammonia 
Bromide 
Chloride 
Yluor£de 
Cyanide 
Formate 
Nitrate 
Sulfide 
Sulfate 
Thiocyanate 
Calclum carbonate 
Phosphate 

Total  Dry, Ib mol/hr 
Water 

Total Wet, lb mol/br 

Total ,  Ib /h r  

~m 
Pre88ure, psla 
Temperature, °F 

B£otreated Water 

( l b  mollhr)  

6.5 
4 

447 
II0 

17 
I 
2.06 
0.03 

! 02.62 
0.32 
0.15 
1.23 
0.30 
0.003 
1.49 
0.01 
t race 
0.69 

108.90 
162,246.39 

162,355.29 

2,924,390.00 

5,850 
15 
70 

(mo1%) 

0.0015 
0,00002 
0,0772 
0.0002 
0.0001 
0.0009 
0.0002 
0.000002 
O.OOU 
0.00001 

0.0005 

0.0819 
99.9181 

100.0000 
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B° Process  S e l e c t i o n  Ra~lonale 

The p r o c e s s  w a s t e w a t e r  e f f l u e n t  f~'om t h e  T e x a c o  C o a l  

G a s £ f i e r  P r o c e s s  i s  a m a j o r  s~ream t h a t  r e q u i r e s  t r e a t m e n ~  to  make i~  

s u i t a b l e  f o r  r euse  in  the  complex.  The t r e a t n e n t  p r o c e s s  i s  a d e m o n s t r a t e d  

s y s t e m  t h a ~  can be r e l i e d  upon  to  p e r f o r m  d e p e n d a b l y  and c o n s i s t e n t l y .  

P roces s  a b e r r a t i o n s  r e s u l ~ i u 8  i n  u n a c c e p t a b l e  q u a l i t y  o f  t h e  Erea~ed  w a t e r  

c a n n o t  be t o l e r a t e d .  Thus ~ a d e q u a t e  c a p a c i t y ,  equipment  e p a r t r ~ ,  and means 

f o r  r e p r o c e s s t n g  the was tewate r  were p rov ided .  Severa l  p a r a l l e l  modules  were  

p r o v i d e d  t o g e t h e r  w i t h  m i s c e l l a n e o u s  e q u i p m e n t  common t o  t h e  m o d u l e s .  

T u r n a r o u n d  o r  shutdown o f  one  s t r i p p e r  does  no~ i m p a i r  o p e r a t i o n  o f  t h e  

gaslfler. 

Because the process wastewater contains a variety of metal 

ions and a s~bstantlal quantity of anions, It is not readlly processed vla 

the common systems of steam or air strlpp£z~. The pH adjustment ~o facill~ate 

strippln E fixes some components in solution while releaslng some components 

~hat crea~e difficult disposal problems. Reducing the pH ~ends to release 

acids such as hydrochloric, hydrofluoric, nitric, sulfuric, hydrogen sulflde, 

and hydrohromle. On ~he other hand, Increasln E the pH ~ends to precipitate 

most of the metalllc ions as hydroxides, fix sulfldes i~ solutlon, and 

release ammonia. 

The Texaco wastewater chemical treatlng process resul~s in 

~.he disposition of sulfides, cyanides, and carbonates as insoluble sludges; 

the production of useful by-product anhydrous ammonia; and a stream ~hat is 

amenable to blotreatment. Furthermore, the ~ncluslon of minor quantities of 

soluble organics does not in~erfere wlth the Texaco wastewater chemlcal 

treatlng process. Most of the organlc components are removed In the 

blotrea~ment. 
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C. P r o c e s s D e s c r i p t i o n  

The a r r a n g e m e n t  o f  equ lpment  and m a t e r i a l  b a l a n c e s  f o r  

E f f l u e n t  Water T r e a t m e n t  ( U n i t  27) a r e  p r e s e n t e d  on P r o c e s s  Flow C o n t r o l  

Diagrams D-27-MP-INP, D-27-MP-2NP, D-27-MP-3NP~ and D-27-MP-4NP, 

The Effluent Water Treatment (Texaco) - Unit 27 appllee the 

Texaco Effluent Water Treatment process to treat the wastewater generated 

from Gasification - Unlc 21. Ammonia vapor and blotreated strlpped water are 

the p r o d u c t s .  Texaco design c r i t e r i a  were used in  the  d e s i g n .  

Wastewater e n t e r s  the  b a t t e r y  l i m i t  a t  170°F and 70 p s i a .  An 

i n - l i n e  mixer  i s  i n s t a l l e d  on the  was tewater  l i n e  l e a d i n g  to the  chemical m ~  

drums f o r  the  i n j e c t i o n  of  c a u s t i c  s o l u t i o n  to  a d j u s t  t h e  pH to  t h e  de s i t . ed  

range i f  r e q u i r e d .  

At t h e  p r o p e r  pH, t h e  v o l a t i l e  form o f  hydrogen su l£ ide  i s  

kept a t  minimal l e v e l .  The c a u s t i c  drum holds  a 7-day s u p p l y  o f  NaOH f o r  t h e  

e n t i r e  u n i t .  A meter ing  pump d e l i v e r s  the  needed q u a n t i t y  o f  c a u s t i c  s o l u t i o n  

to the  was tewate r  l i n e  through the  i n - l i n e  mixer ,  and a pH c o n t r o l l e r  i s  used  

to regulate its flow. 

The w a s t e w a t e r  i s  d i scha rged  to the  f i r s t  compartment of  the  

c h e m i c a l  mix drum,  where i t  i s  mixed  w i t h  f e r r o u s  s u l f a t e  s o l u t i o n .  The 

r e a c t i o n  o f  f e r r o u s  s u l f a t e  w i t h  hydrogen s u l f i d e  and the  cyan ides  produces 

I n s o l u b l e  f e r r o u s  s u l f i d e  and i r o n - c y a n i d e  complexes. 

The f e r r o u s  s u l f a t e  s o l u t i o n  i s  s t o r e d  i n  t h e  f e r r o u s  

s u l f a t e  s t o r a g e  ~ank,  w i t h  a n e t  c a p a c i t y  o f  7 - d a y  s u p p l y .  A m i x e r  i s  

p r o v i d e d  to  m a i n t a i n  the  homogene i ty  o f  the s o l u t i o n .  To prevent  o x i d a t i o n ,  

the t ank  i s  b l anke t ed  with n i t r o g e n .  The f e r r o u s  s u l f a t e  pump s u p p l i e s  t h e  

chemical  mix t ank  wi th  the s o l u t i o n  from the  s torage  t ank .  
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Lime slurry i s  added  t o  t h e  second  compar tment  of t h e  

chemical  mix t a n k .  The a d d i t i o n  of  l ime f~ 'ees t he  f i x e d  ammonia f rom t h e  

ammoulum s a l t s  i n  t h e  e f f l u e n t ,  p r e c i p i t a t e s  the  s u l f a t e ,  and r a i s e s  the  pH. 

The calcium s a l t a  formed by these  r e a c t i o n s  p r e c i p i t a t e  and are  removed by 

f i l t e r i n g .  The f l o w  o f  l l m e  feed  is  r e g u l a t e d  by a pH c o n t r o l l e r  mounted on 

the  o u t l e t  of the  c h e m i c a l  mix t a n k .  To e n s u r e  t h e  c o m p l e t e n e s s  o f  t h e s e  

r e a c t i o n s  and to keep tha  p r e c i p i t a t e s  in s u s p e n s i o n ,  mixers are i n s t a l l e d  on 

the chemical mix drum. 

Lime slurry is diluted in the lime supply tanks. Dilutlon 

and mixing take place in the tank to maintain a continuous flow of lime to 

the  chemical mix drum th rough  the lime supply  pump. 

After treatment with ferrous sulfate solution and llme 

slurry, the treated effluent is pumped by the sludge separator feed pump to 

the sludge separator. The supernataot is drawn off near the top of the vessel 

while the concentrated sludge exits from the bottom. Part of thc sludge is 

pumped by the sludge recycle pump to the chemical mix drum to supply nuclei 

for producing precipitates during llme addition. The remainder of the sludge 

is directed to the plate and frame filters by the filter press pump. 

The flow controller on the llne to the plate and frame 

filters responds to the level in the chemical mix drum and regulates the flow 

of the supernatant from the separator. 

The sludge enters the parallel plate and frame filters, 

where the water Is separated from the solids, leaving a clear water stream 

aud a sludge dzscharge. The sludge Is removed from each filter by a screw 

conveyor. A belt conveyor is used to collect the sludge discharged from the 

screw conveyors. These belt conveyors discharge onto a main belt conveyor~ 

con~non to all trains, for disposal. The filtrate Is piped to the inlet of the 

sand filter feed pump. 

I I - 1  • 2 . 1 1 - 7  
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The combined  w a t e r  s t ream e n t e r s  t he  sand f ~ l t e r  feed  pump, 

which pumps the  s t ream th rough  t he  sand f i l t e r s  t o  t he  - - . . o n t a  s t r i p p e r  s u r g e  

t a n k .  The sand f i l t e r  pe r fo rms  a p o l i s h i n g  f u n c t i o n ,  removing whatever  s o l i d s  

remain  ~n the  wastewater  a f t e r  s e t t l i n g  and dewa~ering o p e r a t i o n s .  

Water is pumped under flow control from the surge 

compartment of the ammonia stripper ~urge tank by the stripper feed pump to 

the feed/product exchangers, where the temperature will be raised. The water 

then enters the ammonia stripper. 

W i t h i n  t h e  s t r i p p e r ,  s t eam i s  p r o v i d e d  by the r e b o i l e r  t o  

s t r i p  t h e  ammonia. The o v e r h e a d  gas  e n t e r s  t h e  o v e r h e a d  c o n d e n s e r ,  w h i c h  

c o o l s  t h e  gas ,  causing a p o r t i o n  o f  the  gas to  condense .  The two-phase s t r eam 

then  e n t e r s  the a~nonia s t r i p p e r  r e f l u x  drum, where t h e  p h e s e s  s e p a r a t e .  The 

l i q u i d  p h a s e  i s  pumped b a c k  t o  t h e  t op  t r a y  o f  t h e  s t r i p p e r  by the  r e f l u x  

pump. The a=nnonia-rich gas i s  s e n t  ~o the  Ammonia R e c o v e r y  - Uni t  26 ,  w h e r e  

ammonia i s  r e c o v e r e d  i n  l i q u i d  a n h y d r o u s  form.  The bot toms pump d i s c h a r g e s  

the  h o t  s t r i p p e d  water  t h rough  t h e  f e e d / p r o d u c t  e x c h a n g e r ,  and t h e  s t r i p p e d  

water is cooled further in the bottoms cooler. 

• ..-.: .,_ 

¢ 

The c o o l e d  s t r i p p e d  w a t e r  pH i s  a d j u s t e d  by a d d i t i o n  o f  

s u l f u r i c  a c i d  i n  t h e  n e u t r a l i z a t i o n  b a s i n .  P h o s p h o r i c  a c i d  i s  added  t o  

p r o v i d e  the  neces sa ry  n u t r i e n t s  f o r  b a c t e r i a  growth.  The u e u t r a l l z a t l o n  b a s i n  

I s  d i v i d e d  by b a f f l e s ~ t h  o v e r -  and under f low i n t o  t h r e e  equal  compar tments .  

A mLwer i s  i n s t a l l e d  in  e a c h  c o m p a r t m e n t  t o  e n s u r e  t h e  h o m o g e n e i t y  o f  t h e  

s o l u t i o n  t h a t  flows from one compartment to  the  n e x t .  

The o v e r f l o w  f r o m  t h e  l a s t  c o m p a r t m e n t  g o e s  i n t o  t h e  

trickling filter feed pump that sends the water to the trickling filter 

through the rotating sprinklers. The f~iter contains trickling media on the 

surface of which a gelatinous film of aerobic bacteria develops. As the water 

trickles over the film, dissolved and suspended organic matter is removed by 

adsorption. The adsorbed materlal is oxidized by the metabollc processes of 

I 1 - 1 . 2 , 1 1 - 8  
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the bacteria. Effluent from the trickling filter is split into two streams, 

one of  which ~s d i r e c t e d  t o  the  e l a r l f l e r  by the c l a r l f ~ e r  feed  pump, and t h e  

o t h e r  i s  r t : y c l e d  through the  ~ r l c k l l n g  f i l t e r  r e c l r c u l a t l o n  pump. The s ludge 

e x i t s  t h rough  t h e  bo t tom and f l o w s  by g r a v i t y  t o  t he  s l u d g e  sump. Sodium 

c a r b o n a t e  i s  added to the c l a r l f l e r  to p r e c l p l t a ~ e  the s o l u b l e  calcium s a l t s .  

The c l a r l f l e r  s ludge  pump o p e r a t e s  i n t e r m i t t e n t l y  u n d e r  l e v e l  c o n t r o l s  t o  

send the  s ludge  to the s ludge  hand l ing  f a c i l i t y .  

- ~ - : _ _  

The c l a r i f i e d  e f f l u e n t  from the  c l a r i f i e r  o v e r f l o w  l a u n d e r  

is discharged by the clarZfler effluent pump to reuse. 

The b i o t r e a t e d  w a t e r  flG~¢ i s  5 , 4 8 9  gpm a t  a m b i e n t  

tempera ture  in  normal ope ra t ing  c o n d i t i o n s .  

D. Risk Assessment 

I. Chemical. Treatment. The chemleal treatment of the 

Texaco Coal Gaslfler water blowdown is based upon demonstrated technology 

consisting of the addition of ferrous sulfate, caustic, and llme to remove 

such pollutants as sulfide, cyanide, and carbonates. The chemical addlt~ons 

are monitored to maintain rates required to achieve the reduction of 

p o l l u t a n t s  needed.  The pH c o n t r o l  i s  e f f e c t e d  by c a u s t i c  and l lme t o  maximize  

the p o l l u t a n t  removal fo r  the  a c t u a l  chemical  consumptions i n  the  p roces s .  

Risks i n  chemical  t r e a t m e n t  a r e  r e a l i z e d  by i n a d e q u a t e  

a t t e n t i o n  g i v e n  to  pH c o n t r o l  and chemical  a d d i t i o n  r a t e s .  I f  pH i s  too low, 

c o r r o s i o n  o f  equipment i s  a c c e l e r a t e d  and a c i d  g a s e s  s u c h  a s  H2S , HCN, and 

CO 2 may be r e l e a s e d .  I f  t h e  pH i s  too  h i g h ,  i n s o l u b l e  h y d r o x i d e s  may be 

p r e c i p i t a t e d ,  t~us  adding to  the s ludge  l o a d .  Risks from p o o r  pH c o n t r o l  and 

i m p r o p e r  chemica l  a d d i t i o n s  c o n s i s t  of  exces s ive  use  o f  c h e m i c a l s ,  f a i l u r e  to  

remove p o l l u t a n t s ,  and p o s s l b l e  ~ncreased  equipment c o r r o s i o n .  

I I - 1 . 2 . 1 1 - 9  
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The release of toxic pollutants is not a danger because 

any ac id  gases r e l e a s e d  w i l l  go to the r e l i e f  sys tem.  

2. Biotreatment... Th?. blotreatlng facility is a 

conventioa~l system such as is available in commercial use worldwide. If 

maloperatiou of the blotreatment occurs due to failure to provide adequate 

nutrition for ~he bac~erla o~ if ~oxlns are introduced into the blotreatlng 

syetem~ high BOD and COD may occur in the effluen~ stream. This can be 

corrected by adjusting the chemical nutrients and/or reseeding the blomass 

vlth sanitary sludge. 

3. Ammonia R e c o v e r y .  Recove ry  of ammonia i s  e f f e c t e d  by 

s t e a m  s t r i p p i n g  t h e  c h e m i c a l l y  t r e a t e d  w a s t e w a t e r  s t  an a p p r o p r i a t e  pH, 

condensing the a~nonla and pumping i t  to  s t o r a g e .  

The process  r i s k s  ~ n v o l v e d  a r e  i m p r o p e r  pH a d j u s t m e n t  

and s e l e c t i o n  of  p ressu res  and tempera tures  in  the s t r i p p e r  t h a t  y i e l d  excess 

water  vapor mixed wi th  ~he ammonia vapor .  With a low pH, t h e  ammonia i s  n o t  

s t r i p p e d  and t h e  b to t rea~ment  may be a d v e r s e l y  a f f e c t e d ,  producing excess ive  

BOD and COD i n  t he  t r e a t e d  w a t e r .  I f  t h e  ammonia s t r i p p e r  p r e s s u r e  a n d  

t e m p e r a t u r e  a r e  improper~  e x c e s s i v e  w a t e r  v a p o r  i s  c a r r i e d  o u t  w i t h  t h e  

a - , , on i a .  This may i n t e r f e r e  w i t h  t h e  m a r k e t a b ~ l i t y  and use  o f  t h e  ammonia 

p r o d u c t .  

I t  i s  a n t i c i p a t e d  t h a t  t h e  d e s i g n s  p r e s e n t e d  a r e  

s a t i s f a c t o r y  f o r  any l i k e l y  v a r i a t i o n s  i n  the  feed  to the  was tewate r  c h e m i c a l  

and b i o c r e a C m e u t  s y s t e m s .  S i m i l a r l y ,  t h e  ammonia s t r i p p e r  a c c e p t s  m a j o r  

v a r i a t i o n s  i n  i t s  f e e d  c o m p o s i t i o n  and q u a n t i t y .  The o n l y  a d j u s t m e n t s  

expected  are t h o s e ~ t h i n  the c a p a b i l i t y  of the equipment s p e c i f i e d .  

I I - 1 . 2 .  I I - I 0  
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P e r t i n e n t  Co f e e d  c o m p o s i t i o n  i s  t h e  s e l e c t i o n  o f  

materials o f  e o n s C r u c c l o n .  The p r e s e n c e  of e y a n l d e  and  c h l o r i d e s  w e r e  

c o n s i d e r e d .  The p r o b l e m s  o f  c o r r o s i o n  were c o n s i d e r e d  and accounted  f o r  i n  

the  d e s i g n  cho ice  o f  m e t a l l u r g y .  

~t  

BS 

~t 
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id 

La 
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E° P r o c e s s  F low and C o n t r o l  D ! a s r a m a  ( I n c l u d i n g  M a t e r i a l  

Balance) 

Process Plow and Control Dlagrams for Effluent Water 

Treatment Unit 27 are as follows: 

t 

Drawin~ No. T l t l e  

D-27-MP-INP PFCD Effluent Water Treatment - Unlt 27 Unlt 

~torage 

D-27-MP-2NP PI~CD E f f l u e n t  W a t e r  T r e a t m e n t  - U n i t  27 S l u d g e  

S~:para t ton/Ammonta  S t r i p p i n g  

D-27-MP-3NP 

D-27-MP-4NP 

PFCD Effluent Water Treatment - Unit 27 

B~-otreatment 

Effluent Water Treatment - Unlt 27 Materlal 

Balance 

I I - 1 . 2 . 1 1 - 1 2  

n 
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I 2 I 3 I 4~  
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F. Plot  Plan/General Arransement DrawSn~s 

Plot Plan and General Arrangement Drawings for Effluent 

Water Treatment Unit 27 are as follows: 

Drnwln~ No. 

D-27-PD-INP 

Title 

Plot Plan - Unlt 26 and Unit 27 Ammonia Recovery 

and Effluent Water TreatlnE 

D-27-PD-2NP Plot Plan - Unit 26 and Unlt 27 Ammonia Recovery 

and Effluent Water TreatlnE 

D-27-PD-3NP Plot Plan - Unit 27 Effluent Water TreatinE 

0 

II-I,2,11-13 
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See Volume II, 1.2,9(G) for Single-Line Diagram for Effluent 

Uater Treatment Unit 27. 
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1.2 .12  MET~,NOL-TO-GASOL~,NE - UNIT 31 

T h i s  s u b s e c t i o n  d e s c r i b e s  t he  p r o c e s s  d e s i g n  and key  e q u i p m e n t  

mechanical  des ign f e a t u r e s  o f  a b a t t e r y  l i m i t s  m e t h a n o l - t o - g a s o l i n e  (MTG) 

p l a n t  to  p roduce  a nominal  50,000 bpd of g a s o l i n e .  This design i s  the f i x e d -  

bed, ve r s ion  of Mobil Research and Development Corpo ra t i on ' s  MTC t echno logy .  

The MTG p l a n t  r e q u i r e s  a f e e d s t o c k  of approximate ly  131,000 bpsd of  

cr~ide me thano l  d e r i v e d  f rom c o a l .  The MTG R e a c t i o n  u n i t  d e s c r i b e d  h e r e  

c o n v e r t s  the methanol to raw gaso l ine  plus l i g h t  gases ,  wlth a l l  hydrocarbons  

being sent  to Gas F r a c t l o n a t l o n  - Un i t  32. S i g n i f i c a n t  amounts  of  p r o c e s s  

w a t e r  a re  s e p a r a t e d  £rom the  h y d r o c a r b o n  s t r e a m  and sent  to  Process  Water 

Treatment - Unit 39 for blotreatment of minor organic constituent, 

A. Basis of Design 

P r o d u c t i o n  o f  f l n S s h e d  g s s o l l n e  f r o m  m e t h a n o l  by M o b i l ' s  

p r o p r l e t s r y l ~ r C  process  r e q u i r e s  the  a r r a n g e m e n t  o f  u n i t s  shown i n  F i g u r e  

I I - 1 . 2 . 1 2 - I .  This p roces s ing  scheme inc ludes  MEG Reac t ion ,  CaB F r a c t l o n a t l o n ,  

Heavy Gasol ine T r e a t i n g ,  and Process  Water  T r e a t m e n t .  A s u p p l y  o f  h y d r o g e n  

and f a c i l l t J . e s  f o r  g a s o l l n e  b lendlng  and product  s to rage  a l so  ere  n e c e s s a r y .  

The I n f o r m a t l c n  p r e s e n t e d  i n  t h l s  s e c t l o n  i s  l i m i t e d  to t h e  NTG r e a c t i o n  

u n i t .  

The MTG r e a c t i o n  u n i t  i s  s i zed  f o r  a methanol feed r a t e  o f  18,256 

s h o r t  tone (131,000 b a r r e l s )  per s t r e a m  d a y ,  i n c l u d i n g  5 wt% w a t e r  and t h e  

d i s s o l v e d  gases  o f  m e t h a n o l  p r o d u c t i o n .  I t  p r o d u c e s  r..Qw g a s o l i n e ,  l l g h t  

gases ,  and process w a t e r .  Fol lowing f r a c t l o n a t l o n  of ~.he h y d r o c a r b o n s ,  h e a v y  

g a s o l i n e  t r e a t i n g ,  a l k y l a t l o n p  and b l e n d i n g ,  52,460 b a r r e l s  o f  g a s o l i n e  are  

p roduced  a l o n g  w i t h  LPG ( p r o p a n e ) ,  I s o b u t a n e ,  and  f u e l  g a s .  The f e e d  

c o m p o s i t i o n ,  p r o d u c t  s t r e a m  r a t e s ,  and p h y s i c a l  p r o p e r t i e s  a r e  p r e sen t ed  in  

subsec t i on  I below. The product  volumes va ry  s l i g h t l y  w i t h  t he  MTG c a t a l y s t  

l l f e  and c y c l e ;  a v e r a g e  v a l u e s  are g iven .  The blended ga so l l ne  i s  e s t i m a t e d  

to have an (R+M)/2 Octane number of 88 and an API g r a v i t y  of 63". I t  c o n t a i n s  

no d e t e c t a b l e  s u l f u r ,  n i t r o g e n ,  or oxygena tes  and i s  s u i t a b l e  fo r  s a l e  a f t e r  

the  a d d i t i o n  of  normal a d d £ t l v e s .  

I I - 1 . 2 . 1 2 - 1  
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1. F e e d s t o a k s , a n d  P r o d u c t B o  The methanol f e e d  to  t he  M TG p l a n t  

con ta ins  abou t  5 wig wate r  and d i s s o l v e d  gases  as shown on t h e  n e x t  p a g e .  The 

product  s t r eamo from the  HTG p l a n t  a r e  shown on the subsequen t  page.  

The MTG Reac t ion  unlt is d e s i g n e d  to p r o d u c e  t h e  following 

streams and quantitles: 

O~ 
,m 

O ,T 

o 

I,- 

I 

~ J  

& 
r , ,  

N 

a ,m 

2 

Hydrocarbon L iqu id s  

Mixed Light  Cases 

Process Water 

61,330 bpsd 

9,140 mscfsd  

1,750 gpm 

The  h y d r o c a r b o n  l i q u i d s  a n d  g a s e s  a r e  s e n t  t o  Gas  

Fractlonatioa - Unit 32. The process water stream, coutalulng minor 

quantities of various organlcsp is blotreate~ in Process Water Treatment - 

Unit 39. 

2. Plant Design Basis. This subsection summarizes key 

considerations and basic design philosophy that have been incorporated in the 

design of Methanol-to-Gasollne - Unit 31o 

a .  Number o f  T r a i n s  and Turndown F l e x i b i l i t y .  F o r  a n o m i n a l  

5 0 , 0 0 0  b p s d  o f  f i n i s h e d  g a s o l i n e ,  t h r e ~  MTG t r a i n s  e q u i p p e d  w i t h  one 

d e h y d r a t i o n  and f i v e  c o n v e r s i o n  r e a c t o r s  i n  e a c h  t r a i n  a r e  r e q u i r e d .  Each 

train is designed to operate at full capacity while one reactor is undergoing 

catalyst regeneration. 

To provide for less than full capacity operatlon~ the Gas 

Fractlonatlon unit is designed with a turndo~m so that it can be operated to 

fractlonate the products of one MTG train. To accommodate startup and upsetsm 

intermediate crude methanol storage facilities are provided. 

b .  L a y o u t s .  A k e y  c o n s i d e r a t i o n  i n  t h e  l a y o u t  o f  t h e  MTG 

reaction unlt was provision for adequate room for the expansion bends needed 

for the large-dlameter lines, the effluent/recycle gas exchaugers~ and for 

Z~-1.2.12-3 
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,, .H~,. P l a n t  Feedstee~k 

Component 

Hydrogen 

Hethane 

Carbon Honoxlde 

Carbon Dloxlde 

Nitrogen 

Methanol 
D': methylether 
Butanol  

Water 

Total ,  lb mol/hr 

T o t a l ,  l b /b r  

bpsd 

P r e s s u r e ,  psla  

Temperature ,  °F 

W£1d Hethanol  
Feed 

( l b  mo l /h r )  

83.70 

380.10 

31.38 

366.15 

5.22 
44,212.80 

52.32 

58.23 

4,139.85 

49,329.75 

1,521,390 

131,000 

390 

100 
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i e ~ i '  
p , , . ,  , , ,  , , , , i , i ,  p ' r  r ,  r .  , ,  j , ,  

MTG Plane Produce SCreams 
J i : . . . . . . .  

ComponenC 
, ii i _ L ' - '  

Hydrocarbon 
Vapor Produce 

( l b  mol /hr)  

_ _ _  i l i a  

Hydrocarbon ~O Process 
Liquids Produce Water 

(Ib mol/hr) (ib mol/hr) 

6,18 

204.33 

5.01 

190.50 

0.63 

4.65 

57.87 

24.45 

565.4~ 
889.86 

113.97 

279.51 

1,013.04 - '  

189.27 

115.74 

20.64 

867.15 
3.004.35 

7,552.59 48,436.50 

61~,690 874,170 

61,330 

- 1 , 7 5 0  

193.0 193.0 

100 100 

llydrogen 
~aChane 

Carbon Honoxlde 

Carbon Dioxide 

N£trogeu 

Ethene 

Ethane 

Propene 

Propane 
laobucane 
l-~utene 

N-Butane 

Isopentane 

1-Pentene 

N-Peutane 

Cyclopeacane 

2-Hethylpentane 

C6+ Heavier 

Total,  lb mol/hr 

Total,  lb/hr  

bped 

mscfsd 

gpm 

Pressure,  psis 

Temperature, °F 

85.71 

479 • 25 

32.46 

174.33 

4.59 

3.15 

26.70 

3.93 

79.77 
55.08 

5.8:: 

12.13 
18.99 

3.60 

1.65 

O.Z1 

5.79 

8.94 

1 ,002 .15  

28,080 

9,140 

m 

193,0 

100 
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the  l a r g e  m o t o r - o p e r a t e d  v a l v e o  a round  nech c o n v e r s i o n  r e a c t o r .  The ms, J a r  

p ipoway  I s  s i z e d  to c o n t a i n  t h e  p r o c e s s  and r e g e n e r a t l o n  l i n e s .  The  

e f f l u e n t / r e c y c l e  gas e x c h a n g e r s  w111 not have space £or  bundle p u l l i n g ,  but  

adequa te  space i s  provlded to  remove an e n t i r e  e x c h a n g e r  by m o b i l e  c rane  o r  

o t h e r  means.  

The l a y o u t  of  ~hs HTG equipment Is  based on l~v ing  good access  to 

equ:pment as  we l l  as £ i r e  and s a £ e t y  conmidera t ions .  The l a y o u t  was r e v i e w e d  

agaSnot the spacing s t anda rds  f o r  the ~ v e r a l l  p l a n t .  

g .  Process  S e l e c t i o n  R a t i o n a l e  
L I I 

- - , M  

~Jabil Research  and Development C o r p o r a t i o n t s  Ne theno l - t o -Gaso l i ne  

(~ffG) p r o c e s s  was p r e s e l e c t e d  by W. R. Grace & Co. and s p e c g f i e d  fo~ use  i n  

the  p r e l l m l n a r y  design of  the  C o a l - t o - H e t h a n o l - t o - G a s o l l n e  g a c i l l t y  as a pa r t  

of t he  Coope ra t i ve  Agreement. This  s e l e c t i o n  r e f l e c t s  t he  s e l e c t l v l t y  of  t h e  

]4TC p r o c e s s  fo r  maximum g a s o l i n e  p r o d u c t i o n .  

C. Process  D e s c r i p t i o n  

In  t h e  MTG p r o c e s s ,  l o w - e n e r g y  m e t h a n o l  i s  c a t a l y t i c a l l y  

conver ted  and dehydrated and c a t a Z y t i c a l l y  conver ted  to  h igh -ene rgy  g a s o l i n e ,  

w i t h  w a t e r  a b y - p r o d u c t  o f  t h e  c o n v e r s i o n .  The i n i t i a l  s t e p  in  t h e  

t r a u s f o r m a t i o n  o£ me thano l  i s  t h e  r e v e r s i b l e  c a t a l y t i c  d e h y d r a t i o n  o f  

m e t h a n o l  t o  d i m e t h y l e t h e r .  These  two oxygena tes  dehyd ra t e  f u r t h e r  over  the  

c o n v e r s i o n  c a t a l y s t  to  g i v e  l i g h t  o l e f i n s p  which  i n  t u r n  r e a c t  t o  f o r m  

h e a v i e r  o l e f i n a .  F S n a l l y ,  mos t  o f  t he  o l e f i n s  r e a r r a n g e  to  p a r a f f i n s ,  

c y c l o p a r s f £ i u s  and a r o m a t i c s .  A lmos t  no h y d r o c a r b o n s  w i l l  be found h i g h e r  

than CIO due to the shape s e l e c t i v e  na ture  of  the c o n v e r s i o n  c a t a l y s t .  

, t a ~ m u . " . "  

T 

C. 
' 
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The reaction path is as follows: 

2 (CH30H) ~ _ ' ' "~ CH3OCH3+H20 

Light 01eflns + H20 

(C 5 01eflns) 

Parafflns, Cycloparafflns, Aromatics 

T h r e e  t r a i n s  o f  m e t h a n o l  c o n v e r s i o n  a r e  p r o v i d e d  i n  t h e  MTG 

reaction unit to produce raw gasoline for blending to a nominal 50,000 bpsd. 

Each t r a i n  o p e r a t e s  i n d e p e n d e n t l y .  The f o l l o w i n g  d e s c r i p t i o n  addresses  the  

design and o p e r a t i o n  of one methanol conver s ion  t r a i n .  

The process operates at essentially 100~ conversion of methanol 

to hydrocarbons and water until the catalyst deactivates by carbon (coke) 

formation to an activity level such that only partial conversion of methanol 

occurs. As the c~talyst deactivates, methanol breakthrough occurs when 

anconverted methanol (e.g°, 0.1 wtZ) appears in the aqueous phase product, 

the cycle is terminated. The catalyst in the conversion reactor then 

an~ergoes regeneratlon. 

C a t a l y s t  r e g e n e r a t i o n  i s  c y c l i c  and i s  a c h i e v e d  by c o n t r o l l e d  

combustion of the coke us ing  a i r  d i l u t e d  wi th  n i t r o g e n .  

The d e h y d r a t i o n  r e a c t o r  o p e r a t e s  f o r  a b o u t  a y e a r  b e f o r e  

dehydra t i on  c a t a l y s t  r e g e n e r a t i o n  to  r e n o v e  coke i s  n e e d e d .  The c o n v e r s i o n  

r e a c t o r  r e g e n e r a t i o n  s y s t e m  i s  u s e d  t o  b u r n  o f f  t h e  c o k e  f r o =  the  

dehy~ra t lon  c a t a l y s t .  With the  c o n v e r s i o n  r e a c t o r s  i n  p a r a l l e l  i n  a s i n g l e  

m e t h a n o l  c o n v e r s i o n  t r a i n ,  o n l y  one  i s  t y p i c a l l y  u n d e r g o i n g  c a t a l y s t  

r e g e n e r a t i o n .  T h u s ,  a t  any  t ime  the  r e m a i n i n g  r e a c t o r s  a r e  c o n v e r t i n g  

methanol In  each t r a i n .  

T I - 1 . 2 . 1 2 - 7  



The s t o i c h i o m e t r i c  y i e l d  f o r  e v e r y  100 t o n s  o f  pu re  m e t h a n o l  

conver ted  i s  44 tons of hydrocarbons and 56 tons  of  w a t e r .  A p p r o x i m a t e l y  85% 

of the hydrocarbons  are  processed i n t o  h i g h - q u a l i t y  g a s o l i n e .  

The convers ion  i s  an exothermic  r e a c t i o n .  About 750 Btus  o f  h e a t  

are released per pound of methanol converted. The heat is released in two 

steps. About 20% of the heat release occurs in the dehydration reactor, and 

the remainder occurs in the conversion reactors. To control the conversion 

reactor temperature rise, effluent gases are recycled and mixed with the 

methanol feed downstream of the dehydration reactor. This mixture is then fed 

to the conversion reactors. The recycled effluent gases 'act as a heat sink to 

absorb the heat of reaction. To improve process thermal efficlency~ the heat 

of reaction is also used to vaporize the methanol feed and to heat the 

recycle gas stream. 

I. Plant Design. Th~ mechanical design of the MTG unit follows 

principles used commonly in the design of petroleum refineries. A few items 

require special attention. 

a. Conversion Reactors. The mechanical design of  the MTG 

conversion reactor is important in maintaining proper flow patterns. The 

conversion reaction starts at the top of the catalyst bed and slowly moves 

downward in a horizontal band. This downward movement occurs evenly 

throughout the bed or premature methanol breakthrough occurs and the catalyst 

is underutillzed, 

Valvlng arrangements are provided for isolation of any 

one conversion reactor during regeneration. Isolation is achieved by using an 

a p p r o p r i a t e  b lock  va lve  and bleed sys tem.  

b. Heat Exchangers. Also of importance are the conversion 

reactor effluent heat exchangers. Each methanol conversion train has a large 

heat exchanger per reactor consisting of two shells in a series. Adequate 

room and sufficient load-bearlng capacity have been provided around the 

exchangers to allow equipment to he brought in to remove the exchangers, if 

necessary. These exchangers are designed to have very low-pressure drops. 

/ 
q 
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c .  C o m p r e s s o r s .  E a c h  m e t h a n o l  c o n v e r s i o n  t r a i n  i s  equipped 

t o  compress r e c y c l e  gas ,  In  a d d i t i o n  t o  i t s  normal o p e r a t i o n  o f  r e c y c l i n g  gas  

for cooling the conversion catalyst, the recycle gas compressor  operates in 

th~ startup mode circulating nitrogen. A regeneration gas compressor is also 

used during startup and purging operations, flowing nitrogen. 

d. Process Controls. The HTG unit requires process controls 

similar to those used in petroleum refineries. A dlstrlbutlve control system 

using microprocessor based electronic instruments with local controllers is 

incorporated In the design consistent with the plant instrumentation design 

criteria. 

A programmable logic no ttroller (PLC) is required to 

switch each of the reactors indi~dually from process operation to the 

catalyst regeneration mode. A shutdown system that operates in conjunction 

with the PLC is required to close off a conversion reactor, to shut off 

methanol feed, an~ to depressure the methanol feed system in the event of an 

emergency. 

2. 0peratln~ Procedures. Precommisslonlng activities are 

completed prior to the initial operation of the MTG reaction unit of the 

plant. Pressure testlng, utility availability checkout, equlpmen ~. 

lubrication, instrumentation checkout, verlflcatlo~ of relief valve settlngs, 

line cleaning, valve closure, and installatlou of isolation hllnds at battery 

limits, etc., are required. Catalysts are then loaded into the reactors in 

accordance with the procedures provlded by Mobil, the catalyst manufacturer. 

All equipment is secured and readied for startup. 

a. Normal Operation. The n~rmal MTG plant operation starts 

with the crude methanol entering the MTG reaction unit battery limits. The 

methanol is preheated, vaporized, and superheated in the crude methanol 

preheaters, vaporlzer/reactor effluent exchangers and the superheater/reactor 

effluent exchanger. The heat of vaporization and superheat are provldedby 

cooling a portion of the hot conversion reactor effluent. The dehydration 

reactor is a downflow fixed bed adiabatic reactor in which the methanol feed 
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C i s  c o n v e r t e d  to  an e q u i l i b r i u m  mixture  of  methauol ,  d i m e t h y l e t h e r ,  and wa te r .  

The exothermic reactlon heat is absorbed by the equilibrlumreaction product, 

• he e f f l u e n t  f rom t h e  d e h y d r a t i o n  r e a c t o r  i s  mixed wi th  

r e c y c l e  gas from the  r e c y c l e  g a s / r e a c t o r  e f f l u e n t  exchange r s  and d i s t r i b u t e d  

to  the  o p e r a t i n g  convers iou reac to r s , .  

The c o n v e r s i o n  r e a c t o r  i s  a downflow f i x e d  bed a d i a b a t i c  

reactor. The feed mixture is converted selectively to gasoline components and 

wager in the conversion reactors. The conversion reaction is highly 

exothermic. The recycle gas serves as a heat sink to limit the temperature 

rise across the reactor. 

The r e a c t o r  e f f l u e u t  f r o m  e a c h  r e c y c l e  g a s / r e a c t o r  

effluent exchanger is combined with the reactor effluent flow from the 

methanol preheat exchangers and enters the reactor effluent coolers. Reactor 

effluent is partially condensed and flows to the product separator, in which 

the liquid stream separates into a liquid hydrocarbon phase and an aqueous 

phase. The liquid hydrocarbons are pumped to the gas fractlonat4on unit. The 

MTG water aqueous phase is transferred to the Process Water Treatment unit. 

P a r t  o f  t h e  gas  f rom the  p r o d u c t  s e p a r a t o r  f o r m s  t h e  

r e c y c l e  t o  t h e  c o n v e r s i o n  r e a c t o r s  and t h e  r e m a i n d e r  i s  s e n t  t o  t h e  gas  

f r a c t i o n a t i o n  u u i t .  

b .  C a t a l y s t  R ~ g e n e r a t i o n .  When m e t h a u o l  a p p e a r s  i n  t h e  

r e a c t o r  e f f l u e n t ,  t he  r e a c t o r  i s  s w i t c h e d  t o  t h e  r e g e n e r a ~ i o n  m o d e .  

R e g e n e r a t i o n  c o n s i s t s  o f  b u r n i n g  o f f  t h e  coke w i t h  o~,:ygeu s u p p l i e d  f rom 

c o n t r o l l e d  q u a n t i t i e s  of  a i r .  A f t e r  r e g e n e r a t i o n  i s  completed,  the  r e a c t o r  i s  

r eady  fo r  o p e r a t i o n .  

The d e h y d r a t i o n  r e a c t o r  c a t a l y s t  i s  r e g e n e r a t e d  i n  the  

same manner as the convers ion  c a t a l y s t .  
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3. C a t a l y s t s ,  The c a t a l y s t s  r e q u i r e d  fo r  the MTG React ion  Unit 

are as fo l lows :  

Service Dehydration Couverslon 

Type: 

S i ze ,  inch 

Volume: f t  3 

per train 

per plant 

Loading Density: l b s / f t  3 

Mobil Dehydration ZSM-5 

1/16 1/16 

2,951 11,460 

8,853 34,380 

32 32 

4. Environmental C o n s i d e r a t i o n s .  The MTG p l a n t  i s  r e l a t i v e l y  

f r ee  from troublesome emiss ions .  However ,  w a t e r  from t h e  ETG r e a c t i o n  u n i t  

r e q u i r e s  t r e a t m e n t .  Other emiss ions  are  s i m i l a r  to those of  o the r  hydrocsrbo~ 

process ing  p l a n t s .  

a .  S o l i d  W a s t e s .  The p r i m a r y  s o l i d  w a s t e s  genera ted  by the 

~TC process  are spent  c a t a l y s t s  and t h e  s l u d g e s  r e s u l t i n g  f rom w a s t e w a t e r  

t r e a t m e n t .  An HTC p l a n t  has  two t y p e s  o£ s p e n t  c a t a l y s t s  which  r e q u i r e  

disposal, Estimates of the. quant i t ies are given in Table I I -1 -2 ,12-1 ,  

The l~fG c o n v e r s i o n  c a t a l y s t  i s  p r o p r i e t a r y  and must be 

re turned  to  t he  s u p p l l e r  in  a c c o r d a n c e  w i t h  t he  l i c e n s i n g  a g r e e m e n t ,  The 

dehydra t ion  c a t a l y s t  i s  used commercia l ly  and has posed no d i s p o s a l  problem. 

b. A t m o s p h e r i c  E m i s s i o n s .  The two m a i n  c a t e g o r i e s  o f  

a t m o s p h e r i c  e m i s s i o n s  are the  normal process  emissions when the MTG p lan t  i s  

In o p e r a t i o n  And the  abnormal emiss ions  t h a t  occur on s t a r t u p ,  s h u t d o w n ,  and 

dur ing  emergencies .  

The g r e a t e r  part of the normal emiss ions  c o n s i s t s  of  f l u e  

gas from the  f i r e d  h e a t e r s  and the  f u g i t i v e  e m i s s i o n s .  Other normal e m i s s i o n s  

a r i s e  from p e r i o d i c  r e g e n e r a t i o n  of  the  c a t a l y s t s .  

I I - 1 , 2 . 1 2 - U  



Table 11-1o2.12-1 - Spent Catalysts for Dlsposal 

S~.rvice behydrat tou Conversion 

, i  i i , i  i i  i , in m 

QuantitT, 

Volume: ft 3 8,853 34,380 

Weigh~ 283,000 a 1,107,000 a 

Type: 1 /16- in .  diameter 

ex t ruda te  

Disposition Landfill 

Z e o l i t e  1 /16- in .  diameter 

ex t ruda te  

Keturn to hob~l 

aThese values do not include the weight of coke on the 

catalysts. The catalysts are assumed to be regenerated before 

removal from the reactors. 

Regeneration offgases wlll contain products of coke 

combustion with air. The primary pollutant wlll be abproxlmately 5 Ib/hr of 

carbon monoxide duping part of the regen~ratlon° 

D. Risk Assessment 

B e s i d e s  the  MTG p r o c e s s ,  Mobil  has i n  o p e r a t t c n  today numerous 

petroleum refining and chemical processes using the Mobil ZSM-5 zeolite 

catalyst. These include M-Formlng for octane upgrading, Distlllate ~ewaxlng, 

Ethylbenzene 8ynt~msls, and Lube Oll Dewaxlng. Mobil estimates there are more 

than a half-mlllion pounds of various ZSM-5 zeolite catalysts at work in 

operatln E facilities around the world° All of these processes use fixed-bed 

catalytic reactors thee were scaled up from bench-scale pilot plant data. 

11-1.2.12-12 



Mobi l  p r e s e n t l y  h a s  p lans  f o r  two new HTG p r o j e c t s ,  a commercial  

plant and a pilot plant. In New Zealand, a commercial scale 14,000-bpd plant 

will use methanol from natural gas and will utilize the established flxed-bed 

catalyst technology. In West Germany, a 100-bpd pilot plant will use methanol 

from coal to test the feasibility of a fluid bed catalyst system. 

The MTG design incorporated in the gasoline plant is the 

flxed-bed cataii:' "~- process with regeneration of the catalyst initiated when 

methanol breakthroug,. ~ccurs in the reactor effluent. Regeneration consists 

of burning off the coke by oxygen supplled from controlled quantities of air. 

TLis type of regeneration has been used for many years in 

catalytic refor-ing processes in petroleum refining facilities where a swing 

reactor was placed ons'.ream during the regeneration period. The burning 

operation is the same in both cases, the main difference being the higher 

frequency of regeneration in the MTG process. 

Because of this, Mobil has specified process controls similar to 

those used in existing catalytic regenerative processes. A programmable logic 

system is used to switch each of the reactors i~dividually from normal 

process operation to the catalyst regeneration mode. 

An emergency shutdown system is also provided to shut off 

methanol feed if recycle gas clrculatlon is lost due to compressor failure. 

Zn case of an atnormal temperature rise across a reactor, provisions have 

been incorporated in the design to cool the reactor and to protect downstream 

equipment. Thls is done by injecting propane vapor into the reactor inlet and 

outlet streams as a coolant by activation of a standby propane vaporizer 

system, 

&ithough the process for the conversion of methanol to gasoline 

is relatively new, the catalyst is presently in use in several operating 

facilities throughout t h e  world. Thus, the scale up of equipment i s  similar 

to the design of existinE petroleum refining processes. The operational 

aspects of the MTG unit are also similar to petroleum refining facilities in 

11-Io2o12-13 
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p r e s e n t  day opera t ion .  Considerat ion has been given to s a f e t y  requirements by 

ca re£u l ly  instrumenting the  r e g e n e r a t i o n ,  emergency shutdown,  and r e a c t o r  

t e m p e r a t u r e  c o n t r o l  sys tems .  C o r r o s i o n  i s  not  a problem based on s imi la r  

e x p e r i e n c e  w i t h  c o n s t r u c t i o n  m a t e r i a l s  i n  m e t h a n o l  and h y d r o c a r b o n  

p r o c e s s i n g .  E q u i p m e n t  r e l i a b i l i t y  shou ld  be comparab le  to  p r e s e n t  day 

r e f i n e r y  equipment from the s tandpoint  of  onstream t i m e .  In  c o n c l u e l o n ,  t he  

MZG plan t  design and operat ion presen t  a low techn ica l  r i s k .  

'w~m- 
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E. Process Flow and Control Diagrams (Zncludlng Material 

Balance) 

Process Flow and Control Diagrams for Methsnol-to-Ga~ollne 

Unit 31 are as follows: 

Drawln~ No. Title 

D-31-MP-INP 

D-31-MP-2NP 

D-3 I-MP-3NP 

D-31 -l',fl:'- 41TP. 

PFCD ~ G  - M e t h a n o l  V a p o r i z a t i o n  

P F C D } f f G  - C o n v e r s i o n  R e a c t o r s  

P F C D H T G  - R e g e n e r a t i o n  

Material B a l a n c e  - H e t h a u o l - t o - G a s o l £ n e  
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F. Plot Plan/General A~ranEement DrawinE 

The Plot Plan and General ArranEement DrawluE for Methanol- 

to-Gasollne Unit 31 is as follows: 
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G. S i n g l e - L i n e  Diagram 

as follows: 

The S i n g l e - L i n e  Diagram f o r  M e t h a u o l - t o - C a s o l i u e  Uuit  31 i s  

Drawing No. 

D-5 I-EE-6NP 

Title 

One-Line Diagram - Uni t s  31, 32~ 33,  and 38 

1 I - 1 . 2 . 1 2 - 1 7  



', I _ . I + " I 

+ ~ ' ~  ~v~ 
• ~ IT}P..I  

,) 
c ~ 

D 

J4.$KV .I~.SKV 

I I 

31-01-41102 ! 
?600/gO00 KVA 

-q O00/60Q 0. PSO 0,.500 O KV, . ~ l ~ , l ~ . . ~  ,,j,,% 
34.5 KV - 4.1£ I~V ~ ~ 31"01"4601 

X,'X2 2,I.75X ON~ W~Z,.t~ It,P,, 

BUS' 31-OIOIP 

S~ HOT£ .I 

$1-01o#t104 
IO00 KVA 
4160KV" 

Z=5-3/4X 

12.1"1 

A 

OESC~ltrrlON 

1 

BLIS, 33 " " 

• - :' I~t  i L" ~ '  '~'° 

I~{;o K~A 480V 

SEE A~TE 4 
% I 

B.~ 5, "020IT 
J#.51(V 

/ 

I~JS$1-OIO~T 
J4.~KV 

1 

~ 0 0 / ~ 0 0  ~/A 

4,1G /IV ~/---~.'~-----~ ,~)~. ~ 34.4 XV- 
z.= ~ bNIT 32 & z,,e: 

, - o ~ - ~ o :  . . ! ~ T J . ~  , , -o~-~o~ 
,-o,-+~o, ~ : ~  

[ . . . . . . . . . .  .@,, £ ]  
, 

I ~ ~ ' ~ ' c ~ r ~ ~  ' 
3 8  i 

_I_ + Yl =,,,0, 
q) I i () 

I 

4 , ~ ,  " 

3 J - 0 1 " ~ 0 2 1  
SOOO m',* 
34 .4  flY" ~ ~ l  
4. 16 IN . ~  

d ! I I I J i I I I I r l ~ . + - ~ l H r l r o : . L ~ l ~ - - !  L.~( .;~ 
~ t  I / I I I I I I~1 c Is-T-~l mflr_t..riil'J~c-I I ~ 
~l£ ~l~a~l~lr~ t~t.l"~3~.y/Jlo~msc~c-~.~z.m~ea/~La.l,-~Hl.~lr-,-I~¢~l'~l ! ~" -  
I"°'I ° " 1  " " 1 ° - ° 1 - ~ 1 " ~ 1 = " ' 1  .~.,-,°. I I~l'°~=l "I~'~I~I "°'P~"l 

, 44b 

Jf,6KI 

.qUS Sli'~ 

- 33-01010 

I O c  
41,  
4 8  

Z - 5 .  
J,t-IO I, 

4@ 



-.,~,.;~,~,~.~'..,,~,,e~.,~t~f~;~'Y.;)~n~.!,;:].'i~.~.".,~k~iE~q~:.~"m ~,~); ~'~ ;ik'..~ :':~;~.~,:'l!,~,'-W~.~'~:~,~,tk~t.,~ ~,,,,.,-. ., ,~..,.. 

4 ~ ,  8 I , 6 I 7 . . . . . . . . . . . . . . . . .  

3#,t;KV 34.51~ 
|l~OlOar B/IS 51-02081" 

I 

ll*OIWiOZ 33-OI'4GOJI 
S~O ~A ~ r '  f~  ~ ~ooo KVA 

33-n1..4601 

NOTE= 
I ,  P~VIDE NI • I~1 It£T£R~j AT ALL LOCATIONS 

M, IR~O m. 

Z. i,~rVl~ iJt, IF, 5~, 51 & 5IN, I~IH & f~4. ~T£1I$, 
• ,v, RV~, AI~ I~ELAr$ AT aLL LocLrtottS U4RXED ~ .  
• G~U~W IJ~ER COI~F.CTED TO READ TOTAL 

ROWER r"Olf ALl. F'tXXt ¥£EDF.~ (FRDil SPLIT $EI~ONDARI~ I.  

J, PROVIDE l.Jl, lOrll,$O & 51 & SIN ;,IETF.R.T & Rr.t.At3 
aT ALL LDC4)'loe/.~ UARKEO b .  

4, t~VIOE 50~ ,~ELAY TO ALL LOTOR ~MRI~ED 0 

/ 

[ -  U.S. DEPARTMENT OF ENERGY 
-" ..-. . . . . . . . . . . . . . . . .  h AsKETr W.R. GRACE & C O .  KENTUCKY 

' ~ - , ~  ~ . . . . . . . . . .  - 50,000 B.RD. 
~ ~ : : , ~ .  I " ! ! / 7 . r / 7  I COAL - TO - METHANOL - TO - GASOLINE PLANT 

L ~ ~ G O N ~ O M P A N V  | m GA.C-Ga$ FRuit/. r ~  
. . . . . .  " "  " . . . . . . . .  I I . - ~ o ~ , A . ~ u , o . . ~  . . . . . .  , r . ~ , , . - , ~ , r - s  r~.r .  O - 5 1 - E E - 6 N P  F'~, I 

!i( 
'!L 

, 

\ 



'o~q I t D I~ ~ ~*~itI0 ....... ~ J ~ ~ ~  

1o2.13 GAS FRACTIONATION - UNIT 32 

The Gas F r a c t i o n a t i o n  Uni t  i s  d e s i g n e d  to  s e p a r a t e  t h e  l i q u i d  

and v a p o r  s t r e a m s  from the  Mobil (MTG).,unit i n t o  feed  streams to o the r  u n i t s  

f o r  f u r t h e r  p roces s ing ,  i n t e r i m  s t r e a m s  t o  g a s o l i n e  b l e n d i n g ,  and p r o d u c t  

streams to sales. The Gas Practlonatlou Unit is a single train consisting of 

four fractlonatlon towers, as follows: 

(1) Absorber -Deethaniser  

(2) Depentan izer  

(3) Gaso l ine  Spl i t ter  

(4) Depropaulzer  

/ 
\ 

The process c~nflguratlou of combining multltraln and single 

t r a i n  u n i t s  r e q u i r e s  a h i g h l y  c o o r d l n ~ t e d  d e s i g n  p h i l o s o p h y  f o r  t h e  

c o n t i n u o u s  o p e r a t i o n  o f  t h e  g a s o l i n e  p l a n t .  A d e q u a t e  s to rage  c a p a c l t y h a s  

been provided to ensure  con t inuous  ope ra t ion  d u r i n g  s c h e ~ u l e d m a l n t e n a n c e  and 

unscheduled downtime. The gas fraetlonatlon system Is a conventional 

petroleum reflnery-type facility based on In-house process and mechanical 

design by The Ralph M. Parsons Company° 

A. Basis  o f  Design 

The f e e d  s t reams fo r  the  s i n g l e  t r a i n  Gas Y r a c t i o n a t i o n  u n i t  

a re  de r i ved  from the  t h r e e  Mobil  MTG u n i t s .  T h e s e  f e e d  s t r e a m s  r e s u l t  f rom 

t h e  c o n v e r s i o n  o f  m e t h a n o l  t o  gaso l ine  i n  a Mobil MTG u n i t  and c o n s i s t  of  a 

f u l l  range of  hydrocarbons  from methane t h r o u g h  raw g a s o l i n e ,  t h e  h e a v i e s t  

hydrocarbons  being C 9 a romat i c s  i n  the g a s o l i n e  range°  

The product streams from the gas fractlonatiou unit consist 

of the following: 

(1) Fuel gas 

(2) BF alkylatlon unit feed 

(3) LPG (propane) 

71-1.2,13-I 
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(4) Light gasoline 

.(5) Heavy gaeollne 

The o r i g i n  and d i s p o s i t i o n  of  these  p roduc t  s t reams in  t he  

gas fractionatlon unlt will be as follows: 

The f e e d  s t r e a m s  a r e  s e n t  to  an a b s o r b e r - d e e t h a n i z e r  tower 

i n i t i a l l y  t o  remove e t h a n e  and l i g h t e r  h y d r o c a r b o n s  f o r  f u e l  gas  and to  

r e c o v e r  t h e  p r o p a n e  and h e a v i e r  f r a c t i o n  f o r  f u r t h e r  p r o c e s s l u g .  The 

absorber-deethanlzer operates nt low pressure, which allows vapor flow from 

the MTG unit product separator without the use of a compressor. The 

low-pressure absorber-deethanizer system uses depentanizer b~ttoms (lean o11) 

as the absorbent, which eliminates the hlgh-pressure condensation requlrement 

for conveutlonal refluxed deethanlzers. Also, the 1ow~pressure deethanlzatlon 

ensures that the equilibrium approach temperature is below the critical 

values of the gasoline components in the feed. The abeorber-deethanlzer 

sysuem design prepares the MTG unit feed for further fractlonation in the 

depentanlzer. Fuel gas from the absorbsr-deethaDizer overhead, with a heating 

value of about 800 Btu/acf (HEW), will be sent to the fuel gas drum for plant 

consumption. 

D e e t h a n i z e r  b o t t o m s  are  f r s c t i o n a t e d  i n  t he  depen tan ize r  to  

produce f e e d  s t r e a m s  to b o t h  t h e  g a s o l i n e  s p l i t t e r  and t h e  d e p r o p a n i z e r .  

G e n e r a l l y ,  h y d r o c a r b o n s  h i g h e r  t h a n  C 5 f l o w  to t h e  g a s o l i n e  s p l i t t e r  and 

the d e p e n t a n i z e r  overheads a re  f u r t h e r  processed in  the  d e p r o p a n i z e r .  

L i g h t  g a s o l i n e  c o n t a i n i n g  h y d r o c a r b o n s  i n  t h e ' C  5 through 

C 9 r a n g e  e ~ i s t s  as  g a s o l i n e  s p l i t t e r  o v e r h e a d s  and £s s e n t  t o  g a s o l i n e  

s t o r a g e  t o  be b l e n d e d  to  l O - R e l d  Vapor P r e s s u r e  (RVP) g a s o l i n e .  Heavy 

gaso l ine  c o n t a l n l n g h y d r o c a r b o n s  i n  t h e  C 9 r ange  i s  s e p a r a t e d  as  g a s o l i n e  

s p l i t t e r  b o t t o m s  to  c o n c e n t r a t e  d u r e n e  i n  the  feed to  t h e  s p l i t t e r .  Durene 

has a h igh  f r e e z e  polut~ which may cause  c a r b u r e t o r  p r o b l e m s  i f  n o t  r e d u c e d  

i n  t h e  f i n a l  g a s o l i n e  p r o d u c t .  The g a s o l i n e  s p l i t t e r  bo t toms c o n s i s t i n g  o f  

approx imate ly  50Z durene a r e  s e n t  t o  MRDC*s Heavy G a s o l i n e  T r e a t i n g  (HGT) 

I 1 - 1 . 2 . 1 3 - 2  



, , , - - m ~ C l i ~ I N i s ~  ~:mL"ll.lW|~llll:a1~.RIlWetltlt, t ~ l ~ m m . .  . . . . . . .  

, f o r  e o n v e r e £ o n  o f  d u r e n e  to  h i g h - o c t a n e  b ranched-cha in  hydroca rbons  o f  low 
f r eeze  po£nt .  

D e p e n t a n t z e r  o v e r h e a d s  a r e  s p l i t  i n  t h e  d e p r o p a n t z e r ,  

r e s u l t i n g  i n  an LPG p roduc t  s c r e a m s  a v a i l a b l e  f o r  s a l e s  and an e l k y l a t t o n  

feed s t ream c o n t a i n i n g  p r i m a r i l y  C 4 and C 5 hydrocarbons .  

< 

C. 

Compositions o f  the  Gas F rac t ionaZion  u n i t  f e e d  and p r o d u c t  
s t reams a re  g£ven in  the  fo l lowing  t a b l e s .  

Component 

Hydrogen 
Hethane 
Carbon Monoxide 
Carbon Dioxide  
N£trogen 
Ethene 
EChane 
Propene 
Propane 
I s o b u t a n e  
1-Butene  
Y-Butane 
t s o p e n t a n e  
l - P e n t e n e  
N-Pentane  
Cyc lopen tane  
2 -Methy lpen tane  
C 6 + H e a v i e r  

To ta l  Dry,  l b  mol /hr  

Feed  ' S t reams 

D e e t h a n i z e r  
L iqu id  Feed 
( l b  mo l /h r )  

I ) ee than ize r  
Vapor Feed 
( l b  mol /h r )  

6.18 
204.33 

5.01 
190.50 

0.63 
4.65  

57.87 
24.45 

565.44 
889.86 
113.97 
279.51 

1,013.04 
189.27 
115.74 
20.64 

867.15 
2~995.47 

7,543.71 

85.71 
479.25 

32.46 
174.33 

4.59 
3.15 

26.70 
3.93 

79.77 
55.14 

5.82 
12.18 
18.99 
3.60 
1.65 
0.21 
5.79 
3.54 

996.81 

H20 

Tota l  Wet, l b  mol /hr  

8.43 

7,552.14 

5.28 

1,002.09 

T o t a l ,  l b / h r  618,651.60 28,075.59 

Pressure, psla 183.0 183.0 

Temperature, eF 100 100 
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) 
Product,S,treams 

Fuel Gas a 
Component (Ib mol/hr) 

H y d r o g e n  9 1 . 6 2  
Methane 6 8 2 . 1 0  
Carbon Monoxide 37.35 
Carbon  D i o x i d e  364 ,14  
Nitrogen 5,20 
Ethene 7.78 
Ethane 79.22 
Fropene 3.77 
Propane 64.99 
Isobutaue 1.15 
l-Buteue 0.04 
N-Butane 0.03 
I s o p e n t a n e  0.59 
l - P e n t e n e  0 . 1 0  

N-Pentane 0 , 0 4  
Cyclopentane 
2-Methylpentane 5.03 

C 6 + Heavier 3 .16  

Total Dry ,  1,346,31 
lb  mol/hr 

i J i • ill 

Alkylatlon 
Feed b 

( lb  mol/hr) 

Light Heavy 
LPG c Gasoline d Gasoline e 

(Ib mol/hr) (lbmol/hr) (Ibmol/hr) 

-- m I m 

m w m 

-- m ~ m 

- 0 . 0 2  - - 

- O.01 - - 

- 5.18 - - 

0,01 24.60 - - 
1.92 578.16 - - 

933.70 10.15 - - 
U9.29  0.46 - - 
291.43 0.23 - - 

1 . O 1 6 . 5 3  - 1 4 . 9 1  - 

1 9 2 . 5 4  - 0 . 2 3  - 

1 0 7 . 8 8  - 9 . 4 7  - 
1 1 . 0 3  - 9 . 8 2  - 

59.99 8 0 7 . 9 1  

4.14 - 2~484.24 508.0__7 

2,738.46 618.81 3,326.58 508.07 

H20 

Total Wet, 1,346.31 #r 2,738.46 618.81 3,326.58 508.07 
Ib mollhr 

T o t a l ,  l b / h r  34,770.65 178,898.66 27,306.81 337,761,72 67,658.58 

Pressure ,  ps ia  173.1 225.5 215.0 20.0 31.4 

Temperature,  °F 55 237 112 210 442 

t 

aDeethan/zer Vapor Overhead 
bDepropanlzer Bottoms 
CDepropantzer Overhead 
d S p l t t t e r  Overhead 
e S p l i t t e r  Bottoms 

- - - - -  
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B. P r o c e s s  S e l e c t i o n  R a t i o n a l e  

The p rocess  s e l e c t i o n  f o r  the  Gas F r a c t i o n a t i o n  Unit  was 

based on an evaluation of fractlonatlon configurations to arrive at an 

optlmum scheme from both eeonomlc and operating vlewpolnt8, Since four 

p r o c e s s s  s e p a r a t i o n s  are  i n v o l v e d ,  tha t  i s ,  d e e t h a n l z a t l o n ,  d e p e n t a n l z a t l o n ,  

d e p r o p a n i z a t £ o n ,  and g a s o l i n e  s p l l t t l n g ,  the  o r d e r  i n  w h i c h  t h e  s e p a r a t i o n s  
occur was evaluated. The progression recommended by The Ralph M. Parsons 

Company places the separation processes in the followln g order: 

(1) Absorbe r -Dee th~n ize r  

(2) Depen tan ize r  

(3) Gaso l ine  Splitting 

(4) Depropanizer  

This process scheme allows a low-pressure absorber- 

deethanlzer system usln E depentanlzer bottoms (loan oil) t o  the absorber, 

thereby eliminating the high-pressure condensation requlrement for 

conventional refluxed deetbanIzers. Also, the low-pressure deethaulzatlon 

e n s u r e s  t h a t  t he  e q u i l i b r i u m  a p p r o a c h  t e m p e r a t u r e  i s  b e l o w  t h e  c r i t i c a l  

v a l u e s  o f  the  g a s o l i n e  components i n  the  feed .  

l a  t h e  d e s i g n  o f  t h e  g a s  f r a c t l o n a t l o n  p r o c e s s ,  n o  

compressors  a re  r e q u i r e d .  A l l  g r a c t l o n a t l o n  i s  r e l a t i v e l y  low p r e s s u r e ,  and 

r e f r i g e r a t i o n  i s  r e q u i r e d  o n l y  on the Absorber--Deethanizer  vapor  to  r e c o v e r  

g a s o l i n e  c o m p o n e n t s .  From an o p e r a t i n g  and m a i n t e n a n c e  s t a n d p o i n t ,  t h e  

facility is slmLlar to a petroleum ~eflnery gas plant, 

1. O p e r a b l l S t y o  The Gas F r a c t i o n a t i o n  u n i t  has  a t u rndown  

r a t i o  o f  5 :1 .  I t  can be brought  to  f u l l - l o a d  o p e r a t i o n  w i t h i n  a few hours .  

2. R e l i a b i l i t y .  The p l a n t  i s  d e s i g n e d  w i t h  pumps s p a r e d  

and w i t h  b l o c k  va lves  and bypas s  v a l v e s  i n s t a l l e d  at'ound c o n t r o l  v a l v e s .  This  

de s ign  perm:[ts maintenance on such  i t e m s  without  s h u t t i n g  down. 
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3, Onstream Time. The operating factor for the Gas 

Fra~tlonatlon Unit is estimated at 95Z. 

4, Maintenance Costs, Maintenance costs for the Gas 

Yractlonatlon unit are estimated to b~ about 3Z per year of  unit capital 

COSt, 

The  Gas  F r a c t i o n a t i o n  u n i t  i s  s c h e d u l e d  f o r  a 

maintenance tu rnaround  18 months a f t e r  s t a r t u p  and every  2 y e a r s  t h e r e a f t e r .  

The downtime is estimated to  be 14 days. 

5. Equipment  Lead Time.  Wi th  t he  e x c e p t i o n  o f  t h e  v a l v e  

t r a y s  i u  the  f r a c t t o n a t t o n  towers ,  which have s t a i n l e s s  s t e e l  v a l v e s ,  the  Gas 

F r a c t i o n a t i o n  u n i t  i s  des igned e n t i r e l y  o f  c a r b o n  s t e e l ,  wh ich  makes f o r  a 

normal equipment l ead  t ime.  

6.  C o m m e r c i a l  E x p e r i e n c e .  The R a l p h  M° P a r s o n s  Company 

has b u i l t  s e v e r a l  pe t ro leum r e f i n e r i e s  t h a t  a r e  i n  o p e r a t i o n  c o n E a i n i u g  gas 

plants of a design slmilar to that incorporated in the W. R. Grace & Co 

p l a n t .  

The Gas Fractiouatlou uult does not discharge any 

liquids or gases to the atmosphere; all relief systems are vented to the 

G a s o l i n e  P l a n t  f l a r e  s y s t e m ,  The impact  o f  the  u n i t  to  the  environment  w i l l  

be minimal,  

C. Process  D e s c r i p t i o n  

1~ A b e o r b e r - D e e t h a n i z e r .  H y d r o c a r b o n  l i q u i d  f eed  from the  

m e t h a n o l  c o n v e r s i o n  u n i t  p r o d u c t  s e p a r a t o r  a t  I O 0 ° F  i s  p u m p e d  t o  

A b s o r b e r - D e e t h a n i z e r  52-01-1101 and w i l l  e n t e r  on t r a y  26. Hydrocarbon vapor 

from the methanol  convers ion  u n i t  a t  100°F f l o w s  to  t r a y  27 o f  t h e  a b s o r b e r  

by pressure  drop from the  methanol  conve r s ion  u n i t  p roduct  s e p a r a t o r .  
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The A b s o r b e r - D e o t h a n l z e r  c o n t a i n s  26 f o u r - p a s s  v a l v e  

t r a y s  i n  the  d e e t h a n i z e r  s e c t i o n  and 23 o n e - p a s s  v a l v e  t r a y s  ~n t h e  a b s o r b e r  

s e c t i o n .  The o v e r h e a d  vapor  combined w i th  l e a n  o l l  a t  161°F e n t e r s  A b s o r b e r -  

Deethanizer Air Coolers 32-01-1301-A and -B, where it is cooled to L09°F. 

The cooled stream then enters Absorber-Deethanlzer Chiller 32-01-1302, where 

it is chilled to 55°F by liquld ammonia at 40°F. The chilled stream 

t e m p e r a t u r e  i s  c o n t r o l l e d  by r e g u l a t i n g  the  f l o w  o f  ammonia v a p o r .  A l e v e l  

c o n t r o l l e r  m a i n t a i n s  ammonia l e v e l  i n  t h e  c h i l l e r  f r o m  R e f r i g e r a t i o n  

Package 32-01-2801 .  

The r e s u l t a n t  l ~ q u l d  and v a p o r  m i x t u r e  18 s e p a r a t e d  i n  

A b s o r b e r - D e e t h a n l z e r  C o n t a c t  Drum 3 2 - 0 1 - 1 2 0 3 .  Vapor  i s  w i t h d r a w n  a s  an  

o v e r h e a d  p r o d u c t  and f l ~ w s  t o  the  f u e l  gas  h e a d e r ,  The A b s o r b e r - D e e t h a n l z e r  

t o p  p r e s s u r e  w i l l  be  h e l d  a t  165 p s l g  by a p r e s s u r e  c o n t r o l l e r ,  w h i c h  

r e g u l a t e s  t h e  o v e r h e a d  p r o d u c t  f l o w  f r o m  t h e  A b s o r b e r - D e e t h a n l z e r  Con tac t  

Drum, 

The A b s o r b e r - D e e t h a n l z e r  C o n t a c t  Drum a l s o  s e p a r a t e s  

w a t e r  f rom h y d r o c a r b o n s .  The wa te r  f l o w s  t o  W a t e r  K n o c k o u t  Drum 3 2 - 0 1 - 1 2 0 4  

and f r o m  t h e  w a t e r  k n o c k o u t  drum on l e v e l  c o n t r o l  to  a w a s t e w a t e r  t r e a t m e n t  

s y s t e m .  The hyd roca rbon  l i q u i d  from the  A b s o r b e r - D e e t h a n l z e r  C o n t a c t  Drum i s  

r e t u r n e d  t o  t h e  A b s o r b e r - D e e t h a n l z e r  a s  r e f l u x  b y  C o l d  L e a n  O i l  

Pump 32-02-1501. 

R e b o l l  h e a t  f o r  t h e  A b s o r b e r - D e e t h a n l z e r  i s  p rov ided  by 

A b s o r b e r - D e e t h a n l z e r  R e b o l l e r  32-01-1303 .  This  i s  a k e t t l e  r e b o l l e r  t h a t  u s e s  

1 5 0 - p s l g  s t e a m  on f l o w  c o n t r o l  r e s e t  by a t e m p e r a t u r e  c o n t r o l l e r  from t r a y  3 

v a p o r  o f  the  A b s o r b e r - D e e t h a n l z e r  column. A d d i t i o n a l  r e b o l l  h e a t  i s  p r o v l d e d  

b y  A b s o r b e r - D e e t h a n l z e r  S i d e  R e b o i l e r  3 2 - 0 1 - 1 3 2 1 .  T h i s  i s  a h o r i z o n t a l  

r e b o i l e r  t h a t  u s e s  l e a n  o l l  c o n t r o l l e d  by a t e m p e l ' a t u r e  c o n t r o l l e r  o n  

r e b o i l e r  v a p o r - l l q u l d  m i x t u r e  a t  287°F l e a v l n g  t h e  r e b o i l e r .  

Water drawoff from the Absorber-Deethanlzer trays 25, 26, 

28, and 29 flows to Water Draw Drums 32-01-1201 and-2, where hydrocarbon 

vapor is dlsen~aged and returned to the Absorber-Deethanlzer. The water flows 
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from the water draw drums on level control to the water knockout drum, where 

any residual vapor is separated and vapor sent to the low-pressure flare and 

water sent to wastewacer treatment, 

The A b s o r b e r - D e e t h a n l z e r  bottoms on l e v e l  c o n t r o l  f lows 

to two p a r a l l e l  D e p e n t a n i z e r  F e e d / B o t t o m s  E x c h a n g e r s  32-01-1319  A aud -B,  

where t h e y  a r e  h e a t e d  t o  254°F by exchange  w i t h  d e p e n t a n l z e r  bot toms.  The 

stream t h e n  en t e r s  Depentan izer  32-O1-1102 on t r a y  19. 

2.  D e p e a t a n t z e r .  The d e p e n t a n i z e r  c o n t a i n s  19 f o u r - p a s s  

valve t r a y s  i n  t h e  b o t t o m  s e c t i o n  and 22 t w o - p a s s  v a l v e  t r a y s  i n  ~he top  

s e c t i o n  o f  the  co lumn.  The overhead  vapor a t  151°F i s  p a r t i a l l y  condensed in  

f o u r - b a y  D e p e n t a u i z e r  A i r  C o o l e r s  3 2 - 0 1 - 1 3 0 4  A, - B ,  - C ,  and  -D t o  a 

t e m p e r a t u r e  of  137°F.  The cooled s t ream then  en t e r s  t w o - p a r a l l e l ,  t ~ o - s e r i e s  

Depen tau ize r  Overhead C o n d e n s e r s  32-01-1305  A, -B ,  -C ,  and -D, where  t h e  

r e m a i n i n g  vapor  i s  c o n d e n s e d  w i t h  t he  l i q u i d  a c c u m u l a t i n g  in  Depentauizer  

Reflux Drum 32-01-1205 a t  101°F. T h e s e  a re  f l o o d e d  c o n d e n s e r s  t h a t  c o n t r o l  

c h a n g e s  i n  o v e r h e a d  v a p o r  r a t e  by c o v e r i n g  and u n c o v e r i n g  t u b e s .  The 

Depen tau tze r  top p re s su re  i s  m a i n t a i n e d  at  58 p s i g  by p r e s s u r e  c o n t r o l  o f  a 

h o t  v a p o r  bypass  t o  the  d e p e n t a n i z e r  r e f l u x  d~um. Re f lux  i s  r e t u rned  to t r a y  

41 by Depentan izer  Ref lux  Pump 32-01-1507. 

The o v e r h e a d  p r o d u c t  on l e v e l  c o n t r o l  w i l l  be pumped by 

Depen tan lze r  Overhead Pump 32-01-1509 to  Depropanlzer  F e e d / B o t t o m s  E x c h a n g e r  

3 1 - 0 1 - 1 3 1 2 .  The d e p e n t a n i z e r  r e f l u x  drum a l s o  s e p a r a t e s  w a t e r  f rom t h e  

hydrocarbon s t reams.  Since water  i s  no t  expec ted  In  d e p e n t a n l z e r  f e e d ,  f l o w  

to the wa te r  knockout drum i s  no rma l ly  c lo sed .  

Reboi l  hea t  f o r  the  depen tan tze r  i s  provided  by p a r a l l e l  

D e p e n t a n i z e r  R e b o t l e r s ,  3 2 - 0 1 - 1 3 0 6  A a n d - B .  The two p a r a l l e l  k e t t l e  

r e b o t l e r s  use  150-pstg steam on f low c o n t r o l  r e s e t  by t empera tu re  c o n t r o l l e r s  

from t r a y  14 vapor o£ the d e p e n t a n i z e r  column. 
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The d e p e n t a n i z e r  b o t t o m s  a t  333°F a r e  s p l i t  i n t o  two 

l i q u i d  s t r e ams .  One s t r e a m ,  d e s i g n a t e d  an l e a n  o i l ,  I s  pumped by Lean O i l  

Pump 3 2 - 0 1 - 1 5 0 3  on f l o w  c o n t r o l  t o  a b o o r b e r - d e e t h a n l z e r  S ide  R e b o i l e r  

32-01-1321 b e f o r e  f i n a l l y  combining w l t h a b s o r b e ~ - d e e t h a n l z e r  ove rhead  v a p o r .  

The o t h e r  s t r e a m  i s  g a s o l i n e  s p l i t t e r  feed~ which I s  pumped by Depentan izer  

Bottoms Pump 3 2 - 0 1 - 1 5 0 5  t o  p a r a l l e l  D e p e n t a n l z e r  F e e d / B o t t o m s  E x c h a n g e r s  

3 2 - 0 1 - 1 3 1 9  A and -B and t h e n  to  p a r a l l e l  G a s o l l n e  S p l i t t e r  Feed/Overhead 

Exchangers 32-01-1320 A a n d - B .  

3. G a s o l i n e  S p l i t t e r .  The g a s o l i n e  s p l i t t e r  c o n t a i n s  

17 f o u r - p a s s  v a l v e  t r a y s  In the  bot tom s e c t i o n  &rid 14 two-pass  v a l v e  t r a y s  In  

t h e  t o p  s e c t i o n  o f  t h e  co lumn .  Feed  t o  t h e  s p l i t t e r  e n t e r s  a t  t r a y  17 

f o l l o w i n g  hea t  exchange w i t h  s p l i t t e r  o v e r h e a d  i n  G a a o l l n e  S p l i t t e r  F e e d /  

Overhead  Ex~.hangers 32-01-1320 A and B. The overhead vapor  from the  s p l a t t e r  

i s  p a r t i a l l y  condensed in  p a r a l l e l  Gasol ine  Sp lAt t e r  Feed/Overhead E x c h a n g e r s  

3 2 - 0 1 - 1 3 2 0  A and -B to a t empera tu re  o f  291°F. The cooled  s t ream then e n t e r s  

a f o u r - b a y  Gasol ine  S p l i t t e r  Alr  Cooler  (32-01-1308 A, -B,  -C, and - D ) ,  where  

At As condensed  wl th  the  l i q u i d  accumulat ing  in  Gasol ine  S p l i t t e r  Ref lux  Drum 

32-01-1206 a t  210oF. 

The g a s o l i n e  s p l i t t e r  t o p  p r e s s u r e  i s  c o n t r o l l e d  by  

va ry ing  the  overhead p r o d u c t  r a t e .  Th i s  r e s u l t s  £n o p e r a t i n g  t h e  g a s o l i n e  

s p l i t t e r  a i r  c o o l e r  a s  a f l o o d e d  c o n d e n s e r  and c o n t r o l l i n g  c h a n g e s  i n  

overhead vapor  r a t e  by e o v e r l n g a n d  u n c o v e r i n g  t u b e s .  The o v e r h e a d  p r o d u c t  

and r e f l u x  a r e  pumped by G a s o l i n e  S p l i t t e r  P r o d u c t / R e f l u x  Pump 32-01-1517,  

wi th  the r e f l u x  on f low c o n t r o l  to  the  top  t r a y  o f  the  s p l a t t e r .  The o v e r h e a d  

~ r e d u c t  l i q u i d  I s  c o o l e d  An L igh t  Gasol ine  Product  Air  Cooler  32-01-1310 to  

l l 0 ° F ,  f u r t h e r  coo led  in  Light  Gasol ine  P roduc t  C o o l e r  3 2 - 0 1 - 1 3 1 1  t o  1 0 0 ° F ,  

and then s e n t  to  g a s o l i n e  s t o r a g e  fo r  b l e n d i n g .  

R e b o i l  h e a t  f o r  t h e  g a s o l i n e  s p l i t t e r  i s  p r o v i d e d  by  

p a r a l l e l  G a s o l i n e  S p l i t t e r  R e b o i l e r s  32-01-1309 A and -B.  The two p a r a l l e l  

k e t t l e  r e b o t l e r s  u s e  6 0 0 - p s t g  s t eam on f l o w  c o n t r o l  r e s e t  by t e m p e r a t u r e  

c o n t r o l l e r s  from t r a y  13 vapor  o f  the  g a s o l i n e  s p l i t t e r  column° 

I I - 1 .2 .13 -9  
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The gasoline splitter bottoms are normally pumped to the 

HGT uni t  by the first ~esol ine  s p l i t t e r  bottoms pump, 32-01-1515. Provisions 

are included in the Design for pumping splitter bottoms to storage during 

Heavy Gasoline Treating (HGT) unit regeneration. This stream is the total 

splitter bottoms flow and is cooled to 175°F in Splitter Bottoms Air Cooler 

32.-01-1307 before going to storage for a 14-day period during HGT 

regeneration, The splitter bottoms storage tank w£11 be held at 175°F to 

prevent solidification due to the high duress content oE the liquid. Rundown 

of storage is accomplished by makeup to thQ HGT feed downstream of Gasoline 

Splitter Bottom Pump No. I. 

4. D e p r o p a n i z e r  ,. The d e p r o p a n l z e r  c o n t a i n s  31 two-pass  

valve t r ays  In the  bot tom s e c t i o n  and 13 two-pass  v a l v e  t r a y s  In  the  top 

s e c t i o n  of the  column, Feed from the depentanizer  en te r  the depropanlzer  a t  

tray 31 £ollowiug heac transfer in Depropanlzer Feed/Bottoms Exchanger 

32-01-1312.  Overhead vapor from the depropanizer at II6°F is condensed in 

parallel Depropanlzer Reflux Condensers 32-01-1314 A and -B to a temperature 

of I12°F, with the liquid accumulating in Depropanlzer ReElux Drum 

32-01-1207. These are flooded condensers that control changes in overhead 

vapor rate by covering and uncovering tubes. The depropanlzer top pressure is 

maintained at 205 psig by pressure control of a hot vapor bypass to the 

depropanizer reflux drum, Reflux is returned to tray 44 by Depropanlzer 

Reflux/Product Pump 32-01-1519, 

I,, 

z 

The condensed portion of the overhead product on level 

control is pumped by the depropanlzer reflux/product pump to Propane Product 

Cooler 32-01-1316, where it is cooled to 105°F and sent to propane.storage. 

R e b o i l  h e a t  f o r  t h e  d e p r o p a n i z e r  i s  p r o v i d e d  by  

Depropanlzer Reboiler 32-01-1315. This is a kettle reboiler that uses 

150-psig steam on flow control reset by a temperature controller from tray 4 

vapor of the depropanizer  column. 

I I - 1 .2 .13 -10  
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The d o p r o p a n i s e r  b o t t o m s  on l e v e l  c o n t r o l  f l o w  t o  

Dspropanizor  F e u d / B o t t o m s  Exchange r  32-01-1312. where  t h e y  a r e  c o o l e d  t o  

160°F by exchange wi th  d e p e a t a n i z e r  overhead .  They then e n t e r  A l k y l a t i o n  Feed 

A i r  C o o l e r  3 2 - 0 1 - 1 3 1 3 ,  where  t h e y  a r e  c o o l e d  t o  I I 0 ° F  and t h e n  e n t e r  

A l ~ y l a t i o u  Feed  Water  C o o l e r  32-01-1317,  where they  a re  cooled  ;o 100°F and 

s en t  to  t~ A l k y l a t i o n  Unit  f eed  s t o r a g e  t ank .  

D. Ris~ Assessment 
i | 

The Gas F r a = t i o n a t i o u  u n i t  c o n t a i n s  conven t i ona l  pe t ro leum 

r e f i n e r y - t y p e  equipment Chat has a h i g h  r e l i a b i l i t y  f rom t h e  s t a n d p o i n t  o f  

o n s t r e a m  t i m e .  The p l a n t  i s  d e s i g n e d  w i t h  a l l  pumps spared  and w i th  b lock  

v a l v e s  and b y p a s s  v a l v e s  i n s t a l l e d  a r o u n d  c o n t r o l  an~ r e l i e f  v a l v e s .  The 

d e s i g u  p e r m i t s  maintenance on such i tems wi thou t  s h u t t i n g  down the  o p e r a t i o n .  

The o p e r a t i o n a l  a s p e c t  o f  t h e  u n i t  i s  s i m i l a r  t o  p e t r o l e u m  r e f i n i n g  

f a c i l i t i e s  tu  p r e s e n t - d a y  o p e r a t i o n .  C o r r o s i o u  i s  u o t  a problem and equipment 

f o u l i n g  i s  n e t  e x p e c t e d  t o  o c c u r .  The t e c h n i c a l  r i s k  i s  c o n s i d e r e d  to  be  

minimal. 

I I - 1 . 2 . 1 3 - 1 1  
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E. P r o c e s s  Flow and Control Diagrams (ZncludlngMaterlal 

Balance) 

Process Flow and Control Diagrams for Gas Fractioaation 

Unit 32 are as follc~s: 

Drawlu~,NOo Title 

D-32-MP-1NP 

~-32-MP-2NP 

D-32-MP-3NP 

D-32-MP-4NP 

D-32-MP-SNP 

PFCD Gas Fractiouat$on - Depentaulzatlon 

PFCD Gas Fractlouatlon - Depentanlzatlon 

PFCD Gas Fractionatlon - Gasollne Splitting 

PFCD Gas Practlonation - Depropanlzatlon 

Material Balance - Gas Fractlonatlon 

~ ° 

---- II-I .2 ° 13-12 
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FUEL OAS i{F.~ER : L I 

DBPROPANIZ~ O01X(~,/ HF ALi~LATIOH Uil~! "-~LHHIP'I  

I, ~ JOUEIEIiT glOlll 01( THIS DP, Ar.,A{I IS FOR 
OK[ TRkII, THE PLANT ~t,t, CONTAIN O~LY ONE 
IP, XIH, 

L DURZHO IRT UNXT REG[HOU,11t~, k 14 DAY P~IOO, 
r~a,tHE ~M.IT~ ~OTTO~S IS 5E~ To STO~,A~ 
I~ 511TCHIIW I~TROt. VALVF~ AKO ACT~VATII40 
IXi GXSOLtI~ 5,f.I.tTTO~ IPOITOUS PUUP e~, TO 
FINP SPL~TI~ ~OT~OUS TO STOP-AG f 

3, DUe, laG ~ UMI' ~l:l~T10~, THI[ GA~t,Tl[ 
SPLITTI~ I~TTOUS S1~eA~£ PU~ IS OP[RATI~ 
FOIl k l i l t  bY PERI~O TO PAOV]O£ TH[ H)OEO 
FEED REQtJtR~ TO THE HOT UHtT I0 MEET THE 
IIT6 pLANT sTREAM DAY FAt;TOll OF tl~. THE HOT 
UNIT OPERATION tS 6A,~t.O OH A STRIr:AM OAY 
FAC;OR ~F 05%. GASOLTX£ 9PLtTTEfl 90TTOI~ 
PI~P 01 ~S XLSO ~P~U, TEO OUt~  flGT UHIT 
MBkTION. 

4, VAPOA ~4Z lllOLEI 
YAP~ HOL[CUL~R Ir~GflT., gq.6 

5. life Ft~JR( IItIMOEI~ R~FER TO IH£ ?YPTCAL 
[OUU~MEHT COHF]OUR~TIOH$ SHOtIN Off D~NG 
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CO~PONEBT 

DEEIHAHIZEg UEETHANIZER OEETHARTZER 
LIQUID VAPOR LEAN OIL 
FEED FEED CEED 

M.N. 

IIYUROGE8 2.016 6. t0 88.?t 
HETHAfl( 16.042 204.33 479.25 

,CAROOH.HOHOXID[ 2B.OIO 5.01 52,45 
CARBON DIOXIDE 44.010 190.00 174.33 
HIIROGEN 28.016 0.53 4.59 
ETHEHE i20.052 4.55 3,15 
ETHANE 3~068 57.07 20.70 
PROPENE 42.076 24.45 3.93 

PDOPANE 44.094 505,44 79.77 
lSO BUTANE 59.120 009.85 55.14 
I-8UTENE 55. 104 113.97 ! 5.82 
R-BUTANE 5~ 120 2T9. 51 12. 10 
ISO PEXTARE 72. 146 1,013.04 10.99 5.57 
I-PENTEN( 72,146 189.27 3.GO 1.12 
N-PEXTAXE T2.146 115.74 1.65 0.55 
CYCLO FEXTANE TO. 130 20.64 0.21 0:06 
2 METHYL PENTAHE 86.172 BET. iS! 5.79 155.79 
CI+HEAV]ER , 2? 995.47 5.54 554.69 
WATER 16.015 0.43 5.20 

"~OTAL - NO~HR (DRY1 7,543.71 996.84 7:1.79 
..... TOTAL - LU/HR 519,499.85: 27,980.55 76,100.75 

MOLECULAR WEIGHT 91.981 28.07 105,43 
OEI./$TflEAM DAY 81.236. _.'T----'--' 5,615, 

..... USC[D ~ 9. 076,62 
PRESSURE - P510 166.30 158.]0 120.30 
TENP - 0£ I0~ 100, 205. 
H - MBTU/N8 79.61~ 81 6,855.10 13,580.00 

i 

DEETllAHI2Efl DEETXXUI; 
VAPOR REFLU) 

OVERHEAD DRUH 
OVEEHO 

sa.2e~ . I  
731,164 cn~ 

39,474 31 
429.040 3(~ 

5,498 
5,093 

90.072 7| 
E, 419 

117,995 "~  : 
4,430 
O. iT5 
o. 13a __0.O31 
O. 812 
O. 13S 
0.059 
0.003 
7.027 
3.74 

h 5 2 6 . 3 0 4  - -  1.34( J 
42o057. 34,77( 

27. 55 2~ 

13.901.0 12,258.94J . 
155,40 I$1 
65. 23 ~' J 

CO~POHEUT 

DEPROPAHIZER 
FE(O 

@ 
OEPROPANIZER 

VAPOR 
OVZRH~D 

@ 
DEPROPAR[ZER 

BOTTOMS 

I. 92 

H.W. 
HYOflOGER 2. OIG O. 000 
METHANE 10. 042 O. DO0 
CARUOH MOHOXIDE 28. 010 0.000 
~RBON DIOXIDE 44.010 0.02 0.034 0.02 

. Hih~OQl:d 20. 016 : O.O.O,O 
ETHEflE 20. 052 0..01 O, OI 4 0. OI 
ETHANE 30. OE8 5, I B 34. 334 5. 18 
PROPEHE 42.078 24.51 109.269 0.01 24.50 
PROPAHr 44. 094 I 560. OH 3978.127 

69.939 
. 5TU..IG 

lEO BUTANE 58.120 943.85 933.70 10. IS 
I'OUTEHE 58,104 119. 75 2.797 119.29 9.46 
H'BUTAflE 50,120 291.56 1.600 291.43 0.23 

72.146 
. I-PEMEN£ 

H-PENTANE 

1016. 51 9, DOll IOIr-- 53 
72.146 192.54 9,001 192.54 
72. 146 107. 86 107. 88 

I1.03 
5 9 . 9 9  

. CYCLQ PEHTAHE 
2 HEIHVL PENIAN( 
C *HEAVIER 

11.03 

44. 13 

5°,99 
"tO. 13i~ 

4.14 

mlli~Z3~13] mE]]~ l~  
55,.33 

20,332. 

86.172 

44. 13 

.... SEATER 19,016 
4.14 

TOTAL - MOL/HR 
TOTAL - L~HR 205,240.46 
MOLECULA R WEIGHT 61.43 
B~I./$TRr..AH DAY 24.014. 
u~C, FO 

PRESSUR~ - PSIG 207.30 205,30 210.90 200.30! 
TEl~- °F 160. 115.51 23?. 112, 
H - LtOTI!/HR I 37.080.90 39,891.35 4,480.751 

- I 

9,471 
9,o21 

SOT.'JI I 
299Z.31 I 

s 

,, TO.O I 
256. ] 

r,254.Ol 
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<, C> 
"~ DEETHAN]ZER O~EHTANIZER 

'REFLL~ LIQUID FEED 
PRODUCT 

OV~AD BOTTOMS 
~.6t 

--T110 

~, ~4 "-6~'~ o ,  oz I 
5. 20 

O, QI 0.01 T.T_.ee 
|.22 5.18 (},18 

24,61 24.61 
4,9~ BeD, oR 50o.0~ 
i. 15 943, U5 943.85 
~ 0 4  11(}.75 11(}.7(} 
0.03 251.56 , 291.65 
~55 1031.01 1(}37.01 

I0 IS3.09 193.09 
U. 0 4  111.91 l i t .  91 
D.O0 20,90 20.90 
[03 1027.59 1027. BE} 
i.5e 3551.0] 35S1,03 

~31 1.913,69 T, 913.69 
34, TIO~GS EOT, T39.se GOT? T39. 56 

- ~  OT! 05~ 521 GDO, 
~94 - -  IT I 932. 
~40 IT2,00 T4.0 
~. 274. 237. 

O.TIg.oli 154.a5~.71 154.TTB.20 

<C> C> C> 
OEPEHTANIZER DEPENTAH|ZEfl OEPE#TAHI2ER 

VAPOR DOTTONS REFLUX 
OVERHEAD pRODUCT 

~(;],I, 

..... 0.013 O, OZ 
0.000 
0,005 0.01 

IZ.ENP 5.18 
GZ.EOG Z4.GI 

1475,80l 560,08 
~405,5~(} .. . .  943,65 
305.255 119. TO 
743.500 29hGG 

2590.993 ~(}.4(} iOlG, 53 
490.070 I.~S 192.54 
2]6.840 10.03 IOT. 68 

31.0~9 9.86 II,O ~ 
ISO.04T SET. Tf 5O. U9 

9,84B 3~4T.01 4 . | 4  

6e555.T53 4 v 550.46 =~35T.25 
525v503, 48~t511.90 206,240.40 

51.42 lOS. GO 61.43 
43, 043. 24~014, 

TT~ 922.50 . . . . .  
5O.~0 63.08 50,30 

151.27 333. I01. 
116. 312.97 30.311.64 

... GASOLINE 
-- SPLITTER 

VAPOR 
O¥E~D 

I~.DI 
0,23 
~,47 
9.SZ 

~OT.gl 
~:,31 

"" 7; 
os.n 

.o 

lO.O 
56. 

.... i 

20.4911 
0.34; 

IZ. 959 
13. 426 

1104. 559 
339~.352 

4,549,169 
451, N~T, 

101.53 

410432,0P 
13,30 

302,G(} 

500. 07 

5PLIIIER 
BOTTOMS 

SOB, OT 
ST, GOB, SO 

133.17 
S. 208. 

IN, GO 
442, 

, 1 ~ 4 4 T ,  9 4 ,  

SPLITTER 
OVERHEAD 

14.91 
O, 23 
9.4T 
9,02 

80T.$1 
2484.24 

SPLITTER 
BOTTOMS TO 
NOT FROM 
STORAGE 

40.59 

40,58 
5,403.94 

133.17 
416, 

TOTAL 
SPLITTER 

BOTTOMS TO 
HGT 

$48,65 

546,5S 
T3,0T(}.gT 

3. 326.5B 
33?. ?GI. 72 

1(}1.53 
31p021. 

T5.O 
210. 

61~351.67 

133.20 
50624. 

575.00 
415. 

• '_~ "~ ' ;q l l  RFPO~I' i I 
] ~ r l ,rqT APPR'I~AL i 
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032UPSHP. OGA 

POT[El 
I, Tills HAl(REAL FlALAI~C( IS F~q ONE: YBAIt~ 

Tile PLANT W1LL EONTAIH DHLY ON( TRAIN, 
2, N[TPdINOL IS ADOEO AS FlLOUIII[O TO tAHIOIT 

HYDRATE FOR}.L4T|ON. W(IHANOI. IS NOT REOUIfl(D 
FOB NOARAL C#[P..kTION. 

3. UUHINO HOT UNIT REGENERATION. A 14 DAY PEA|BE}. 
OASOLIHE SPLITTER BOTTOV~ 15 SENT TO STOAaG( 
BY SWITCHING CONIIIOL VAL~/[S ANt) dCTtaVkT|HG 
THE GASOLINI~ ~W'LtT|[fl OOTlOuS PUNP 2 10 
PUMP SPLITTER OOTTC~dS 10 STO~tAOE. 

4, DUHII~O HOT UNIt CF[flATIOq THE GASOLINE 
SPLITIEN BOTTOMS STORAGE "UMP 1~ f~PrRAIr~ 
FOR A I¢ . . . . . . . . . . . . .  $ BAT PERIOO 10 PROVIDE THE ADD|(} 
F([O REOUIRED TO ?HE HGT UNIT 10 M~ET THE 
BIG PLANT S1Fl[Au PAY FACTOR OF 93"[, '. THE HGl 
UNIT BPEAATIOH IS O;..';E(} ON A STREAM ray 
r~DTOR OF 0~. r~SOLZN[ SPLZnEn nOTIONS 
PUMP ' I  IS ALSO OPERkIfD I}URIaG hGT U,I11 
OP ERAIIOH, 

.~, AN INTERFACE TEMPERATURE DIFrFRENCr 
OP THE fl.~T UNtT FE(O SlR~u, 4lOOT ~ {RSUS 322OF, EXIST': HE} [OUTWENT 
RANGES WILL 6£ MADE AT IHIS IINC TO 

(:ONPERSAT( FOR THE TEMPERATURE DIFFEHENCC, 
6. THE UNITI~{RFAC[ DIFF[.q[K(:E (}[~((N 

AHD UI~T 32 ~TE:R]AL BALAHC{S. 
BIG UNIT PROOUC1 STREJJ~S v5 GAS 
F'RACTTORATIOH UNIT FEED STBEAWS, APPEABS 
IN THE C¢~ HEAVIEP COMPONENTS DUE TO 
D~FEREWDES IN CONPUTrR PHYSICAL PRCPERTY 
DATA FOR THE ti[AVV FRACTIO,S. 

BASV, ETT 

U,S. DEPARTMENT'OF ENERGY 

W , R . ~  ~ CO, ~ U C l C Y  

~Vl, l: 

50,BDi~ B.P.D, 
COAL " TO - METH~0L - TO - GASOLINE PLANT 

MATER]AL BALAN~ 
GAS FRXCTIOHXTION - UHIT 32 

A 
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F. Plo,t Plan/General Arransement Draw£n~e 
' A 

Plot Plan and General Arrangement Drawings for Gas 

Fractlonation Unit 32 are us follows: 

Drawing No. Title 

D-32-PD-INP Plot Plan - Unit 32 and Unit 38 Gas Fractionation 

and HGT 

D-32-PD-2NP E l e v a t i o n  - U n i t  32 and  U n i t  38 Gas F r a c t i o u a t i o n  

and  HGT 
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AOS~OER DE(IHANII01 
DI~ERTANIZ(fl 
O~OLIH[ SPLITIER 
DEbOrAH IZER 

WATKR I~tAV DRUm I 
WATER 5RAW DNR413 
AOSOHBE~ O((TIIARI2ER REFLUX DRUM 
rATER K.~ ORUM 
D[PERTANIZER REFLUX DRUM 
OA~OLII~ SPLITTER REFLUX DRUM 
PEPROPANIZ£R H(FLU~ DRUM 

tbSQROERDE(THANIZERAIR COOLER 
46e-~lOER D[(THANIZ(A CHILLER 
Nt~'~OR8ER O((nUU41ZER HEROILEk 
O(PERTANIZLR AIR COOLER 
D[P(NTAMllEROYHO, CONG~ISER 
D(PERTAHIZ£R REROILER 
SPLITTER OOTTOI~ AIR COOLER 
GASOLINE SPLITTZR AIR COOLER 
GASOLINE SPLITTER REOOILE~ 
LIGlff O~OLINEPROCOCT AIR COOLER 
tIGHT GASOLINE PRCOUCT COOLER 
DEPROPANI|(R FEED/'OQTTOM~ EXCHANGER 
ALKYLATION FErn AIR COOLER 
DEPR~PAMIZERR(FLL~COHDEI~$£H 
D[PROPAHIZ(R RrnOILER 
PROP~E PRODUCT COOLER 
ALKYLATIOI FErn lATER COOLER 
OEPENTAHIZER FEED/BOTTOU~ (XI~ANGER 
GASOLIHC SPLITTER FC[DIOVHD.E'~CHANGER 
ABSORBER 0EETHANIZ~ SlOE R[ROILER 

COLO LEM~OIL Pt,,MP ~0 SPARE 
LEAH OIL ~ ~ SPAR( 
D£P(NTARIZER 80TTOI~ PUMP M(D SP~E 
DEP(KIANIZ(R REFLUX PtJl~ A.'~D SPAR~ 
DEP(HTNIiZER OVHO.PLZ4= A~ SPARE 
GASOLINE SPLITTER BOTT~PUMP NO, 2 At, O SPARE 
GASOLINE 5~LITTER OOTTOM~PUMP riO. I k~SPAR£ 
CASOLI~( e..Pt,.:TTER PROOUC|/flEFLUX PUMP Atl0 SPAR( 
DEPROPAEIZERREFLUXPUMPAHD SPARE 

32"01-2101 

UNIT 3B iS PROPRIETARY. 

GAS rRACTIONA, TION REFRIG(RATION PACEACE 

~*, 18 ~ M &O • IO 
L tl I 

SC, M.b I" .llr-cr 

U.S. DEPARTHENT OF ENERGY 
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e~'TT V.R. GRACE & CO. ~ . ~ o ~  
50.069 B.P.O. 

COAL,,- TO - HETHP, NOL - TO - GASOLINE PLANT 
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PLOT PLAN 
~NIT 32 AND UNIT 38 tl 

FRACTIONATION AND HGT | D-32-PD-lI~P , 
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G. Single-Line Diagram 

m m  

See Volume l~ ,  1.2.12(G) for  the Single-Liue Diagram for  Gas 

Fracttouation Un£t 32. 

I I - 1 , 2 . 1 3 - 1 4  
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C 1.2.14 IIF ALKYI~TION - UNIT 33 

A. Basis of Design 

A h y d r o f l u o r i c  a c i d  (HF) a l k y l a t l o n u n l t  has been s e l e c t e d  

f o r  the  c o n v e r s i o n  o f  a m i x t u r e  o f  b u t y l e n e s ,  a m y l e n e s ,  and i s o b u ~ n e  t o  

p r o d u c e  a l k y l a t e  a s  a b l e n d i n g  component o f  f i n i s h e d  g a s o l l n e .  The IIF 

A l k y l a t l o n  Unit i s  a c o n v e n t l o n a l - t y p e  f a c i l i t y  v~thout  octane u p g r a d i n g .  The 

HF A l k y l a ~ I o n  Uni t  s e l e c t e d  I s  based on a p r o p r i e t a r y  a l k y l a t l o n  p rocess  

l l c e n a e d  by P h i l l i p s  Pet ro leum Company. 

/ 
\ 

The f e e d  s t r e a m  i s  d e r i v e d  f rom the convers ion o f  methanol  

to  g a s o l i n e  in  a Mobil ~ffG u n i t  ~-~th subsequent  f r a c t i o n a t i o n  to  s e p a r a t e  t h e  

b u t y l e n e  and amylene  components in  depen t an i ze r  and depropanizer  t o ~ e r s .  The 

feed  I s  d e p e n t a n i z e d  to  keep  t h e  C6+ f r a c t i o n  a t  a low l e v e l  so t h a t  t h e  

hexane fraction is less than 0,2Z by volume of alkylatlon feed, This is 

n e c e s s a r y  to reduce t a r  and dec rease  ac!~ c o n s u m p t i o n  d u r i n g  the  a l k y l a t £ o n  

p r o c e s s .  The f e e d  i s  a l so  depropanlzed to  keep t o t a l  propanes a t  a low l e v e l  

f o r  a l k y l a t l o n  and to  reduce aeSd lo s se s  t h a t  occur  when propane i s  v e n t e d .  

The f e e d  c o n t a i n s  a h ~ h - ~ m y l e n e  c o n t e n t ~ t h  about  60~ d ry  

vo lume amylenes  t o  t h e  t o t a l  o l e f i n s  p r e s e n t  i n  t h e  f e e d .  P h i l l i p s  h a s  

e x p e r ± e n c e  p r o c e s s i n g  f e e d s  w i t h  a h lgh-amylene  c o n t e n t ,  up to about 31Z by 

v o l , ~ e  amylenes to  the  t o t a l  o l e f l n s  p resen t  i n  t he  f e e d .  

The HF A l k y l a t i o n  u n i t  p r o d u c t  s t r eams  cons i s t  o f  a l k y l a t e  

as  a g a s o l i n e - b l e n d i n g  component, n-butane to  a d j u s t  Easo l i ne  vapor p r e s s u r e ,  

and £ e o b u t a n e  to a d j u s t  g a s o l i n e  vapor p r e s su re  ~r£th the  excess to s a l e s .  The 

s y n t h e t i c  a l ~ y l a t e  p r o d u c t  i s  a b o u t  7.5% by vo lume  o f  t h e  t o t a l  ~ a s o l i n e  

p o o l ,  w i t h  CS+ n a p h t h a  a b o u t  88Z by volume and the  remainder  bu t anes .  Since 

n -bu tane  l s  i n  s h o r t  supp ly  and t h e r e  i s  exces s  i e o b u t a n e  in  t h e  f e e d ,  some 

i s o b u t a n e  I s  added to  g a s o l i n e  when needed f o r  vapor p ressure  ad jus tmen t  o f  

f i n i s h e d  g a s o l l n e .  

i /. 
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P r o v i s i o n  f o r  an n - b u t a n e  s i d e - c u t  from the  d e i s o b u t a u i z e r  

~s i n c l u d e d  i n  the HF A l k y l a t i o n  u n i t  d e e i s n .  The a l k y l a t e  p r o d u c t  s h o u l d  be  

£ 1 e x i b l e  i n  n - b u t a n e  c o n t e n t  t o  a l l o w  f o r  a Reid v a p o r  p r e s s u r e  (RVP) o f  

t o t a l  a l k y l a t e  o f  about  5 to  6 p s i  f o r  s t o r a g e .  When b l e n d i n g  a l k y l a t e  w i t h  

naphtha f o r  s t o r a g e ,  a h igher  RVP i s  a l lowed;  f o r  i n s t a n c e ,  about  8 to 9 p s l .  

S i n c e  t h e  f e e d  c o n t a i n s  e x c e s s  i s o b u t a n e ,  t h e  o v e r h e a d  

p r o d u c t  f rom t h e  d e i s o b u t a n i z e r  i s  expozted  fo r  s a l e s .  The i s o b u t a n e  product  

i s  a h i g h - p u r i t y  s t r e a m  w i t h  l e s s  t h a n  0.SZ by v o l u ~ e  n - b u t a n e  c o n t e n t .  

A l k y l a t £ o n  u n i t  f e e d  and p r o d u c t  s t r e a m  c o m p o s i t i o n s  a r e  p r e sen t ed  in  the  

following t a b l e s ,  

lIFAlk~lnt~on Unlt Feedstock 

Component 

i 

Propene 

Propane 

I s o b u t a n e  

l -Bu tene  

n-Butane 

I sopen tane  

1-Pentene 

n-..Pentane 

Cyclopentane 

2-Hethy lpen tane  

C6+ Heavier  

T o t a l ,  l b  mol/hr  

Total,  ! b / h r  

P r e s s u r e ,  p s i a  

Temperature, °F 

| m  mn • 

lb mol/hr molZ 

0.01 

1.92 0.07 

933.70 34.11 

119.29 4.36 

291.43 10.64 

1,016.53 37.14 

192.54 7.03 

107,88 3.94 

11.03 0 .40 

59.99 2. I9 

4.54 o.,4 

2,738.45 100.00 

178,900 

45 

100 

C 
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Product  Streams 
m 

C 

Ieobutane Product  
Component ( lb  mol/hr) (molZ) ( l b  mol/hr)  (molZ) 

. • . ,L  , ,  , . . . . . . . .  , • 

Propene . . . .  

Propane 1.92 0.35 - - 

Isobutane 552.13 99.22 12.20 4.42 

l-Butene . . . .  

n-BuCane 2.41 .43 244.24 88.47 

Isopentane - - 19.56 7 • I I 

l-Pentene . . . .  

n-Pent:ane . . . .  

Cyclopentane . . . .  

2-F~e thylpent ane . . . .  

C6+ Heavier . . . .  

AIL71ate . . . .  
~ L Z  i ~ i 

Total, lb mol/hr 556.46 100.00 276.00 100.00 

Tota l ,  l " j /hr 32,315 16,310 

Pressure ,  [~,s t a  85 60 

Temperature,  °F 110 110 
, . m  i . i i , i i | . , 

l ,, , • , , , ,  i i 

n-Butane Product  Alkylate rroduet 

(Ibmol/hr) (molZ) 

ii i 

N m 

N 

44.87 2.80 

1,067.42 56.55 

m m 

107.95 6.73 

11.03 0.69 

59.97 3.74 

0.54 0.04 

312.00 19.45 

1,603.78 100.00 

130,196 

5-6 

110 

C 
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B. P r o c e s s  S e l e c t i o n  RatLonale 
, . ,  , 

~he P h i l l i p s  EF A l k y l a t i o n  P roces s  i s  a c o m m e r c i a l l y  p r o v e n  

t e c h n o l o g y .  P h i l l i p s  ha s  a b o u t  80 p l a n t s  o p e r a t l n S  s u c c e s s f u l l y  t h roughou t  

t h e  w o r l d .  I t s  c a p i t a l  and e p e r a t l n E  c o s t s  a r e  l o w e r  than  f o r  t h e  o t h e r  

p r o c e s s e s  examined .  P h i l l i p s  e x p e r i e n c e  w i t h  h lgh -amylene  f e e d s  f i t s  w e l l  

wi th  the  p resen t  d e s i g n ,  which con t a in s  about  60Z by v o l , ~ e  mnylenes t o  t o t a l  

o l e f l n s  i n  the  f e e d .  The p r o c e s s  p r o v i d e s  r e l l a b i l l t y w i t h  a good turndown 

ratio. 

I. Operability. The HF Alkylatlon Unit can be operated at 

about 50~ of design capacity, It can be brought to full-load operation within 

a few hours. 

2. R e l i a b i l l t y .  The p l a n t  i s  d e s i g n e d  w i t h  a l l  pumps 

spared  and with b lock  v a l v e s  and bypass  v a l v e s  i n s t a l l e d  a round  c o n t r o l  and 

r e l i e f  v a l v e s .  The d e s i g n  w i l l  p e r m i t  m a i n t e n a n c e  on such  i t e m s  w i t h o u t  

s h u t t i n g  do~n, 

3. 0nstream Tlme. The operating factor for HF alkylatlon 

will be better than that of a fluid catalytic crackSng unit and is estimated 

at about 95Z stream factor. 

4. ~alntenance Costs. The maintenance cost estimate for 
| u  

the HF Alkylatlon unit Is 3o5Z of unit capital cost. 

5. E q u L p m e n t  L e a d  T i m e ,  W i t h  t h e  e x c e p t i o n  o f  t h e  HF 

r e g e n e r a t o r ,  the P h i l l i p s  a l k y l a t i o n  p l a n t  i s  d e s i g n e d  e n t i r e l y  ~ f  c a r b o n  

s t e e l ,  The a c i d  r e g e n e r a t o r  can  be o f  e i t h e r  M o n e l - c l a d  o r  s o l L d  Monel  

c o n s t r u c t i o n .  Monel c o n s t r u c t i o n  i s  a m a j o r  f a c t o r  i n  d e t e r m i n i n g  t h e  

equipment l ead  t ime,  

6. Comm.e rc l a l .  Exper.i. .ence. T a b l e  T I - 1 . 2 . 1 4 - 1  s u m m a r i z e s  

p l a n t s  u s i n g  P h i l l i p s  HF A l k y l a t i o n  P r o c e s s  i n  o p e r a t i o n  and  u n d e r  

c o ~ t r a c t i o u ,  
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Table IZ-1.2.14-1 - Racen£ Phillips HF AlkylaCion L~eensees 

Company 

, . ,  | 1 1  . 

S t a r t u p  Design Capaci ty  
Ref inery  Location Year (bpsd) (mtpd) 

Gulf 0 i l  Corporat ion 

Harathon 011 Company 

Getty Oil  Company 

Texas C i ty  Refining 

Ltndsey Oil L~mt*.ed 

BP Trading Limited 

BP ~ a d i n g  L~nited 

Marathon Oil Company 

Texaco-Gul£ 

Amoco-Murphy LtmiP-ed 

Mobil Oil  Corporat ion 

Mobil Oi l  Corporat ion 

Gulf Oil Corporation 

BP Trading  Limited 

CFR 

Mobil Oi l  Corporat iou 

Pe t rob ras  

T r i n t o c  

~PC 

Albatross Oil Processing 

Saber Refining 

Tenneco 0 t l  

P h i l a d e l p h i a ,  PA 

Texas City, TX 

81 Dorado, KS 

Texas Ci ty ,  TX 

Ki l l i ngho lme ,  England 

Rot terdam,  Holland 

Grangemouth, UK 

Garyville, L% 

Pembroke, Wales 

Milford Haven, Wales 

Croydon, England 

Durban, South Africa 

Clnclnnaci, OH 

Kwlnana, Australia 

LaMede, France 

Saudi Arabia 

Cubatao, Braz i l  

Po in t  F o r t i n ,  Trinidad 

g a r r i ,  Niger ia  

Antwerp, Belgium 

Corpus C h r i s t i ,  TX 

Chalmette, IA 

1973 15,000 1,667 

1974 11,000 1,222 

1976 10,000 1,111 
1979 6,000 667 

1981 4,200 457 

1982 5,000 556 

1981 4,200 467 

1980 21,000 2,333 

1982 1 8 , 0 0 0  2,067 

1981 3,000 333 

1982 14,500 1,611 

1981 2,500 278 

1Q~O 2,000 222 
1981 3,000 333 

1981 3,000 333 

1984 14,500 1,611 

1984 3,000 333 

1984 5,500 611 

1983 3,000 333 

1984 4,800 538 

1983 7,700 859 
1984 16,000 1,778 

. l l  
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C. Process  Descr ip t~on  

R e f e r  to  P r o c e s s  Flow and C o n t r o l  Diagrams D-33-HP-INP,  

-2NP, -3NP~ and -~NP f o r  eq~;.:~e~t arrangement  and m a t e r i a l  ba l ance .  

D e p r o p a n l z e d  h y d r o c a r b o n  l i q u i d  from the  Gas Y r a c t i o n a t l o n  

Sect ion f lows t o  Feed Surge Tank 33-01-120S~ which has  an 8 - h r  h o l d u p  to  

e n s u r e  con t i nuous  hydrocarbon £1ow to  the  HF A l k y l a t l o n  Uni t .  The hydrocarbon 

£eed e o m p o s l t l o n  i s  shown £n t h e  above t a b l e  a e a  m l x t u r e  c o n s £ s t l n g  o£ 

bu ty lene  and amylene o l e f I n s .  

The t o t a l  h y d r o c a r b o n  o l e f l n l c  f e e d ,  a l o n g  w i t h  r e c y c l e  

i sobu t ane ,  i s  charged to  the  reac=or  s e c t l o n  o f  t h e  HF A l k y l a t l o n  u n i t .  The 

combined f e e d  i s  d l s p e r a e d  th ;ough  ~pray nozz les  and mlxed wltb h y d r o f l u o r i c  

acld  before  e n t e r i n g  the  r e a c t o r  r i s e r .  The r e a c t o r  o p e r a t e s  by d l f £ e r e n t l a l  

g r a v l t y  ~Iow and has  no novlng p a r t s  such as Impe l l e r s  or  mixers ;  a l s o ,  acid  

c i r c u l a t i o n  pumps a r e  n o t  r e q u i r e d .  T o t a l  c o n v e r s i o n  o£ r e a c t a n t s  t o  

h l g h - q u a l l t y  a l k y l a t e  occuro a lmost  i n s t a n t l y .  

From the  r e a c t i o n  zone, the  hydrocarbon componen t s  and a c i d  

c a t a l y s t  f l o w  upward to  the  s e t t l i n g  zone.  Here,  ac id  c a t a l y s t  b reaks  out  as 

a bottom phase and f lows by g r a v i t y  on a r e t u r n  cyc le  t h r o u g h  t h e  s h e l l  s i d e  

o f  p a r a l l e l  Acid Coolers  33-01-1301 and -1302 to  the  r e a c t i o n  zone ,  where t he  

r e a c t i o n  cyc l e  i s  r e p e a t e d .  Heat o f  r e a c t i o n  i s  removed by hea t  exchange  w i t h  

a l a r g e  volume o£ c o o l a n t  £1ow£9~ t h r o u g h  the  t u b e s .  Cooling water  used i s  

a v a i l a b l e  for  f u r t h e r  coo l i ng  e l s e w h e r e  I n  t h e  u n i t e  The h y d r o c a r b o n  phase  

£rom ~he s e t t l i n g  z o n e ,  c o n t a i n i n g  m i n u t e  q u a u t i t i e s  o£ p r o p a n e ,  r e c y c l e  

i sobu t ane ,  normal bu t ane ,  pen tanes ,  cyc lopeu t~ne ,  and a l k y l a t e ,  i s  c h a r g e d  t o  

Maln FracClonaCor 33-01-1101 £or r ecove ry  o£ oroduct  s t r e a m s .  

The main f r a c t l o n a t o r  o v e r h e a d  i s  c h a r g e d  to  ~ F - l e o b u t a u e  

S t r i p p e r  33-01-1103  f o r  H~ a c i d  r e m o v a l  o v e r h e a ~ .  The b o t t o m s  i s o b u t a n e  

p~oduct i s  c a t a l y t i c a l l y  de f luor lua t :~d ,  K0H t r e a t e d ,  and y i e l d e d  as  i s o b u t a n e  

p r o d u c t .  R e c y c l e  I s o b u t a n e ,  e s s e n t l a l  f o r  £ a v o r a b l e  c o n t r o l  o f  r e a c t i o n  

mechanisms, I s  produced as a vapor  overhead s t ream from she main £ r a c t l o n a t o r  

I I - I .  2 . 1 4 - 6  

............................................ I I I  . . . . . . . . . . . . . . . .  z 



and a l s o  from t h e  HF l s o b u t a n e  s t r i p p e r  b o t t o m s ,  The condensed and cooled 

r e c y c l e  £sobutaue i s  r e tu rned  to  the r e a c t i o n  zone. 

The alkylate b o t t o m  product from t h e  maln fractlonator 

containing about 2Z n-butane is acceptable for motor fuel blending. An 

n-butane product of about 85~ purlty and sultable for motor fuel blending Is 

taken as a vapor slde-draw near the bottom of the main Eractlona~oro This 

sldestream Is condensed and sent to storage for vapor pressure blendimg In 

gasol ine.  

A small slipstream of acid Is wlthdrawn from Acld Settler 

33-01-1202 and fed to Acld Rerun Tower 33-01-1102 te remove dlssolved water 

and polymerlzed hydrocarbons. ~_ overhead product from the rerun column i s  

clean hydrofluoric acid, which is condensed and returned to the system. The 

bottom product from the rerun tower Is a mixture of acld-soluble o11s and an 

HF water azeotrope. This stream is sent to Main Fractlonator Heater 

33-01-1401 to  be d lsposed  of  by burn ing .  

A u x i l i a r y  systems inc luded  w£thtn the  b a t t e r y  l i m i t s  i n c l u d e  

(1)  Ac id  R e l i e f  N e u t r a l i z e r  33-01-1201 to  remove HF from r e l i e f  gas l e a v i n g  

t h e  b a t t e r y  l i m i t s ,  (2)  R e c y c l e  Acid Rerun Tower 3 3 - 0 1 - 1 1 0 2  t o  r e m o v e  

acid-soluble o11s that occur in the reactor acid, (3) Acid Storage Tank 

33-01-1203 for anhydrous HF acld dur£ng periods when the unit is shut down 

for turnaround, (4) HF Acld Neutralizer 33-01-4102 for surface dralnage and 

sewer drainage in the acid area, and (5) a change room and storage room for 

cleaning and storlng necessary protectlve clothJ.ng requlred on occaslon by 

operatlng and maintenance personnel. 

P r o c e s s  h y d r o c a r b o n  v a p o r s  f rom t h e  r e l i e f  gas  h e a d e r  

c o n t a i n i n g  HF a c i d  a r e  con t ac t ed  in  Acid Re l i e f  N e u t r a l i z e r  33-01-1201 w i t h  

d i l u t e  aqueous  sodium h y d r o x i d e  p r i o r  to  e n t e r i n g  the  f l a r e  sys tem.  Calcium 

c h l o r i d e  i s  u s e d  t o  p r e c i p i t a t e  c a l c i u m  f l u o r i d e  f rom s p e n t  c a u s t i c  i n  

Ca lc ium F l u o r i d e  P r e c i p i t a t o r  33-01-4101. I n s o l u b l e  ca lc ium f l u o r i d e  s e t t l e s  

ou t  to  form an i n e r t  s ludge ,  which has been s u c c e s s f u l l y  u sed  as  a s a n i t a r y  

l a n d f i l l  ~r£thout known envi ronmenta l  problems.  
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Fro~ produc~ s c r e a m s  t h a t  r e q u i r e  KOH t r e a t e r s ~  the  spent  

KOH i s  p r o c e s s e d  t h r o u g h  a s p e n t  c a u s t i c  n e u t r a l i z e r  u s i n g  Na2CO 3.  

D r a i n a g e  from t h e  s p e n t  c a u s t i c  n e u t r a l i z e r  f l o w s  to  t he  plan~ was~e~mter 

t r e a m e n t  system, 

P r o d u c t  s t r e a m s  such  as  L~G, a r e  d e f l u o r l n a t e d  o v e r  an 

a c t i v a t e d  alum2na bed. A f t e r  the  bed i s  " s p e n t , "  i t  i s  c o n s i d e r e d  ~ n e r t  and 

can be d i sposed  of  ~n a s a n S t a r y  ~and£111. 

D. Risk  Assessmen~ 

The h y d r o f l u o r i c  a c i d  (HP) a l k y l a t ~ o n  u n i t  d e s i g n e d  by 

P h i l l i p s  Petroleum Company c o n v e r t s  a m ~ x t u r e  o f  b u t y l e n e s ,  s m y l e n e s ,  and 

i s o b u t a n e  to produce a l k y l a t e  as a b lending component o f  f~n~shed g a s o l i n e .  

The P h i l l i p s  HF A l k y i a t i o n  Process i s  a c c u n n e r c i a l l y  p r o v e n  

t e c h n o l o g y .  P h i l l i p s  has  abou~ 80 p l a n t s  o p e r a t i u g  t h r o u g h o u t  the  wor ld .  

P h i l l i p s  e x p e r i e n c e  wi~h h i g h - a m y l e n e  f e e d s  t ~ c s  wel~  wi~h t h e  p r e s e n t  

d e s ~ s u ,  which  c o n t a i n s  a b o u t  60Z by volume amylenes co ~o~al o l e £ i n s  i n  the  

f eed .  The process p rov ides  r e l i ~ b i l £ t y  wi th  a h igh -ons t r eam f a c t o r .  The p l a n t  

i s  d e s i g n e d  w i t h  a l l  pumps s p a r e d  and w i t h  b l o c k  v a l v e s  and bypass va lves  

i n s t a l l e d  around c o n t r o l  and r e l i e f  v a l v e s .  The des ign  pe rmi t s  m a i n t e n a n c e  on 

such  i t e m s  w i t h o u t  s h u t t i n g  down.  C o r r o s i o n  and equipment  ~oul iug a r e  not  

expected  to  be problems. The t e c h n i c a l  r i s k  i s  cons ide red  ~ n t m a l .  
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F. P l o t  P l a n / G e n e r a l  Arrangement Drawings 

P l o t  P lan  and Ceneral  Arrangement Drawings fo r  HF A l k y l a t i o n  

Unit 33 are a~ follows: 
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Plo t  P lan  - Uni t  33 ~ A 1 k y l a t l o n  

E1eva t lon  - Uni t  3 3 ~  A l k y l a t l o n  
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33"01"1:302 ACID COOLER 
33-01-1303 ACIP VAPORIZER 
33-01-1304 StRIPPiNg ISO~UTAHE HEALER 
33"01-1305 ACID SUPERHEATER 
:3]-01-1:304; I$OeUTANE RECYCLE SUGCOOLER 
33-01-1~07 ISOBUT/~IE RECYCLE COt~EH$[R 
33-01-1308 MAIN FRACT, I~. RECYCLE EXCHAHG[R 
3].Ol-I]Oq.l~O MAIN FRACT FD. BI"MS. EXCHANGER 
]]-Ol-I] lO N-RUI'AHE CO~ERSER 
33-D1-1311~,8 MAIN FRACY. OVERHEAD COHD. 
33-01-1~12 RECYCLE iSOOUT~E COND. 
33-01-1313 ISODUTANE STRIP. FD. OTMS, EXCH. 
3]-01-1314 DEFLUORIMATOR.FD. BIM~. EXCI¢ 
33-01-1115 DEFLUORIf;ATOR FD. It~TER 
:)3-Ol-131G OEFLUmlHATOA I5OBUTAHE CLR. 
33-01-t317 ALKTLAT[ COOLER 
33-0t-I]18 MAIN FRACT. SIDE ArnOILER 
33-OI.ISI~J MAIN IPRAC]. SlOE REBOILER 
~-OI-1:20 IS08UrAHE STAIPPE.R REBOILER 

UEAtm 
]]-~1-1401 MAIH FRACL REaOIIER HEALER 

e,w__s 
33-01-1506 ACID 12[RLI+I PLIP 
3]-OI-ISOT ACID RERU~ PI.M~SPARE) 
31-DI-1508 MAIN FRACL FEEO PUMP 
33-D1-1505 ~JklR IPRACT, FErn pLIUPISPAREJ 
~3-Ol'lSlO MAIN FRACT. R[OOILF.R PUMP 
33-O1-1511 MAIN FR~CT. RE~OILER PUUP(SPIR() 
33-D1-1512 MAIN ERACT. REFLUX PUMP 
33-01-1513 ICqH FRACT. REFLUX PUMPI ~ARE) 
33-01-1514 CAUSTIC CIRC. PLMP 
33-01-1515 CAUSTIC CIRC. PUUPI SPARE) 

31.01.41¢1 CALCIIM FLUORIDE PRECIPITkTOI~ 
3)-01-4102 RP ACID NEUTRALIZER 
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Ci 
G. Si~gle-Line Diagrnm 

See Volume I I ,  1.2.12(G) for the S£ngle-Line Diagram for HF 

Alkylation Unit 33. 
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