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Process Flow and Control Diagrams for Gas Fractioaation 
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"~ DEETHAN]ZER O~EHTANIZER 

'REFLL~ LIQUID FEED 
PRODUCT 

OV~AD BOTTOMS 
~.6t 

--T110 
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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 

iI 
I)' 
l 
| 
8 
! | -  
! 
E 

a 

| 

w 
..n 

..~ 

_.~ 

I I - 1 . 2 . 1 3 - 1 3  



, I , I ~ I 4t 

A 

11, 
x 

I -  

| 

a 
1i 

| 
1 

t~ 

• w 
, w  

...~, 
: '~ D 

z &  

V Z  

. . . .  MATCHLINE ~ C~L ROAD E 7320 
. . . .  FORCONT, DWO. O'25"PD'I  

L ,  

~,,. ~ ~ ~I ~ ~! ~ ,..=, ,,.-", ~-,~. 

I 

• . ,  i r,t ~i 

! I Ii 

I I 
, i 

• ~ .... I 

I 

.! 

z[ 

AIR COOLI~R$ A 6 0 ~  PlPI~AY 

1 i I _ "  

. J , , , ~ l s l  I ~ I  t-,sol ~ cu~ i' --  
/~1  b I .-Ha4 ~1 I.}11 FJcl Iron LIC~;. 

____j-l .", l : , - , , - ,~ ~,,I I~ l rJcl  |,ss~'o~.~ 

4@ 

I 
I 



0 
i 

P(:8 
,IZ-Ol-4GOI 

! 

.,,,. 

e,,-, 

,..J 

.,.,J 

I--- 

' FOR CONT. 0WGo - "  

, /  

l'.',, 
F£,R OESf~N REP(~T n * n  RR 
~OR CI=IEM APPROVAL ~ , - , ~  
]OR t l ~  APPROVAL ~ = c w . , =  ~'1 
I_SSUI~0 (~ll~qT R~VI(1K S~r COMF~ =evn~o~*=u ~JC THE I~.R4 H, PR~NS CB~pR~ 

P~SADG~. C.r~.l l~,~I  A 
I 

I 

32"fl1"1101 
3Z-OI-IIOZ 
3Z-Ol.llO) 
32"01.1104 

32-01-1Z01 
) i - O I - I I O Z  
3 3 " 0 1 - 1 2 0 $  
3Z-Ol-lZO( 
)2.01.110$ 
)2"01-1Z04 
SZ'Ol-120? 

32"O1"1301 
)Z'OI'ISOZ 
32"01"130) 
SZ'Ol-1~O4 
3Z-OI-I)OS~,O, r.,,O 
)Z'OI-IS~A,,O 
32"Ol'i~OT 
3Z-01-130| 
32"O1-1309k,8 
3 2 " 0 1 - 1 ) 1 0  
32"01"1311 
3Z'0l'1312 
3 Z ' 0 1 - 1 3 1 )  
3 Z - 0 1 - 1 3 1 4 / ~ 0  
3 2 " 0 1 - 1 3 1 5  
3Z-OI-ISIKA, O 
r3Z-Ol-131T 
3|'O1-131~ko8 
)2-Ol-tZZ0-A,O 
]2"D1-1321 

)2"0t-1501, 1502 
3|'01-150~1504 
)Z-Ol-15OS. ISOG 
)2"01-1S07. ISOS 
32"D1-1509, ISIO 
32-01-1513.1SI4 
32-O1-1SI5, ISIS 
~2"01"1517olS10 
32-01-151~,1520 

I _ 7 
i i i i  

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 

A 

e~'TT V.R. GRACE & CO. ~ . ~ o ~  
50.069 B.P.O. 

COAL,,- TO - HETHP, NOL - TO - GASOLINE PLANT 
' 

PLOT PLAN 
~NIT 32 AND UNIT 38 tl 

FRACTIONATION AND HGT | D-32-PD-lI~P , 

• I T 

D 

2. 
I 

.o 

ii 
i 

i :  

[ 
I 
fl 

i 

A 

¢ 
C 

D 

J o"A1"9 



A 

,0, 
¢ 

D 

• ,, . . . . . .  ~'~'`~m"~'~'~'~m~'~'~'`~m'~+r`~m;~'`~':~r'~P'~++L++~U~,~?(~+!~+'+~; ', ~'~P`~t~`P'~'1'~/~+:'~'~'+~+~'~'~+'~+?~+P`~:~'d'+~%''~t;t~+P~+~'~;i~:~;~:~P:~ :,,+?,,, ,,,,,,, , . , ,  , . . ; ; .+~+, ; , , , , , , , , ,  . . . .  

', . . . .  I = I , ~ I 4+ 

W a t t  

I 
I 

• "tw..m___:~.'+o__+ _ [ 
I I 

}! 

- -  

I I • / / , 4 .  

Do~,~-PI>-I 

I )  

. . . . .  I 

5 
iZ 

- -  j 
S i P .  P R C U  =I.II~N~ 

! i ~  , ,? . t ! ] r . ! ! ! ,  . , d l [ -  ~ i . . . . . .  : : . . L ~  

I , 

' : I  

~.C '~ . :,,;')., 

~i, 

7" 
i 

t , . . . I ,  

+ ! 



: u  

,,',:~ ~ = ~  . . . .  " . " , ,  . . . . .  ~, . .  . - . -  

~,~',~'~; 

[ , - -  

,v , 

/////%%%%% 

I am 

r I I A , ~ -  | 
I I - " "  I~-R~ t i 

F,o¢ ¢~,~sM'I" ~ t ,  llP,,,,,~,,,o f - , ' ~ l  I 
I~,'~i[ c L i l M T l ~ n l t ~ l N l l u v * ~ ° " ' * ' l  I l THE R A S H  i .  PAA:~ONS COMPANY 

~ ¢ . n o N  / I J n . , c u ~ . T  Iwt',~r IJ~-/i-/~.'ll P A S A D E N A . ~ i U F O R N I A  
/ i u _ i 

4 0  , 6 

7 

i i  lid 
I 

lr '- :Wl' 

U.S. DEPARTMENT OF ENERGY 

SAsKErr W.R. GRACE & CO. KENTUC, K¥  

50,000 B.P.D. 

__ 

UxJIT b~,4,MDIJ I T ~  ~ I A 
pj.,-.no~'no,~ A~o He'T / I)-~-PI)-?.uP 1. , ~ . ~  

6 I 

A 

D 

_?.. 

A 

p 

m .  

l l  



P 

I I  I I i .... III| 

G. Single-Line Diagram 

m m  

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

Fracttouation Un£t 32. 
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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 ,  

I I -1  • 2. I-',-4 
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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  
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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.  

Y . I - I  • 2 . 1 4 - 7  



i ~ i m ~ I t l e o ~ , , ~  t l ~  t l W r  e 4 1 ~  ¸~ ~ , 4 ~  ~ t ~  ~ ~ e 1 , e t ~ e ~ * l ~ f r ~ q  4 ~ l e  ~ ~ l e ~  l l i ~  I 

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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E. 

are as follows: 

Drawing No. 

D-33-MP-INP 

D-33-MP-2NP 

D-33-MP-3NP 

D-33-MP-4NP 

IO I ~ l t ~ l h  m ~ Q r t l ~  p N  ~ N m l  

Pro,tess Flow and ,Control Dia~ra~_s (Including ~aterlal 

Balance) 

Proces s  Flow aud Control  Diagrams for  HF KLkylation Unit 33 

Title 

PFCD HFAlkylatlon - Acid System 

PFCD HF Alkylation - Fractlonation 

Material Balance -~IF Alkylatlon 

PFCD ~Y Alkylatlon - Waste Disposal 
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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: 

Drawlng No. Title 

D-33-PD-1NP 

D-33-PD-2NP 

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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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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1.2.15 ACID GAS REMOVAL - DNIT 34 

A s e l e c t i v e  R e c t l s o l  process  has been s e l e c t e d  to remove s u l f u r  

compounds (H2S/COS) and carbon d l o x l d e  (CO 2) f rom a c o a l  d e r i v e d  e y n C h e s l s  

g a s .  The process  uses  methanol f o r  p h y s i c a l  abso rp t ion  of  the ac id  g a s e s .  The 

l i c e n s o r  of the p r o p r i e t a r y  process  s e l e c t e d  f o r  t h i s  p r o j e c t  i s  t h e  L o t e p r o  

C o r p o r a t i o n .  The s h i f t e d  and u n s h l f t e d  f e e d  g a s  s t r e a m s  a r e  washed 

s e p a r a t e l y .  In tbe r e g e n e r a t i o n  o f  t h e  m e t h a n o l ,  s u l f u r - b e a r l n g  g a s e s  a r e  

i s o l a t e d  and t r a n s f e r r e d  to  t h e  s u l f u r  r e c o v e r y  un i t  f o r  the p roduc t i on  of 

e lementa l  s u l f u r .  

The Acid Gas Removal u n i t  p r o d u c t  s t r e a m  c o n s i s t s  o f  p u r i f i e d  

s y n t h e s i s  gas t h a t  i s  compressed and used f o r  methanol s y n t h e s i s ,  

A. ~asls of  Design 

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

fo l lowing  des ign  parameters  had to  be f u l f i l l e d  fo r  a cand ida te  p r o c e s s  to  be 

cons ide red :  

(1) A t r e a t e d  p r o d u c t  gas  p u r i t y  o f  l e s s  t h a n  0 .1  ppmv 

t o t a l  s u l f u r  and 3 to  6 volume p e r c e n t  CO 2 a c h i e v e d  by 

a b s o r p t i o n  of  CO 2, H2S, and COS from the feed gas .  

(2) The CO 2 t a l l  gas s t r eam must c o n t a i n  l e s s  t h a n  I0 ppmv 

o f  t o t a l  s u l f u r  so t h a t  i t  c a n  be v e n t e d  t o  t he  

atmosphere without thermal i n c i n e r a t i o n .  

(3) An H2S-rlch acid gas stream containing a mlnlmum of 25Z 

H2S and s u i t a b l e  f o r  a Clans u n i t  feed  must be produced,  

(4) The technology must be commercially proven. 

The f o l l o w l n g  f e e d  and p r o d u c t  s t r e a m  d a t a  summar~,zz t h e  

normal operating conditions for th~ four-module Acid Gas Remov~l unit. 

TI-I.2.15-I 



Feed SCreams 

Component 
Shi£ted Feedgas Uush i f t ed  Feedgas St r~ppir~  Gas 

( l b  mol/hr)  (Ib mol /hr )  ( l b m o l / h r )  

73,546.7 23,511,6 - 

513.8 309.2 8,655.6 

12,820.3 28,463.3 - 

172.4 103.8 - 

214.4 129.0 - 

53,771.4 11,567.3 - 

1 , ~ 6 . 8  827.0 - 

12~! 51.0 - 
i w 

142~497.9 64,962.2 8,655.6 

H2 

CO 

Ar 

CH4 

CO 2 

H2S 

COS 

02 

Tota l  Dry', lb  mol /hr  

H20 171.4 75.3 

Tota l  WeC, lb  mol /hr  142,669.3 65,037.5 

T o t a l ,  l b / h r  2,951,690 1,401,320 242,500 

P r e s s u r e ,  ps la  790 790 33 

T,~uper:~cure, °F 100 100 68 

° ~  
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Feed Strea~s (Contd) 

Component 

Air to 
Torvex 

( l b  ~o l /hr )  

3,077.9 

39,5 

m 

828.7 

3,946.1 

H2 
N2 
CO 

Ar 

CH4 

C02 

H2 S 
cos 

O2 

Total Dry, lb mol/hr 

H20 

Total Uet,  lb ~ol/1~ 

To~al,  lb /P~ 

Pressuce, pB~a 
T~mperatuze, oF 

4~.4 

3,995.5 

87,810 

63 
82 

~ash Uater 
to TatZ Gas 
~ash Column 
( l b  mol/hr) 

m 

30,595.0 

30,595.0 

551,200 

16 
100 

, , ' . "  

f ~ w  

( 
~ , .  
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Product  S t r eams  

Component 

H2 

"2 
CO 

Ar 

CR4 

CO2 

~2S 

COS 

O2 

Tota l  Dry, lb  mol/h¢ 

Sh i f t ed  
Syngas 

( lb  mol /hr )  
i i l i r a  

73,392.8 

508.2 

12,819.8 

166.4 

196.6 
733.3 
Trace 

Trace 

87,817ol 

m 

Unohif ted  
Syngas 

( lb mol/hr) 
i i 

23,359.5 

304.8 

27,880.3 

101.2 

122.7 
3,4~0.2 

Trace 

55,248.7 

i i  i , i 

Tota l  
5yuaas 

( lb  mol/hr) 
i i i  i i i 

96,752.3 

813.0 

40,700.1 

267.6 

319.2 
4,213~4 

Trace 

Trace 

143,065.6 

Acid Gas 
to  Claus 
(ib mol/hr) 

0.6 

119.7 

0.3 

Trace 

Trace 

3,331.7 
2,273.7 

62.8 

5,788.8 

H20 

CH30H 

Total Wet, lb mol/h¢ 

Total, lb/;~¢ 

m 

4.3 

87,821.4 

563,490 

3.0 

55,251.7 

995,830 

m 

7,3 

143,072.9 

1,559,320 

m 

6.0 

5,794.8 

231,450 

m 

P r e s s u c e ,  psia 

Temperature ,  °F 

760 

82 

766 

82 

IZ-1.2.15-4 
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S2 

25 

92 
m 
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product  Strqamo (Contd) 

J, i . i  . , =  i i  . . • • . . = 

Tota l  Waste- Water from 
Ta i l  Gas water  Wash Column 

Component ( lb  mol /hr )  ( lb  mol/hr)  ( lb  mol /h r )  

H 2 5 . 0  - - 

N 2 1 1 . 6 2 4 . 0  - - 

co 3 5 . 5  - - 

Ar ~.7.7 - - 

C~4 5.6 - - 

C0 2 58,354.2 - 19.9 

H2S O .  1 - - 

COS 0 . 3  - - 

0 2  . . . . .  3 6 0 . 2  - - 

T~tal  Dry, lb  mol /h r  7 0 , 4 3 2 ~ 6  - 1 9 , 9  

H20 

C H 3 0 H  

Total  Wet, lb  mol /h r  

To ta l ,  l b / h r  

3,511.4 327.7 27,480.9  

1~6 0.2 14.0 

73,945.6 327.9 27,514.8  

2,971,680 5 , 9 1 0  496,420 

Pressu re ,  p s i a  16 46 17 

Temperature,  °F 145 279 65 

I I - 1 . 2 . 1 5 - 5  
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B. Prouess  S e l e c t i o n  Ra t iona !e  

The s e l e c t i v e  R e c t i s o l  p r o c e s s  as o f f e r e d  by  L o t e p r o  

Corporatlon is a commercially proven technology. Its capital and operating 

costs are lower than costs for other processes examined, For th~ Gasoline 

P l a n t ,  t h e  p roces~  has  been c o n f i g u r e d  i n t o  f o u r  i d e n t i c a l  t r a i n s .  The 

wate r /methanol  s e p a r a t i o n  i s  c o n f i g u r e d  i n t o  two t ~ . a i n s .  This  a r r a n g e m e n t  

p r o v i d e s  f l e x i b i l i t y  and a h i g h  turndown r a t i o .  The l i c e n s o r  gua ran t ee s  the  

process  performance and u t i l i t y  consumptions.  

1. P r e s s u r e .  The h i g h e r  p a r t i a l  p r e s s u r e  o f  CO 2 and 

H2S i n  th~  feed  gas  r e s u l t s  i n  i n c r e a s e d  a b s o r p t i o n  r a c e s  and  s o l v e n t  

temperature r i s e s  i~ the abso rp t ion  columns, r educ ing  the s o l u b i l i t y  o f  ac ld  

gas components in  the  s o l v e n t  and r e q u i r i n g  a h i g h e r  s o l v e n t  c i r c u l a t i o n .  A 

c o l d  s o l v e n t  p r e s a t u r a t e d  w l t h  C0 2 min imize s  the  so lven t  c i r c u l a t i o n  r a t e ,  

There are a number of  E e c t l s o l  p l an t s  t h a t  o p e r a t e  a t  h i g h e r  p r e s s u r e s  t h a n  

t h i s  p l a n t  w i l l  r e q u i r e .  No problems  a r e  a n t l c l p a t e d  r e l a t e d  to  s y s t e m  

pre s sure • 

2. Gas Impurltles. Impurities enter the gas purification 

,~t in the feed gas stream and are produced in the unit by side reactions 

wi th  c i z ~ u l a t i n g  s o l v e n t .  

A sldestream of spent methanol ~s continuously distilled 

in a methanol ~ractlouat,~r thst will remove all dirts and dissolved 

i ~ p u r i t i e s  via a bottom waste stream. 

3.  ,Malntenence and Operation C h a r a c t e r i s t i c s .  I n  t h e  

R e c t i e o l  p rocess ,  h y d r a u l i c  t u r b i n e s  are not r e q u i r e d  to  r e c o v e r  e n e r g y ;  i t  

m a k e s  u s e  o f  f e w e r  r o t a r y  mach ines  and v e s s e l s  compared to  c o m p e t i t i v e  

p r o c e s s e s .  The re fo re ,  i t s  maintenance cos t  w i l l  be lower than the  m a i n t e n a n c e  

c o s t  r e q u i r e d  f o r  o t h e r  p r o c e s s e s .  A l s o ,  t h e  R e c t i s o l  p r o c e s s  s h o u l d  be 

somewhat e a s i e r  to s t a r t  up, ope ra t e ,  and shu t  down. 

II-1.2.1.5-6 
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4. V a r i a t i o n s  i n  H2S C o n c e n t r a t i o n .  The s u l f u r  c o n t e n t  

of  the coa l  may vary  from 2 .3  t o  5 . 1  w e i g h t  p e r c e n t .  The c o n c e n t r a t i o n  o£ 

s u l f u r  compounds (H2S ÷ COS) p r e s e n t  i n  the  f eed  to  t h e  gas p u r i f i c a t i o n  

sys t em may v a r y  from 1.3 t o  3 . 3  volume p e r c e n t .  In  o r d e r  to  avo id  l a r g e  

v a r i a t i o n s  i n  B2S c o n c e n t r a t i o n  o f  t h e  ~eed go ing  to s u l f u r  recovery  u n i t  

(~'htch may v a r y  from 25 to  40 vo lume p e r c e n t  i f  no t  c o n t r o l l e d ) ,  t h e  gas  

p u r i f i c a t i o n  system must be f l e x i b l e  enough to sepa ra t e  the  c o r r e c t  amount of  

CO 2 and produce a cons tan t  composi t ion  £eed f o r  the s u l f u r  r e cove ry  u n i t .  

The R e c t i s o l  p r o c e s s  a c h i e v e s  t h i s  o b j e c t i v e  by  

a d j u s t i n g  t h e  amount of  CO 2 in  t h e  vert t  s t r eam In  a s t r i p p e r / r e a b s o r b e r  

column as d i s c u s s e d  In the R e c t l s o l  process  d e s c r l p t i o n .  

5. Equipment  A v a i l a b i l i t y .  E q u i p m e n t  a v a i l a b i l l t y  I s  

d e f i n e d  as  the r a t i o  of days each p iece  of  equipment I s  a v a i l a b l e  to ope ra t e ,  

whether o p e r a t i n g  or  n o t ,  t o  days  i n  a f £ x e d  p e r i o d  o f  t l m e  ( u s u a l l y  t he  

period between two planned major o v e r h a u l s ) .  

The R e c t i s o l  a c i d  gas removal p roces s  u s e s  c o n v e n t i o n a l  

e q u i p m e n t ,  s i m p l e  In des ign .  The a v a i l a b i l i t y  of equipment i n  the systems i s  

b e t t e r  than  97%. 

\ 

6. P r o v e n  T e c h n o l o g y .  At l e a s t  n i n e  p l a n t s  employing the  

R e c t l s o l  p rocess  have been s u c c e s s f u l l y  cons t ruc t ed  and are  be ing  o p e r a t e d  i n  

the  U n i t e d  S t a t e s .  Table  I I - 1 o 2 . 1 5 - 1  shows the  l i s t  o f  t h e  p l a n t s ,  p l an t  

c a p a c i t i e s ,  and o ther  process v a r i a b l e s .  Many o t h e r  p l a n t s  t h a t  u t i l i z e  t h e  

R e c t t s o l  p rocess  are opera ted  o u t s i d e  the  Ur~ted S t a t e s .  

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

R e f e r  to  P r o c e s s  Flow and C o n t r o l  D iag rams  D-34-MP-1NP, 

-2NP, -3NP, -4~P, -Sh~, and -61~P f o r  the  a c i d  gas r emova l  m a t e r i a l  b a l a n c e .  

The equipment a r r s n g  ,~ent ie  shown on Drawings D-34-PD-1NP and -2NP. 

I I - 1 . 2 . 1 5 - 7  
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Table XI-1.2.15-I - L i s t  of  Rect i so l  Units  
~usta l led in  the United Sta tes  

\ 

Customer 
Feed Gas 

Order (14HSCFD) 

Texaco I ~ C .  a 
Wilmlngron ,  C a l i f o r n i a  

Texaco I nc .  
Montebello, Ca l i fo rn ia  

1965 

1966 

Borden Chemical Co. 1966 
Geismar, Louisiana 

Roan& Haas Co. 1966 
Philadelphia, Pennsylvania 

Brooklyn Union Gas Co. 1968 
B r o o k l y n ,  New Y o r k  

Long Is land Lighting Co. a 1969 
Holbrook, New York 

American Air Liquids  1969 
fo r  Monsanto 
Texas Ci ty ,  Texas 

Celanese Chemical Corp. 
Clear Lake, Texas 

Syngas (Dupont U. S • X. ) 
Deer Park, Texas 

1975 

1976 

80.0  
(H 2 rich gas 
from P.O.) 

0.90 
(a  2 r i c h  gas 
from P.O.) 

17.0 

13.0 

12.0 

53.0 
(H 2 r i c h  gas 
from steam 
re former)  

(H 2 rich gas 
from P.O.) 

(H 2 rich gas 
from P.O.) 

PreaBure 
(psig) 

460 

1,100-2,500 

300 

340 

340 

600 

340 

425 

840 

Components 
Removed (vol  Z) 

i i i i i • 

CO 2, H2S 

C02, H2 S 

C02 

C02 

CO2 

C02 , H2S 

C02, 
10.2%--20 ppmv 

C02, H2S 

CO2, tt2S 
(2 stages) 

aTurnkey ProJ ee t  
i . i  i • | • i 

i 
. 
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1. H_2S/CO 2 R e m o v a l .  The s h i f t e d  and  u n s h i f t e d  f e e d  

gases that are supplied to the Acid Gas Removal unit in separate streams are 

injected with methanol tc prevent the formation of  ice and hydrates as the 

gas is cooled down in Heat Exchangers 34-01-1301 and 34-01-1308 against 

p u r i f i e d  p r o d u c t  gas and c o l d  t a l l  g a s .  A f t e r  s ~ p a r a t l o n  of the condensed 

methanol-water mixture ~n Knockout Drums 34-01-1201 and 3/t-01-1205, the 

shifted gas enters Shifted Gas Methanol Wash Column 34-01-1101. The unshlfted 

feed gas enters Unshlfted Gas Methanol Wash Column 34-01-1104. Both streams 

wlll be washed with methanol, 

In the upper part of Shifted Gas Methanol Wash Column 

34-01-1101, C02 is removed to the required level with cold lean methanol 

from the warm regeneration section. In the bottom section of Column 

34-01-1101, H2S + COS is absorbed down to O.1 ppm. In order to minimize the 

t e m p e r a t u r e  r i s e  in  t h e  l o w e r  s e c t i o n  c a u s e d  Ly t h e  h e a t  of  s o l u t i o n ,  a 

spllt-sUream of CO2-1oaded methanol from the CO 2 wash section of the 

a b s o r b e r  i s  u sed  f o r  s u l f u r  r e m o v a l .  The h e a t  o f  s o l u t i o n  f o r  t h e  

CO 2 absorption is removed by temperature rise of the downstream flowing 

methanol and by cooling the methanol In Exchanger 34-01-1302 against 

vaporizing refrigerant. 

As t h e  s o l u b i l i t y  o f  CO 2 i n  m e t h a n o l  i s  l e s s  than  t he  

s o l u b i l i t y  o f  H2S , t h e  m e t h a n o l  f l o w  o f  t h e  CO 2 r e m o v a l  s e c t i o n  o£ Wash 

Co lumn  3 4 - 0 1 - 1 1 0 1  must  be g r e a t e r  than  to th~ H2S r e m o v a l  s e c t i o n .  The 

methanol  s u r p l u s  f rom t h e  CO 2 r e m o v a l  s e c t i o n  o f  t h e  t o w e r  i s  t a k e n  f r o m  

the  middle  of  the column. 

The u u s h t f t e d  f eed  gas  i n  U n s h i f t e d  Gas Methanol Wash 

Column 34-01-1104 i s  washed wi th  co ld  lean  methano l .  The p u r i f i e d  gas l e a v i n g  

t h e  t o p  o f  t he  column i s  warmed in  Unshi f ted  Feed Gas Cooler  34-01-1308 and 

t hen  combined wi th  the p u r i f i e d  s h i f t e d  gas .  The h e a t  o f  s o l u t i o n  i s  r e m o v e d  

b y  w a r m i n g  the  s o l v e n t  and v a p o r i z i n g  e x t e r n a l  r e f r i g e r a n t  i n  M e t h a n o l  

C h i l l e r  34-01-1309.  

1 I - 1 . 2 . 1 5 - 9  
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The H 2 S - l o a d e d  m e t h a n o l  f rom t h e  mhe H 2 S - l o a d e d  m e t h a n o l  f rom t h e  m 

34-01-1101 i s  routed to Recycle  Gas F lash  D~m 3 4 - 0 1 - 1 2 0 3 ~  Recycle  Gas F lash  Drum 3 4 - 0 1 - 1 2 0 3 ,  

at an intermediate pressure to recover dlssolved 1{2 anressure to recover dissolved 1{2 an 

from ~rum 34-01-1203 Is recycled by Recycle Gas Compressor s recycled by Recycle Gas Compressor 

feed gas. 

T h e  s a m e  p r o c e d u r e  i s  u s e d  £ o r  t h e  h e  ~ame  p r o c e d u r e  i s  u s e d  £ o r  t h e  

f r o m  C o l u m n  3 4 - 0 1 - 1 1 0 1 ~  w h i c h  i s  e x p a n d e d  I n t o  D r u m  3 ~ 1 ,  w h i c h  i s  e x p a n d e d  I n t o  D r u m  3 t  

£1aehed gases  recompreseed by Compressor 34-01-1801. seed by Compressor 34-01-1801. 

The H2S-loaded methanol from thehe H2S-loaded methanol from the 

34-01-1104 Is flashed in Recycle Gas Flash Drum 34-oed ~.n Recycle Gas Flash Drum 34-C 

d l s s o l v e d  I{ 2 and CO to be r e c y c l e d  v l a  Compressor  3 4 - 0 P  be r e c y c l e d  v i a  Compressor  34-01 

f rom Drum ~4-01-1206 i s  f l a s h e d  i n  the sump of  CO S t r l pp in lS  f l a s h e d  In  the sump of  CO S t r l p p l n  

to remove the bulk of d i s s o l v e d  CO. d i s s o l v e d  CO. 

2. CO-Rich T a i l  Gas.  To l i m i t  t h e  CO ~ - R i c h  T a i l  Gas.  To l i m i t  t h e  CO ¢ 

gas ,  a CO-rich gas i s  genera ted  by expanding s e p a r a t e l y  t ~ e n e r a t e d  by expandlng s e p a r a t e l y  tk  

f r o m  F l a s h  Drums 3 4 - 0 1 - 1 2 0 2 ,  3 4 - 0 1 - 1 2 0 3 ,  and  3 4 - 0 ~ - 0 1 - 1 2 0 2 ,  3 4 - 0 1 - 1 2 0 3 ,  and  34-01 

3 4 - 0 1 - 1 1 0 6 .  The C 0 - r i c h  t a l l  gas  l e a v e s  t he  top  o£ CO Lch t a l l  gas  l e a v e s  t he  top  o£ CO 

34-01-1106. After warming in Exchanger 34-01-1301, it Isrmlng in Exchanger 34-01-1301, It is 

c a t a l y t i c  I n c i n e r a t i o n  be fore  v e n t i n g  to the atmosphere,  be fore  v e n t i n g  to the atmosphere.  

3. H2S ' E n r i c h m e n t .  The m e t h a n o l  f rom tzS E n r i c h m e n t .  The m e t h a n o l  f rom t 

3 4 - 0 1 - 1 1 0 6  v t l l  be f ed  i n t o  HRS C o n c e n t r a t i o n  Colum~d i n t o  H2S C o n c e n t r a t i o n  Colum: 

i n c r e a s e  t he  B2S c o n c e n t r a t i o n  :l.n t he  t a l l  gas  f e e d  t o ~ e n t r a t l o n  i n  t he  t a l l  gas f e e d  to  

removal p r o c e s s ,  CO 2 i s  s t r i p p e d  f rom t h e  v e n t  ~ t r e a m  i n  3 s t r i p p e d  f rom t h e  v e n t  ~ t r e a m  i n  

o f  t h e  c o l u m n ,  and  H2S I s  r e w a s h e d  I n  t h e  u p p e r  ~ H2S i s  r e w a s h e d  I n  t h e  u p p e r  

s u l f u r - f r e e  methanol from Drum 34-01-1202 no t  used  f o r  re~om Drum 34-01-1202 n o t  used  f o r  r e  

36-01-1106.  

The t a i l  gas f rom Column 34-01-1102~e t a i l  gas f rom Column 3 4 - 0 1 - 1 1 0 2  

s u l f u r - f r e e ,  The gas i s  warmed i n  Exchanger 3 4 - 0 1 - 1 3 0 1 ,  an1 warmed i n  Exchanger 3 4 - 0 1 - 1 3 0 1 ,  an 

the  methanol  content  l s  reduced in  Water Wash Column 34=01-) reduced in  Water Wash Column 34-0!- :  

II-1,2.15-10 II-1.2.15-I0 
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At an intermediate t r a y  of Column 34-01-1102, cold 

methanol is withdrawn and used as refrlgerant in Exchanger 34-01-1307, To 

provide the necessary head, Pumps 34-01-1503 and -1504 are used, 

4.  Warm R e g e n e r a t i o n .  The m e t h a n o l  f r o m  t h e  sump o f  

Column 3 4 - O 1 - 1 1 0 2 ,  now e n r i c h e d  i n  H2S , i s  pumped by Cold S t r i p p e r  Bottoms 

Pump 34-01-1507 through Heat Exchangers  34-01-1310 and 34-01-1311 to  M e t h a n o l  

R e g e n e r a t o r  Co lumn  3 4 - 0 1 - 1 1 0 3 .  The c o m p l e t e  d e s o r p t i o n  o f  H2S and CO 2 

from the loaded methanol will take place here by means of methanol vapors, 

generated In Regenerator Reboiler 34-01-1313o 

The vapors from the top of Column 34-01-II03 will be 

cooled in Water Cooler 34-01-1312 and then in Exchangers 34-O1-1314 and 

34-01-1315 a g a i n s t  the  cold  H2S f r a c t i o n  and r e f r i g e r a n t ,  The c o n d e n s a t e  i s  

s e p a r a t e d  i n  S e p a r a t o r  3 4 - 0 1 - 1 2 0 8  and rou t ed  back v i a  Cold S t r i p p e r  Bottoms 

~ : ' ~  34-01-1507 to  the  r e g e n e r a t i o n  c o l u m n ,  The E2S f r a c t i o n  l e a v i n g  Drum 

3 4 - 0 1 - 1 2 0 8  w i l l  be warmed in  Exchanger  34-01-1314 and w i l l  l e a v e  the  tm l t  as 

f e e d s t o c k  f o r  a Claus s u l f u r  r e c o v e r y  p l a n t .  

m 

The regenerated methanol leaving the sump of Column 

34-01-1103 is cooled In Regenerator Bottoms Exchanger 34-01-1311 to ambient 

temp. :ature and buffered in Methanol Collection Vessel 34-01-1207 before 

being pumped to the methanol wash columns for shifted and unshlfted gas. Zts 

temperature is lowered in Exchangers 34-O1-1310 and 34-01-1307 against cold 

loaded methano l .  A smal l  p o r t i o n  of  t he  r e s e n e r a t e d  methanol  i s  i n j e c t e d  i n t o  

the two f eed  gas s t r e a m s ,  

t 

i 

I 

t l  

5, Methanol-Water Se~aratlon. The condensate from Drums 

34-01-1201 and 34-01-1205 that contains a mixture of methanol and water is 

heated in Reflux Cooler 34-01-1317 and f e d  to Methanol Fractlonator 

34-01-1105, where methanol and water are separated by distillation. The 

column i s  h e a t e d  by means o f  med ium-pressu re  steam in  Methanol F r a c C i o n a t o r  

R e b o i l e r  34-01-1316 .  The m e t h a n o l  v a p o r  f rom t h e  t o p  o f  Column 3 4 - 0 1 - 1 1 0 5  

ll-l,,2,15-11 
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w i l l  be r o u t e d  to  t h e  ho t  r e g e n e r a t i o n ,  w h i l e  t h e  w a t e r  i s  w i thd rawn  as 

was te .  The r e f l u x  supp l i ed  to  Coluem 34-01-1105 i s  r e g e n e r a t e d  m e t h a n o l  f rom 

Column 3 4 - 0 1 - 1 1 0 3 ,  pumped by Pump 34-01-1509 and c o o l e d  i n  Exchange r  

34-01-1317. 

6, G e n e r a l .  I n  o r d e r  to  r e d u c e  t h e  m e t h a n o l  losses, a 

methanol slop system is provided. Zt consists of a b u r i e d  main methanol 

header wlth branch connections to all pieces of equipment where leakages of 

methanol can occur. 

The methanol header wlll collect such leakages Into 

Methanol Slop Drum 34-01-1210, also buried. Vertical Pump 34-01-1511 Is 

i n s t a l l e d  in  o r d e r  t o  r ecyc l e  the  so lven t  to  the  r egene ra t i on  s e c t i o n  of the  

unit. 

Storage Tank 34-01-1211 is used to store methanol° A 

fllllnE pump Is provided. The tank is used to collect methanol streams during 

plant shutd.wns. In such eases, when the methanol is not pure, It is made up 

through the regeneratlou section. 

D. Risk Assessment 
J 

S h i f t e d  and u n s h i f t e d  raw f e e d  g a s e s  a r e  t r e a t e d  i n  t h e  

Rectlsol unit for the removal of C02, H2S , COS, higher hydrocarbons, gum 

formers, and other impurities that are produced in the coal gasifler. 

/ 

Crude gas, saturated wlth water vapor, will he indirectly 

c o o l e d  by c o l d  p u r i f i e d  gas  and e x t e r n a l  r e f r i g e r a t i o n .  I c i n g  w i l l  be 

p r e v e n t e d  by t h e  i n j e c t i o n  o f  m e t h a n o l .  The gas  t h e n  e n t e r s  t h e  f i r s t  

a b s o r b e r ,  where  s u l f u r  compounds and CO 2 w i l l  be removed to  the r equ i r ed  

le~rel by washing the raw feed  gas wi th  cold  m e t h a n o l ,  The o v e r h e a d  f rom t h e  

a b s o r b e r  co lumn i s  r o u t e d  t o  t h e  m e t h a n o l  s y n t h e s i s  u n i t ,  and t h e  r i c h  

methanol from the absorber b o t t o m s ,  after flushing and heating, is 

r e g e n e r a t e d  comple te ly  i n  the  H2S r e g e n e r a t o r .  
! 
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m II 1 I[[ , ~ . . . .  I II ~ 

, ,  , , t  , 

I 

Although methanol is classified as toxic and flammable, 

these p o t e n t i a l  haza rds  a re  c o n t r o l l e d  to  a c c e p t a b l e  l e v e l s  of  s a f e t y  by 

a p p l i c a t i o n  of  s t a n d a r d  method~ f o r  p l~nt  design a~d opera t iona l  handling.  

This p lan t  wi l !  be the l a r g e s t  i n s t a l l a t i o n  of  i t s  kind in  the  w o r l d .  Thus,  

i t  i s  i m p o r t a n t  to examine some of  i t s  ~tak f ac to r s  and eva lua te  the process  

r e l i a b i l i t y .  

I .  C a p a c i t y .  The l a r g e  c a p a c i t y  of  the  p l an t  w i l l  not  

cause any processing problem. In o rde r  to avoid  m e c h a n i c a l  and i n s t a l l a t i o n  

problems, the system i s  designed in four p a r a l l e l  t r a i n s ,  

2. I n t eg ra t i on  With Other . . ,Process in~ U n i t s .  The R e c t i s o l  

p r o c e s s  has  not been ol~..rated in conJuct ion with the Texaco Coal G a s i f i c a t i o n  

P r o c e s s .  However,  i t  has been u s e d  in c o n j u n c t i o n  w i th  a d i f f e r e n t  c o a l  

gasification process producing gas of similar composition in a plant in South 

Africa. The operation of the African installation has been satisfactory, and 

there is no reason to believe that the performance would be different in the 

W.R. Grace & Co. project. 

3. E q u i p m e n t .  The R e c t i s o l  p r o c e s s  u s e s  equipment  of  

simple and conventional  design.  In ce r t a in  pa r t s  of  t h i s  system, s p i r a l  wound 

exchangers are used. Lotepro Corporation has used spiral wound exchangers of 

comparable size and duties in i t s  other installations without mechanical or 

operational difficulties. 

4. Pressure. There are several Rectlsol acid gas removal 

Installations that operate at higher pressures than the 790-psla pressure 

required for this project. Pertinent information accumulated from the 

experience with hlgh-pressure Ina~a!latlons Is incorporated into the final 

design of th i s  p r o j e c t .  

The r i s k  o f  d e s i g n i n g  a R e c t i s o l  a c i d  gas removal  

p r o c e s s ~ l t h  a feed r a t e  ~f 2 b i l l i o n  scfd a t  790 ps ia  has been reduced  to a 

low l e v e l  by a t t e n t i o n  to  the d e t a i l e d  e n g i n e e r i n g  des ign  and accumulated 

know-how from other installations. The llcens~r guarantees a plant 

a v a i l a b i l i t y  of b e t t e r  than 97X f o r  the Reo t i so l  s ec t ion  of  the p r o j e c t .  

IX-1.2 .15-13 
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B. ,Process 

B a l a n c e )  

F l o w  a n d  C o n t r o l  D i a ~ r a m .  ( I n c l u d i n g  H a t o r i a l  

P r o c o 8 8  F l o w  a n d  C o n t r o l  D i a g r a m s  f o r  A c i d  Coo Remova l  

U n i t  34 a r e  as f o l l o w s :  

Drawin~ No. T i t l e  
m 

D-34-NP-INP 

D-34-HP-2NP 

D-34-MP-3NP 

D-34-HP-~NP 

D-34-1fl ~'-SNP 

D-34-MP-61~P 

PFCD Acid  Gas Removal - Methanol  Wash 

PFCD Acid  Gas Removal - Gas S e p a r a t i o n  

PFCD Acid  Gas Removal - Hethano.  1, C o o l i n g  

PFCD Acid Gas Removal - Methanol  Wash 

PFCD Methanol  S t o r a g e  - Methanol  S t o r a g e  

M a t e r i a l  B a l a n c e  - Acid Ca8 R e . o v a l  

! 
1 
[ 

| 
1 

, w . .  

I ¢  
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F. Plot Plan/General Arransement DrawlnEs 

~ lJmnmmm~-- 

Plot Plan and General Arrangement Drawings for Acid Gas 

Removal Unit 34 are as follows: 

Dra~rlng No. Title 

D-34-PD-INP 

D-34-PD-2NP 

Plot Plan - Unit 34 Acid Gas Removal 

Elevatlon - Unit 34 Acid Gas Removal 

I I -1 .2 .1 .5-15  
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Drawing No. Title 
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1 .2 .16  SULFUR RECOVERY (CLAUS) - UNIT 36 

The S u l f u r  R e c o v e r y  U n i t  (SRU) is d e s i g n e d  t o  c o n v e r t  t h e  s u l f u r  

c o m p o u n d s  i n  t h e  a c i d  gas  £rom t h e  Acid Gas Removal  ( R e e t i s o l )  U n i t  t o  

e l e m e n t a l  su l£u r ,  which w i l l  be r ecove red  as a s a l a b l e  p r o d u c t .  The t a i l  g a s  

f r o m  t h e  SRU i s  £ u r t h e r  t r e a t e d  f o r  t he  r e m o v a l  o£ t h e  r e m a i n i n g  s u l g u r  

compounds iu  the Sul£ur  Removal Uni t  be£ore b e i n g  v e n t e d  t o  the  a t m o s p h e r e .  

Two p a r a l l e l ,  50% SPJ3 t r a i n s  a r e  p rov ided .  

A. Basis  ,of Design 

The q u a n t i t y  o f  a c i d  gas  f rom t h e  Acid  Gas Removal - U n i t  34 

r e q u i r e s  t h a t  two p a r a l l e l  50% SRU t r a i n s  be i n s t a l l e d .  Th i s  a r r a n g e m e n t  

r e q u i r e s  l e s s  f i e l d  £ a b r i e a t i o n  and p rov ides  g r e a t e r  o p e r a t i o n a l  f l e x i b i l i t y .  

The £o l lowing  Reed and p r o d u c t  s t r e a m  d a t a  s u m m a r i z e  t h e  normal  o p e r a t i n g  

c o n d i t i o n  i n fo rma t ion  £or  t he  two 50% p l a n t s .  

Feed Streams 

Tota l  Acid Gas 
Component ( l b  mol/hr)  (mol%) 

H2 0.59 0.01 
CH 4 - _ 
CO 0.34 60 ppmv 
C02 3,331.73 57.55 
N2 119.67 2.07 
A - - 

H2 S 2,273.71 39.28 
COS 62.80 1.08 

T o t a l  Dry, lb  m o l / h r  5 ,788.84 100.00 

T o t a l ,  l b / h r  234,490 

Pressure, psia 25 
Tempera ture ,  °F 92 
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C 
Product Streams 

Component 

|,, 

Tai l  Gas (end of run) 
(Ib mol/hr) (mo1%) 

H 2 67.14 0.88 

C~ 4 - _ 

CO 130.90 1.71 

CO 2 3,199.96 41.75 

N 2 4,142.12 54.05 

0 2 - . 

H2S 79, 32 I. 03 

COS 2.28 0.03 

SO 2 39.74 O. 52 

$6 O. 34 440 ppm 

$8 2.10 0.03 
m 

Total Dry 7,663.90 100.00 

H20 2,514.08 

Total  Wet 10,177.98 

Total l b / h r  311,960 

Pressure, psia 18 

Temperature, °F 280 

Sul fu r  Product (end of run) 
( lb  mol/hr)  ~molZ) 

m 

i 

m 

m 

m 

274.54 

274.54 
1 

274.54 

70,430 

65 

290 

I00.00 

I00. O0 
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B, Process Seleetlon Ratlonale 

The Claus sulfur recovery process is universally used 

throughout the world for bulk recovery of sulfur from acld gases containing 

hydrogen sulfide (H2S) . 

An a l t e r n a t i v e  method of  r e c o v e r i n g  s u l f u r  from such gases  

is to manufacture sulfuric acid. However, handling, storing, and shlppiug the 

quantities of sulfuric acid generated by this plant would be much more 

difficult than marketing the smaller quantity of sulfur, 

Hydrogen  s u l f i d e  cou ld  be conver ted  d i r e c t l y  i n  a S t r e t f o r d  

unit but wi th  considerably higher Investment and operating cost. The largest 

Stretfcrd unit in the United States has a design capacity of 52 ltpd compared 

with up to 1,200 ltpd in the acld gas from the Acid Gas Removal Unit, 

C. Process Descr ip t io~  

The purpose of the sulfur recovery unit is to convert the 

bulk. of the sulfur compounds In the aeld gas from the Acid Gas Eemoval Unit 

to elemental sulfur. This conversiou is accomplished by oxidizing ~uurnlug) 

one-thlrd of the H2S In the acid gas to SO 2 with alr, The SO 2 will then 

combine with the remaining two-thlrds of the H2S to form elemental sulfur 

and water vapor in accordance with the following reactions: 

H2S + 3/2 02 

2H2S + SO 2 

H2S + 1/2 02 

so2 + s2o 

3S + 2H20 

S + H20 (Overall reaction) 

These r e a c t i o n s  c r e a t e  t e m p e r a t u r e s  h i g h  enough t o  s u s t a i n  

t h e  r e a c t i o n  t h e r m a l l y ,  and t h e y  w i l l  c o n t i n u e  to  e q u i l i b r i u m .  The thermal  

reactions are followed by three catalytic reaction stages to complete the 

reaction to practical limits. 
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The acid gas enters the plant through Acid Gas Knockout Drum 

36-01-1201 to t r a p  entraP.ned l l q u l d .  The feed stream i s  metered a f t e r  p a s s l n g  

t h r o u g h  the  k n o c k o u t  d1:um. A i r f l o w  from Combustion Air Blower 36-01-1801 i s  

c o n t r o l l e d  t o  m a l n t a . l n  a 2 : 1  H2S t o  SO 2 r a t i o  i n  R e a c t i o n  F u r n a c e  

3 6 - 0 1 - 1 4 0 1 .  The s c l d  gas f e e d  to t h e  r e a c t i o n  f u r n a c e  i s  p r e h e a t e d  w i t h  

600-pale  steam and i s  burned wi th  the combustion a i r .  

( 
%. 

The ho t  g a s e s  f rom the  r e a c t i o n  fu rnace  are cooled f i r s t  by 

generating 250-pslg steam in Reaction Cooler 36-01-1301 and then further 

cooled by generating 50-pslg steam in No. 1Sttlfur Condenser 36-01-1302. Most 

of the sulfur formed in the reaction furnace is condensed in the No. I 

condenser from which it flows through a sulfur seal into a sulfur pit. The 

cooled gases pass through a wire mesh coalescer for removal of entrained 

sulfur and flow to No. 1Reheater 36-01-1307. In the reheater, the process 

gas is heated to reaction temperature with 600-pale steam. The process gas 

then enters the first converter, where the reaction to form sulfur from H2S 

and SO 2 will continue. The reaction is exothermlc and heat Is generated in 

proportion to the amount of sulfur produced. The hot process gas Is cooled in 

the No. 2 condenser by generating 50-pale steam. The condensed sulfur passes 

through a sulfur seal and into the sulfur pit. The cooled process gas passes 

through a coalescer for the removal of entrained sulfur. 

The s e c o n d  and t h i r d  s t a g e s  a r e  slmJ.lar to the f l r s t  s t age  

(each comprising a r e h e a t e r ,  c o n v e r t e r ,  and c o n d e n s e r / c o a l e s c e r ) .  The f i n a l  

c o n d e n s e r  p r o d u c e s  1 5 - p s l g  s t eam to c o o l  t h e  p r o c e s s  gas as  low as i s  

p r a c t i c a l .  The o the r  condensers  produce 50-ps lg  steam. 

The tall gas from the flnal condenser is sent to Sulfur 

Removal Unit 37 to remove the remalnlng sulfur components. The sulfur 

r e c o v e r e d  i s  c o l l e c t e d  in  a rundown p i t .  From the re  i t  i s  pumped p e r i o d i c a l l y  

to  sulfur ~torage tanks. The sulfur in the sulfur pit contains H2S and 

p o l y s u l f l d e s  so t h e  p i t  v a p o r  space  must be swept  wl th  a . "  to prevent  the 

evolved H2S from b u i l d l n  E up to a p o t e n t i a l l y  exp los ive  c o n c e n t r a t i o n .  
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The sulfur pit vent gas then is treated in the Sulfur 
Removal Unit for removal of the H2S. 

I .  F l e x i b i l i t y  and Turndown. Turndown of each p l a n t  to 

one-third of design capacity is possible with standard instrumentation. 

Features provided to give turndown flexibility are: 

(a) Metering and control valve rangeabillty; dual 

transmitters or other facilities are provided for 

turndown to 20% of design capacity. 

(b) The air blower is vented to the atmosphere to 

prevent surging. Automatic antlsurge control is 

provided. 

measurable extent° 
Turndown normally will not affect sulfur recovery to any 

2. Startu~. The SRU is started up by burning fuel gas 

with excess air on a cold startup with either fresh catalyst or catalyst that 

has previously been stripped of sulfur. This procedure allows the plant and 

catalyst beds to dry out and attain normal operating temperatures before 

introduction of acid gas feed to avoid corrosive conditions. ~en an acid gas 

flame is establlshed~ the fuel gas is shut off° 

S~artup on a warm plant or catalyst that has not been 

stripped of sulfur 18 accomplished by burning fuel gas substolchlometrlcally 
as described under "Shutdown." 

3. S h u t d o w n .  F u e l  gas  w i l l  be burned  s u b s t o i c h i o -  

metr ica l ly  with steam to s t r ip  sulfur  from the su l fur - laden ca ta lys t  beds and 

to sweep out acid gas react ion  products. 
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D. 1~/sk AsSessment 

U n s c h e d u l e d  e m e r g e n c y  shu tdown of  the  s u l f u r  r e c o v e r y  u n i t  

can occur  because of  l o s s  of  the  a i r  b l o w e r ,  l o s s  o f  f l a m e  i n  t h e  r e a c t i o n  

f u r n a c e ,  l o s s  o f  b o i l e r  f e e d w a t e r ,  o r  h i g h - l i q u i d  l e v e l  i n  t h e  a c i d  gas  

k n o c k o u t  drum. U n s c h e d u l e d  shu tdown a l s o  can o c c u r  b e c a u s e  o f  e x c e s s i v e  

c o n d e n s e r  o r  c o n v e r t e r  f o u l i n g  o r  e b locked s u l f u r  d r a i n  l i n e  t h a t  b u i l d s  up 

p r e s s u r e  drop over  a p e r i o d  of  t ime .  

I n  ~h i s  d e s i g n ,  two n o m i n a l  t r a i n s  a r e  p rov ided  as w e l l  as 

spa re  a i r  b l o w e r s .  Each t r a i n  h a n d l e s  73% o f  t h e  gas  f l o w  f o r  t h e  n o r m a l  

o p e r a t i n g  c o n d i t i o n  c a s e .  H i g h - l i q u i d  l e v e l  i n  t h e  k n o c k o u t  drum can be  

p r e v e n t e d  by p rope r  o p e r a t i o n  o f  u p s t r e a m  a r e a s .  Many o f  t h e s e  C laus  u n i t s  

have been o p e r a t e d  s u c c e s s f u l l y  f o r  y e a r s  w i thou t  unscheduled  shutdown. 

t ~ 

The m o d i f i e d  C l a u s  p r o c e s s  i s  p r o v e n  t e c h n o l o g y ,  w i t h  

h u n d r e d s  o f  u n i t s  £n c o m m e r c i a l  o p e r a t i o n .  T h i s  p r o c e s s  m e e t s  t h e  B e s t  

A v a i l a b l e  C o n t r o l  T e c h n o l o g y  (BACT) S t a n d a r d s .  The p r i m e  c r i t e r i o n  f o r  

s e l e c t i n g  a s u l f u r  r e c o v e r y  s y s t e m  £s to  meet t he  e n v i r o n m e n t a l  r e s t r i c t i o n  

imposed by BACT. W.tth the  BSRP ~ u l f u r  removal u n i t ,  i t  a l s o  m e e t s  t h e  Lowes t  

Ach ievab le  Emiss ion Rate (LAER) Standards  n e c e s s a r y  f o r  n o n a t t a i m n e n t  a r e a s .  

The c o n s t r u c t i o n  m a t e r i a l  i s  p r i m a r i l y  c a r b o n  s t e e l .  From 

many y e a r s  o f  e n g i n e e r i n g ,  p r o c u r e m e n t ,  and c o n s t r u c t i o n  o f  t he se  u n i t s ,  

s e l e c t  v e n d o r s  and f a b r i c a t o r s  a r e  t o  be  u s e d  t h a t  h a v e  p r o v e d  t h e i r  

e q u i p m e n t  f o r  r e l i a b i l i t y ~ r l t h  a minimum of  ma in t enance .  The a v a i l a b i l i t y  o f  

equipment  f o r  t h i s  u n i t  r e q u i r e s  a nL~u~numo£ lead  t ime .  

S u l f u r  r e c o v e r y  u n i t s  a r e  c o n s i d e r e d  h i g h l y  r e l i a b l e  

o p e r a t i n g  u n i t s  w i th  a minimum of  maintenance r e q u i r e d .  
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E° ,process Flow and Control Diagrams (Including Material 

Balance)  

P r o c e s s  F l o w  and C o n t r o l  D i a g r a m s  f o r  S u l f u r  R e c o v e r y  

(Claus) Unit 36 are as follows: 

Drawing No. Title 

D-36-MP-1NP 

D-36-HP-2NP 

D-36-MP-3NP 

PFCD S u l f u r  Recovery  (Claus )  - R e a c t o r  

PFCD S u l f u r  Recovery  (Claus )  - Recovery  

PFCD Sulfur Recovery (Claus) - Recovery 
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\ .  F.  . P l o t  PlanlGeneral ~ r r a n g e m e n t  D r a w i n g s  

Plot Plan and General Arrangement Drawings for Sulfur 

Recovery (Claus) Unit 36 are as fo l lows:  

i 

~;,~ ~: ~:~ ........ 

Draw£n~ No. T i t l e  

u 

D - 3 6 - P D - I N P  

D-36-PD-2NP 

P l o t  P l a n  - U n i t  36 and U n i t  37  SRU and BSRP 

E l e v a t i o n  - U n i t  36  and U n i t  37 SRU and BSRP 
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i s  as £o l l o~s :  

G. .Single-Line Diagram 

The S i n g l e - L i n e  Diagram f o r  S u l f u r  Recovery  (Cleug)  Unit  36 

Drawin~ No, T ~ t l e  

D-51-EE-8NP One-Line Diagram - Uni te  36 ~ d  37 
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1 . 2 . 1 7  SULFUR REMOVAL (BSRP) - UNIT 37 

The Beavon Sul fur  Removal P r o c e s s  (BSRP) has been s e l e c t e d  to 

r e m o v e  s u l f u r  compounds (H2S P S02, COS, CS2, an~ s u l f u r )  from the  t a i l  

gas o~ the Claus s u l f u r  recovery plant  - Unit 36 .  The Bcavon S u l f u r  Eemoval 

Process is a proprietary process licensed by The Ralph H. Parsons Company and 

the Union 011 Company of California. 

The s i z e  of  the  two Claus s u l f u r  r e c o v e r y  un i t s  r equ i re s  tha t  

two p a r s / l s l  t r a in s  of  BSRP be provided.  The ma jo r  gas  s t r eam to  be t r e a t e d  

i s  t he  Cai l  gas s t r e a m  from each Claus s u l f u r  recovery  u n i t ,  but  a smal ler  

stream of sweep gas from each s u l f u r  s torage p i t  a l so  i s  t r e a t e d .  

m 

The t r e a t e d  gas i s  discharged to the atmosphere from the top of 

the absorber .  The gas w i l l  c o n t a i n  l e s s  than  10 ppmv o£ H2S and l e s s  than 

100 ppmv of t o t a l  s u l f u r  compounds measured as SO 2 o 

A. Bas is  of  Design 

The l a r g e  amount of  t a i l  gas from each Claus un i t  r equ i r e s  a 

separa te  h y d r o g e n a t i o n  t r a i n  f o r  each s t r e a m .  With t h i s  a r r angemen t ,  the  

o p e r a t o r  has  t h e  a d v a n t a g e  o f  b e i n g  a b l e  to  t e l l  from the  H2S and ~2 

ena lyzers  in the t a i l  gas un i t  how each Claus un i t  i s  o p e r a t i n g  and m a i n t a i n  

b e t t e r  c o n t r o l  o f  the  o p e r a t i o n .  Two t r a i n s  a l low the desupe rhea te r / con tac t  

condenser and the  a b s o r b e r  column d i a m e t e r  to  be w i t h i n  Parsons  p r e v i o u s  

e x p e r i e n c e .  Two t r a i n s  of  S t r e t f o r d  regenera t ion  provide turndown f l e x i b i l i t y  

with considerable power savings under turndown cond i t i ons .  

The total design capacity of both tail gas trains is 

71.81 Itpd of sulfur from 135 million scfd of tall gas. The hydrogenation and 

gas sc~ubblu E sections operate at less than 3 psl 8 pressure. 

I I-1.2.17-I 



T h e  m a t e r l a l s  o f  c o n s t r u c t i o n  a r e  c a r b o n  s t e e l  and  

s u l f u r - r e s l s t a n t  c o n c r e t e ,  wi th  s t a i n l e s s  s t e e l  b e l n  E used  i n  a r e a s  o f  h i g h  

t u r b u l e n t  S t r e t f o r d  s o l u t i o n  f low and e l e v a t e d  t empera tu re  s u l f u r  m e l t i n g ,  

e x p e r t i s e  o 

The s i z e  o f  t he  e q u i p m e n t  i s  w i t h i n  t h e  r a n g e  o f  P a r s o n s  

Some u n d e s i r a b l e  s i d e  r e a c t i o n s  take  p lace  Ln the S t r e t f o r d  

s o l u t i o n .  These  r e a c t i o n s  r e s u l t  i n  t h e  f o r m a t i o n  o f  sod ium t h i o s u l f a t e  

(Na2S203) and sodium sulfate (Na2SO4) instead of sulfur. These 

s a l t s  e re  q u i t e  s o l u b l e  and can be a l l o w e d  t o  b u i l d  up to  a b o u t  25Z t o t a l  

d i s s o l v e d  s a l t s .  I f  a l l o w e d  t o  b u i l d  up beyond  t h a t ,  co L'rosLon r a t e s  

i n c r e a s e ,  r e g e n e r a t i o n  r a t e s  d e c r e a s e ,  a n d  c r y s t a l l i z a t i o n  o f  

Na2SO4"IOH20 (Clauber's salt) may occur in colder sections of the 

unit. The formation of these salts requires that the sodium associated with 

them be r e p l a c e d .  T h i s  I s  done by the con t lnuouu  addl t~on  of  a smal l  s t ream 

of  c a u s t l c .  

The decanter overhead stream contains a small amount of 

solution to remove salts from the system as fast as they are belng formed. 

The 2~7 anthraqulnone dlsulfonlc acid (ADA) and vanadium lost in dlscardlng 

this stream must be replaced perLodlcslly to maintain the recommended 

concentrations in the solution, i'h.~s is done by dissolving the powdered 

cbemlcals in Strctford solutlon in a~ agitated chemical mlx sump ~ud pumping 

the solution to the balance basin. 

II-I o2.17-2 
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( 

Component 

R2 

Cll 4 

CO 

C02 

N2 

02 

ll2S 

COS 

SO2 

S6 

S8 
Total dry,  ib mol/hr 

H2o 
Total wet, Ib mol/hr 

Total, Ib/ht" 

Pressure, psta 

Temperature, °F 

Feed Stream 

Tal l  Gas From Claus 

( lb  mol/hr) (molZ) 

67.14 0.88 
J 

130.90 1.71 

3,199.96 41.75 

4,1~2.12 54.05 

79 • 32 I • 03 

2.28 0.03 

39.74 0.52 

O. 34 440 ppmv 

2.10 0.03 

7,663.90 100. O0 

2,514.08 

I0,177.98 

311,960 

18 

280 

Sweep Gas From Claus 

Sul£ur Storage P i t  

(Ib mol/hr) (tool%) 

i 

194.30 78.79 

51.66 20.95 

0.64 0.26 
m 

m 

m 

246 • 60 100 • O0 

7.62 

254.22 

7,250 

16 

280 

< 
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Treated Streams 

Componen~ 

H2 

CO 

CO 2 

O2 

B2 S 

COS 

Total dry, l b  mol/hr 

H20 
Total wet, lb ~ol /hr  

Total, lb/hr  

Pressure psta 

Temperature, °F 

, i f  i 

Treated Gas to Atmosphere 
( lb  mol/hr) (moil) 

103,04 1 • 16 

8.60 0.10 

3,506.06 39.47 

5,212.10 .58.68 

51.66 0.58 

0.09 10 ppmv 

0.42 50 p~mv 

8,881.97 100.00 

1,010.74 

9,892.71 

320,660 

15 

117 

Component 

¢ 
I I I 

Holten Sulfur Product 
(lb mot/hr) (molZ) 

Sulfur (S I) 

Total dry 

B20 
Total ~et 

Total,  lb/hr  

Pressure, psla 

Temperature, °F 

.... 139,80 

139.80 

139.80 

4,480 

18 

280 

100.00 

100.00 
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m 
r C 

. °  

Component 
S o l u t i o n  Purge Stream 

( I b / d a y )  (~¢g) 

ADA 24 0.034 

(2 ,7  an thraqu inone  

d i s u l £ o n i c  ac id )  

Vanadium 48 0°067 

NaHC03 292 0,407 

Na2S04 1,128 1.570 

Na2S203 2,510 3.497 

water 67,770 94.425 

Total 71,772 100.00 

B. Process  S e l e c t i o n  Ra t iona le  

The Beavon S u l f u r  Removal P rocess  was developed in  1970 and 

1971 by The Ralph M. Parsons Company w i t h  t h e  c o o p e r a t i o n  o f  t he  Union O£1 

Company of  C a l i f o r n i a .  The f i r s t  commercia l  u n i t s  were s t a r t e d  u p ! n  1973. 

Since t h a t  t i n t ,  more than  50 u n i t s  have been b u i l t  or  a r e  b e i n g  b u i l t .  Most 

o£ the  o p e r a t i n g  u n i t s  a c h i e v e  an o n s t r e a m  f a c t o r  of  over 95Z and a t  l e a s t  

one was onetream c o n t i n u o u s l y  f o r  more than 2 y e a r s  between r u r n a r o u n d s .  The 

u n i t s  have met and exceeded environmental  r equ i r emen t s  v i r t u a l l y  a l l  t h e  t ime 

even d u r i n g u p s e t s  o f  ups t ream u n i t s .  At the p r e s e n t  t i m e ,  i t  i s  c o n s i d e r e d  

n o t  o n l y  Bes t  A v a i l a b l e  Cont ro l  Technology (BACT) but a l s o  Lowest Achievable  

Emission Rate (LAER). ~ i s  e f £ e c t i v e  £or both s t ronE and weak actd  g a s .  

The BSRP i s  c a p a b l e  o f  h a n d l i n g  2 - 1 / 2  t i m e s  t h e  n o r m a l  

o p e r a t i n g  c o n d i t i o n  r a t e  o f  H2S f o r  s h o r t  p e r i o d s  (2 co 3 h o u r s )  i f  t h e  

composi t ion  of  the s o l u t i o n  i s  m a t n t a t n e d ~ r l t h i n  recommended ranges .  

11-1.2.17-5 
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Turndown i s  u s u a l l y  l i m i t e d  by m e t e r i n g  and c o n t r o l  valve 

rangeabillty on the air and gas to the tail gas heater (reducing gas 

generator). This is about 20X of design. Since there are two trains, the 

overall turndown is about 10Z. The use of two trains is advantageous in 

r e d u c i n g  power r e q u i r e m e n t s  on turndown to loss  than S0Z to  60Z. Having one 

hydrogena t ion  s e c t i o n  f o r  each  C l a u s  u n i t  a l l o w s  o p e r a t o r s  t o  m o n i t o r  t h e  

o p e r a t i o n  o f  each  u n i t  t h r o u g h  t h e  H2S and H 2 a n a l y s i s  of  the  reduced gas 

o f  t h e  a p p r o p r i a t e  BSRP and t h e r e b y  o b t a i n  much s m o o t h e r  and  e f f i c i e n t  

operation of the Claus unit. Each t a i l  gas unit is started up and shut down 

~n co~Junutlon with the sulfur recovery unit preceding it. Essentially no 

sulfur compounds will be released to the atmosphere at any time, 

All  pumps and blowers  are  s p a r e d  and m a i n t e n a n c e  r e q u i r i n g  

plant downtime will be rare. 

is r e q u i r e d .  

No unusual l e a d  time for equipment or material procu.cement 

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

Eefer to  Process Flow and Control Diagrar, s D-3?-MP-INP, 

-2NP, -3NP, and -4NP for material balance. 

The Beavon S u l f u r  Removal P r o c e s s  c o n s i s t s  o f  two b a s i c  

sections. The first section catalytically converts essentially all of the 

sulfur compounds in the Claus unit tail gas to hydrogen sulfide. This is 

called the hydrogenation section. This is followed by the Stretford section 

where the H2S is absorbed in an alkaline solution and converted to 

elemental sulf~ir particles. 

I. Hydrogenation Section. The sulfur recovery unit tall 

gas is heated to reaction temperature by mlxlng it in Reducing Gas Generator 

37-01-1401 with the products of combustion of fuel gas (normally natural gas) 

11-1.2.17-6 
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and a i r .  The f u e l  gas i s  p r o p o r t i o n e d  to  t h e  a i r  r a t e  so t h a t  combustion 

t a k e s  p l a c e  w i t h  o n l y  80Z t o  90Z o f  t h e  a i r  n e c e s s a r y  f o r  c o m p l e t e  

c o m b u s t i o n .  Th~ a i r  r a t e  ~s c o n t r o l l e d  by the temperature  ¢,f the mixed gas 

going to  the r e a c t o r .  Steam i s  added to  t h e  f l ame t~ p romote  c l e a n  b u r n i n g  

and to p r e v e n t  c a r b o n  f o r m a t i o n .  The steam f lew i8 p r o p o r t i o n e d  to the fue l  

gas f low.  Some hydrogen and ca rbon  monox tde  a~e formed to  s u p p l e m e n t  t h a t  

a l r e a d y  i n  t h e  t a i l  g a s .  This  p r o v i d e s  an excess of  r educ ing  gas to ensure 

convers ion of  the  s u l f u r  compounds in  the  t a i l  gas to h y d r o g e n  s u l f i d e  over  

the  coba l t  molybdate  hydrogenat ion  c a t a l y s t .  

Mater vapor n o r m a l l y  p r e s e n t  h y d r o l y z e s  COS, CS2, and 

CO to H2S and h y d r o g e n  in  R e a c t o r  37-01-1201  a c c o r d i n g  to  t h e  f o l l o w i n g  

r eac t lonsz  

.C 

COS + H2O- " H2S + C02 (I) 

CS 2 + 2H20. L 2H2S + CO 2 (2) 

CO + H20 " H2 + C02 (3) 

Hydrogen will react with SO 2 and sulfur to form H2S 

according to  the  fo l l owing  r e a c t i o n s :  

S02 + 3H2 " H2S + 2H20 (4) 

S + H2 ~ H2S (5) 

A l l  o f  t he  above r e a c t i o n s  a r e  e x o t h e r m i c ,  c a u s i n g  a 

temperature  r~se  through the c a t a l y s t  bed.  

The gas f rom R e a c t o r  37-01-1201 i s  c o o l e d  by exchange 

w i t h  b o i l i n g  w a t e r  i n  a w a t e r  t u b e  b o i l e r ,  R e , e t o r  E f f l u e n t  C o o l e r  

3 7 - 0 1 - 1 3 0 1 .  Steam i s  genera ted  a t  50 p s i g  and the gas cooled from 725°F to 

about 330°F. The gas e n t e r s  Contact  Condenser /Desuperheater  37 -01 - !101 ,  which 

i s  s e p a r a t e d  i n t o  two s e c t i o n s ;  the  bot tom s e c t i o n  i s  c a l l e d  a desuperhea te r  

s e c t i o n .  The gas i s  con tac ted  with an a l k a l £ n e  s o l u t i o n  d e s c e n d i n g  t h r o u g h  
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d i s c  and donu t  b a f f l e  t r a y s .  The a l k a l i n e  s o l u t i o n  absorbs any SO 2 t h a t  may 

be $n the  gas caused by u p s e t s  In the  Claus u n l t  o p e r a t i o n .  The a e n s l b l e  h e a t  

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

a d i a b a t i c a l l y  to its dew p o i n t  o f  about  170°F.  The a l k a l i n e  s o l u t i o n  Is 

c i r c u l a t e d  over  the  b a f f l e  t r a y s  by c e n t r i f u g a l  pumps 37-01-1S01 and -1502.  

The pH of  the s o l u t i o n  i s  measured c o n t i n u o u s l y  and an a l a r m  warns o f  a low 

pR. I f  t h e  s o l u t i o n  pH f a l l s  be low 5 because  o f  50 2 i n  the  t a l l  gas ,  the  

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

c o n d e n s e r  s e c t i o n  become v e r y  c o r r o s i v e  and can  damage the equipment In a 

s h o r t  t i m e .  The l l q u l d  l e v e l  i n  t h e  d e s u p e r h e a t e r  i s  m a i n c a l n e d  by t h e  

a u t o m a t l c  = d d l t l o n  o£ c o n d e n s a t e  from t h e  upper s e c t i o n  of  the column, the 

c o n t a c t  condenser s e c t i o n .  Caus t i c  i s  added whenever the  pH gets  low. 

Tb~. c o n t a c t  c o n d e n s e r  s e c t i o n  I s  s e p a r a t e d  from t h e  

d e s u p e r h e a t e r  sec t ion  of  the  column by a chimney t r a y .  Two bubble  cap t r a y s  

I n  t h e  d e a u p e r h e a t e r  s e c t i o n  p r e v e n t  e n t r a i n m e n t  o f  a l k a l i  f rom t h e  

d e s u p e r h e a t e r .  The b u b b l e  cap t r a y s  r e c e i v e  t h e  c o n d e n s a t e  makeup t h a t  

~m!n ta ins  the desuperhea te r  l e v e l .  

Most o f  t h e  water  ~n the gas I s  condensed in the c o n t a c t  

condenser  s e c t i o n  by d l r e c c  c o n t a c t  wi th  cooled condensa te  in  a bed o f  2 - i n c h  

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

th rough So lu t i on  Heater  37-01-1302 aga in s t  a s t ream of  S t r a t f o r d  s o l u t i o n  and 

t h e n  t h r o u g h  C o n t a c t  C o n d e n s e r  Cooler  37-01-1303 a g a i n s t  cool ing w a t e r .  The 

gas i s  cooled to 9S°F. The condensed wa te r  i s  r o u t e d  t o  b a t t e r y  l i m i t s .  I t  

~r~ll c o n t a i n  some absorbed H2S. 

2. S t r e t f o r d  S e c t t o n .  The S t r e t f o r d  p r o c e s s  i s  b a s e d  on 

t h e  a b i l i t y  of  vanad ium when i n  t h e  f i v e - v e l e n t  s t a t e  to  r e a c t  w i t h  H2S 

t h a t  has  been absorbed in  an ~ l k a l i n e  s o l u t i o n ,  forming e lementa l  s u l f u r .  In  

t h i s  r e a c t i o n ,  the vanadium i s  reduced to the  f o u r - v a l e n t  s t a t e .  Ox~da t i on  o f  

t h e  S t r a t f o r d  s o l u t i o n  w i t h  a i r  r e t u r n s  t h e  v a n a d i u m  Co the  f i v e - r e l e n t  

s t a t e .  Vanadium co=pounds a t e  Incapab le  of r e a c t l n g d l r e c t l y ~ r l t h  t he  oxygen  

I T - 1 . 2 . 1 7 - 8  
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in the air. For this reason, ADA is used as an oxygen carrier to transfer 

oxygen ~rom. tha air to the tetravalent vanadium° 

The c o o l e d  r e d u c e d  t a i l  gas  f rom C o n t a c t  Condense r  

37 -01 -1101  c o n t a c t s  w i t h  S t r e t f o r d  s o l u t i o n  i n  a v e n t u r i  s c r u b b e r  t h a t  

d i s c h a r g e 0  i n t o  Absorber  E v a p o r a t o r  37 -01 -1102 .  T h e r e  a re  t h r e e  3 6 - i n c h  

v ,entur i  sc rubbers  in  p a r a l l e l  d i s c h a r g i n g  i n t o  one a b s o r b e r  f o r  each  t r a i n .  

Each v e n t u r i  has a 2 0 - f o o t - l o n g  by 36- inch-d iamete r  t a i l  pipe;  4,434 gpm of 

S t r e t f o r d  s o l u t i o n  i s  c ~ r c u l a t e d  Co each v e n t u r i  f o r  c o n t a c t  w i t h  o n e - t h i r d  

o£ t h e  g a s .  The l i q u i d  and gas  s e p a r a t e  in  the bot tom of  the absorber .  The 

gas i s  f u r t h e r  con tac ted  w i t h  3,326  gpm of  l e a n  S t r a t f o r d  s o l u t i o n  i n  two 

packed  beds  of 3 - i n c h  s t a i n l e s s  s t e e l  p a l l  r i n g s  i n  the  absorber .  The gas ,  

wh ich  c o n t a i n s  l e s s  t h a n  10 ppmv o f  H2S and l e s s  t h a n  100 ppmv of  t o t a l  

sulfur (mainly COS) measured as S02, is discharged from the top of the 

absorber  to  the  atmosphere.  

The u p p e r  bed of  p a l l  r i n g s  i n  the  absorber  i s  used as 

an e v a p o r a t i v e  s e c t i o n  to  e v a p o r a t e  w a t e r  from t h e  S t r e t f o r d  s o l u t i o n  t o  

m a i n t a i n  t h e  s y s t e m  w a t e r  b a l a n c e .  The S t r a t f o r d  s o l u t i o n  going to the cop 

bed i s  h e a t e d  by exchange  w i t h  t he  c i r c u l a t i n g  c o n d e n s a t e  o f  C o n t a c t  

C o n d e n s e r  D e s u p e r h e a t e r  3 7 - 0 1 - 1 1 0 1  as  m e n t i o n e d  p r e v i o u s l y  or  i n  

s t eam-Jacke ted  s e c t i o n s  of  t he  e i r c , , l a t i n g  p ip ing .  Thts  h o t t e r  s o l u t i o n  h e a t s  

t h e  gas  and s a t u r a t e s  i t  w i th  water°  The water made i n  the  r e a c t i o n  and used 

to r e p l a c e  the  s o l u t i o n  from the  c e n t r i f u g e  cake i s  removed in  t h i s  manner. 

The r e d u c e d  S t r a t f o r d  s o l u t i o n  f lows from the absorber  

by ~ a v £ t y  to  React ion Basin 37-01-4101 ,  which e n s u r e s  enough t ime  f o r  t h e  

e l e m e n t a l  s u l f u r  to  form as  p a r t i c u l a t e s ;  f rom t h e r e ,  i t  passes through a 

s e r i e s  of  t h r ee  ox id l ze r  b a s i n s .  In  t h e  o x i d i z e r  b a s i n s ,  a i r  f rom O x i d i z e r  

A i r  B lowers  37 -01-1802 /1803  i s  s p a r g e d  through a p r o p r i e t a r y  t u r b o a e r a t o r ,  

wh ich  d i s p e r s e s  f i n e  a i r  b u b b l e s  t h r o u g h o u t  e a c h  b a s i n .  The r e o x £ d i s e d  

s o l u t i o n  f lows to a pump b a s i n  c a l l e d  Balance Basin 37-01-4105, from where i t  

i s  pumped to  Ventur i  Scrubbers  37-01-2201 and Absorber 37-01-1102. The a i r  i n  

t h e  o x i d f z e r s  no t  o n l y  r e o x i d i z e s  t he  s o l u t i o n  b u t  a l s o  causes the s u l f u r  
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p a r t i c l e s  Co f l o a t  Co the  s u r f a c e .  From Chert ,  they are aklm~ed Co a s l u r r y  
basln as a 5Z Co 15Z by weight sulfur slurry, 

The s u l f u r  s l u r r y  i s  concentra ted  to a 50% to 50% s u l f u r  

cake in a so l id  bowl s c r o l l  discharge l e t  Cent r i fuge  37-01-2202. This  cake i s  

r epu lped  wi th  p r o c e s s  wa te r  co abou t  25~ s u l f u r  s l u r r y  in Agi ta ted  Repulp 

Tank 37-01-1901, The d i l u t e d  s l u r r y  i s  c e n t r i f u g e d  to  a 50Z t o  60Z s u l f u r  

cake ,  vh lch  a g a i n  i s  repulped in a 2nd Repulp Tank 37~01-1902, This tlme the 

water i s  a c o o l e d  s t r e a m  from the  D e c a n t e r  Overhead Tank 3 7 - 0 1 - 1 9 0 3 .  The 

r e s u l t a n t  s l u r r y  ( a b o u t  4OX s u l f u r )  i s  pumped i n t o  Sulfur  Mel ter /Decanter  

37-01-1304 equipped ~rlth a U-tube steam exchanger bundle. The v e s s e l  o p e r a t e s  

under  abou t  5 5 - p a l e  p r e s s u r e  and i s  h e a t e d  by 50-pslg steam. The s l u r r y  Is  

heated to above the mel t ing point  of  s u l f u r  and the  mol ten  s u l f u r  and w a t e r  

s e p a r a t e .  The s u l f u r  i s  drawn of f  the bottom undez i n t e r f ace  l e v e l  c o n t r o l  to 

Storage baeln 37-01-4108; from there ,  I t  i s  s e n t  p e r i o d i c a l l y  to  l o a d i n g  or  

i s  mixed ~£th s u l f u r  from Claus Uni t  35.  The wa te r  phase i s  mixed with a 

cooled s tzea~ of  decan te r  overhead w a t e r  Co p r e v e n t  f l a s h i n g  and i s  r o u t e d  

through a backpressure control valve tha t  will maintain the system pressure 

to a surge tank. Decanter Overhead Pump 37-01-1513 circulates the decanter 

overheads through DecanUer Overhead Cooler 37-01-1306 for cooling against 

coollng water and then to the second repulp tank to quench the decanter 

overhead stream or to the puree stream discharge. 

D. P~skAssessment  

V 

At recommended c o n c e n t r a t i o n s  of  c h e n i c a l s ,  the S t r e t f o r d  

so lu t lon  used to  absorb H2S from the t a l l  gas i s  c a p a b l e  of  a b s o r b i n g  up to  

t w o - a n d - a - h a l f  t i m e s  t h e  d e s i g n  r a t e  o f  H2S f o r  2 to  3 hou r s  v l e h o u t  

r e l e a s l n g d a n g e r o u s  c o n c e n t r a t i o n s  to  the  a t m o s p h e r e .  Here than  30 Beavon 

S u l f u r  Removal U n i t s  a r e  l a  o p e r a t l o u  removing su l fu r  from the t a l l  gas of 
Claus uni ts  to below I00 ppmo 

Loss  o f  combus t ion  a i r  t o  t h e  r e d u c i n g  gas gene ra to r  does 

no t  r e q u i r e  an immedia te  shutdown o f  the  u n i t .  The r e s i d u a l  h e a t  i n  the  

I I - 1 . 2 , 1 7 - 1 0  
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r e f r a c t o r y  au.d c a t a l y s t  bed a l l o w s  s e v e r a l  h o u r s  f o r  r e l t g h t i n g  t he  u n i t .  

O x i d i z e r  a i r  f a i l u r e  does uo t  r e q u i r e  an immediate shutdown o£ t h e  u n i t .  The 

l a r e s  i n v e n t o r y  o£ s o l u t i o n  a l lows 1 to  2 hours  t o  c o r r e c t  t he  problem. Both 

the  c ~ b u a t i o n  and o x i d i z e r  a i r  blowers f o r  each t r a i n  a r e  spared  by a common 

spa re  b lower .  

Loss  o f  c i r c u l a t i o n  i n  the  d e s u p e r h e a t e r  does not  r e q u i r e  an 

i ~ n e d i a t e  shutdown. Some u n i t s  opo ra t e  c o n t i n u o u s l y  w i t h o u t  a d e s u p e r h e a t e r .  

L o s s  o f  c i r c u l a t i o n  i n  t h e  c o n t a c t  c o n d e n s e r  c i r c u i t  does  n o t  r e q u i r e  an 

i m m e d i a t e  s h u t d o w n .  The l a c k  o f  h e a t  ~cmova l  w i l l  g r a d u a l l y  h e a t  up t h e  

S t r e t f o r d  s o l u t i o u ,  b u t  t h i s  can  be t o l e r a t e d  f o r  s e v e r a l  hours  whi le  the  

problem i s  he lu  E c o r r e c t e d .  The desuperhQater  pump and t h e  c o n t a c t  c o n d e n s e r  

pump f o r  each t r a i n  a r e  spared  by a counnon c i r c u l a t i n g  pump. 

A l a r g e  s u l f u r  s l u r r y  b a s i n  i s  p r o v i d e d  f o r  e a c h  t r a i n  so  

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

e q u i p m e n t  can be c o r r e c t e d  w i t h o u t  a shu tdown  o f  t h e  t a i l  gas  u n i t .  A l l  

s l u r r y  pumps a re  100Z s p a r e d .  

L o s s  o f  S t r e t f o r d  s o l u t i o n  to  t he  v e n t u r i s  and a b s o r b e r  f o r  

each  t r a i n  r e q u i r e s  an immediate  shu tdown o f  b o t h  t h e  C l a u s  s u l f u r  r e m o v a l  

u n i t  and t h e  t a i l  gas  u n i t .  The re  a r e  two c i r c u l a t i n g  pumps and a 50~ spa re  

f o r  each t r a i n .  There  i s  one BSRP t r a i n  f o r  each Claus s u l f u r  r e c o v e r y  t r a i n ;  

each  i s  des igned  t o  remove 36 l t p d  of  s u l f u r  from the  t a i l  gas of  t h a t  t r a i n .  

C_ 
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E, Process  F10w and Control Diagrams 
( Inc lud ing  Material Balance) 

P r o c e s s  F l o w  and  C o n t r o l  D iag rems  f o r  S u l f u r  Removal  (BSRP) 

Un i t  37 a r e  a s  follows: 

Drawiug N¢o 

D-37-MP-11~P 

D-37'-~-2NP 

D-37-MP-31~P 

D-37-MP--41~P 

T i t l e  

PFCD S u l f u r  Removal  (BSRP) - R e a c t o r  

PFCD S u l f u r  R~moval (BSRP) - R e c o v e r y  

PFCD S u l f u r  Removal  (BSRP) - R e g e n e r a t i o n  

PFCD S u l f u r  Removal (BSRP) - Common Equipment  

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



A 

C 

D 

FUEL GAS 

COtFOHENT, UOL. ~ .  LO-UOL/~R 
H~ 2. 016 206.37 
CH t 16,042, 47.76 
R| 2e.o le  30~R9 
CO I 44,010 ~'1. 81 
,CO 20.010 i l i . ¥ o  
AR 31oe49 I Z , ~  
CH~OH 3Z. 04 I .  3S 
D'II* KI: 30?OT 4,41 
ETHYLENE 20,05 .. . . . . .  O,,,3 T 
PROptLEHE 42.00 0,6? 
PROPANE 44,09 IS, 66 

,,ISOOUT~HE S8,1Z 0,49. . . . .~ 
~nUrA~( 5a.12 O, ZG 
, - . U T ~ [  S4 ,0~  " 9'~JL._ 
L~...~ENTAHE 72:15 } 
.-re,TR,[ ~z,~s o.~9 
Z'PEHTEHE Go, m2 
CG 0.34 
5"? O..On 
?O~AL 37..3~eo 
P, PSfA SO 
T. ~F 9D 

37-01-1801. 

] 4"-R-37-Z 
L.P. STEAM 

{" 0-36-J~-3 N,a~ 3G'-AA-37-] 
TAIl. GA~CLAUS I 

COMPOHEItT I W TAT[. UAS " . I~. LE/It B 

S0e I 69,0| . . . . .  
Re I 28.01 2. Q'I I, 05... 
Se 1192,. 31 - " -  
- 1396.5 ':" ":' ': 
~o. , ~.o n.sg§;sp_ 
HI I 2.011 33~5~ r 
CLI I 28.0 59, q5 

COS I 60. 0 . . . .  
~. ~ ' , i . ~ ;  - 

~O'raL WET I s, OO~ ~ 
I~f i 30. G? , ~ , . ~  

3 

37-01-1401 
~EOUCXHG GAS 

GEHERAT.._...~ 

4'-A-3T-Z 

4"..R-3?-x , 

I a I ~ _ _  , v ,,,,,,.,,, 

s'~.o~.~o, ~'t.o~-~oz :rt-oz.z~oz :','~-oH0oz 
$1'Ek, DIIUM REACTOR REACTOR EFFI.UEHT ER/ 

COOL_._.£,'( 6ESUPERIIEA~ 
29, OT I&fJTLVIm 

40'-kk-37-! 

[ 

IL 
37-01-1401 

] 

o ! 

E 

,,, ~CFlf ,. - ~ , , i .  

P'~($5. PE.]A I 
ACFS I . 

37-01-1601 
co~eusrxo______~N 
AIR BLOWER 

iJ 
I ONAWINQ NO. 

~ m  

D[$CRIPTION DRAWING 

1 

411, 
q,i ~* 
,JI vt 

(..,,,:,; 

I 3T-.O I-120_.._.____~1 

37-ol-tlo_....._._._..ji 

[ . - . ~ l m  

]G'-AA-3?-] 

3T-Or-1301 

___eL__ 

. . . .  d' ;"  

37-o___,..aso__!t 
37-01-1S0.....~Z 
FIGURE 4-2 

- - - I  " ! 

31-01-1501 
3T"Ol-*1502 

t ._ ,n  

DE~JPERHEAI'ER 
PUUP Ik SPARE 

5PARE L~ CO.ON 
lITtH CONTACT 
CO~)ENSER PU~ 

37-01-1503 

i lz4"l ir~.- , -  

i 3 I 4'w' 

F t' - 

. . . . . . . . .  e ~ S ~ U ~  ~ ~ ~ ~ * l ~  ~ " % 1 ~ * ~ 4 ~ 1 ~  ~ V  . . . . . . . . . . . . . . . . . . . . . .  

P P 



;o) 

4~  ,, 

37-01-1302 
COtATACT ¢ONOEIISER 

" - - - ~ . ~ O I F . R  - 

50. I'~-~-T'~HR 9,13 IA~TLVHR 

5 

3 1 - 0 1 - 1 3 0 ?  

, S ~ 0 ~  
HEATER 

~. ~ ~"-~T~v,e 

t _ 0 
1 7 

_u 

H01£,~ 
l, THE ~(HT SllO1iH 014 THIS OlIAHHG ARir 
FOR ~ OF TWO I~1K~ 

1. THI: F"IOUIIE 14UIZBEfl~ REFER TO tYPICAL (OIP- 
ItEaT ~NF)GU~TIO~ 5HOIH OH OflA~HO 
O'OI'LIP-I liP. 

f 
I ['-~-] .Is 

I - - I  14"W"31 14 

I L._j ~-- c.w. s, ~ c , '  

m I O",.AA-37 ~ J 

- - {Z ] -  . . . . .  - - i  

r .__cLE_;  ' 

1 4 " ¥ ' 3 7  ~ 

C,W.R, ~ L..-I 

3T-01-1303 

37 OI 1302 

~IVOXIOiZEII DI.OVF.RS 

24".-AA-3T 
Ri[CIRCULATIOH GAS/AII~RnER 
8'-AA-3f 
50LUTIOi~D~,LANC[ ~,5~1 
30'-AA-37 _ 

OVERHEAD GAS/AB$ORUER 

8',-AJ-3T.! 
S~,UO~ABSO~SB 

~-- CAUSTIC ¢ if'-1 

" - - - - - ' ~  SOUR COHOENSAT£ 

-'q"0!-1503 

EFFLUEHTIA~ 

rOU%PIIENT SHOWN OFI IHIS OU~liOl 
3T-Ol-I lot 31-OI-;30T 
3POI-120I ]7-01-140: 
37-0t-1202 37-01-1501 
37-01-1301 37-01-1502 
37-01-1302 37-01-1503 
37-01-1303 

;:: ~::~I ~.".~.~.EL ! L" . . . . . . .  i . , o  i ....... i 
~ R ~ w r w  I ~ ~  ~,~ ~ ~ u_ 0o,~.,,, ,,,.,,,.... 
. ~ ~ ~ ~  ~z~ ~ . ,  ~snNs c o m ~  

IZT~I~. DGA 
LLS, OEPARTHENT OF ENERGY 

V.R. GP, a~,CE & 
Kla~IRKY 

fi6.888 B.P.D. 
TO - GASOLINE PLANT 

" "  5 1 8 2  
PROCESS FLOW AND COHI'ROL DtAGIUII 

s~.F~ e~VAL zss~)-u,rr 3x ] D -3T -MP-  I HP 
"fAIL GAS REAC10R 

(,, 

t,- 

m 

P 



A 

4, 
C 

1 I 2, I 3 I 
:~'/-Ol-++OIA ~ 3i*Oi-*]O,[, , 

vEmunt sc~unnF.ns 

] |4'-AA-3T 
<~O'3T"m"f ~ ItCCln~tkTlOIl ,,~$/OVK~H(AO GAS 

fAX-ST 
~n'3t 'ur ' t  NP "SOLHIIOWSOLUTION HEATER 

30",-AA*)? 

L~-3I-IIP-I ItP]) 6"AJ"37-! 
50LUT|OM HEATER 37-01-2201A 

I~-~-~-~ ,e ~..~(~ r .~  
CLAUS 

~,._o-~+,,v~-i He I Au~nt, ouclxo CAS c (x~ ton  + 

[ o - 3 ~ - i i ~ - ,  ~+r ) lo ' -x~-3+-I  
UFLU(NT/COMOENS(.R -- 

I 

) 

3T'OI'~ZOIB 

'5-4 ~. 

I 

i 
- ._'LJ_.I 

3 1 - 0 1 - 1 1 0 |  

iJ 

~ b  

AoJ. 
~ER (TYP,)- 

ST'-OI-2401 

t, 

I ~ 1  12"°i'31 
C.V.S. 

VENT 

,I D.<I. I I 
I I 

c.l.n. - I 

37'01-180__2 
.3t-or- teo.._.__~ 

3T-OI-Z403 

+-_T.=----,.~ + = - - =  

,1+ +, 

.... 4 , g , ~  

4 
I 

J 3TI~1.240,1 

,,+,' 

I 
I 
I +" 
I t t 

I I : p H G : I  
I..I-_T.,,~.,.~.%T..-~, 

- -__  - , , m  

-~,..I !!:i 

I . 

]T-O 1-4101 37-.01-4 t 02 37-'01-4103 1T,,O I -,I 104 

3'/-'01-2401 31'-~1-2,an 2 3.Lr.01.2403 ST-Ol-Z404 31r-'01-10~2 3'/-01-2406 
9(ACT|I)N IANK TL,VtOINE AE/U, TOk~ Z14~ TUROINE ~ )Y 'O I - I~  $LURAY TAI~K AGII'AI~ 

AG|'IATGR AI~q~TO~ A~TOR O~[ZER AIR BLO~.~ 

, i  

t L  I I / t l  Ol~,,t,,J I ,k~ , , l~  

" I ~: ' '' ' '  I I I - "  : ' - ' = " " "  

I ~ I ~ ! 

~ f  I " ' :  
"em.I °'" 

I':: 
441' 



,4- 

, ' -4  . . . . . .  

I . 

)l-llO__,ll 

I 

i ! 
";:a~ 
"...T..."~ • 
...--,- 

.o__4 

I:- 

' . . . . .  , ,,~ '? ,, ' , i , , , ,  . ,p ', i ,,++i~, ,+'+,, /,, ,+ , ,o , , : , ,~ ; ' " . '~ ' i , '~ . ; ,  '++,.+, ~'I'$ ~" ~,,; ' , , '  " , . , , , ' , ,  ~ ' , ,  , ,  , ' ,  

, 6 ! ' I ,111 i i iJ i 

IT.OO-410+l ' ~ , ,  ~ ll-Ol-41011 
, AoOxrim l.JtciXm~, i~L~c~ I~l!!t luu+m--l~kT'mst- "- 

I i ~ l l f - l l  )lO ,, i 

,4 
; 

4',.!-d+l , 

t 30*-AI-3T 

' ~ - - , , , i  - -  

37-01-2001 

. . , . .  

<<4 
I 

l~.l I , D . J _ _ l : ]  
,T.,,~ I 

., 41=,I 3?-01-4105  

NC 
'--1><3 

:37-01-11104 

37",'o1-15~ 
FICI~( 4-2 

3T-OI-2,101 

: -  I 

i 
( ) - - ~ - £ ]  

[I-J--[] ~.,~ 
37-01-410& " l 37-01-150T 
- - - -  , ~ : t l  

_ r Ficlm~ 4-z 

, , ,, , , 

1 

#oril+ 

2. I~¢_..!]~"~! m ~ t ~  mr;Ira 'to T,tT,:t..~- [ 0 ~ ?  
UU#I'II~TIO~I ft,~lstl Oq I%01-~P.: IP, 

3, ~Nl tOI4~:ttOII, 
~ M r  MT(IIIC 511111 

' ' : m w ~ t  .m.t~.~] 
l . i  + l~ oill So.S.. 
Leo i i l ,  Oi '~. ~O] 
L.~ ':l.ml : . l ~  
LOz : ie .m f ~ . l i j  
L ~ l  , l l .o t  lil$1.O l 

TAL ~1' ' J 1 4. lt,'l t l  , 
! lilT(R , I L O I i  I ,,[~O~:~T; 
[tOTAL I1ET tl i l l .  ] i  1 

"~,lUlilTUlli . l ' :  l, I l l ~  I l L  ] 
I i,~(~slm( Pli~ o+,,! 
lTc; I  ~ l~s i  

i'-AA-3T 
CBITRAT U C ( f l l l t l f U & l P ~  

5~UT[OW I[AK[--~ 
BASIH 

S~.UT£ONIWJL KP-UP 
It',Slll 

(OUIP'WEI4T SHDIn( O# Tilts I}tU~KG, 
)l-Ol-1lO2 31-01-Z403 
37-01-130S 37-01-Z404 
3T'-OI-IS04 )/-QI-Z40S 
.~:-01-i505 y/-.OI-ZI05 
3|-OI-ISOG 3T-91-21101 
]T-OI-15OT 3T-91-41 rll 
3T-OI'ISOI 3T,'OI-qlDI 
] l -O | - l l lO i  3T-'01-4103 
)l-Ol-I lO] 37",.01-4104 
31-01-29011 37"01-4105 
3T.OIoZZOIII 3T-01-4101 
3'/-01 "Z201C 
31"01-2401 
]l,..O l -Z402 

37-01-1504 
37-m- , .7  3i-m-15. ',i-m-2,~ 

,,i-o,-ism ~ ' ~ , i  
IST C ~ + l ~ m  .SOl.-li~rZOll Cl i lC~i iTZ.~ AGITATOR " 

PUMP k ~ " PUMP li ~ A R £ - - -  

)'/il '2~. OCA 
- -  U,S.DEP~RTHENT OF ENERGY 

l v ~ - n  VJi.  ~ & CO. mmtuc~ 

~ ,,,,.,, COAL - TO 59,O69 B.P.O. ms - HETHANOL - TO - GASOLINE PLIM' IT  

' , ~  ,to, i,m m..,0,. ,.,.ram " ' ~  ~ Z~++ -- ] ~ . i "  i . . . .  
+ o - ' + + + " "  . . . . . .  , too .  ~ , , . - . , . . .  I I . . . .  • ' ' "  u " "  ~ ~ mz.,rm a(r,m'm+ , 37-MP-2  NP 

D 

:+I 

~ W m  ~Im 



P 

C 

D 

, . '" ~ . . . .  r ,~ r ' "~ r . ' ' :?  i~' %"~"t'¢'~'.~';~','~,~'~ "~':,~'T,~ ~'~";. "~' ',~- ,. 

I ~ I a I 4~ 

E ~ ' ~  PROCESS IIkTER 

[ o-:n-ur,-2 H ~  4",,AA-ZT 
SLURRY/SLUflRY OASZH 

NC 

1 

<o-sT-w-e ~e I G'-AA-n? 
CENTP, kTE/BALAHCE B A S I N " ~  

HC 

I 112"*AA-37 

3?-01-240T 

3T-01-190~ I 1 
3T-on-zso.__..._j9 
37-DHSi.__.0 

Hr' 
-E:l 

3T-01-220 ]  

-IN 

j~j .-o,-..: 
® 

! 
37°°1"19°2 ~ 

! 

3T-01-1511 
37-01-151Z 

I I /2 ' -AA-37 

~ 1  I'-R-37-I 
50 PSIG STEAM 

It' !: t 

°... 
Iz 

3T"OI-24D? 

I$T R[PULP 
ACnAIOe 

3?-01-1509 

2ND ¢~TR]FUGE FEEO 

37-0H51~ 
3?-01-1512 

KELTER D£CAMT~ FEED 

3T-01-2408 

2HD REPULP 
AGITATOR 

P 

liiRAW•QI• - -  L J,. ......... i' D[5(:II I PI'ION 

1 
DRAWIP,~ NO I ~ ' u ' n  qpT tQH 

K 
Ic 

NO OA'rC I BY )~KD S/~¢ PNOJ ~LI[NT ~"-~_ ~lP'l' I ON i 
2 I a 

. B i , v z~ l  RA1 IrJC . . . .  
A t/t~ve P, A1 FJC . - 2 . :  . . .  

NO. =QATI[ IS?' GHKD SIC PROJ i2LII[N1 



I 
tl ' 

:]" 

+ 
I 
] 

, ° , ,  

+,,I' 
31,-01-1304 

"--prcANIB 
~'..'+ III OT~IIR 

t ,,,,.,, o 

DECANTF.R O V E R H B D / S T Q e A ~  

I 112"-AHJ-37-1 

o 

PO~ 

I 

OYERllEAD/STORXGE 

[ L.,ol~oHru? J D[CANTER UI~EAFLOI| 
,, " "  I LeSJ I~ 

SULFUR I ~3~I I 
• TOTAL I }-]51 I 
• SP. G~ I I "8 I 
L~F.MP. "P I 280 I 
LP~.S. esmt P~ I 

I 'AJ-37-I  I 
UNDERFLGWCI.AUS SIJLFLJR p~T 

3"kJ-37-I 
sut.eun/s~o~A~[ e~sm 

3"-A J-3?-I 
UN~ERFLO~b"TORAGE BASIl4 [ D - 3 7 ~ 4  I~P> 

I 
liOTEst 

t. T~ [(2LI],oWENI ' ~Ollt OK TlgS DP, AWING ARE 
FOR (~[ OF TWO TRAINS. 

(OUIpUF.~T R.IOWM OH THIS 9RAW]NG~ 
31-01-1304 37-01-1902 
31-01-1509 ~T-01-2202 
37-01-1S10 37-01-2203 
3T-01-1511 37-01-2407 
37"0J*1512 37-01-2408 
37-01-1901 

137~3NP.O~ 
US. DEP~'RTHENT OF ENERGY 

T - - " - - - - - - - - - - - -  ~ kr, R.GRACE ~ CO. m, nuc~ 
[ - - ' - " - - ' - - - - - - - ' - - - -  ~ 5e,ggB B.P.O. 
~ m c N  REe~T COAL " TO - METHANOL - TO - GASOLINE PLANT . . . . .  i 

~ [ E W  '* 'vo 'mJN" l  FJC ] t ~ 3 1 ~  ~ I ~ g L P H N . ~ r , j , . . ~ Y  pROCESSFLOI,NDcOHTROLDZAGKtu "HOWE 
• D[SCR,mO. ,u.v. e~. , ,  I r'Jr'-"-;-,; SULFUR R[~OVAL IBSRP)-UNIT 3T w-,-. 
4 ~  P~el~EN~( CP, LTIFOR~I~ l $OI.UTION kU,~,~TIO" | "~-37-MP-3 NP 

5 

g, 

/ 



t I I i I 

B 

C. A 

4 
c 

'~ '  " ~" : "  " : :": '  "" :  ' ' ' ,~ ~i ' ,  . . . . .  " .  . . . . . . . .  , . , , :  ,~,,.,,,,,~,,,,.~, 

' ,  I , I :' I - 

3"1-01-4107 3T'01-1904 3T"01~t108 
C,F.UU~ m~[-UP .ST~[TFOeO SOLUIIO, . ~ L ~ [  

[]ASIN gTOflAGE TANK ~ -- 

~ ._____.__...i_~ 

D-3T-1~-3 

~5.~..up,. 5 ~, I I/~,-ak-]? 
SOLUTIOX PUP, G£ STREAM/ 
WASTE IIATEI~ (NOTE 3 )  

~ - L ~  STR/PPEO COI~[IISATE 

CAUSTIC 

~ [ ' ~  50 PSIG ST[AM 

3T*01-4107 

37-01-15i___.~5 3T-01-2409 

37-01-4108 

37-.08-1Sl8 
3t.-01-,51~ 

~ - ~  II'..AA-3T 

3T"01-1518 9-Ol-lgO! 
FIGI.~IE 5-1 

R , * ,  

il 

~ :  : :  

31'-01-1515 37-,OI -Z40___...~! 3T-O1-1SI8 3?-O1-151t 
~I(I[-UP SUI~ PUIO CHUIICAL ~AIC£-~ STK[TF~ , ~ . U ~  ]T-01-1SI'I' 

C~MON TO BOTH TRAINS BAS]N AGITATOR S~P, AGE PL~ - ~111-1c11~ TI?ANSF'I~ 
TO ~ T~TNS euil~ k ~ E  

L 1 I 2 I s I " :  



°. _ ~ .  

J ~  

:~T-OI-13~ 

- -  COOLER 
TA,_._~ 4. 51 llial"--'-'~l~ 

4"-A.~-31 

UI~'I" 3'/ 

T 
Sl 
r l  

i 

4"-11-37 
C.W.S. ~" 

4"~-3  t r - " i  
r..v.R. 

3T"Ol -I~03 

¢"-k1~-3?-! 

]T-OI - I  SI..____.~3 
3T-Ol-I S I.__,.__~4 
F"IGORE 4-Z 

37"01-1513 
3T-01-1514 

O c C / , ~ O . O  
PL~ ~ & 5PA~E 

HOTEL 
I, THr ~UZPI~NT SXOWH OH THIS DP~II~.~ IS 

COt[oH TO O01H TRXI,'L 
Z, TX~ F]~'UR[ HLIIIOI~RS RUF..A TO TIPICAL 

~A c ° " P ~ r  uovwTii~z~'i' x te/oA~r I 
o,, I o.o34 z4 I 

L ~ x , ~  so. .  I o.~z' ,e I 

l~,SOo "z'°~l I'"°1 ' , " I  
I"Q|slo~ zSm. tl i ) ,WI I Z Slo I 

~"~ ,,.o, I ,,.4,~ ,T.,,O I 
[TOTAL i ~.00 TlfTt2 | 

'~I-.OI-J SOG 31'-01-I~3 
~iT','OI=l 5 l ]  li1"01 - 1904 
3T,,'OI - I  $14 31"01-Z40~ 
31-01"151'; ]?'01-4i0; 
3?-01ol51G 31-01-41G$ 
31-01-1511 
3]-01-15111 

o]'p4,4~Po ~x 
U,S. O E P ~ T H E X T  OF EHEF-~Y 

A 

4 

D 

~m~'~ W.I:I.I~tE & CO. ~ .  
~ /  5o .~  e.P.O, i 

| COAl. - TO - HETI'IAXOL - TO - GRSOL&IE PLANT ~ i 

4@ --- I I II ~ - ~ ,  ~,~-" s~.r~ ~ __37 I~P 4 NP 
i s i o I i 



P 

\4 
F. Plot  Plan/Ceneral At~ra~Bement Drav/nHa 

0 .  

See Volume I Z ,  1 . 2 . 1 6 ( F )  fo r  P lot  P lan and G e n e r a l  
Arrangement l~av/nga for Sulfur Removal (BSRP) Unit 37. 
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The g a s o l i n e  p r o d u c e d  in  t he  m e t h a n o l  c o n v e r s i o n  r e a c t i o n  

c o n t a i n s  d u r e n e ,  a g a s o l i n e - r a n g e  compound w£th n 175"F f r eeze  po in t .  Durene 

(1,  2, 4, 5 te t ramethylheuzen~)  i s  reduced in a Heavy G a s o l i n e  T r e a t i n g  u n i t  

to  meet  f i n i s h e d  g a s o l i n e  q u a l i t y  requi rements .  CaBes produced during heavy 

gaso l ine  t r e a t i n g  are s t r i p p e d  o u t  o f  t h e  g a s o l i n e  s t r e a m  and Bent to  the  

f u e l  gas  s y s t e m .  The t r e a t e d  g a s o l i n e  product  i s  sen t  to product  b lending .  

T r e a t e d  h e a v y  E a o o l i n e  i s  b l e n d e d  w i t h  l i g h t  g a s o l i n e  f r o m  t h e  G a s  

F r a c t i o n a t i o n  u n i t  to  p roduce  a f i n i s h e d  g a s o l i n e  ~rlth a b o u t  2 wtX d u r e n e .  

A. Basts, of  Design 

. 

The HGT u n i t  f e e d  from the Cos F r a c t t o n a t i o n U n i t w £ 1 1  be a 

heavy g a s o l i n e  f r a c t i o n  con t a in ing  d u r e n e  (1 ,  2, 4, 5 t e t r e m e t h y l b e n z e n e ) ,  

which i s  r e d u c e d  to a f i n i s h e d  g a s o l i n e  conta in ing  about 2wtZ  durene.  The 

feed and product  stream composi t ions  are ind ica ted  ~n the  f o l l o w t ~  t ab l e s .  

Feed Streams 

Component 

HGT Makeup 
Feed Hydrogen 

( l b m o l / h r )  ( l b  mol /h r )  

Hydrogen - 316.32 

C 6 + Heavier 545.80 - 

T o t a l  Dry, lb  mol /hr  545.80 316.32 

H20 - _ 

T o t a l  Wet, lh  mol /h t  545.80 316.32 

Total, l b / l ¢  72,610.00 640.00 

P r e s s u r e ,  pe ts  590.0 650.0 

Temperature ,  °F 322 U 0  

: I 1 : - 1 o  2 . 1 8 - 1  
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Product Streams 

Component 

Fuel Gas 

C 5 + Heavier  

Total  Dry, lb  mol/hr 

H20 

Total  Wet, l b  mol/hr 

To ta l ,  l b / h r  

Pressure, psla 

Temperature, °F 

, |, , , 

Heavy Fuel 
Gasol ine Gas 

( lb  mol /hr)  ( l b  mol/hr) 
, , u , . , . ,  

- 81.84 

589.97 
iHi i 

589.97 81.84 

589.97 81.84 

71,110.00 2,140.00 

145 115 

I00 110 

B. Process SelectionRatlonale 

The process  s e l e c t i o n  of the Heavy G a s o l i n e  T r e a t i n g  (HGT) 

u n i t  was made by Mobi l  Research  and Development Corporation fo r  the purpose 

of  reducing durene to meet f in ished gaso l ine  q u a l i t y  r e q u i r e m e n t s .  Th is  u n i t  

i s  an i n t e g r a l  pa r t  of  MRDC's MTG process  package° 

C. Process  De.seription 

The ar rangement  o f  equ ipment  and mate r ia l  balance fo r  thls 

unit a~e presented on Process Flow and Coutrol Diagrams D-38-MP-INP and -2NP. 

1. Normal O p e r a t i o n .  The HGT u n i t  i s  s i m i l a r  to  the mild 

c a t a l y t i c  hydro~reat tug  p r o c e s s e s  ased in  p e t r o l e u m  r e f i n e r i e s .  The heavy 

g a s o l i n e  f e e d  f r o m  t h e  Gas F r a c t i o n a t i o n  u n i t  i s  c o m b i n e d  w i t h  a 

h y d r o g e n - r i c h  r e c y c l e  s t r eam,  p r e h e a t e d  i u  t h e  r e a c t o r  e f f l u e n t / f e e d  

exchanger ,  and e n t e r s  the  r eac to r .  The r e a c t o r  e f f l u e n t  stream i s  cooled with 

process s t reams and a i r  b e f o r e  e n t e r i u g  t h e  s e p a r a t o r .  The t r e a t e d  heavy 

g a s o l i n e  s t r e a m  from the separa tor  Is  s t a b i l i z e d  in the product  s t r i p p e r  and 

~ I -1 .2 .18 -2  
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pumped to  s t o r a g e .  The bydcogcn r i c h  vapor  s t r eam from the s e p a r a t o r  i s  

recycled  by the r ecyc l e  compressor with a small purge f l o w i n g  to the f u e l  gas 
system, 

2. . C a t a l y s t  R e g e n e r a t i o n .  Coke accumula t e s  g r a d u a l l y  on 

the c a t a l y s t  d u r l n g o p e r a t l o n ,  causing c a t a l y s t  d e a c t i v a t i o n .  The HGT u n i t  

must shut  down f o r  c a t a l y s t  r e g e n e r a t i o n .  Ca ta lys t  a c t i v i t y  is  r e s to red  by 

removing the coke .  R e g e n e r a t i o n  c o n s i s t s  of  bu rn ing  o f f  the  coke mtth a 

c o n t r o l l e d  oxygen burn .  A f t e r  c a t a l y s t  r e g e n e r a t i o n  is  completed, the HGT 

uni t  iB returned to normal opera t ion .  

3. C a t a l y s t .  The c a t a l y s t  r e q u i r e d  f o r  the  HGT u n i t  i s  

descr ibed below: 

( 

Type: Hobll 

Size:  Inch 3/32 

Volume: f t  3 3,377 
Loading Density:  N o . / f t  3 42 

4. E n v t r . g n m e n t a l  D a t a .  When t h e  HGT c a t a l y s t  i s  

regenera ted ,  the regenera t ion  gases are scrubbed by a t e c i r c u l a t t n g  c a u s t i c  

s o l u t i o n  to remove any s u l f u r  d i o x i d e .  There are no noxious emissions,  but 

there  is  a small discharge of l i qu id  e f f l u e n t  a f t e r  s c r u b b i n g .  No e m i s s i o n s  

o t h e r  than minor p r o c e s s  l o s s e s  at  pump v a l v e s  and f l a n g e s  occur  du r lng  

normal opera t ion .  

D. .Risk, Ass,essment 

/ 

The HCT u n i t  c o n t a i n s  convent ional  petroleum-type equipment 

tha t  has a high r e l i a b i l i t y  from the s t a n d p o i n t  o f  ons t r e sm t ime .  The HCT 

u n i t  i s  t y p i c a l  o f  p e t r o l e u m  h y d r o t t e a t i n g  u n i t s  in  o p e c a t i o n  today,  The 

p lan t  i s  des igned 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  ~ 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  p e r m i t s  

maLntenance on such i temu w i t h o u t  shutdown.  The o p e r a t i o n a l  a s p e c t  of  the  

u n i t  i s  s i m i l a r  to petT:oleu~ refSnLng f a c i l i t i e s  in present -day ope ra t ion .  

II-1.2.18-3 
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C o r r o s i o n  s h o u l d  n o t  be n p r o b l e m  end equipmeDt f o u l i n g  i s  not  expec ted  to 

occu 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  min imal ,  

I I - I  • 2.18-4 
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. E. Process  Flo~ and Control Diagrams 

( Including Mater~al Balance) 

P r o c e s s  F low and C o n t r o l  D i a g r a m s  f o r  Heavy C a s o l t n e  

Trea t ing  Unit 38 are as fo l lows:  

D r a w i n g  No. 

D - 3 8 - I ~ - 1  l ~  

D-38-MP-21~ 

T£tle 

PFCD Heavy Gasoline Treat£ng 

Material  Balance - Heavy Gasoline Treat ing  

I I - 1 . 2 . 1 8 - S  
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q, ,/ 
F, Plo t  Plan/Cenerel  Arrang.mnent Drawings 

See Volume I I ,  1.2.13(F) £ o r  P l o t  P l a n  and  G e n e r a l  

Arrangement Drawings £or Heavy Gasol£ne Trea t ing  Un:Lt 38. 
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G. S~ngle-Llne Dia[~zam 

See Volume IX, 1 .2 .12(G)  
Heavy Gasoline Treat ing Unit  38, 

f o r  the  S i n g l e - L i n e  Diagram fo r  
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1.2 .19  PROCESS WATER TREATMENT - UNIT 39 

A. ,Basis o f  Desi~n 

The f e e d  to  t h e  MTG p l a n t  c o n t a i n s  w a t e r ,  and a d d i t i o n a l  

s t o l c h l o m e t r l c  volumes o f  w a t e r  a r e  p r o d u c e d  d u r i n g  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  g a s o l l n e .  In the e o n v e r s l o n  r e a c t i o n ,  about  0 . 6  pound o f  water  i s  

produced pe r  pound of  methanol in  t h e  f e e d .  The p r o c e s s  ~ a t e r  i s  s e p a r a t e d  

f rom t h e  h y d r o c a r b o n  p r o d u c t s  and o b t a i n e d  as l i q u i d  a t  about  178 ps lg  and 

100"F. C o n s i d e r a t i o n  has been g i v e n  to r e c y c l i n g  t h i s  w a t e r  to  o t h e r  p l a n t s  

~n t h e  o v e r a l l  G a s o l l n e  P l a n t  to  r e d u c e  the  need  f o r  makeup w a t e r  and 

was tewater  t r ea tmen t °  The MTG w a t e r ,  a t  a pH o f  3 .5  t o  ~ . 0 ,  c o n t a i n s  t r a c e s  

of  m e t h a n o l ,  o r g a n i c  a c i d s ,  h y d r o c a r b o n s ,  and r e l a t e d  o x y g e n a t e s .  The 

oxygenates  a re  removed by an a c t i v a t e d  s ludge  t r e s t l n g  u n i t ,  

Since thls water treatment process is well suited to 

handllng sanitary wastes, the wastewater generated from domestic use of 

potable water and process area surface runoff pretreated by the oily water 

treatment system ere sent to the Mobil water treatment system. 

~ x 

B, Process S e l e c t i o n  Ratlonale 
i 

The p r o c e s s  s e l e c t i o n  o f  a e r o b i c  b i o t r e a t m e n t  o f  t h e  MTG 

p r o c e s s  w a t e r  a v a i l a b l e  t h r o u g h  Mobi l  Research and Development Corpora t ion  

was made by  P a r s o n s .  Th i s  p r o c e s s  has  shown t h a t  t h e  c o n t a m i n a n t s  a r e  

b i o d e g r a d a b l e  by c o n v e n t i o n a l  t r e a t m e n t  u s i n g  a t r i c k l i n  E f i l t e r  and an 

a c t i v a t e d  s ludge  ba s in .  Resu l t s  have  d e m o n s t r a t e d  t h a t  t h e  C h e m i c a l  Oxygen 

Demand (.COD) and B i o c h e m i c a l  Oxygen Demand (BOD) a re  r educed  to a c c e p t a b l e  

e n v i r o r ~ e u t a l  l i m i t s .  However, i n  t h e  o v e r a l l  w a s t e w a t e r  a l l  e f f l u e n t  f rom 

t h i s  sys t em i s  r e c y c l e d .  

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

The wastewater stream from the MTG plant results from the 

water present in the methanol feed as well as water formed in converting 

l I - 1 . 2 . 1 9 - 1  
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methanol to gasollne. The water produced In the conversion reaction is about 

0,6 pound per pound of  methanol in f e e d ,  

The w a s t e w a t e r  c o n t a i n s  m i n o r  q u a n t i t i e s  o f  d i s s o l v e d  

o r g a n i c  c h e m i c a l  c o n t a m i n a n t s  t o t a l i n g  l e s s  than  0 .2Z by w e i g h t .  T h e s e  

c o n t e m l n a n t e  a r e  p r i m a r i l y  o x y g e n a t e d  o r g a n i c  compounds,  such  as organic 

ac ids ,  a l coho l s ,  and k e t o n e g ,  in  a d d i t i o n  to the  m e t h a n o l  r e s u l t i n g  from 

b r e a k t h r o u g h  J u s t  p r i o r  to c o n v e r s i o n  c a t a l y s t  r e g e n e r a t i o n .  These a re  

essentially removed ~n a wastewater treating facility. 

II --- 

P l l o t  p l a n t  s t u d i e s  on the  a e r o b i c  b l o t r e a t m e n t  of  )fig 

process w a s t e w a t e r  have shown t h a t  t h e  c o n t a m i n a n t s  a r e  b l o d e g r a d a b l e  by 

c o n v e n t i o n a l  t r e a t m e n t  u s i n g  a t r i c k l i n g  f l l t e r  and an a c t i v a t e d  s ludge  

bas in .  R e s u l t s  have demonstrated t h a t  COD and BOD are  r e d u c e d  to  a c c e p t a b l e  

environmental  limits. 

T~eatment steps for / f ig wastewater involve routing the 

wastewater stream to a degasser where the pressure Is lowered to atmospheric. 

The gases are routed to a flare system. The wastewater then is sent to a 

neutralization tank where pH is adjusted with sodium hydroxide solutlon. 

N u t r i e n t s  fo r  b io log ica l  growth (ammonia and phosphoric ac id )  a re  added a f t e r  

the n e u t r a l i z a t i o n  bas in ,  Fol lowing n e u t r a l i z a t i o n ,  the w a s t e w a t e r  i s  pumped 

to a trickling filter. The trlckllng filter effluent flows to an activated 

sludge extended a e r a t i o n  u n i t .  

The w a s t e  a c t i v a t e d  s l u d g e  from the  t r e a t m e n t  p r o c e s s  Is  

conventional aerobic blologleal sludge, which Is dewatered In the inert 

solids treatment system and then stored in the nonhazardous landflll. The 

organic content is hlgh since there is little or no inert materlal in the raw 

HTG process  w a t e r .  

I n  a d d i t i o n  to  t he  p rocess  water  d i scussed  above,  the re  are 

25 gpm of  s p e n t  c a u s t i c  c o n t a i n i n g  6 I  o f  sod ium s u l f t t e  and  s o d i u m  

b i c a r b o n a t e  d e v e l o p e d  d u r i n g  HCT s e c t i o n  c a t a l y s t  r e g e n e r a t i o n ,  25 gpm of  

domestic sanitary wastewater, and 740 gpm of pretreaCed surface water runoff 

termed o l l y  water. 

I I - 1 . 2 .19 -2  



I n  t h e  I n t e g r a t e d  c o m p l e x  p r o d u c i n g  g a s o l i n e  £ rom 

c o a l - d e r l v e d  s y n t h e s i s  ga s ,  about  40 volume p e r c e n t  o f  t h e  b l o t r e a t e d  w a t e r  

£rom t h e  P r o c e s s  Water Trea tmen t  Unlt  is  s e a t  to  a d e a e r a t o r  to remove gases  

and then to  the g o a l £ 1 c a t l a n  u n i t  as makeup w a t e r .  The remainder  o£ t h e  w a t e r  

t r e a t e d  In t h i e  system i s  r o u t e d  to c lean  p roces s  w a t e r  makeup. 

D. ,Risk Aa, sess=ent 

B i n . . - _ _ _  

The P r o c e s s  U a t e r  T r e a t m e n t  u n i t  c o n t a i n s  c o n v e ~ t i o n a l  

b i o t r e a t m e n t - t y p e  equipment t h a t  i s  in  gene ra l  u se  t h r o u g h o u t  the  p e t r o l e u m  

and -~emica l  I n d u s t r l e s .  The t e c h n i c a l  r i s k  Xs min imal .  
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E 

P.__  

E. P r o c e s s  F low and C o n t r o l  Di,aBrame ( I n c l u d i n g  N a t e r i a ~  

Balance) 

P r o c e s s  F l o w  and C o n t r o l  D i a g r a m s  f o r  P r o c e s s  Water  

Treatment Unit 39 are as £ o l l o w s :  

Drawing No. T i t l e  

D-39-MP-II~P PFCD Process  Water Treat ing  

D-39-NP-21~P Material Balance - Process  Water Treat ing 

C 

/' 
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