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6 . 2 . 1 2  AMMONIA RECOVERY - UNIT 18 

6.2.12.1 DESIGN BASIS 

Purpose of Unit 

P u r p o s e  o f  t h i s  un i t  is  to r e c o v e r  t h e  ammonia in  t h e  gas l i q u o r  from t h e  
P h e n o s o l v a n  un i t  and  to p r o d u c e  an a n h y d r o u s  ammonia p r o d u c t .  The  

s t r i p p e d  g a s  l iquor  i s  s e n t  to the  w a s t e w a t e r  t rea tment  u n i t .  T h e  acid gas  

c o n t a i n i n g  mainly HzS and  CO z g e n e r a t e d  in  t h e  uni t  i s  s e n t  to the  

Stretford unit for sulfur recovery. 

Scope of Unit 

The unit includes IFE solvent stripping followed by total acid gas stripping 

of the incoming gas liquor, selective solvent (phosphoric acid) absorption 
o f  ammonia from t h e  acid g a s e s  g e n e r a t e d  in  t h e  s t r i p p e r ,  s o l v e n t  r e g e n -  

era t ion  and pur i f i ca t ion  o f  the  ammonia to a n h y d r o u s  ammonia p r o d u c t  for  

s a l e s .  The  NH 3 r e c o v e r y  p r o c e s s ,  ca l led  Phosam-W, i s  l i c e n s e d  b y  U . S .  
Steel. 

General Design Criteria 

The unit consists of two 50 percent parallel trains. The pumps, all motor 

driven, are sufficiently spared to provide reliable operation. The unit 

onstream factor is compatible with the overall plant stream factor of 
332 days per year. 

Process Performance Objectives 

The process is expected to recover approximately 93 to 94 percent of the 

NH s in the feed liquor. Product is in the form of 99.5 percent pure 
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6.2.12. i (Continued) 

anhydrous ammonia liquid. The stripped liquor contains no more than 

70 ppm weight of free ammonia and less than 25 ppm weight each of HsS 

and CO s . 

Feedstock 

Gas Liquor from Phenosolvan 

Feed Rate 

NH 3 in Feed Liquor 

(Free & Fixed) 

Battery Limit Conditions: 

9 ? 3 , 6 0 4  l b / h r  

6 , 7 8 3  l b / h r  

Temperature 120°F 

Pressure 100 psia 

Products 
A n h y d r o u s  Liquid Ammonia P roduc t  

Production Rate 6,398 Iblhr 

NHa 

HsO 

Battery Limit Conditions: 

o r  7 6 . 8  S T / S D  

99.5% 

0.5% 

T e m p e r a t u r e  

P r e s s u r e  

943,951 lb/hr 
o r  1 , 8 8 6  gpm 

70 ppmw 
25 ppmw 

T e m p e r a t u r e  
P r e s s u r e  

Stripped Gas Liquor Effluent 

Liquor Flow Rate 

Free NH s 
COs, HaS 

B a t t e r y  Limit Condi t ions :  

100°F 

220 psia 

100OF 

145 ps ia  
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6.2.12.1 (Continued) 

Acid Gases 

Flow Rate 

Composition (dry) : 

Bat te ry  Limit Conditions: 

560.61b-mollhr 
or 23,255 lb/hr 

CO~ 

H2S 
NH~ 

99.15% 
0.85 

<_500 ppmw 
Tempera ture  

Pressure 

120°~F 

20 psia  

Utility Re_quirements 

Steam consumed (600 psig sat 'd)  

Steam consumed (100 psig sat 'd)  

Electric Power 
Cooling Water (aT = 30°F) 
Phosphoric add (100 %) solvent makeup 

required 

Sodium Hydroxide (50 % solution) 

r equ i r ed  

80,000 lb/hr 
142,200 I b / h r  

480 kW 
8,165 gpm 

102 tons/year 

552 t o n s / y e a r  

6,2.12.2 PROCESS DESCRIPTION 

The process  flow sketch of t he  un i t  is shown on Drawing 

No. 835704-18-4-101. Material balance and equipment  list  (Tables  6.2.12-1 

and 6.2.12-2) for  the  un i t  follow. 

The gas l iquor  feed to the uni t  from Phenosolvan ext rac t ion section con- 

tains recoverable  IPE solvent .  After  p rehea t ing  with the  sour  water 

s t r ipper  bottoms, the solvent is s t r ipped  from feed l iquor with n i t rogen-  

r ich  gas in the  solvent s t r ipper .  The so lvent - r ich  gas is recyc led  to the 

Phenosolvan uni t .  The gas l iquor from the  bottom of solvent  s t r ippe r  is 

p rehea ted  us ing  s t r ipped gas l iquor  eff luent  from the  uni t  and sent  to the 
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6 .2 .12 .2  (Con t inued )  

sour water stripper, In the steam-reboiled sour water stripper, volatile 

components, CO z, H~8, HCN and NH 3, are stripped from the gas liquor. 

The stripped gas liquor is cooled preheating the feed streams and pumped 

to  the  Waste ~ a t e r  T r e a t i n g  urd t .  SHpst reams of  the  s t r i p p e d  gas  l iquor  

a re  r e c y c l e d  to  t h e  Phenoso lvan  and  Naph tha  Hydz.o t rea t ing  u n i t s .  

The  o f fgas  from t h e  s o u r  wa te r  s t r i p p e r  flow to the  a b s o r b e r ,  where  

ammonia i s  se lec t ive ly  a b s o r b e d  in to  an ammonium phospha t e  so lu t ion .  The  

unabsorbed acid gases (CO s , HsS and flCN) are directed to the $tretford 

section of the Sulfur Recovery unit. Ammonia-rich solution leaving the 

absorber bottom is regenerated in a steam-reboiled stripper. The phos- 

phate solvent is recycled to the absorber with some fresh phosphoric acid 

makeup .  The  ammonia r e l e a s e d  from t h e  s t r i p p e r  is  condensed  a n d  f e d  to  

t he  f r a c t l o n a t o r .  The  s t eam-rebo i l ed  f r a c t i o n a t o r  column p u r i f i e s "  t h e  
ammonia to produce liquid anhydrous ammonia which is sent to storage. 

The water removed at the bottom of the fractionator is recyQled to the 

sour water stripper. 
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TABLE 6 . 9 - .  12-I 

MATERIAL BALANCE 

AMMONIA RECOVERY - UNIT 18 

Stream Number 

Stream Name 

18-1 18-2 18-3 18-4 

Gas Liquor Ammonia Stripped Gas Acid Gas to 

Feed Product Liquor Stretford 

CO~, Iblhr 

H~S, Iblhr 

H~O, Iblhr 

Phenols, Ib lhr 

Fatty Acids, Ib I hr 

Ammonia, Ib/hr 

HCI, Iblhr 

22,161 

148 

942,920 

301 

1,106 

6,783 

185 

34 

6,364 

10 

941,930 

301 

1,106 

419 

185 

22,151 

148 

956 

TOTAL, lb lhr  973,604 6,398 943,951 23,255 

Pressure, psia 100 220 145 20 
Temperature, °F 120 100 100 120 

NOTE: Flow quanti t ies ,  pressures ,  and temperatures shown are for the 

total uni t  on a stream-day b a s i s ,  are to be used  solely for 

process des ign purposes ,  and are not necessarily "~he conditions 

which will be attained during actual  operations. 
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Item No. 

18VL-0101 

18VL-0102 

18VL-O103 

18VL-0104 

18VL-0105 

18DM-0101 

18DM-0102 

18TK-0101 

18E-0101 

18E-0102 

18E-0103 

18E-0104 

18E-0105 

18E-0106 

18E-0107 

18E-0108 

18E-0109 

18E-0110 

18E-0111 

T A B L E  6 . 2 . 1 2 - 2  

EQUIPMENT LIST 

AMMONIA RECOVERY - UNIT 18 

Equipment Name 

Sour Water Str ipper 

Absorber  

Str ipper  

Fractionator 

IP~. Solvent  Stripper 

Fraetionator Feed Tank 

Ref lux  Drum 

Phosphoric  Acid Tank 

Str ipped  Liquor Cooler 

Sour  Water Stripper Rebofler 

Liquor Feed Preheater 

Absorber  Solvent  Pump-A 

Solution Exchanger  

Lean Solution Cooler 

Str ipper  Reboiler 

Str ipper  Condenser  I 

Str ipper  Condenser  II 

Fraetionator Reboiler 

Fractionator Condenser 

~und Cooler 

6-153 

Number Required 

• o~e~. spare 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

1 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 
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Item No. 

18P-0101 A/B 

18P-0102 A/B 

18P-0103 A/B 

18P..-0!04 A]B 

18P-0105 

18P-0106 A]B 

NOTE : 

TABLE 6.9. .12-2 (Continued)  

EQUIPMENT LIST 

AMMONIA RECOVERY - UNIT 18 

Equipment Name 

St~pped  Liquor Pump 
Absorber Bottoms Pump 

Fractionator Feed Pump 

Ammonia Pump 

Phosphoric Acid Pump 

Sour Water Str ipper  Feed Pump 

Train No. 2 equipment  numbers  which 

same as indicated above except  the 
instead of 01. 

Example: Train No. 1 

18VL-0101 I 

Number Required 
Oper. 

2 2 
2 2 

2 2 

2 2 

1 0 

2 2 

are not shown are the 

tra in  des ignat ion i s  09. 

Train No. 2 

18VL-0201 
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S E C T I O N  6 . 2 . 1 3  

S U L F U R  R E C O V E R Y  - U N I T  1 9  

6.2 .13 .1  DESIGN BASIS 

Purpose of  Unit 

The purpose o f  the  Sulfur Recovery unit  is  to recover sulfur from acid 

gas streams generated  in the process  area.  The majority of  the acid gas 

is recovered in the  Lurgi selective Reetisol  gas purification unit  from raw 

gas produced in the Gasification and POX units .  Other streams treated 

are sour gases from Gas Liquor Separation,  Ammonia Recovery ,  and 

Naphtha Hydrotreat ing.  Molten sulfur is  recovered as a saleable product .  

Scope of  Unit 

The unit includes  the following sections:  

ADIP - for hydrocarbon removal and H~S enrichment 

Claus - for recovery  of sulfur from high HzS concentration streams 

SCOT - for conversion of sulfur compounds in Claus tail gas to HaS 

Stretford - for  removal of H~S from low HzS concentration streams 

The configuration of the sections is given in Figure 6.2.13-I. Each sec- 

tion is described in more detail below. 

General Desi~. Crlteria 

Operation of  the Sulfur Recovery unit is  compatible with the overal l  plant 

onstream factor of 332 days per year. Spare equipment is provided in 

critical services  based  on licensor current  practice.  All rotating equipment 

are motor driven.  Of the sulfur en ter ing  the unit ,  98.7 percent  is 

recovered as saleable grade yellow sul fur .  
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6 . 2 . 1 3 . 1  (Continued) 

Feedstocks 

Table 6.2.13-I gives the compositions, flow rates, and battery limit con- 

ditions of the primary feedstocks. 

Possible contaminants include CH30H and NH a in the Reetiaol and Ammonia 

Recovery unit gases respectively. 

Products  

Sulfur 

Sulfur is produced at the rate of 87.2 tons per day and leaves the unit  at 

285oF and 50 psia.  The product specification is  as follows: 

Purity 99.8 wt % (rain) 
CaCbon Content  0,06 wt % (max) 

Ash Content 0,06 wt % (max)  

Free Acidity 0.003 wt % (max) 

Free of As, 8e, Te 

Color Bright Yellow 

State Molten 
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6 . 2 . 1 3 . 1  (Continued)  

Flue Gas 

Flue gas to be incinerated leaves  the unit  at the rate of 11,838.1 lb-mol/hr 

at 100°F and 18 psia. The gas has  the following composition: 

Component Mol % 

CO s 87.9 

HsS 10 ppmv 

COS 240 ppmv 

CO 0.2 

fl z 0.6 

CH 4 0.3 

Cs+ 0.6 

N 2 4.5 

Hs0 5.9 

Utilities 

Steam 

100 ps ig  

50 psig 

BFW 

Condensate 

Cooling Water 

Fuel Gas 

R e d u c i n g  Gas (99.5% Hs) 

Electric Power 

21,900 
22,900 
29,300 

1,500 

2,900 

Iblhr produced 

Iblhr consumed (net) 

Iblhr consumed 

Ib/hr consumed 

gpm (A T = 30°F) 

11.6 MM Btulhr  consumed 

12.6 lb -mol /hr  

3,000 kW 
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6.2.13.1 (Continued) 

ADIP Section 

The ADIP sect ion  treats  the H~S rich gas  from the  Reetisol un i t .  A por-  

tion of  the  gas bypasse s  the  ADIP absorpt ion  column to maintain tempera- 

ture Control in the  Claus furnace.  

The maximum H~S content in the ADIP reject gas stream is 1000 ppm. The 

reject stream is  further  treated in the Stret ford sect ion.  

The H2S enriclled gas stream which is fed to the Claus section contains 

40 mol percent  HzS. 

The ADIP sect ion consis ts  of  two 50 percent  capacity tra ins .  Each train 

may be s chedu led  for a shutdown,  of a s e v e n  days  maximum durat ion ,  once 

every  e ighteen  (18) months for routine inspect ion  and maintenance.  

Claus Section 

The Claus sect ion  treats the HzS enriched gas from the  ADIP sect ion.  

Ninety-three percent of the HzS entering the Claus section is recovered as 

saleable grade yellow sulfur. 

The sect ion cons i s t s  of two 50 percent  capacity  tra ins .  

SCOT Section 

The SCOT section converts the SOs, COS, and molecular sulfur present in 

the Claus tailgas to HaS. 

Hydrogen from the Hydrogen Production unit is used as the reducing gas. 
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6.9. .  1 3 . 1  ( C o n t i n u e d )  

The treated gas is  routed to the  Stretford section for  HiS removal. 

Water condensed in the quench column is routed to Phenosolvan 

treatment. 

for 

The SCOT section consis ts  o f  two 50 percent  capacity trains.  

turndown to 40 percent  of  des ign can be achieved.  

Stretford Section 

Feed to the  Stretford sect ion consis ts  of: 

A train 

H~S lean gas from Rectisol unit  

Sour gas from Naphtha Hydrotreating unit 

Off gas from Ammonia Recovery unit 

Expansion gas from Gas Liquor Separation unit 

Reject gas from the ADIP Section 

Tailgas from the SCOT Section 

H~S is  removed to 10 ppmv in the vent gas .  H2S conversion to sulfur is  

99.9 percent .  

The section consists  of  two 50 percent  capacity trains.  
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6 . 2 . 1 3 . 2  P R O C E S S  D E S C R I P T I O N  

The Su l fu r  Recovery  un i t  cons i s t s  of  four  sec t ions  u s i n g  t he  following 

p rocesses :  ADIP, l icensed  b y  Shell ;  Claus ,  de s igned  b y  Fluor ;  SCOT, 

l icensed by  Shell; and  S t r e t f o r d ,  l i censed  by  Peabody Holmes. The  ADIP 

section t r e a t s  the  H2S-rich gas from Rectisol  to en r i ch  t h e  H2S con ten t .  

Sul fur  is r e c o v e r e d  from the  e n r i c h e d  gas in  the  Claus Sect ion.  The SCOT . :  

Section c o n v e r t s  su l fu r  compounds  in t h e  Claus ta i lgas  to H~S. The  

S t r e t fo rd  sec t ion  removes  H2S from the  following s t reams:  SCOT ta i lgas ,  

ADIP of fgas ,  Rectisol  H2S-lean gas ,  Gas Liquor  Separatiofi  expans ion  gas ,  

Ammonia Recovery  of fgas ,  and  Naph tha  H y d r o t r e a t i n g  sou r  gas .  

Process  flow ske tches  are  p r e s e n t e d  on Drawing Numbers  835704-19-4-101, 

835704-19-R-102, 835764-19-4-103, and  835704-19-4-104. The  un i t  material  

balance (Table  6 .2 .13-2)  and equ ipment  l is t  follow the  d r awings .  The  plot  

plan is shown on Drawing No. 835704-19-4-050. 

ADIP Section 

The major po r t ion  of the  H=S-rich gas  from Rectisol  e n t e r s  t he  ADIP 

abso rbe r .  The  remainder  b y - p a s s e s  t he  ADIP p rocess  and  flows d i rec t ly  to 

the Claus sec t ion .  

In the  a b s o r b e r  H~S and CO~ are  abso rbed  c o u n t e r c u r r e n f l y  b y  an amine 

solution.  The  H~S level in the  gas is  r e d u c e d  to 1,000 p p m v ,  and  i t  is  

f u r t h e r  t r e a t e d  in the  S t r e t fo rd  sec t ion .  The  H2S- and  CO~-r ich amine 

solution flows from the  bottom of  t he  a b s o r b e r ,  is  hea t ed ,  and  flows to the  

s t r i p p e r .  The  r ich  amine solut ion is  s t r i p p e d  and  becomes ho t  lean amine 

solution at t he  bottom of the  s t r i p p e r .  A L P  steam reboi le r  p rov ides  hea t  

for  t he  s t r i p p i n g  p r o c e s s .  The  hot  lean amine solut ion is cooled and  

r e t u r n e d  to t h e  a b s o r b e r  as the  abso rb ing  solut ion.  The  s t r i p p e r  o v e r h e a d  

is par t ia l ly  c o n d e n s e d  and  sepvxated .  The  condensa te  is  p u m p e d  back  to 

the  s t r i p p e r  as the  q u e n c h  water ,  and  the  acid gas flows to t he  Claus sec-  

t ion for  f u r t h e r  t r e a tmen t .  
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6.2.13.2 (Continued) 

Claus Section 

Most of the acid gas from the ADIP section flows to the combustion furnace 

where the H,S is partially combusted to SO s. The gas stream which 

bypasses the ADIP process is used to control the temperature in the fur- 

nace. Combustion air is supplied by a blower. The ratio of acid gas to air 

is controlled to maintain a volumetric HaS/SO s ratio of 2:1. A slipstream of 

the acid gas is sent to each of three reheat furnaces, providing the tem- 

perature required for the converter operation. 
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Hot gas  from the  combustion furnace  p a s s e s  through  the waste heat boi ler ,  

produc ing  medium pres sure  steam, and. t h r o u g h  the  f irst  sul fur  condenser .  

The gas  i s  then  reheated b y  combust ing a sl ip stream of  the  acid gas in  the 

f irst  reheat  furnace .  After leaving  the f irs t  reheat furnace ,  the  SO s and 

HaS in  the  gas are reacted over catalyst  in  the  :first converter  to produce  
: '::, 

sulfur. The sulfur is condensed in the second :i;ondenser against BFW, pro- 

ducing low pressure (LP) steam. 

The gas is reheated by combusting a slip stream of the acid gas in the 

second reheat furnace. In the second converte~. SO s and HaS react to form 

sulfur which is condensed against BFW in the third condenser. Low pres- 

sure steam is produced in the condenser. 

The gas is again heated by the combustion of the remaining acid gas in the 

third reheat furnace. Sulfur is formed by the reaction of SO s and HaS in 

the third converter and is condensed in the fourth condenser. The tait-gas 

which contains COS and CS s in addition to unreacted HaS and SO s flows to 

the SCOT section for further processing. 

Liquid sulfur flows by gravity from the condensers to the sulfur pit. 

Sulfur is transferred by pump to the tank farm for dispatch. The sulfur 
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6.2.13.2 (Continued) 

lines and seal legs are steam jacketed, and the sulfur pit is heated by 

steam coils. 

SCOT Section 

Tailgas from the Claus Section enters  the  SCOT furnace  where it is  heated  
by the  combustion of  fuel  gas .  The  hot gas  is  mixed with h y d r o g e n  gas  

b e f o r e  e n t e r i n g  the SCOT reactor .  The  s u l f u r  compounds  in  the gas  are  

reduced to HsS over the catalyst  bed .  The gas i s  cooled in a waste heat  

boi ler,  producing  LP steam, and further  cooled b y  direct  contact with 

quench  water in the quench  column. The gas  then  f lows to the Stret ford 

sect ion where the HsS is  remo~,ed. The condensate  formed during  cool ing 

is  pumped to the Phenosolvan uni t  for treatment.  

Stretford Section 

Gases  containing H~S from Rect i so l ,  Gas Liquor Separat ion ,  Naphtha Hydro-  

t rea t ing ,  Ammonia R e c o v e r y ,  and the ADIP and SCOT sec t ions  of Su l fur  

R e c o v e r y  are combined b e f o r e  en ter ing  the S t r e t f o r d  p r o c e s s .  

The gas is washed with regenerated Stretford solution in the venturi 

absorber/reaction tank, The H2S is selectively absorbed into the alkaline 

solution, The hydrosulfide formed reacts with vanadium in the Stretford 

solution and is oxidized to elemental sulfur, The liquor is regenerated .by 

air blowin E in the oxidizer tanks; the reduced vanadium is regener~bted 

through a mechanism transferring oxygen via anthraquinone disulfonic acid 

(ADA). The sulfur is removed from the solution by air flotation, producing 

8 froth containing the sulfur. The froth over/lows the oxidizing tank into 

a skim tank. Next, it is heated to produce the molten sulfur product. 

Vent gas from the Stretford umt, containing volatile organic carbon .(VOC), 

HsS, and COS is routed to the Process Steam Superheater for combustion. 
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6.2 .13.2  (Cont inued)  

VOC is  c o n v e r t e d  to CO~, and t he  remaining H~S and COS are  conver ted  to 

SO 2 • 

A port ion of the  abso rbed  su l fu r  forms sodium sulfate and  sodium th io- 

sulfate salts which are broken down to recover usefu l  const i tuents. 

Reaction o f  sulfa te  and thiosulfate  sal ts  is  accomplished in the  f ixed salt 

r ecove ry  a rea  (FSR) b y  he~ting a sl ipstream of the solut ion.  The FSR 

conver t s  t he  su l fur  compounds to H2S for  r ecove ry  in the  main abso rbe r .  

Valuable vanadium salt  is r e c o v e r e d .  The waste water  p u r g e  stream asso-  

ciated with the  S t r e t fo rd  process  is eliminated. 
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TABLE 6.2.13-~ 

MATERIAL BALAN 

SULFUR RECOVERY - 

Stream Number 19-I 19-2 19-3 

HzS-Rieh Gas Offgas to 
Stream Name From Reetisol Condensate Stretford 

Component Ib-mol/hr Mol% Ib-mol/hr Mol% Ib-mol/hr Molt 

N2 
09 

CO 
CH~ 
C~H6 
csHs 
C4Hio 
CO~ 
HzS 
COS 
SO 2 
$6-S 8 

0.4 0.05 0.3 0.( 
10.5 1.18 8.1 i.,' 
7.2 0.81 5.4 1.( 

717.7 80.86 501.9 96. c. 
150.0 16.91 0.5 0.] 

1.7 0.19 1.3 O.; 

Total Dry Gas 887.5 100.00 517.5 
H20 13.1 29.5 
Total Wet Gas 900.6 - 547.0 

100.( 

Dry Gas, Iblhr 37,696 22,864 
HzO, Ib/hr 236 470 531 
Naphtha,  l b / h r  211 
Sul fur ,  l b / h r  

TOTAL, Ib/hr 38,143 470 23,395 

Pressure, psia 
Temperature, °F 

25 60 22 
80 290 100 

NOTE: Plow quan t i t i e s ,  p r e s s u r e s  and t empera tu re s  shown for  t he  total uni t  
purposes and are not necessarily the conditions which will be attained 



TABLE 6.2.13-2 

MATERIAL BALANCE 

SULFUR RECOVERY - UNIT 19 

19-3 19-4 19-5 19-6 

Offgas to Process Gas Atmospheric Air to 
~ate S t r e t fo rd  to Claus Air SCOT 

M o l ~  lb -mol /h r  M o l ~  lb-mol /hr  M o l ~  lb-mol/hr M o l ~  lb-mol /hr  Mol~ 

530.1 ?9.00 80.6 T9.00 
140.9 21.00 21.4 21.00 

0.3 0.06 0.1 0.03 
8.1 1.57 2.4 0.65 
5 . 4  1.04 1.8 0.48 

501.9 96.98 215.8 58.31 
0.5 0.10 149.5 40.42 
1.3 0.25 0.4 0.11 

517.5 100.00 370.0 100.00 671.0 100.00 102.0 
29.5 9.T 13.4 2.0 

54T.0 379.7 684.4 104.0 

100.00 

22,864 14,832 19,360 2,943 
170 531 175 241 36 

211 

tT0 23,395 15,218 1~,601 2,979 

60 22 28 24 24 
190 100 100 180 180 

shown for the  total unit  on a s t reamday basis,  are  to be used  solely for  process  des ign 
ms which w/ll be  a t ta ined du r ing  actual operat ions.  

USP- OR I:~CLfSUllE QF n K M  DATA | 
I| IU6JY.C110 ~H£ M.ISl|ICIIOfl, Oil 1~  Ir l 

NOTIC,! ft/WC AT ~ FIre[IT ~F THIS UFCM 

I 



TABLE 6.2.13-2 

MATERIAL I: 

SULFUR RECOVEI 

Stream Number  19-7 19-8 19- 

Redueinl 
Su l fur  to Tailgas to from Hyq 

Stream Name Tank  Farm SCOT Produ~ 

Component lb -mol /h r  M o l %  lb -mol lh r  Mol% lb-mol /h  

H 2 0 .1  0 .01  
N= 449.5 63.73 
03 
CO 0.03 
c.; [-.I ~, 
CzH6 
c31% 
C4Hlo 
CO S 246.0 34.88 
HzS 5.5  0.78 
COS 0.8 0.11 
SO~ 3.2 0.45 
$6-S 8 0.2 0.03 

12.5 
0 . I  

Total Dry Gas 705.3 100.00 12.6 
HzO 192.9 
Total Wet Gas 898.3 

Dry Gas, l b / h r  23,905 
HzO~ l b / h r  3,475 
Naphtha ,  l b / h r  
Sul fur ,  l b i h r  4,460 

TOTAL, l b / h r  4,460 27,380 

P r e s s u r e ,  ps ia  
Tempera tu r e ,  °F 

50 18 
285 280 
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TABLE 6 . 2 . 1 3 - 2  (Continued)  

MATERIAL BALANCE 

SULFUR RECOVERY - UNIT 19 

19-9 19-10 19-11 19-12 

R e d u c i n g  Gas SCOT Tail-  Offgas from 
from Hydrogen gas  to Wastewater Naphtha 

Production Stretford to Phenosolvan Hydrotreating 

~1% Ib-mol/hr Mol% Ib-mol/hr Mol% Ib-mollhr Mol% Ib-mollhr Mol% 

1.01 12.5 99.21 7 .8  0.97 6.5 47.10 
~.73 0 .1  0 .79 530.1 65.87 1.6 11.60 

|.88 256.0 31.81 
).78 10.9 1.35 
}.11 
}.45 
).03 

2.2 15.94 
1.0 7.25 
0.6  4.35 
0.4  2.90 

0.1  0 .72 

0.1  0 .72  
1.3 9 .42  

~.00 12.6 100.00 804.8 100.00 13.8 
- -  61.8 0 

866.8 13.8 

100.60 

5 29 26,505 223 
5 1,113 3,133 

0 29 27,618 3,133 223 

8 900 20 65 20 
0 380 100 100 100 

I I~  OR OISCL~BURE OF R|~m OATA l 
IS SQUI~.Cr W 1H£ M|IIICllOlt ON 1H| ! H~I~ rAO~ AT THE FIWN'I I~ THI| R|P~m 
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TABLE 6.2.13-2 (Contim 

MATERIAL BALANCE 

SULFUR RECOVERY - 

Stream Number 19-13 19-14 19-15 

Offgas from Expansion Gas H2S Lean 
Ammonia from Gas Liquor Gas from 

Stream Name Recovery Separation Rectisol 

Component Ib-mol!hr M o l %  Ib-mol/hr M o l %  Ib-moI/br Mol% 

H~ 17.7 11.59 35.4 0.38 

N2 
02 127.0 16.08 
CO 8.6 5.63 18.7 0.20 
CH 4 7.4 4.85 

CzH~ 21.2 0.23 
C3~ 1.8 0.02 
C~Hlo 
CO~ 503.3 99.15 116.0 75 97 9,046.8 97.88 
HzS 4.3 0.85 3.0 1.96 67.6 0.73 
COS 1.5 0.02 

SOs 
S o-~o 

Total Dry Gas 507.6 100.00 152.7 100.00 9,243.3 100.0____.O0 
HzO 53.0 9.~ 
Total Wet Gas 560.6 162.2 

Dry Gas, Ib /hr  22,299 5,603 
HzO, Ib /hr  956 172 
Naphtha, Ib lh r  
Sulfur, Ib lhr  

403,382 

TOTAL, lb lh r  23,255 5,775 403,382 

Pressure, psia 
Temperature, °F 

20 20 23 
120 135 75 
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BLE 6.2.13-2 (Continued) 

~iATERIAL BALANCE 

~FUR RECOVERY -UNIT 19 

19-1.5 19-16 19-17 19-18 

H~S Lean Vent  Gas to 
Gas from Oxidat ion Sul fur  to Process  Steam 
Reot i so l  Vent  Tank Farm S u p e r h e a t e r  

lb-mol/hr Mol% lb-mol/hr M o l ~  lb-mol/hr Mol% lb-mol/hr Mol% 

35.4 0.38 67.4 0.60 
649.4 82.20 531.? 4.77 

18.7 0.20 

21.2  0.23 
1 .8  0.02 

9 , 0 4 6 . 8  9'7.88 
67 .6  0.73 

1 .5  0.02 

13.6 1.72 

27.4 0 .25 
32 .1  0 .29  
29 .1  O. 26 
29.9 0 .27 

7 .6  0 .07  
10 ,409 .8  93.46 

0 .1  
2 .8  0 .03  

9,243.3 100.60 790.0 100.00 
11.5 

801.5 

11,137.9 100.00 
?00.2 

11,838.1 

403,382 22,856 477,256 
20? 12,615 

2,805 

403,382 23,063 2,805 489,871 

23 13.5 50 18 
75 104 285 100 
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TABLE 6.2 . 13-3 

EQUIPMENT LIST 

SULFUR RECOVERY - UNIT 19 

Item No. Equipment Name 

Number Required 

Oper. spa ___ e 

ADIP SECTION 

19DM-0111 

19DM-0112 

19VL-0111 

19VL-0112 

19E-0111 

19E-0112 

19E-0113 

19E-0114 

19FT-0111 

19P-0111 A/B 

19P-0112 A/B 

19P-0113 AIB 

S t r i p p e r  Feed S u r g e  Drum 

Accumulator  

Absorbe r  

Solvent  S t r ippe r  

Lean/Rich  Solvent  E x c h a n g e r  

Lean Solvent Cooler  

S t r i p p e r  Reboiler 

S t r i p p e r  Reflux Cooler  

Fi l ter  

S t r i p p e r  Feed Pump 

Lean Solvent Pump 

Ref lux  Pump 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 2 

2 2 

2 2 

CLAUS SECTION 

( 

19DM-0121 

19TK-0121 

19RE-0121 

19RE-0122 

19RE-0123 

19HT-0121 

19HT-0122 

Steam Drum 

Sulfur Pit 

F i r s t  Conver te r  

Second Conver t e r  

T h i r d  Conver te r  

Combustion F u r n a c e  

F i r s t  Reheat Fu rnace  

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

6-174 
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TABLE 6 . 2 . 1 3 - 3  (Continued) 

EQUIPMENT LIST 

SULFUR RECOVERY - UNIT 19 

Item No. Equipment  Name 

CLAUS SECTION (Cont'd.) 

19HT-0123 

19HT-0124 

19E-0121 

19E-0122 

19E-0123 

19E-0124 

19E-0125 

19FT-0121 A/B 

19P-0121 A/B  

19C-0121 AIB 

Second Reheat Furnace 

Third Reheat Furnace 

Waste Heat Boiler 

First  Condenser  

Second Condenser  

Third Condenser  

Fourth  Condenser  

Air Fi lter 

Sul fur  Pump 

Air Blower 

SCOT SECTION 

19VL-0131 

19RE-0131 

19HT-OI31 

19E-0131 

19E-0132 

19P-0131 AIB 

19C-0131 A/B 

Quench Column 

SCOT Reactor 

SCOT Furnace 

Waste Heat Boiler 

Quench Cooler 

Quench Pump 

Tai lgas  Blower 

6-175 

Number Required 

oper. spare 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 2 

2 2 

2 2 

2 2 

2 0 

2 0 

2 0 

2 0 

2 2 

2 2 
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TABLE 6.2.13-3 (Continued) 

EQUIPMENT LIST 

SULFUR RECOVERY - UNIT 19 

Item No. Equlpment Name 

Number Required 

oper. sp e 

STRETFORD SECTION 

19VL-0141 

19TK-0141 

19ME-0141 

19ME-0142 

19ME-0143 

Absorber/Reactor 2 

Pumping Tank 2 

Oxidation System 2 

Sulfur Separation and Recovery 2 

System 

Fixed Salt  Recovery System 2 

NOTE: Train No. 2 equipment numbers which are not shown are the same 

as indicated above except the train designation is 02 instead of 

01. 

Example: Trmn No. I Trmn No. 2 

19DM-8111 19DM-0211 

6-176 
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6.2 .14  PROCESS STEAM SUPERHEATING - UNIT 20 

6 .2 .14 .1  DESIGN BASIS 

Purpose o f  Unit 

The Process Steam Superheating unit generates high pressure steam from 

boiler feed water and superheats it along with the excess high pressure 

s+.eam generated in the Methanation and the Partial Oxidation units.  The 

unit also combusts the organic material and sulfur compounds in the Sulfur 

Recovery unit vent gas and the Rectisol unit CO2-rich gas. 

Scope of  Unit 

The unit  consis ts  of  a gas - f i red  combustion chamber with attached waste 

heat recuvery steam generators .  Preheat coils for air and vent  gases are 

also provided.  

General Design Criteria 

The unit  consists  of  two trains ,  each with combustion chamber and waste 

heat recovery .  The unit is compatible with the overall  plant onstream 

factor of  332 days per year .  Spare air blowers are provided.  

Process  Performance Objective 

Complete conversion of sulfur-containing compounds to SO~ and hydro- 

carbons to CO z is expected. 
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6.2.14.1 

Feedstock 

Product 

(Continued) 

Temperature 100OF 
Pressure 2 psig 

Component 

COs 
HsS 

COS 

CO 

Hs 

CH~ 
CsH6 

CsHe 

C~H10 
Nz 

H20 

TOTAL 

Temperature 400OF 

.Component 

CO s 

HsO 

SO z 

O~' 
Ns 
NO~ 

CO 

TOTAL 

lb-mol/hr 
20,363.6 

0.1 

3.2 

27.4 

67.4 

52.3 
82.3 

34.4 

7.6 
531.7 

700.2 

21,870.2. 

lb-moll hr 
21,602.1 

3,326.7 

3.3 

642.0 

11,168.9 

4.9 
0.4 

36,748.3 

6-178 

(78 ppm vol.) 

I | i i I US1 ON OlSt~t25tJIt[ OF G[P~II1 DATA 
/ S  ~SUm~GI'U I f l [  It£Sllt~lDl* ¢~ TH[  

i / ~ i i ,  ~ ~ : 

m 

H • 

i o  ~ ' , ,  



} i 

i 

• • 

. i i 

I 

: . ' . . . }  

" ~ 

• £ f 

• i " !  

i :  i 

J, j•i~ i 

6 .2 .14 .1  (Continued) 

UP, l~fies 

Electric Power 600 kW 

BFW Consumed 190,000 lb /hr  

Steam 

650 ps ig ,  sat'd consumed 722,800 lb /hr  

600 ps ig ,  760°F produced 910,800 lb lhr  

Fuel Gas 340.1 MM Btu /hr  consumed 

6 .2 .14 .2  PROCESS DESCRIPTION 

The process  flow sketch for the Process Steam Superheating unit is  p r e -  

sented on Drawing No. 835~04-20-4-101. The uni~ material balance and 

equipment list follow (Tables 6 .2 .14-1  and 6 . 2 . 1 4 - 2 ) .  

High pressure  steam is generated from boiler feed water and is super -  

heated along with the excess  high pressure  steam generated in the Metha- 

nation unit and the Partial Oxidation unit .  

Heat is  provided by the combustion of, treated gas from the Sulfur Recov-  

ery  unit and C0s -r i ch  gas from the Rectisol unit .  These gas streams 

contain small amounts of  hydrocarbon and sulfur compounds which are con-  

v e t t e d  to carbon dioxide and sulfur dioxide duz~ng combustion. Since the 

gases  do not contain adequate combustible material, assist  fuel  gas is used  

to br ing  the mixture up to the  proper tempera.ture. 

The treated gases and combustion air are preheated by the hot f lue gas to 

minimize the amount o f  assist  fuel  gas required.  The gases are then mixed 

with the air and passed through the ass is t  gas burner  flame. The flue 

gas is  cooled in the waste heat recovery section and is  routed  to the stack 

in the Steam Generation unit (41) .  
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TABLE 6.2.14-1 

MATERIAL BALAN 

PROCESS STEAM SUPERHEAT', 

Stream Number 20-1 20-2 

COs-Rich Gas Vent Gas from 
Stream Name From Rectisol Sulfur Recovery 

Component Ib-mollhr Mol% Ib-mol/hr Mol 

H 2 67.4 O.E 
N z 531.7 4.~ 
CO 27.4 0.~ 
CH~ 20.2  0.20 32.1  0.~ 
CzH6 53.2  0.53 29.1  0. ~, 
C 3 ~  4 .5  0.04 29.9 0.', 
C~,~li o ? .6 0.( 
C09 9,953.8 99.22 10,409.8 93.~ 
H2S 0.02 0.1 
o~.~ 0 .4  0 .01 2 .8  0.( 
SO~ 
Oz 
NO 2 

Total Dry Gas 10 ,032 .1  100.00 11 ,137 .9  
HzO 700.2 
Total Wet Gas 10 ,032 .1  11 ,838 .1  

100.1 

Dry Gas, Ib /hr  440,224 
HzO, Ib/hr  

477,256 
12,615 

TOTAL, Lb/Hr 440,224 489,871 

Pressure ,  psia 25 18 
Temperature,  °F 100 100 

NOTE: Plow quant i t ies ,  p r e s s u r e s ,  and temperatures shown are for the tota) 
des ign purposes ,  and are not necessar i ly  the condit ions which will be 
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TABLE 6 .2 .14-1  

MATERIAL BALANCE 

S STEAM SUPERHEATING - UNIT 20 

20-2 20-3 20-4 

Vent Gas from Flue Gas to 
Sulfur Recovery Oxidant Steam Generation 

Ib-mol/hr Mol% Ib-mol/hr Mol% Ib-mollhr Mol% 

67.4 0.60 
531.? 4.77 10,633.7 79.19 11,168.9 33.42 

27.4 0.25 0.4 0.001 
32.1 0.29 
29.1 0.26 
29.9 0.27 

?.6 0.07 
10,409.8 93.46 13.6 0.10 21,602.1 64.63 

0.1 
2.8 0.03 3.3 0.01 

2,781.1 20.71 642.0 1.92 
4.9 0.01 

11,137.9 i00.00 13,428.4 100.00 33,421.6 
700.2 181.5 3,326.? 

11,838.1 13,609.9 36,748.3 

100.00 

47?,256 387,476 1,284,596 
12,615 3,270 59,934 

489,871 390,746 1,344,530 

18 13 13.5 
100 60 400 

hown are for the total unit on a stream-day basis, are to be used solely for process 
nditions which will be attained during actual operations. 
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T A B L E  6 . 2 . 1 4 - 2  

EQUIPMENT LIST 

P R O C E S S  STEAM S U P E R H E A T I N G  - UNIT 20 

.! 

Item No. 

20DM-0101 

20HT-0101 

20P-0101 A/B 

20C-0101 A/B 

20C-0102 AIB 

20C-0103 AIB 

Number Required 

Equipment Name Oper. Spar.__._£e 

Steam Drum 2 O 

Proeess Steam Superheater  

BFW Circulating Pump 

2 0 

2 2 

Offgas Blower 2 2 

A i r  B l o w e r  2 2 

F l u e  Gas  B l o w e r  2 2 

NOTE: Train No. 2 equipment numbers  which are not shown are the 

same as indicated above except  the  train des ignated i s  02 instead 

of 01. 

Example.: . T r a i n  No. 1 Train No. 2 

20DM-0101 20DM-0201 

6 - 1 8 2  
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6 . 2 . 1 5  

6.2.15.1 

METHANOL SYNTHESIS - UNIT 21 

DESIGN BASIS 

Purpose  of  Unit 

Methanol S.ynthesis un i t  takes  a s l ipstream of  pure  syngas from Reetisol  

and produces  suf f i c ient  methanol to make up for the  loss  of methanol so l -  

v e n t  in  the Rectisol un i t .  

Scope of Unit 

The uni t  includes feed compress ion,  catalytic methanol synthes i s ,  product  

cool ing and f lash.  The  unit  i s  l icensed b y  Lurgi  Mineraloltechnik of  

Germany. 

General Design Criteria 

The uni t  is  des igned as "a small single train ,  package  unit of 30 S T / D  

crude methanol capaci ty .  Since the methanol makeup rate to Rectisol  is  

only  about 6.7 STID,  it  is  expected that the un i t  will be operated at 

capacity only part of the  time. Consequent ly ,  minimal equipment spar ing  

is  provided in the un i t .  

Feedstock 

Pure Syngas  (net  inf low,  i . e .  feed minus recyc le  to Reetisol) 

T o t ~  Feed 88.9 1b-tool/hr 
(1,034 lb/hr) 

6-183 
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6.2.15 .i (Continued) 

Battery Limit Conditions: 

Composition: 

Hz 

N~./Ar (as Nz) 

CO 

CHk 

CzH6 
CO~ 

Products 

Crude Methanol 

Production Rate 

Temperature 68°F 

Pressure 355 psia 

Dry Mol % 

59.0 

0.3 

16.2 

17.6 

0.2 

6.6 

557 lb/hr 

6.7 ST/D 

MeOH 

H~O 

Dissolved CH~ and CO 2 

Battery Limit Conditions: Temperature 

Pressure 

Purge and Flash Gases to Fuel Gas 

Flow Rate 35.6 lb-mol/hr 

(477 lbslhr)  

Battery Limit Conditions: Temperature 

Pressure 

Composition: 

Hz 

N~/Ar (as N 2) 

CO 

CH~ 

CzHs 

CO 2 

MeOH 

HHV 

543 lb /hr  

10 lb /hr  

4 lb /hr  

100OF 

75 psia 

100°F 

75 psia 

Dr 7 Mol % 

35.6 

1 . 1  

6.7 

50.9 

0.8 

4.5 

0.4 

670.3 Btu/SCF 
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6.2.15.1 (Continued) 

Utility Requirements  

Electric Power 

Cooling Water (AT = 30°F) 

Fuel Gas Produced 

65 kW 

80 gpm 

9.05 MM B t u / h r  

6 .2 .15 .2  PROCESS DESCRIPTION 

Drawing No. 835704-21-4-101 is  the p r o c e s s  flow sketch for the  u n i t .  The 

unit material balance and equipment l ist  follow (Tables  6 . 2 . 1 5 - 1  and 

6 . 2 . 1 5 - 2 ) .  The plot  plan is show~ on Drawing No. 835704-21-4-050.  

A slipstream of  pure  synthes i s  gas from the  Rectisol unit  i s  proces sed  to 

produce methanol in suff icient quant i ty  to supply  makeup requirements  for 

the Rectisol  un i t .  The feed gas is  compressed  to about 740 ps ia ,  pre -  

heated in  a f eed-e f f luent  exchanger  and fed to the methanol syn thes i s  

reactor. The fol lowing synthes i s  react ions  occur over the  methanol  s y n -  

thesis  catalyst:  

CO + 2H= --> CHsOH 

COs + 3H2 - - - - - ->  CHsOH + H20 

Both reactions produce  heat which is  removed by  producing steam on the 

shellside of the  syn thes i s  reactor.  The  reactor-eff luent  is  cooled pro.- 

heating the  f eed ,  air cooled, water cooled ,  and the l iquid phase  f lashed.  

The l iquid stream i s  further f lashed at a lower pressure  to remove the 

residual unreae ted  gases .  The convers ion  to methanol per p a s s  through  

the reactor is  low and the vapor  phase  i s  recycled back to the  Rectisol  

unit and combined with pure s y n t h e s i s  gas .  The of fgas  from the  low 

pressure  f lash is  sent  to the plant fue l  gas  system. The methanol-water  

mixture i s  sent  • to the  Methanol Regenerat ion  section of the  Rect isol  uni t ,  

The makeup methanol  combines with the  regenerated methanol and i s  used  

to absorb CO z from SNG and acid g a s e s  from raw gas.  
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TABLE 6.2.15-1 

MATERIAL BALANCE 

METHANOL SYNTHESIS - UNIT 21 

Stream Number 21-1 21-2 21-3 
Syn~ Methanol Purge  Gas 

Stream Name Feed"" to Rectisol to Fuel Gas 

COMPONENT 

H z 52.5 59.03 
N 2 0.3 0 .31  
CO 14.3 16.18 
CH~ 15.7 17.63 
CsH s 0.2 0.22 
CO s 5.9 6.63 
CHsOH 

0.05 

0.07 

12.67 35.58 
0.40 1.12 
2.40 6.74 

18.13 50.94 
0.27 0.75 
1.60 4.49 
0 .13 0.37 

100.00 
Dry  Gas, lb-mol /hr  88.9 ~ 0.12 
HzO vapor ,  Ib-mol /hr  - - 0 -  
Wet Gas. Ib-moUhr 88.9 10O.00 0"12 (3) 

100.00 
YGUT0  

--0-- 
100.00 

4(3) 

100.00 
3s.6 
-0- -0- 

35.6 100.00 

Dry Gas, l b / h r  1,034 477 
H20 vapor ,  l b / h r  
H~O l iquid,  l b / h r  10 - 
CH~OH, l iquid ,  l b / h r  543 - 

TOTAL, l b / h r  1,034 557 477 

Pres sure ,  ps ia  355 75 75 
Temperature,  °F 68 100 100 

NOTES: (1) Flow quanti t ies ,  p r e s s u r e s ,  and temperatures shown are for 
the total unit  on a s tream-day bas i s ,  are to be  used  solely 
for process  des ign p u r p o s e s ,  and are not necessar i ly  the 
condit ions which will be attained dur ing  actual operat ions .  

(2) Represents  ne_._tt s y n g a s  feed  to the unit  (total feed less  
purge  gas recycle to Rect iso l ) .  

(3) Represents  dissolved gases  in the methanol l iquid  stream. 
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Item No. 

21RE-0101 

21DM-0101 

21DM-0102 

21DM-0103 

21E-0181 

21E-0102 

21E-0103 

21C-0101 

TABLE 6 .2 .15 -2  

EQUIPMENT LIST 

METHANOL SYNTHESIS - UNIT 21 

Equipment  Name 

Methanol Reactor  

HP K.O. Drum 

LP K.O. Drum 

Steam Drum 

Reactor Feed-Effluent Exchanger 

Product  Cooler 

Product Trim Cooler 

Feed Compressor  

Number Required 

1 0 

i 0 

I 0 

i 0 

i 0 

i 0 

i 0 

1 0 
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6 .2 .16  M£THANATION - UNIT 22 

6 . 2 . 1 6 . 1  DESIGN BASIS 

Purpose of  Unit 

The methanation unit  receives  pure s y n g a s  from the  Rectisol uni t  and cata-  

lytically reacts  carbon monoxide and carbon dioxide with h y d r o g e n  to pro-  

duce methane.  The subst i tute  natural  gas (SNG) reaction product  f lows to 

the SNG Purif ication and Compression uni t .  

Scope of Unit 

The Methanadon unit  encompasses  the multistage methanation reaction,  

recycle gas compression,  recovery of the heat  of  reaction (by  generat ing  

h igh  pressure  steam),  further  cooling of the  SNG product and condensate  

separation.  SNG purif ication and compression are included in Unit 23. 

The separated condensate  (:100% ~ O )  f lows to the BFW system.  The 

methanation process  i s  l icensed by  Lurgi  Mineraloltechnik of  Germany. 

General Des ign  Criteria 

The unit  cons i s t s  of two 50 percent  capacity parallel  tra ins .  Each train 

consists  of four wet loop recycle methanation reactors in ser ies  followed by  

one damp methm~ation reactor.  In consideration of  critical service  of the 

methanation recycle  compressur,  a spare recycle  compressor,  common to 

both trains ,  i s  ;>rovided. All rotat ing equipment in the uni t  are motor 

dri , ,en.  The onstream factor for the unit  is  compatible with the  overall  

plant stream factor of 332 days  per year.  
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6 . 2 . 1 6 . 1  (Cont inued)  

It is expected that the trains can be overloaded to a certain extent for a 

short time depending upon the performance of the recycle compressor and 

methanated gas compressor downstream of the unit and the maximum cata- 

lyst temperature allowable. The turndown of each of the trains is 

approximately 30 percent of the design capacity. Design catalyst life is 

one year; e~Qected catalyst life is two years. 

Procesr~' formance Objectives 

The plant design is based on a H~/CO molar ratio of 3.65 and a COz con- 

tent of about 6.6 percent volume in the fresh synthesis gas feed. The 

methanation unit can handle a range of synthesis gas conditiohs deviating 

from the design H2/CO ratio and/or CO z content, but it cannot compensate 

for deviations from scheduled stoichiometric number (SN) which is defined 

as: 

H?- 2C z ~ - Cp H5 

SN= 3 CO + 4 CO z 

The des ign  value of ZN is  0.~'835. The h y d r o g e n  content  of product  SNG 

will increase  or decrease as the SN value  of  the syngas  increases  or 

decreases .  Stoiehiometric number': lower than 0.65 should  be avoided as 

the  catalyst  may be damaged.  

Feedstock 

Synthesis Gas Feed 

Dry Gas 

Moisture 

Total Feed Rate 

Battery  Limit Conditions:  

43 ,647 .3  lb -mol /hr  

--0-- 

507,295 l b l h r  

Temperature 

Pressure  

6-191 
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355 psia  
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6.2.16.1 (Continued) 

Composition: 

Component 

Hz 

Nz/Ar (as N s) 

CO 
CH~ 

C z H 6  

COz 

59.03 

0.31 

16.18 
17.63 

0.22 
6.63 

:.,.C, ", 

" , '  . ' .  

.... 2:." 

Products 

SNG 

Dry Gas 
Moisture 
Total Production Rate 

Battery Limit Conditions: 

Composition: 

Component 
Hz 

N~lAr(as N z) 
CO 
CH~ 

CO~ 

Process Condeusate ('100% HsO) 

Total Flow Rate 

18,143.5 lb-moll hr 
64.0 lb-mul/hr 

18,207.5 lb-moll  hr 
or 343,733 lb /hr  

Temperature 

Pressure 

Dry Mol % 

1.24 
0.75 

0.05 
87.53 

10.43 

163,562 lb /hr  
39.6.8 gpm 

6-192 
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Hi BIB 

~,2.16.1 (Continued) 

Battery Limit Conditions: Temperature 

Pressuro 

200°F 

270 psia 

Utility Requirements 

Steam produced (650 psig sat'd) 817,200 Iblhr 

Process Condensate Produced 

Recycle compressor BHP 

Electric Power 

Cooling Water (AT = 30°F) 

Fuel Gas (Intermittent use for 

catalyst activation) 

163,562 Iblhr 

5,500 HP (4120 kW) 

400 kW 

293 gpm 

43.0 MM Btu/hr 

Catalyst Requirements: Initial 

Annual 

6,250 f t  s 

6,250 f t  s 

6 .2 .16.2 PROCESS DESCRIPTION 

The process flow sketch of the unit is presented on Drawin~ 

No. 835704-22-4-101, and the unit material balance and equipment list 

follow (Tables 6.2.16-1 and 6.2.16-2). The plot plan is shown on Drawing 

No. 635704-22-4-050. 

Pure synthesis gas from the Rectlsol unit is reacted in ~his unit to pro- 

duce RNG. The main reactions taking place are conversion of carbon mon- 

oxide (CO) and carbon dioxide (CO 2) into methane (CH4) by reaction with 

hydrogen (Ha). 

CO + 3H s --> CH~+ HsO 

CO s + 4li s --> CH~ + 2HsO 
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6 .2 .16 .2  (Continued)  

Both of these  reactions are promoted by a nickel-containing catalyst and 

are s trongly  exothermic.  A minor quanti ty  of  ethane present  in the  gas is 

also hydrogenated to methane as follows: 

C2H6 + [']z ~ >  2CH 

Heat released by the exothermic react ions is used to generate high pres -  

sure steam. The synthesis  reactions are carried out in four wet metha- 

nation reactors in series  followed by a damp methanator. 

The fresh synthes l~  gas feed to the unit  is preheated against the  last wet 

methanator product and split into four streams. Feed to the f irst  metha- 

nation reactor is flow-controlled in proportion to the recycle  flow from the 

fourth wet methanator circulated by the recycle compressor.  The mixture 

ratio is approximately five parts recycle  gas to one part o f  f resh  syngas .  

This ratio, the  feed composition, and the inlet temperature to each of  the 
.~. 

wet reactors are contzolled to give the same effluent temperature for a l l  

reactors.  The combined fresh feed and recycle feed to the wet reactors 
are at 554OF. 

The reactors operate at pressures  ranging from 350 t o  320 psia in a 

descending' order from first to fourth reactor.  The ef f luent  from the first 

reactor is cooled in a waste heat boi ler producing high pres sure  steam. 

The cooled gas is rich in methane and water vapor,  but contains very  

little CO, which makes it suitable for use  as a diluting medium for addi- 

tional fresh synthes i s  gas. The cooled gas is mixed with a controlled 

quantity of  f resh  syngas  and fed to the second methanation reactor.  The 

reactants in the  fresh feed are methanated with the f irst  reactor product 

acting as a heat sink to moderate the  temperature at the  outlet .  The 

eff luent is cooled again in a waste heat boiler,  mixed with additional fresh 

syngas  and fed  to the third and fourth reactors/coolers  where the process  
is repeated. 
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6.2.16.2 (Continued) 

The effluent from the fourth waste heat boiler is divided into two streams: 

A recycle stream, which is recompressed and mixed with the fresh feed to 

the first reactor and a product stream which is processed further as 

follows. 

The product stream from the fourth methanator is cooled against the fresh 

syngas feed to the unit, deaerator feedwater (BPW) and air cooled to 

230°F. A portion of the product water from the methanation reaction con- 

denses and is removed in a liquid/vapor separator drum. The gas is pre- 

heated in a feed-effluent exchanger and fed to the damp methanation 

reactor. The damp methanator reduces the H z and CO concentration to 

levels meeting pipeline specifications. The reactor product is cooled in a 

series of exchangers preheating the feed, heating cold condensate followed 

by alp cooling and water cooling. The water from the methanatlon reaction 

is condensed and removed. The SNG product at 100°F flows to the SNG 

Compression and Purification unit (23). The reaction product condensate 

collected from the unit is sent to •Unit 45 - BFW System for use as boiler 

feed water makeup. 

A catalyst activation system is provided in the unit to reduce the nickel 

catalyst. Hydrogen is used as the reducing gas to activate the catalyst 

prior to unit startup and at subsequent periods after fresh catalyst is. 

installed. 
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TABLE 6.2.16-: 

MATERIAL BALA~ 

METHANATION - U~ 

Stream Number  22-1  22-2 
S y n g a s  SNG t o  

Stream Name Feed  & Comp 

Component l b - m o l / h r  Mol% l b - m o l / h r  

H 2 2 5 , 7 6 5 . 1  59.03 225.0 
N 135 .3  0.31 135.3 
CO 7 , 0 6 2 . 1  16.18 9.1 
CHq 7,695.0 17.63 J.3,881.6 
C~H6 96 .0  0.22 - 
CO 2 2 , 8 9 3 . 8  6.63 1 ,892 .5  

Dry Gas, lb-mol,~l~r 
ltzO Vapor, l b - m o l / h r  
Wet Gas, l b - m o l / h r  

~. t!.0.00 
4 3 , 6 4 7 . 3  ~ 18 ,143 .5  

- 0 -  -0 -  64.0 
43,64"/ .3 100.00 18 ,207 .5  

Dry Gas, I b / h r  507,295 342 
H20 vapor ,  I b / h r  1 
HzO l iquid,  I b / h r  

TOTAL, Ib/hr 507,295 343 

Pressure, psia 355 
Temperature., °F 68 

NOTE: Flow q u a n t i t i e s ,  p r e s s u r e s ,  and temperatures  s h o w n  are for  the  tot~ 

d e s i g n  p u r p o s e s ,  and are not  n e c e s s a r i l y  the cond i t i ons  which  will b~ 



TABLE 6 . 2 . 1 6 - 1  

MATERIAL BALANCE 

METHANATION - UNIT 22 

22-2 22-3 22-4 
SNG to Put .  

& Comprn. Condensate Recycle  Gas 

18 
63 
22 
~3 

Ib-mollhr Me1% Ib-mollhr Mol% 

225.0  1.24 2 ,110 .0  ? .97  
135.3 0.75 185.2 " 0 .70  

8 .1  0.05 74.1  0.28 
1 5 , 8 8 1 . 6  87.53 21 ,130.0  79.81 

- -  _ - -  I 

1 , 8 9 2 . 5  10 ,43  2.978.2  1 1 . 2 5  

O0 i00.00 i00. O0 
~'~ 18,143.5 ~ 26,4?7.5 

64.0 0.35 II,570.3 30.41 
00 18,207.5 100.00 38,047.8 100.00 

342,580 - 481,580 
1,153 - 208,451 

- 163 ,562  - 

343,733 163,562 690,031 

270 270 315 
lO0 200 543 

~res  s h o w n  a r e  f o r  t h e  t o t a l  un i t  o n  a s t r e a m - d a y  b a s i s ,  a r e  to  b e  u s e d  s o l e l y  f o r  p r o c e s s  

t h e  c o n d i t i o n s  w h i c h  wi l l  b e  a t t a i n e d  d u r i n g  a c t u a l  o p e r a t i o n s .  

I ;~ .  ~,~..~,~) ~,= ~i, _ I 

i i / !  ; i  ~ i ~' 

i ili i i ii!; 
° • . 

i t  H 

} i :  ~ i 

, ' ~ <  

. £  

- ' .  : . .  

• " ' i " "  
. . . . , 

: . . . .  i I 

( . 

• ii,. t 

, , + , 

! . 

¢ • i 

, ~  • . .  

i 
2 " , :  



, , j  

r - • 

• ' , .  : . .i 

s " . . 

• • i ' ~  . 

- . , .  . 

r ~  

i o:i 

. • 

/ 

\ 

, . '  . . 

., ,,,', , 3. . .  

~ o  

~ m  

m ~  
a 

- I  

u 

- i  

m 

- R  

- I  

iL  
t 

,11 

I ® -®-@- 

, i I i  19e 
• ., , iJ ' 

~ w  m R  

~ p v c 

• ° 

• I 

° '  I 

I - - 1 - - -  
I I 

- I . 1 - - -  

l -e~ 

p - -  m m n n e " ' - ' ~ m  



I I 

e e ? 
...L ..L 

I 
I ~li@ I I ~  1#1~ I r s I I l ~ i O I  I I l ~  I H F .  I 

~, . o i v  I ' • 

. ~ 

i 
I I ! , - ~ a r ~ , ~  I ~ l! I~ I  i ) 1  .p,r,. It. , 5 
I I I I ~ ~I ~I I l../I "\II ! _~ 

t i- o o , ; ,.~ ' ' ' d -, 1 

. "_.' ~ _ _ .  

APtL~ APp~OX/MArC, 

I~I~T~ATION 

;" • i ¸ 

, :i.!. ~ 

i ̧  : 

i ~II~ i~ ~i"~ 

. i ̧  ̧' ; 

~i ! ' • ~ 

.i ~ ,\ .": 

• ,/. 

. " . I  

i 

~ ~"i, ~ o~ 

p • 



! 
• | 

• | 

• ° ' '  I 

. , " " I 

° .  , 

/ 

1 .  , 

. i !  

. i 
~ ~ . 

• 2" 

o . ~. 

\ 

Item No. 
22RE-0101 
22RE-0102 
22RE-0103 
22RE-0104 
22RE-0105 
22DM-0101 
22DM-0102 
22DM-0103 
22DM-0104 
22DM-0105 
22E-0101 
22E-0102 
22E-0103 
22E-0104 
22E-0105 
22E-0106 
22E-0107 
22E-0108 
22E-0109 
22E-0110 
22E-0111 
22C-0101 A / B  
22ME-0101 

NOTE: 

TABLE 6.2.16-2 

EQUIPMENT LIST 

METHANATION - UNIT 22 

Equipment Name 
Wet Methanator I 
Wet Methanator II 
Wet Methanator I l l  
Wet Methanator IV 
Damp Methanator 
HP Steam Drum I 
HP Steam Drum II 
K.O.  Drum 
K.O. Drum 
K.O. Drum 
Feed Gas Preheater 
Waste Heat Boiler I 
Waste Heat Boiler II 
Waste Heat Boiler Ill 
Waste Heat Boiler IV 
Wet Methanator Product Cooler 
Wet Methanator Product Trim Cooler 
Damp Methanator Feed Preheater 
Damp Methanator Product Cooler 
Damp Methanator Product Air Cooler 
Damp Methanator Product Trim Cooler 
Recycle Compressor 
Catalyst Activation System 

Train No. 2 equipment numbers 

same as indicated above except 

instead of 01. 

Number Required 

2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
~ 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 1 
1 0 

which are not shown are the  

the  train des ignat ion  i s  02 

Example: Train No. 1 

22RE-0101 

Train No. 2 

22RE-0201 
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6.2.17 SNG PURIFICATION & COMPRESSION - UNIT 23 

6 . 2 . 1 7 . 1  DESIGN BASIS 

Purpose  of Unit 

The purpose  of th i s  unit  i s  to remove the CO 2 in  the SNG from t h e  

methanation unit  to acceptable levels  for pipel ine transport  and sales and 

compress  the  SNG product  to the pressure  required for pipeline transport .  

Scope of  Unit 

The uni t  inch,des  compress ion of SNG from me~hanation uni t ,  l~igh 

p r e s s u r e  Revtisol wash  and the  final compression and cooling of  the  

product  S~G to pipel ine operat ing  condit ions .  Flow metering of the gas 

and Btu analysis  are carried out to provide in -p lant  information and to set  

the quant i ty  of odorant to be injected into the  product  gas .  Refrigeration 

and solvent  regenerat ion associated with the Rectisol  wash of SNG are 

inc luded in the Rectisol  Unit 13. 

General Desi~m Criteria 

SNG compression cons i s t s  of  two 55 percent  tra ins .  Each train has  two 

s tages  of compress ion,  one prior to Rectisol  wash  and one after .  The 

compressors  are steam driven; a spare compressor common to both trains  i s  

provided.  

There  are two 65 percent  parallel trains  of SNG purification which 

interface  with the two train operation of the  Rectisol  Unit 13. The CO 2 

absorption is  accomplished at a h igh  pres sure  requ ir ing  methanation uni t  

product  gas to be compressed.  This  reduces  hot regenerat ion require -  

ments with little added compression cost ( except  for the additional COz 
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6.2.17.1 (Cont inued)  

compression) since the SNG must be compressed to pipeline pressure in 

any case. The unit on-stream factor is compatible with the overall plant 

stream factor of 332 days per year. 

Process Performance Objective 

The Rectisol wash is des igned to r educe  the  CO S in SNG to a level such 

that  the SNG produc t  has a BHV of 980 Btu/SCF.  Under  normal opera t ing  

condit ions,  this  cor responds  to approximately 1.2 pe rcen t  CO S in the  SNG 

produc t .  The compressors are des igned to deliver 137.5 MM SCF/SD of 

SNG to the pipeline at 1435 psig and 115°F. 

Feeds tock 

SNG from Methanation 

Dry  Gas 

Moisture 

Total Gas 

Battery Limit Conditions: 

183,143.5 lb-mol /hr  

64.0  lb-mol /hr  

18,207.5 Ib-mol/hr 

or  343,733 l b / h r  

T lO0°F 

P 270 psia 

Composition: 

Components Dry mol 

H z 1.24 

N~/Ar (as N a) 0.75 

CO 0.05 

CH~ 87.53 

CO s 10.43 
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6.2.17.1 (Continued) 

Products 

SNG to Pipeline 

SNG Production Rate 

Battery Limit Conditions: 

15, I00.9 Ib-mollhr 

137.51 MM SCFISD 

T 115°F 

P 1435 psig 

Composition: 

Components Mol % 

H~ 1.49 

NzlAr(as N 2) 0.90 
CO 0.06 
CH~ 96,34 
CO z 1.21 

HsO -nil- 

HHV = 980 BtulSCF 

UtiLity Requirements 

The u~ties associated with Rectisol wash are included in Re~tisol Unit 13. 

The utilities for SNG compression are the following: 

Operating (compressor) BHP (1) 

Cooling Water (AT = 30°F) 

Electric Power 

18,800 HP 

10,200 gpm (including turbine 

surface condenser) 

250 kW 

(i) 550 psig ?50°F Steam 

consumed in compressor 
turbine driver 

6-202 
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6.2.17.1 (Continued) 

Condensate  genera ted  145,700 Iblhr 

6.2.17.2 PROCESS DESCRIPTION 

Drawing No. 835704-23-4-101 is the process flow sketch for the unit. The 

material balance and equipment list for the unit follow (Tables 6.2.17-1 and 
6.2.17-2) .  

The methanated gas from Unit 22 contains  CO s which is removed to 

acceptable levels and the  SNG is del ivered to the  plant  ba t t e ry  limit a t  the  

pipeline opera t ing  p r e s s u r e .  

The methanated gas fed to the unit free of any condensate carry-over is 

compressed to 685 psia in the first stage of the steam-driven centrifugal 

compressor, The compressor discharge is cooled in an air-cooler and 

water-cooler followed by a feed-effluent exchanger. The gas is cooled to 

subzere temperatures against propylene refrigerant and fed to the CO s 

absorber. The refrigeration system is part of the Recflsol Unit 13. In 

the absorber, CO s concentration in the SNG is reduced from 10.4 percent 

to 1.2 percent by absorption in fresh methanol solvent from the Rectisol 

unit. The CO s removal is carried out at high pressure. The rich 

methanol solvent which has absorbed a significant quantity of CH4 along 

with the CO s is piped to the primary Rectisol absorber where most of the 

CH 4 flashes to join the fresh synthesis gas. SNG leaving the absorber is 

warmed by cooling the feed to absorber. The gas is compressed in the 

second stage of the compressor and air cooled to 115oF. The SNG 

product, at 1435 paig and a higher heating value of 980 BtulSCF, is 

metered, odorized, and delivered to the plant battery limit. Condensate 

collected in the refrigerant cooler and the second stage knockout drum is 

piped to the Rectisol unit to recover any methanol present. 
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TABLE 6.2.17-1 

MATERIAL BALANCE 

SNG PURIFICATION ~: COMPRESSION - UNIT 23 

Stream Number 
Stream Name 

Component 

H i 
Ns 
CO 
CH4 
COz 

Dry Gas, Ib-mollhr 
HsO vapor,  Ib-moI/hr 
Wet Gas, Ib-mol/hr 

23-1 
SNG from Methanation 

23-2 
SNG to Pipel ine 

Ib-mol/hr Mol % lb-mol /hr  Mol % 

225.0 1 .24  225.0 1 .49  
135.3 0 .75  135.3 0 .90 

9.1 0 .05  9.1 0 .06 
15,881.6 87.53 14,548.8 96.34 

1,892.5 10.43 182.? 1.21 

100.00 100.00 
13,143.5 99.65 15,100.9 - 0 -  

64.0 0 .35  -O- - 0 -  
18,207.5 100.00 15,100.9 100.00 

Dry Gas, Ib lhr  342,580 245,948 
HIO vapor,  Ib lhr  1,153 - 

TOTAL, lb Ihr 343,733 245,948 

Pressure, psia 270 1,448 
Temperature, °F 100 115 

NOTES: 1. 

. 

Flow quant i t i e s ,  pressures  and  temperatures shown are for 

the  total  uni t  on a s tream-day bas i s ,  are to be u s e d  solely  

for proces s  des ign  purposes ,  and are not necessar i ly  the  

condit ions  which will be attained dur ing  actual operat ions .  

COs, CH~ and H20 removed from the SNG at a total rate of 

97,090 ]b/hr flow to the Reetisol Unit 13. 
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TABLE 6.2.17-2 

EQUIPMENT LIST 

SNG-PURIFICATION & COMPRESSION - UNIT 23 

Item No. 

23DM-0101 

23DM-0102 

Equipment Name 

I Stage K.O. Drum 

II S tage  K.O. Drum 

Number Required  

oper. spare 

2 0 

2 0 

23VL-0101 CO~ Absorber 2 0 

23E-0101 

23E-0102 

23E-0!03 

23E-0104 

23E-0105 

23C-0101 A/B 

23C-0101T A/B 

23C-0101E A/B 

23C-0101P A/B/C 

23C-0101ME A/B/C 

I S tage  After  Cooler 2 

I S tage  Trim Cooler 2 

C r u d e / P u r e  SNG Exchanger  2 

SNG Refr igerat ion Cooler 2 

II S tage  SNG After  Cooler 2 

SNG Compressor 2 

SNG Compressor Turbine  Dr iven  2 

SNG Compressor Turbine  Su r face  

Condense r  2 

SNG Compressor Surface Condense r  

Condensate Pump 2 

SNG Compressor Surface Condensor 

E~ector 2 

0 

O 

0 

0 

0 

1 

1 

1 

4 

23ME-0101 Odoran t  Injection & Metering 

System 2 6 

NOTE: Train No. 2 equipment  numbers  which a re  not  shown are the  

same as indica ted  above except  the t ra in  des igna ted  is 02 ins tead  

of 01. 

Example: T ra in  No. 1 Tra in  No. 2 

23DM-0101 
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6.2 .18  PARTIAL OXIDATION - UNIT 24 

6 . 2 . 1 8 . 1  DESIGN BASIS 

Purpose of Unit 

The purpose  of  the  Texaco Gasification Process  (POX) unit  i s  to produce 

addltlonal syz~thesis gas by partial ox idat ion of the Lurgi l iquids  ( tar,  oil,  
pheno l s ) .  

,Scope of Unit 

The unit  i s  d e s i g n e d  to gasify 282 ST/D of  the liquid f e e d  stock containing 

tar,  oil,  and p h e n o l s .  The unit  inc ludes  three  major sect ions  as  follows: 

(1) Texaco  Gasification Process  and Waste Heat Recovery 
(2) Carbon Scrubbing 

(3) Carbon Recovery 

General Des ign  Criteria 

The unit  i s  d e s i g n e d  as a s ingle  tra in .  The unit produces  approximately 

37.5 M~I SCF/D of  wet crude s y n t h e s i s  gas .  The unit  onstream factor is  

compatible with the  overall plant stream factor of 3 3 2  days  per  year .  All 

pumps in the  uni t  are motor driven and spared.  
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6.2.18.1 

Feedstock 

(Continued) 
..o • 

( 

Oil Feed 

The composi t ion,  feed ra te ,  and  t h e  b a t t e r y  limit condi t ions  of  the  

feed s t reams to t he  uni t  a re  as follows: 

Component Wt.___%% 

Oil 64.54 

Ta r  21.52 

Phenol 13.94 

Total  Flow Rate 23,487 I b / h r  

T e m p e r a t u r e  350 °F 

P r e s s u r e  100 p s i g  

Crude Gas 

Composition 

Hs 

Ns/Ar (as N z) 

CO 

CO z 

CH~ 

HzS 

COS 

NHs/HCN 

Mole % 

41.34 

0.54 

51.03 

6.53 

0.33 

0.20 

0.01 

0.02 

Flow Rate 

Flow Rate 

Temperature 

Pressure 

75051 ]b /h r  

37.52 MM SCF/D 

355 OF 

450 p s i g  
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6 .2 .18 .1  (Continued) 

Ash 

Flow Rate, lbs /hr  18 

Utility Requirements 

C onsumption: 

600 psig sat.  steam 

Oxygen @ 485 psig ,  284°F 

Makeup condensate @ 447 psig,  212°F 

HP BFW @ 775 psig,  230°F 
LP BFW ($ 140 psig,  230°F 
Power 
Cooling water,  (AT = 30°F) 

11,492 lb /hr  

21,725 lb /hr  

21,346 Ib/hr 

18,900 !b /hr  
39,562 lb lhr  

171 kW 
465 gpm 

Production 

100 psig sat. ,~" ~am 

650 psig sat. steam 

Blowdown water to Biotreating 

38,375 lb lhr  

18,333 lb /hr  

2,981 lb lhr  

6.2.18.2 PROCESS DESCRIPTION 

The process flow sketch for the Partial Oxidation Unit is presented on 

Drawing No. 835704-24-4-101. The material balance and equipment list for 

the unit follow (Tables 6,2.i~! and 6,2.18-2). The plot plan is shown on 

Drawing No. 835504-24-4-050. 
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6.2.18.2 (Cont inued)  

Phenols from the  Phenosolvan uni t  and t a r  plus oil from the  Tar  Distillation 

uni t  are  fed to the  tar-oi l  s l u r r y  tank.  The mixture  of hyd roca rbon  

liquids with oxygen  and h igh  p r e s s u r e  steam is fed  to the  Texaco gasif ier  

t h r o u g h  a special b u r n e r .  The hydroca rbons  are  par t ia l ly  oxidized in the  

gasif ier  genera t ing  addit ional gas for syn thes i s  of methane.  

The hot raw gas from the  gasif ler  is passed  t h r o u g h  a radiant  waste hea t  

boiler and a convect ive waste heat  boiler p roduc ing ,  respec t ive ly ,  h igh 

p r e s s u r e  and medium p r e s s u r e  steam. The waste hea t  r ecovery  section is 

followed by  soot sc rubb ing  which quenches  the gas and removes the  p a r -  

t iculates  from the  raw gas in a s c rubbe r .  The pa r t i cu la t e - f r ee  raw gas is 

mixed with the  gas from Lurgi gasif iers before  flowing to the  CO Shift 

uni t .  

The major portion of the  s c rubbe r  bottoms is c i rcu la ted  to the  . radiat ion 

sump section of the gasif ier .  The remaining port ion is pumped back to the  

s c rubbe r .  The black water  from the radiat ion sump is rou ted  to a decan-  

t e r  where l igh ter  hyd roca rbons  separa te  from hea '~e r  l iquids as an ove r -  

flow stream to the naph tha  s t r ipper .  The naph tha  s t r ipper  r ecovers  

hydroca rbons  as the  bottom produc t  for  recyc le  to the  gasifier  via the oil 

: feed  su rge  drum. The overhead  vapors  from the  naphtha  s t r ipper  are  

water  cooled, and condensed .  The condensate  t hen  flows to the  naph tha  

accumulator .  A port ion of the  condensate  is r e t u r n e d  to the  column as 

r e f lux .  The remaining condensate  and the makeup oil is joined by  the  

overflow from the  d e c a n t e r  to se rve  as feed to the  naph tha  s t r ippe r .  

The water  and carbon par t ic les  contained in the  bottoms of the  decan te r  

a re  separa ted  in the  water  flash separa tor .  The clear  water  is recyc led  to 

the  s c r u b b e r  and used  to scrub  the raw gas.  Some water  is p u r g e d  to 

p r e v e n t  bui ldup of dissolved solids in the  sys tem.  Purg ing  is accom- 

pl ished by  the blowdown pumps.  

6-9-10 i ___ i m u u  on m~:t~*'s¢~[ m' nit .n! rJ&ta 
L~ SUOJ~CT W ~ srsTmcsIo~ ¢~ t~( 

~ C ~  P~[ AT m[  FWmr ~ mz~. H~OIT 



/ m m m m  . . . . . . . .  

24ME*OIOl 
GASIFICATXON, WASTE HEAT RECOVERY 

AND C:AR80/4 REGOYERY SYSTEM 

! 

I ~:T 4o J 

v 
2. iM[-OmOl 

IMKE-Uf. ~ | 

- 

I 

I 

" i 

! 

I 
[ 

! i 
I i 

I 

I 
! 

i 
• ! 

I 

! 

I 

I 
! 

I 

I 

! 

! 

MN 

T ~  

I 

70J3H 
DISPCS~ 
UN|T 

| 

i 
! 

i 

I 

i 
! 

J 
I 

m 

i r 

'- j 
IIIIIillil'~lliIIIII'IIIili~ilIIIiiIiIieIiiiiel.I~IiIillli~ ..... l l i I l .  I i ~ i I I i ~ l . I . ~ I I I I .  I 



m 

m 

e 

i ° . 

I : 

" i : ' 4 '  
.,. • : 

. , .~ 

! 

! - 

r • 

i 

l "  • • 

i i  . . . .  : 

: I :  

i '  
• i 

r . i 
' . ' 

m 

24DU-DI01 240M-O102 
WATER FLASH 

SEPARATOR 

24DM-0103 
NAPHTHA 

ACCUMULATOR' 

2 4 V L - Q I O I  
NAPHTHA 

a STRIPPER 

i 

I U~T It 

~ 24VL OIOCqv~-usu! 

24DM-0102 ' !  
¥ 

24P-o I O3A/8 

. b  
w 

24P-0104A,,~ 

E 

l] 
24P-0101 A JB 
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TABLE 6 .2 .18-1  

MATER1AL BALANCE 

PARTIAL OXIDATION - UNIT 24 

Strea_m Number 24-1 24-2 24-3 24-4 24-5 

Stream Name Feed Oxidant Steam Makeup Oil 

Makeup 

Condensate 

Co__~onent Ib-mol/hr Mol% Ib-mol/hr Mol% Ib-mol/hr Mol% Ib-mol/hr Mol% Ib-mollhr Mol___~% 

H 2 

N2 
CO 

CO~ 

H~S 

COS 

NH31HCN 

02 

10.2 1.5 

670.0 98.5 

Total Dry Gas 

H20 

Total Wet Gas 

680.2 100.0 

Dry Gas, Ib/hr 

HzO, Ib/hr 

Tars, Ib/hr 

Otis, Ib/hr 

Naphtha, Iblhr 

Phenols, Ib / hr 

Ash, Iblhr 

5,008 

15,023 

3,245 

(18 with tar) 

21,725 
11,492 21,348 

60 

118 

33 

Total,  l b / h r  23,276 21,725 1 1 , 4 9 2  211 21 ,346  

115 485 613 115 460 

350 284 489 350 212 
Pressure ,  ps ia  

Temperature ,  °F 

NOTE: Flow quant i t ies ,  p r e s s u r e s  and temperatures shown  are for the  total unit  on a str 
for process  des ign p u r p o s e s ,  and are not n e c e s s a r i l y  the  condit ions which  will be  
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TABLE 6 . 2 . 1 8 - 1  

MATERIAL BALANCE 

PARTIAL OXIDATION - UNIT 24 

24.._-3 24-4 24-5 24-6 24-7 24-8 

Makeup Raw Gas to Blowdown 

Ste._.~ Makeup Oil Condensate  Unit 11 to Unit 54 Ash 

Ib-m011hr Mol% Ib-mol/hr Mol% Ib-mol lhr  Mol% Ib-mol /hr  MoI% Ib-mollhr Mol% Ib-mol/hr Mol% 

1,161.1 41.34 
15.1 0.54 

1,433.0 51.03 
183.4 6.53 

5.5 0.20 

0.3 0.01 

0.6 0.02 

i i ,492 

60 

118 

33 

21,346 

2,808.4 100.0 
1,316.2 

1,124.6 

51,338 

23,713 2,981 

18 

49__2 211 21,340 75,051 2,981 18 

613 115 460 450 70 Ambient 

489 350 212 355 269 2.35 

es shown are for the  total  uni t  on a s tream-day b a s i s ,  are to be u s e d  sole ly  
necessarily the condit ions which will be  attained dur ing  actual operat ions .  ! ! I:R Ok ~1.~¢:Lr$11|[ Of REFt~ DATA 
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TABLE 6.~..18-2 

EQUIPMENT LIST 

PARTIAL OXIDATION - UNIT 24 

Item No. Equipment Name 

N u m b e r  R e q u i r e d  

24DM-0101 

24DM-0102 

24DM-0103 

24VL-0101 

Decanter 

Water Flash Separator 

Naphtha Accumulator 

Naphtha S t r i p p e r  

I 0 

1 0 

1 0 

1 0 

24E-0101 

24E-0102 

Naphtha Stripper Feed 

Preheater 

Naphtha Condenser 

1 0 

1 0 

24P-0101 A/B 

24P-0102 A/B 

24P-0103 A/B 

24P-0104 A/B 

Recycle Pump 

Naphtha Pump 

Water Recycle Pump 

Blowdown Pump 

1 1 

1 1 

1 1 

1 1 

24ME-0101 Gasification, Waste Heat 

Recovery and Carbon 

Recovery. System 

1 0 
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6.2.19 PSA HYDROGEN PRODUCTION - UNIT 25 

6 . 2 . 1 9 . 1  DESIGN BASIS 

Purpose of Unit  

The purpose  of  the  pressure  swing  adsorpt ion (PSA) un i t  i s  to produce a 

99.5 percent  volume H= stream for the  Naphtha Hydrotreat ing uni t  and the 
Sulfur Recovery  SCOT unit  from pure  s y n g a s  feed.  

Scope of Unit 

The unit includes a PSA system from the vendor (Union Carbide), H z 

compression and offgas compression to the required pressures. 

General Des ign  Criteria 

The PSA uni t  i s  des igned in one 100 percent  t r a i n  except  for the  H 2 and 

fuel gas compressors  which are prov ided  with 100 percent  spare .  The 

train shall inc lude  provis ion to maintain 50 percent  of the  plant in 

operation d u r i n g  malfunction of  ind iv idua l  pieces  of  equipment .  The 

onstream factor for the unit  i s . c o m p a t i b l e  with the overall  plant stream 

factor of  332 days  per year.  The  compressors in the  un i t  are motor 

driven.  The d e s i g n  run length  between scheduled maintenance is  expected 

to be two y e a r s .  

Process  Performance Objectives 

The PSA unit is designed to recover 72 percent of the H z in feed gas and 

produce hydrogen with a minimum purity of 99.5 vol. percent and a CO + 

CO 2 concentration of less than 10 ppmv, 

6-215 i "= ° "  I 
I1 S g l J l ~  1~ T i l l  I I IS i l l l l l l . .q  ¢ 1  IHII 

l 



6 .2 .19 .1  (Continued) 

Feedstock 

Pure Syngas Feed 

Feed Rate 

Battery Limit Conditions: 

Composition: 

Component 
H= 
N=/Ar(as N.,) 
CO 
CH~ 

C=H6 
CO~ 

Products 

277.6 11o mol/hr 

or 3,226 lb /hr  

Temperature 

Pressure 

59.03 
0.31 

16.18 
17.63 

0 . 2 2  

6.6S 

68oF 

355 psia 

Produet H~ 

Production Rate 

Compos~ion: 

99.5% H~ 

0.5% N n 

118.6 Ib-mollhr 
or 255 Iblhr 
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6.2.19.1 (Continued) 

Battery Limit Condit ions:  Temperature 380°F 

Pressure  900 psia 

Purge Gas (To Fuel Gas) 

Flow Rate 

Battery Limit Condit ions:  

159.0 lb -mol /hr  

Temperature 100°F 

Pressure  75 psia 

Composition: 

Component Mol % 

H z 28.9 

N2/Ar(as  N z) 0.1 

CO 28.2 

CH~ 30.8 

C~H 6 0.4 

11.___66 
l O 0 . O  

Utility Requirements 

Electric Power 

Cooling Water (AT = 3O°F) 

Fuel Gas Produced 

600 kW 

24.6 gpm 

30.46 MM B t u / h r  

6.2.19.2 PROCESS DESCRIPTION 

The process  flow sketch  of  the  unit  i s  shown on Drawing  No. 835704-25-4-101 

and the unit  material balance  and equipment l i s t  follow (Tables 6 . 2 . 1 9 - 1  

and 6 . 2 . 1 9 - 2 ) .  The plot plan is  shown on Drawing No.  8 3 5 7 0 4 - 2 5 - 4 - 0 5 0 .  

A sl ipstream of pure  s y n t h e s i s  gas from the  Reotisol  Unit is  fed to 

th i s  uni t  to produce pure  hydrogen  (99.5% H z) for  use  in Naphtha 

i usi on m~,t.~ml(o~ ~ a i  ~ 
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6.2 .19.2  (Continued) 

Hydrotreating unit  and the SCOT section of the Sulfur Recovery unit:. 

P'~essure swing adsorption (PSA) process  is used to remove the 

nonhydrogen components in the feed gas by adsorption on molecular 

sieves.  The hydrogen product is  compressed in a reciprocal compressor 

and delivered to the Naphtha Hydrotreating unit. A small quantity of 

hydrogen flows to the Sulfur Recovery unit  for use as reducing gas.  

Purge gas from the PSA unit is produced at near-ambient conditions,  and has 

significant fuel value.  The gas is  compressed, cooled and sent to the 

plant fuel gas system. 
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-O I  0t 25C-OIOIA/B 
~YDROGEN COMPRESSOR 
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FUEL GAS CbMPRESSOR 
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TABLE 6.2.19-1 

MATERIAL BALANCE 

PSA HYDROGEN PRODUCTION - UNIT 25 

Stream Number 

Stream Name 

25-1 25-2 25-3 

Syngas Feed Hydrogen Product Purge Gas To 

Fuel Gas 

Component lb-mol/hr Mol % lb-mol/hr Mol % lb-mol/hr Mol % 

H 2 

Nz 

CO 

CH4 

CsHs 

CO z 

164.0 59.03 118.0 99.5 46.0 28.93 

0.8  0.31 0.6  0 .5  0.2 0.13 

44.9 16.18 44.9 28.24 
48.9 17.63 ~ 48.9 30.75 

0 .6  0.22 0 .6  0.38 

18.4 6.63 18.4 11.57 

TOTAL, lb-mol/hr 277.6 

TOTAL, lb/hr 3,226 

100.00 118.6 100.00 159.0 100.00 

255 3,971 

Pressure, psia 355 

Temperatume, °F 68 

900 75 
380 100 

NOTE: Flow quantities, pressures and temperatures shown are for the 

total unit on a stream-day basis,  are to be used solely for 

process design purposes, and are not necessarily the conditions 

which will be attained during actual operations. 
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TABLE 6.2 .19-2  

EQUIPMENT LIST 

PSA HYDROGEN PRODUCTION - UNIT 25 

Item No. 

25C-0101 A/B 

25C-010S A/B 

Equipment Name 

HydroEen Compressor 

Fuel Gas Compressor with 

Intercooler 

Number Required 

1 1 

1 1 

25E-0101 Fuel Gas After Cooler 1 0 

25ME-0101 PSA Hydrogen Production (Package) 1 

Unit 
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