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Item No. 

10CB-0101 

1OCH-0101 

IOCL-OIOI 

10GG-0101 

10AL-0101 

10DM-0101 

10DM-0102 

IODM-0103 

10E-0101 

10E-0102 

10E-0103 

lOE-O104 

10P-0101 

10P-0102 

IOEJ-0101 

IOME-OI01 

TABLE 6 .2 .4 -2  

EQUIPMENT LIST 

COAL GASIFICATION - UNIT I0 

Equipment Name 

Number Required 

oper. spare 

Coal Bunker  12 2 

Coal Charging Chute 12 2 

Coal Lock 12 2 

Gasifier 12 2 

Ash Lock 12 2 

Jacket Steam K.O.  Drum 

Centrifugal  Liquid Separator 

Hot Flare Separator 

Crude Gas Wash-cooler 

Ash Lock Expansion Condenser 

Waste Heat Boiler 

Relief Vent Cooler 

Wash-cooler Recycle Pump 

Slops Pump 

Coal Lock Ejector 

Lock Gas Recompression System 

12 2 

12 2 

1 0 

12 2 

12 2 

12 2 

i 0 

12 2 

1 0 

12 2 

2 0 
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6 . 2 . 5  CARBON MONOXIDE SHIFT - UNIT 11 

6 . 2 . 5 . 1  DESIGN BASIS 

Purpose  of Unit  

The purpose  of this  unit  i s ' t o  react  a portion of the  carbon monoxide (CO) 

and water  in the  crude gas from Lurgi gasif ication and Texaco partial 
oxidat ion (POX) units  to produce  additional h y d r o g e n .  The catalytic shift  
convers ion  thus  produces a s y n t h e s i s  gas with an H 2 and CO composition 

suitable for methanation. The  catalyst  also hydrocracks  all of  the  tars to 

l ighter  spec ies  (oils,  naphtha ,  e t c ) .  

Scope of  Unit 

The sh i f t  conversion unit  inc ludes  s ingle  stage catalyt ic  reactors ,  feed-  

e f f luent  heat  exchangers  and a catalyst  regeneration sys tem.  The recov-  

ery of  the  exothermic reaction heat occurs  downstream in the  Gas Cooling 

Unit 12.  The shift  process  i s  l i censed by  Lurgi  Mineraloltechnik of  

Germany.  

General Des ign  Criteria 

The uni t  cons is ts  of two operat ing  trains of shift  convers ion ,  each with 

two parallel  catalyst beds ,  and one common catalyst  regenerat ion system. 

Dur ing  normal operation, all o f  Lurgi  and POX raw gas i s  reacted in the 

shift  un i t .  The onstream factor for the  unit  i s  co:npatible with the overal! 

plant stream factor of 332 d a y s  per  year .  Indiv idual  catalyst  beds  are 

capable of  operation at 25 percent  to 33 percent of un i t  capacity dur ing  

s ingle  train regeneration per iods  and catalyst c h a n g e - o u t .  The catalyst 
bed requ ires  regeneration every  45 days .  Due to var iances  in catalyst  

act iv i ty  and exchanger  performance,  the unit  d e s i g n  allows suff icient  
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6.2.5.1 (Continued) 

General Design Criteria 

flexibility in the feed distribution to the two trains so that individual train 

flows may vary + 10 to 15 percent from the design point. Expected cata- 

lyst life is one year.  

Process Performance Objectives 

Under normal operation, the unit  is  designed to react approximately 

30 percent  of  the  CO in the combined feed from the gasification and POX 

units .  The shifted gas leaving the  unit  contains about 11.7 percent  CO 

and 42.6 percent H s in the base case. 

Feedstock 

Combined Feed (from Gasification and P O X ) :  

Dry Gas 

Moisture 
Wet Gas 

Total Steam 

Battery Limit Conditions: 

Composition: 

Component 

H= 

N=/Ar (as N 2) 
CO 

CH 4 
Cs+ 
CO s 
HzS 

COS 

Tar, Oil, Naphtha 

60,825 ~1 lh-mol/hr 

29,898.~ lb-mol/hr 
90 ,723 .8  lb-mol/hr 

1,878,162 Ib/hr 

Temperature 355OF 

Pressure  435 psia 

Dry Mol % 

40.3 
0.2 

17.6 

10.4 
0.7 

30.4 

0.4 

0.01 

35,065 Ib/hr 
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6.2.5.1 (Continued) 

Products 

Shifted Gas: 

Dry 

Moisture 

Wet Gas 

Total Stream 

Battery Limit Conditions: 

Composition: 
,Component 

H2 

Nz/Ar (as N 2) 

co 

CH 4 

Cs+ 

.COz 
H~S 
COS 

Oil, Naphtha 

63,844.9 lb-mol/hr 

26,746.8 lb-mol/hr 

90,591.7 lb-mol/hr 
1,878,162 l b / h r  
Temperature 
Pressure 

Dry Mol % 

42.7 

0.2 

11.7 

10.7 

0.3 
34.0 

0.4 
0.01 

36,782 lb/hr 

413°F 

415 psia 

Utility RequL~ements 

None during normal operation. 

Catalyst Requirements: Initial 

Annual 

4,055 ft 3 

4,055 ft 3 

6.2.5.2 PROCESS DESCRIPTION 

Drawing No. 835704-11-4-101 presents the process flow sketch of the CO 

Shift Unit. The material balance (Table 6.2.5-1) for the "unit is included 

following the flow sketch. The equipment list is given in Table 6.2.5-2. 
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6 . 2 . 5 . 2  (Continued) 

The raw gas from the Gasif ication and Partial Oxidat ion are catalytically 

reacted in  this  unit  to convert  a portion of the  carbon monoxide in  the raw 

gas  to  hydrogen  b y  the  exothermic  water gas shift  reaation: 

CO + H20 ~ ~ CO s + H~ 

Reaction steam is provided b y  the  normal steam content  of  the crude gas ,  

and the  elevated reaction temperature  is  attained b y  a feed-e f f luent  heat 

e x c h a n g e r .  In addition to c o n v e r t i n g  carbon monoxide ,  the  cobalt molyb-  

denum catalyst  hydrogenate s  unsaturated  hydrocarbons  and most of the  

h i g h e r  pheno l s ,  HCN and organic  sul fur  contained in  the  crude gas .  The 

cata lyst  i s  also expected  to hydrocrack  all of  the tars  and.  a portion of  the  

remaining hydrocarbons  to l i gh ter  compounds.  

The raw gas from Lurgl Gasif ication and Partial Oxidat ion are combined 

and fed  to the two-train shi f t  un i t .  Within each tra in ,  the  gas i s  p r e -  

heated  against  the reactor e f f luent  and dis tr ibuted equal ly  among two 

catalyst  b e d s  stacked within  one reactor ve s se l .  The reacted gas  from 

each bed  i s  combined, cooled aga ins t  the feed and f lows to the  Gas Cooling 

Unit 12. A steam heater  i s  prov ided  for heat ing  the  feed during startup 

and d u r i n g  upset  condit ions .  

A s ing le  train catalyst regenerat ion  system is  inc luded  in  the  unit .  The 

shift  catalyst  is regenerated  about  every 45 days  u s i n g  an air-steam 

mixture .  
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Stream Number 
Stream Name 

TABLE 6.2.5-1 

MATERIAL BALANCE 

CO SHIFT - UNIT 11 

11-I 11-2 11-3 
Crude Gas from Shifted Gas to 

Gasification POX Gas Cooling 

Component lb-mollhr 
H~ 2 3 , 3 ~ . 0  40.21 
N s 127.6 0.22 
CO 9,25?.0 15.96 
CH~ 6,322.1 10.90 
C~H~ ?2.4 0.12 
CsH s 289.5 0.50 
C~H 6 36.2 0.06 
C3H 8 36.2 0.06 
C~H e 9.0 0.02 
C~Hzo 9.0 0.02 
CO s 18,311.3 31.56 
H~S 214.7 0.37 
COS 4.4 0.01 

Mo1% lb-molihr Mol% lb-mol/hr  Mol% 
1,161.1 41.35 2?,243.? 42.67 

15.1 0.54 142.7 0.22 
1,432.9 51.04 ?,482.6 11.72 

9.4 0.33 6,83T.9 10.71 

181.0 0.28 

36.2 0.06 

9.0 0.01 
183.4 6.53 21,683.3 33.96 

5.5 0.20 224.9 0.35 
0.3 0.01 3.6 0.01 

100.00 
Dry  Gas, lb-mol/hr 58,017.4 66.99 
HsO vapor,  lb-mol/hr 28,582.7 33.01 
Wet Gas, lb-mol/hr 86,600.1 100.00 

100.00 100.00 
2,807.7 68.09 63,844.9 70.48 
1,316.0 31.91 26,746.8 29.52 
4,123.? 100.00 90,591.7 100.00 

Dry Gas, lb/hr 1,239,695 
HsO vapor, lb /hr  514,946 
H20 l iquid, lb /hr  
Tars,  lb /hr  12,947 
Oils, lb /hr  16,843 
Naphtha, lb/hr 5,275 
Phenols ,  lb/hr 5,095 
Fatty Acids, lb /hr  1,139 
Org. Sulfur,  lb /hr  213 
Ammonia, lb/hr 6,773 
HCI, Ib/hr 185 

51,332 1,347,966 
23,709 481,871 

25,265 

11,517 
3,414 
1,139 

22 
10 6,783 

- 185 

TOTAL, Ib/hr 
Pressure, psia 
Temperature, °F 

1,803,111 75.051 1,878,162 
435 450 415 
355 355 413 

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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Item No. 

1IRE-0101 (1) 

lIE-0101 (1) 

11E-0102 (1) 

11ME-0101 

NOTE: (i) 

TABLE 6.2.5-2 

EQUIPMENT LIST 

CO SHIFT - UNIT 1 i  

Number Require d 

Equipment Name ~ 

Shift Converter  2 0 

Feed-Ef f luent  Heat E x c h a n g e r  " 2 0 

Startup Feed Heater 2 0 

Catalyst Regeneration System 1 0 

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

same as indicated above ~xcept the train designation is 02 

instead of 01. 

Example: Train No. I Train No. 2 

l l R E - 0 1 0 1  l lRE-0201  
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6.2.6 GAS COOLING - UNIT 12 

6 . 2 . 6 . 1  DESIGN BASIS 

Purpose of  Unit 

This unit serves  to cool the shifted gas to a t~mperature suitable for feed 

to the Rectisol unit .  In the process ,  heat is recovered in the form of low 

pressure  steam and boiler feed  water (BF~)  preheat.  Also,  as the raw 

gas is  cooled, gas liquor containing recoverable byproducts  is condensed 

and sent to the Gas Liquor Separation unit .  

Scope of  Unit 

Unit 12 cools the shifted gas by generating steam and preheating BFW. 

The raw gas is  then cooled by air and cooling water.  The unit also 

includes separation of the condensed liquor. 

General Design Criteria 

The Gas Cooling unit contains two 50 percent  parallel trains.  Maximum 

heat recovery is obtained by preheating boiler feed water to methanation 

unit and generating low pressure  steam. At lower temperatures,  heat is 

rejected in air coolers and water coolers.  Rotating equipment in this unit 

are motor driven and are not spared. This unit i s  des igned to be com- 

patible with the overall plant onstream factor of 332 days per year .  
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6.2.6.1 (Continued) 

Feedstock 

Shifted Gas 

Dry Gas 

Moisture 

Wet Gas 

Total Stream 

Battery Limit Conditions 

Composition: 

Component 

Hz 

Nz/Ar (as N~) 

CO 

CH 4 
Cz+ 
COz 

HzS 
COS 

63,844.9 lb-mol/hr 

26,746.8 lb-mol/hr 

90,591.7 lb-mol/hr 

1,878,162 lb /hr  

Temperature 413°F 

Pressure 415 psia 

Dry Mol % 

42.6 

0.2 

11.7 

10.7 

0.4 

34.0 

0.4 

0.01 

Products 

Cooled Gas (To Reetisol) 

Dry Gas 

Moisture 

Wet Gas 

Total Stream 

Battery Limit Conditions- 

63,184.4 lb-mol/hr 

145.7 lb-mol/hr 

63,330.1 lb-mollhr 

1,334,218 lb lhr  

Temperature 100°F 

Pressure 405 psia 

Cooled CDry) Gas Composition is essentially the same as the feed gas 

Gas Liquor (To Gas Liquor Separation unit) 

Total Stream 543,944 lb lhr  

Battery Limit Conditions: Temperature 233OF 

Pressure 250 psia 
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6.2.6. I (Continued) 

Utility Requirements 

Steam produced (60 psig sat'd) 

Heat available for BFW preheating 

Electric Power, 

Cooling Water (AT = 30oF), 

"6.t~:6.2 PROCESS DESCRIPTION 

126,500 

132.1 MM BTU/Hr 

350 kW 

609 gpm 

The process flow sketch for the Gas Cooling unit is shown on Drawing 

No. 835704-12-4-101. The material balance (Table 6.2.6-1) for the unit 

follows the flow sketch. The equipment llst follows in Table 6.2.6-2. The 

plot plan is shown on Drawing No. 835704-12-5-050. 

The shifted gas from the CO Shift unit is cooled in a series of heat 

exchangers and the condensate produced is separated from the cooled gas. 

High pressure boiler feed water is preheated using the heat from the gas 

in the first and third exchanger within the unit, while low pressure steam 

is generated in the second exchanger. Most of the heavy tars and otis are 

condensed as the gas is cooled. The unit heat exchangers are vertical 

and are provided with condensate surge capacity. The condensates are com- 

bined and piped to the Gas Liquor Separation unit. 

Following heat recovery, the gas is cooled i~-t ai~ coolers and water cooled 

exchangers. The oily gas liquor containing, primarily water condensed is 

separated in knock-out drums and sent to the Gas Liquor Separation unit. 

The cooled gas, now at 100OF, is directed to the Rectisol Unit 13. A slip 

stream of the cooled gas is sent to the Gasification unit for repressurizing 

the coal locks during coal charging operation. 
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TABLE 6 .2 .6 -1  

MATERIAL BALANCE 

GAS COOLING - UNIT 12 

Stream Number 12-1 12-2 12-3 
Raw Gas Oily 

Stream Name Shifted Gas to Rectlsol Liquor'-" 

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

tt~ 27,243.7 42.67 27,226.0 43.09 17.7 2.68 
N~ 142.7 0.22 142.7 0.23 
CO 7,482.0 11.72 7,474.0 11.83 8.6 1.30 
CH~ 6,837.9 10.71 6,830.5 10.81 7.4 1.12 
C~H 6 181.0 0,28 181.0 0.29 
CsH 8 36 .2  0.06 36.2 0.06 
C4HLo 9.0 0,01 9.0 0.01 
CO9 21,683.3 33.96 21,063.8 33.34 619.5 93.79 
H2S 224.9 0.35 217.6 0.34 7.3 1.11 
COS 3.6 O.01 3.6 0.01 

. . . .  ~oo.0'o lO~.OO zoo.oo 
Dry Gas, lb-mol/hr 63,844.9  ~ 63,184.4 ~ 660.5 
H~O Vapor,  lb-mollhr 26,746.8 29.52 145.7 0.23 - - 
Wet Gas, lb-mollhr 9.0,591.7 100.00 63,330.1 100.00 660.5 100.00 
D~y G a s ,  Ib/hr 1,347,96U 1,32'U.U~ 27,91Z 
H~O, Vapor,  lb lhr  481,871 2,625 - 
H~O, Liquid, lb /hr  - - 479,246 
Tars/Oils, lblhr 25,265 - 25,265 
Naphtha, lb lhr  11,517 11,517 - 
Phenols, Ib lhr 3,414 - 3,414 
Fatty Acids,  lb lhr  1,139 - 1,139 
Or E. Sulfur,  Ib/hr 22 22 - 
Ammonia, lb /hr  6,783 - 6,783 
HCI, Iblhr  185 - 185 
TOTAL, lb /hr  1 ; 8 7 8 ; 1 6 2  1 , 3 3 4 , 2 1 ~  5 4 3 , 9 4 4 '  
Pressure ,  psla 415 405 250 " 
Temperature,  OF 413 1O0 233 

NOTES : (1) Flow quanti t ies ,  pressures  and temperatures shown are for 
the total unit  on a stream-day bas i s ,  are to be used  solely 
for process  des ign  purposes ,  and are not necessari ly  the  
conditions which will be attained during actual operations.  

(2) Represents  net Gas Liquor flow from Gas Cooling to Gas 
Liquor Separ-~'on unit .  
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TABLE 6.2.6-2 

EQUIPMENT LIST 

Item No. 

12E-0101 

12E-0102 

12E-0103 

12E-0104 

12E-0105 

12DM-0101 

12DM-0102 

12DM-0103 

NOTE: 

GAS COOLING - UNIT 12 

Equipment Name 

Methanation BFW Preheater II 

60 psig Steam Generator 

Methanation BFW Preheater I 

Air Cooler 

Water Cooler 

Number Required 

O p e r .  Spare 

9. 0 

9. 0 

2 0 

2 0 

9. 0 

Steam Drum 2 0 

K.O. Drum 9. 0 

K.O. Drum 2 0 

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: Train No. 1 Train No. 9. 

12E-0101 12E-0201 
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6 .2 .7  RECTISOL - UNIT 13 

6.2 .  T. 1 DESIGN BASIS 

Purpose  o f  Unit 

The purpose  of the  Rectisol  unit  is to reduce the total sulfur in the 

synthes i s  gas to the Methanation unit to 0.1 ppm (maximum), to remove 

CO s in the  synthesis  gas to  6.6 to 6.7 volume percent  level,  and to 

remove naphtha from the s y n t h e s i s  gas.  

Scope of  Unit 

The unit  removes H~S, COS, CS s , mereaptan, CO~ and naphtha from the 

raw gas ,  includes facilities for  regeneration of  the absorbent  methanol and 

includes  a propylene refr igerat ion,  system to cool the  raw gas to the s u b -  

zero temperature required for  the absorption proces s .  The select ive  

Rectisol  process  is l icensed by  Lurgi Mineraloltechnik of  Germany. 

General Design Criteria 

Two 55 percent trains of Rectisol absorption/regeneration and two 

56.5 percent propylene refrigeration trains are provided. A selective 

Rectisol system is used in which CO s concentration can be controlled 

independently of H2S and COS removal. Refrigeration is available at 32°F, 

-21°F and -45°F levels. All equipment in critical service in the Rectisol 

and refrigeration units are sufficiently spared. The unit stream factor is 

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

All rotat ing equipment in the  unit  including the large compressors in the  

refr igerat ion system are e lectr ic  motor-driven. 
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6.2 .7 .1  (Continued) 

Process Performance Objectives 

The pure gas product from Rectisol unit is expected to contain no more 

than 0.I ppm of total sulfur and about 6.6 to 6.7% CO 2. 

Feedstock 

Raw Gas: 

Dry Gas 

Moisture 

Wet Gas 

Total Stream 

Battery Limit Conditions: 

Compomtion: 

63,184.4 lb-mol/hr 

145.7 lb-mol/hr 

63,330.1 lb-mol/hr 

1,334,218 lb/hr 

Temperature 100°F 

Pressure 405 psia 

Component Dry Mol % 

H: 43.1 
N2/Ar (as N:) 0.2 
CO 11.8 

CH 4 10.8 
C~+ 0.4 

CO: 33.3 

H~S 0.34 
COS 0.01 
Naphtha 11,51T lb /hr  

Methanated Gas 

Although removal of CO 2 from the methanated gas is inc luded in the SNG 

Purification Unit 23, the methanated gas feed and pure SNG product are 

listed here  to close the material balance around the Rectisol unit .  
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6.2.7,1 (Continued) 

Dry Gas 

Moisture 

Wet Gas 

Total Stream 

Battery Limit Conditions: 

Composition: 

Component 

Hz 

Nz/Ar (as N=) 

CO 

CH 4 
CO 8 

Products  

Pure Syngas: 

Dry Gas 

Moisture 

Wet Gas 

Total Stream 

Battery Limit Conditions-" 

;, ,,, 

i i/ i 

sr: • :,~i• 

:i 

i • . ~ 

, \ .  

\ : 
• - , ' C  

; i 

!, 

Composition: 

Component 

Hz 

N= 

CO 

CH 4 

CzH 6 

CO= 

CHsOH 

18,143.2 Ib-mol/hr 
25.4 Ib-mollhr 

18,168.6 Ib-mol/hr 

343,038 iblhr 

Temperature 

Pressure 

Mol % 
1.24 

O.T5 

0.05 

8T .53 

10.48 

46,064.1 lb-mol/hr 

-0- lb -mol lhr  

46,064.1 lb-mol/hr 

535,384 l b / h r  

Temperature 

Pressure 

Mol % 
59.0 

0.3 

16.2 

1T.6 

0.2 

6.6 

Trace 

100OF 

680 psia 

68OF 

360 psia 
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6 . 2 . 7 . 1  (Continued) 

Pure SNG (Unit 23 SNG Purification a ComPression Unit Product):  

Dry Gas 

Moisture 

Total Stream 

Battery Limit Conditions: 

15,100.6 lb-mol lhr  

--0-- 

245,948 lb /hr  

T 68°F 

P 650 psia 

Composition: 

Component IV]ol % 

H z 1.49 

N21Ar (as Np) 0.90 

CO 0.06 

CH 4 96.34 

CO~ 1.21 

HHV (Btu/SCF)  980 

Acid Gases: 

The selective Rectisol unit  produces  several  acid gas streams which are fed 

to the ADIP or Stretford sections o f  the 

process  steam superheater depending on 

principal acid gas streams are as follows: 

Total gas ,  lb-moll hr 
Total gas,  lb /hr  
Battery  Limit Conditions: 

Dry Composition, Mol% 

T, OF 
P, psia 
CO S 
HgS 
COS 
CH~ 
Cz+ 
CO 
Ha 
MeOH 

Sulfur Recovery units  or the 

their HaS concentration. The 

CO= Rich 
Gas to 

H=S Rich H i Lean Process 
Gas Gas to Steam 

to ADIP Stretford Superheating, 
900.6 9 ,243.3 10,032.1 

38,143 403,382 440,224 
80 75 100 
25 23 25 
90.9 97.9 99.2 
16.9 0.7 trace 

0.2 0.02 trace 
- 0.2 0.2 
2.0 0.6 0.6 
- 0.2 - 
- 0.4 - 

trace trace 
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6.2.?.1 (Continued) 
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Rectisol Naphtha: 

Total Stream 

Naphtha, wt % 

Organic Sulfur, wt% 

MeOH 

Battery Limit Condition: 

11,327 l b / h r  

99.8 

0.2  

trace 

Temperature 
Pressure 

113°F 

40 psia 

Gas Liquor (-100% H20)  

Flow Rate 

Battery Limit Conditions:  

2,327 lb /hr  

Temperature 
Pressure  

56OF 

230 psia  

Utility Requirements  

Steam consumed (100 paig sat'd) 

Steam consumed (60 p s i g  sat 'd)  

Refr igerat ion,  BHP 

Electric power 

Cooling water (AT = 30°F) 

Methanol makeup required 

46,700 l b / h r  

91,700 l b / h r  

20,270 HP (15,110 kW) 

7,800 kW 

13,613 gpm 

557 l b / h r  

6 . 2 . 7 . 2  PROCESS DESCRIPTION 

The Rectisol unit  process  flow sketch  i s  presented  on Drawing No. 835?04- 

13-4-101. The  unit  material balance is  inc luded  in Table 6 . 2 . 7 - 1 .  The 

plot plan is  shown on Drawing No. 835704-13-4-050.  The equipment l i s t  i s  

inc luded in Table 6 . 2 . 7 - 2 .  

Raw gas from the Gas Cooling unit  i s  f irst  cooled against  the  pure  product  

gas from the uni t ,  then  against  propylene  refr igerant .  The condensate  ~.s 

removed and sent  to the  Gas Liquor Separation uni t .  The chil led raw gas 

is  fed to the  HaS Prewash Absorber and contacted countercurrent ly  with 
' _ i I i 

6 - 1 0 5  l .s,.,~L.'~,,.., . . ~  .~T. I 

I s,~c, I m ,m.~,=. c,~ ,., I 
.,.c~ , ~  M . .~ ,n . ,  u , ,~  ,E~i,.. I 

r .  

b ~ . ,  

k 



,* ;r 

i 

! , 

; - 2.* , ' 

t . 

r 

i " 

6 . 2 . 7 . 2  (Continued) 

C02-r ich  methanol from the CO~-H~S Absorber.  The naphtha is  washed 

out and the naphtha-rich methanol flows to the Prewash Flash Vessel .  In 

the upper section of  the absorber,  H~S is  removed from the gas and the 

CO 2 + HzS-rich methanol is  sent to the Reabsorber column. The gas,  now 

almost H2S-free,  is  fed to the COz-H~S absorber where it contacts with 

lean methanol streams from the SNG Purification unit and the bqash 

Regenerator.  The lean methanol feed to the CO2-H2S Absorber from the 

SNG Purification unit containing the COs removed from SNG is  controlled 

to obtain the required CO 2 concentration in the product  gas flowing to 

methanation. 

The product synthes is  gas ,  now H~S-free and with the desired CO~ con-  

tent ,  leaves the absorber,  i s  warmed by heat exchange  with the raw feed 

gas ,  and flows to the Methanation unit .  Slip streams of  the synthes is  gas 

are taken to Methanol Synthes i s  unit ,  PSA Hydrogen Production unit and 

Fuel Gas system. 

The naphtha-rich methanol from the Prewash Absorber is  f lashed to an 

intermediate pressure  in the Prewash Flash Vessel .  The offgas  is  fed to 

the  Reabsorber and the l iquid stream is  sent to the naphtha extractor 

where it is  extracted us ing  boiler feed water.  The naphtha phase is sent  

to the Naphtha Hydrotreating unit ,  while the methanol-water phase is  

pumped to the Methanol Regeneration system. 

The CO~-rich methanol from the COz-H~S Absorber that is  not  fed to the 

H~S Prewash Absorber is fed to the Flash Regenerator.  The high pres -  

sure  f lash gases from the top section of  the regenerator contains any H 2 , 

CO or CH~ that may have been absorbed.  These gases  ave compressed, 

cooled and combined with the raw gas feed.  The intermediate pressure  

f lash gases  from the lower section of  the regenerator is  the CO~-rich acid 

gas which,  after compression, flows to the Process  Steam Superheating 
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6 .2 .7 .2  (Continued) 

Unit (20) .  The COz-lean methanol from the  bottom of  the regenerator is 

pumped to COs-HsS Absorber as the main solvent .  

The Reabsorber column serves  to recover  CO s selectively from the H~S and 

COs-rich methanol. The HsSICOz-rieh methanol from the HsS Prewash 

Absorber is  fed to the top section of  the Reabsorber where it is  f lashed at 

high pressure .  The offgas  is recycle gas which combines with that from 

the Flash Regenerator.  The offgas  from the lower section of  the  Re.~;- 

sorber where the liquid is f lashed at an intermediate pres sure  is  the 

HsS-lean acid gas .  This gas flows to the Stretford section of  Unit 19. 

The Prewash Flash of fgases  are also introduced at the bottom of  the 

Reabsorber to recover  any Hs, CO, C H 4 or acid gas.  The HsS-rich metha- 

nol from the bottom of  the Reabsorber i s  sent  to the Methanol Regeneration 

System. 

In the ~]ethanol Regeneration system, a sequence of hot regeneration and 

distillation using low pressure  steam is employed to remove remaining acid 

gases and recover the methanol so lvent .  The liquid feed streams to the 

system consist  of  the Reabsorber bottoms and the methanol-water phases  

from the Naphtha Extractor.  Makeup methanol from the Methanol Synthes is  

unit is also fed to the  Regeneration system to remove the exces s  water.  

The lean methanol solvent product is sent  to the SNG Purification unit  to 

remove the CO s in the SNG product prior to use as the solvent in the 

CO2-tt~S Absorber.  The offgas from the Methanol Regeneration system is 

the HsS-rich acid gas stream which is  sent  to the ADIP section of  the 

Sulfur Recovery unit .  Water removed from the Regeneration system is 

pumped to the Wastewater Treating unit .  

A propylene refrigeration system is provided within the unit .  In addition 

to serv ing  the primary Rectisol unit ,  the system also provides refrigeration 

for the SNG Purification unit .  
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TABLE 6.2.7-1 

MATERIAL BALA~ 

RECTISOL - UNI~ 

Stream Number 13-1 13-2 13-3 

Pure  Gas to MeOH 
Raw Gas from Pure Gas to Synthesis,  PSA & CO 

Stream Name Gas Cooling Methanation Fuel Gas Stn 

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

H z 27,226.0 43.09 25,~6s.1 59.03 1,425.5 59.03 
N~ 142.7 0.23 135.3 ~,31 7.4 0.31 
CO 7,474.0 11.83 7,062.1 16.18 393.2 16.18 
CH~ 6,830.5 10.81 7,695.0 17.63 425.6 17.63 
C~H 6 181.0 0.29 96.0 0.22 3.0 0.22 
C~H8 36.2 0.06 
C~Hzo 9.0 0.01 
CO= 21 ,063 .8  33 .34  2 , 8 9 3 . 8  6 .63  161.5  6 .63  
H2S 217.6  0 .34  
COS 3.6 0.01 

Dry Gas, Ib-mollhr 
IlzO vapor, ib-mollhr 
Wet Gas, Ib-mollhr 

i00.00 100.00 100.00 
63,184.4 ~ 4~,647.3 ~ 2,416.8 Tg0q'~ 

145.7 0.23 -0-  -0-  -0-  -0-  
63,330.1 100.00 43,647.3 100.00 2,416.8 100.O0 

1C 

Dry Gas, lb/hr 1,320,054 
B=O vapor, lb/hr 2,625 
H=O liquid, lb/hr 
Naphtha, lb/hr 11,517 
Org. Sulfur, lb/hr 22 

507,295 28,089 
u m 

TOTAL, lb/hr 1,334,218 507,295 28,089 

Pressure, psia 405 360 360 
Temperature, °F 100 68 68 

NOTES: i. 

. 

Flow quantities, pressures,  and temperatures shown are for the t 
design purposes, and are not necessarily the conditions which will 

CO,, CH~ and H 2 0  removed from SNG in Unit 23 also flow to the 
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TABLE 6.2.7-1 

MATERIAL BALANCE 

RECTISOL - UNIT 13 

Pure Gas to  MeOH 
Synthesis, PSA & 

Fuel Gas 

Ib-mol/hr Mol% 

13 - 4  

CO2-Rich Gas to 
Stm. Superheater 

Ib-mol/hr Mol% 

13-5 13-6 

HzS Lean Gas to HzS Rich Gas to 
Stretford ADIP 

13 -7 13 -8 
Gas 

Liquor 
to Gas Naphtha 

Liq.  to  
S e p e r .  Nap .  HT.  

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

) .03  
,31 

5.18 

22 

~.63 

1,425.5 59.03 
7.4 0.31 

393.2 16.18 
425.6 17.63 

3.o 0.22 

161.5  6 . 6 3  

20 .2  0 . 2 0  
53 .2  0 .53  

4 .5  0 ,05  

9 ,953 .B  99 .22  
0 .02  - 
0 .4  - 

35.4 0 . 3 8  

18.7 0 .20  
22.5 0 .24  
27.8 0 . 3 0  0 .4  0 .05 
21.2 0 . 2 3  1~ .5  1.18 

1.8 0 .02  7 . 2  0 .81  
9 ,046 .8  97.88 717 .7  80.87 

67.6 0 .73  150 .0  16.90 
1.5 0 .02  1 .7  0 .19 

:) .00 100.00 100.00 
2 , 4 1 6 . 8  ~ 10,032.1 

- 0 -  -0- -0- -0- 
2 , 4 1 6 . 8  100 .00  1 0 , 0 3 2 . 1  100.00 

I00.00 100.00 
9 , 2 4 3 . 3 ~  887.5~ 

- 0 -  -0- 13.1 1.45 
9 ,243 .3  100.00 900 .6  100.00 

28 ,089  440,224 403,382 37 ,696  - - 
_ _ - 236 - - 
_ _ - - 2 ,327  - 
_ - - 211 - 11,306 

- - - 21 

5 28 ,089  440 ,224  403,382 38,143 2 ,327  11 ,327  

0 360 25 23 25 230 40 
8 68 100 75 80 56 113 

• res shown are for the total unit on a stream-day basis, are to be used solely for process 
the conditions which will be attained during actual operations. 

in Unit 23 a l so  flow to  t h e  un i t  at t h e  rate  of  97,090 l b / h r .  
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TABLE 6 .2 . ' / -2  

EQUIPMENT LIST 

RECTISOL- UNIT 13  

Number Required 
Item No. Equipment Name O_~ 
~ i  H2S Prewash Absorber 2 % $  

13VL-0102 CO s - HsS Absorber 2 0 
13VL-0103 Prewash Flash Vessel 2 0 
13VL-0104 Flash Regenerator 2 0 
13VL-0105 Reabsorber 2 0 

13E-0101 Crude/Pure Gas Exchanger 2 0 
13E-0102 Crude Gas Refrigeration Cooler 2 0 
13E-0103 Flash Gas Recompression After  Cooler 2 0 

13C-0101 Flash Gas Recompressor 2 0 
13C-0102 CO2-Rich Gas Compressor 2 0 

13P-0101 A/B Prewash  Absorber Bottoms Pump 2 2 
13P-0102 A/B Absorber  Bottoms Pump 2 2 
13P-0103 A/B Naphtha Pump 2 2 
13P-0104 A/B Reabsorber  Bottoms Pump 2 2 
13P-0105 A/B Flash Regenerator Bottoms Pump 2 2 
13P-0106 A/B Solvent  Pump 2 2 
13ME-0101 Naphtha Extractor 2 0 
ISME-0102 Refrigeration System 2 0 
13ME-0103 Methanol Regeneration System 2 0 

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: Train No. 1 Train No. 2 

13VL-0101 13VL-0201 

6 - 1 1 1  | ,s , . w ~  u , . .  I t . ~ : , , , .  c. ,.~ i 



6.2 .8  GAS LIQUOR SEPARATION - UNIT 14 

6.2.8.1 DESIGN BASIS 

Purpose  of  Uni~ 

The Gas Liquor Separation un i t  receives the proces s  condensate (gas  

l iquor)  from Gasification, Gas Cooling and Rectisol un i t s  and separates the  

combined stream into a tar /o i l  fraction (hydrocarbon phase)  and a gas 

l iquor containing predominantly  water,  phenols  and  ammonia (aqueous  

p h a s e ) .  The tar/oil  fract ion i s  sent  to the Tar Dist i l lat ion unit and the 

gas l iquor  is  fed to the  Phenoso lvan  uni t .  The f lash gas  result ing from 

r e d u c i n g  the  pressure  of the  feed  liquor is  sent  to the  Sulfur Recovery 

un i t .  

Scope  of  Unit 

The uni t  includes  cool ing,  e x p a n s i o n  and phys ica l  separation of the gas 

l iquor  f eed .  The unit  is  l i c ensed  b y  Lurgi Mineraloltechnik of Germany. 

General Des ign  Criteria 

All separator  stages  in the  un i t  have  multiple parallel  v e s s e l s  to yie ld from 

50 to 100 percent spare capac i ty .  In addition,  the d u s t y  gas liquor trains 

are d e s i g n e d  as two 100 percent  trains to allow for the  frequent  mainte- 

nance  required on these  t ra ins .  The unit  onstream factor i s  compatible 

with the  overall  plant stream factor of 332 days  per  year .  All the rotat ing 

equipment  in the unit  are motor dr iven.  
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6.2 .8 .1  (Continued) 

Process Performance Objectives 

The gas l iquor effluent from the unit  is expected to be essential ly  free of 

tar and oil. 

F e e d s t o c k  

N e t  Gas  L i q u o r  from Gas  C o o l i n ~  U n i t :  

HsO 4 7 9 , 2 4 6  

Dissolved •Gases 27,912 

Oils 25,265 

Phenols 3,414 

Ammonia 

Total Stream 

Battery Limit Conditions: 

lb lhr  
lb lhr  

lb /hr  

lb lhr  

6,783 lb lhr  

543,944 Iblhr 

T e m p e r a t u r e  2 3 3 ° F  

P r e s s u r e  225 p s i a  

(Net)  Dusty Gas Liquor from Gasification: 
Total Stream 454,365 lb lhr  

Battery Limit Conditions: Temperature 350°F 

Pressure 300 psia 

Gas Liquor from Rectisol Unit: 

H=O 
HCN 8+ D r y  Gas 

Battery Limit Conditions: 

2,327 Iblhr 

trace 
Temperature 56°F 
Pressure 225 psia 

Products 

Oils to Tar Distillation Unit: 

Oils 
Battery Limit Conditions: 

25,265 lb lhr  

Temperature 104°F 
Pressure 90 psia 
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6.2 .8 .1  (Continued) 

Gas Liquor to Phenosolvan Unit: 

HzO 935,766 Ib/hr 

Dissolved Gases 22,309 Ib/hr 

Phenols 3,414 iblhr 

Ammonia 6,783 Ib/hr 

Total Stream 969,596 lb /h r  

Battez~ Limit Conditions: Temperature 

Pressure 55 psia 

Expansion Ga s to Sulfu~ Recovery Unit: 

Dry Gas 152.? Ib-mol/hr 

HsO 9.5 lb-mol /hr  

Total Stream 5,?75 l b l h r  

Battery Limit Conditions: Temperature 

Pressure 20 psia 

Composition: 

Component 

H s 11.5 

CO 5.6 

CH 4 4.9 

CO s ?6.0 

HsS 2.0 

Mol 

Utility Requirements 

Elect~ic Power 690 kW 

Cooling water (AT = 30°F) 

6-114 

95oF 

135°F 

5,548 gpm 
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6 . 2 . 8 . 2  PROCESS DESCRIPTION 

A simplified process  flow diagram for this  uni t  is  shown on drawing 

No. 835704-14-4-101.  The material balance (Table 6 . 2 . 8 - 1 )  and equipment 

l ist  (Table  6 . 2 . 8 - 2 )  for the  uni t  fol lowing the flow diagram. 

Dus ty  gas l iquor from the Coal Gasification unit  i s  partially cooled in air 
coolers and depressur ized  to near  atmospheric p r e s s u r e .  During  the e x p a n -  

s ion process ,  d isso lved gases  (mostly CO~ and some HaS) are released 

from the dusty  gas l iquor,  which subsequent ly  f lows to the  primary tar 

separator.  In the primary tar separator, entrained tar sett les to the 

bottom of  the v e s s e l .  A portion of the  tar conta in ing  a s ignif icant  amount 

of coal dust  is  withdrawn from the  bottom of  the separator and is cont inu-  

ous ly  recycled to the Coal Gasification uni t .  Tar i s  also drawn from the  

upper  portion of  the hydrocarbon phase and is  sent  to the final gas l iquor 

Separator for recovery of  entrained oil .  A portion of  the  warm d u s t y  gas 

l iquor from the surge  tank is  recycled to the  Coal Gasification uni t  and the 

Gas Cooling unit  as crude gas  quench and wash respec t ive ly .  

The oily gas l iquor stream condensed  in the Gas Cooling uni t  is  cooled to 

ambient temperature and mixed with the  gas l iquor from the Rectisol  uni t .  

This  mixture is. also depressur ized  to near atmospheric pres sure  to release 

d i s so lved  gases .  After the depressur izat ion ,  the oi ly gas l iquor is proc-  

e s sed  to separate the oil .  The recovered oil i s  sent  to storage before it is  

fed to the Tar Distillation uni t .  The de-oi led gas  l iquor then  flows to a 

f inal  separator where it i s  combined with the  gas l iquor from the  d u s t y  gas 

l iquor separation.  

The f inal  gas l iquor separator handles  the separation of the  remaining 

d i s so lved  oil and tar from the  combined gas l iquor.  The processed  gas  

l iquor i s  sent to the final gas  l iquor surge  tank.  Gas l iquor from this  

surge  tank is pumped t h r o u g h  a filter to remove remaining entrained tar 

or d u s t .  After f i ltration, the  gas  l iquor f lows to the  Phenosolvan uni t .  
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6 .2 .8 .2  (Continued) 

The filtration syste..n contains an exchanger  to heat the f i lter f lush water.  

This water after f lushing the f i l ters  is held in the mud liquor tank prior 

to recycle to the tar separator.  

The unit  also contains a liquor sump to receive process  area drains and 

run-of f  which are fed  to the tar separator.  

The gas from the depressurizat ions  and vents  is  collected throughout the 

unit and called expansion gas.  The expansion gas is  scrubbed with gas 

liquor to reduce i t s  ammonia content  and sent  to the Stretford section o f  

the Sulfur Recovery unit. 
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TABLE 6.2.8-2 

EQUIPMENT LIST 

GAS LIQUOR SEPARATION - UNIT 14 

Item No. 

14TK-0101 

14TK-0102 

14TK-0103 

14TK-0104 

14TK-0105 

14TK-0106 

14TK-0107 

14VL-0101 

14DM-0101 

14DM-0102 

14DM-0103 

14DM-0104 

14E-0101 

14E-0102 

14E-0103 

14E-0104 

14E-0105 

14C-0101 

14C-0162 

• ~."- .'.ipment Name 

,jection Water Tank 

Final Gas Liquor Surge Tank 

Oil Tank 

T ar Tank 

Gas Liquor B u f f e r  Tank 

Mud Liquor Tank 

Tar Separator  

Ammonia Scrubber 

Dusty Gas Liquor Expansion Vessel 

Tarry Gas Liquor Expansion Vessel 

Final Gas Liquor Separator 

Blower Suction Drum 

Dusty Gas Liquor Air Cooler ~ 

Oily Gas Liquor Air Cooler 

Oily Gas Liquor Trim Cooler 

Gas Liquor Final Cooler 

Filter Flush Water Heater 

Vent Blower 

Expansion Gas Blower 

Number Required 

2 0 

2 0 

2 8 

4 0 

2 0 

2 0 

4 6 

2 0 

2 0 

2 0 

4 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 O 

2 0 

2 0 
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TABLE 6 .2 .8 -2  (Con t inued)  

EQUIPMENT LIST 

GAS LIQUOR SEPARATION - UNIT 14 

Item No. 

14P-OI01 A/B 

14P-0102 A/B 

14P-0103 A/B 

14P-0104 A/B 

14P-0105 A/B/C 

14P-0106 A/B/C/D 

14P-0107 A/B 

14P-0108 A/B 

14P-0109 A/B 

14P-0110 A/B/C 

14P-0111 A/B 

Equipment Name 

Inject ion Water Pump 

Tarry Gas Liquor Pump 

Tar Pump 

Ammonia Scrubber Water Recycle 

Pump 

Final Gas Liquor  Pump 

Dusty Tar Recycle Pump 

Gas Liquor Sump Pump 

Slurry Pump 

Oii Pump 

Filter Flushing Pump 

Mud Liquor Pump 

Number Required 

Oper .  Spare  

2 2 

2 2 

2 

2 2 

4 2 

4 4 

2 2 

2 2 

2 2 

4 2 

2 2 

14FT-0101 A / B / C /  Gas Liquor Fi l ter  

D/ElF/ 
6 6 

NOTE: (1) This  is a Lurgi  p r o p r i e t a r y  un i t .  Consequen t ly ,  t he  above 

equ ipment  l is t  is not  a l l - inc lus ive ,  a l though t he  es t imated  

cos t  is for  the  complete un i t .  

C2) Tra in  #2 equipment  n u m b e r s  which are  not  shown are  t he  

same as ind ica ted  above e x c e p t  the  t ra in  des igna t ion  is 02 

i n s t ead  of  01. 

Example: Train No. 1 Train No. 2 

14TK-0101 14TK-0201 
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6 .2 .9  TAR DISTILLATION - UNIT 15 
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6 . 2 . 9 . 1  D~.SIGN BASIS 

Purpose o f  unit 

Tar distillation unit rece ives  the oil from Gas Liquor Separation unit and 

distil ls it into a heavy tar/oi l  fraction - -  f eedstock  to the POX unit - -  and 

a tar naphtha fraction which is  sent to the Naphtha Hydrotreating unit .  

Scope of  Unit 

The unit includes a distillation column and associated heat exchange  

including a small f ired heater.  The unit is l icensed by Lurgi 

Mineraloltechmk. 

General Design Criteria 

The unit consists  of  two 50 percent  trains.  All rotating equipment in the 

unit are motor-driven and are spared to provide trouble-free  operation o f  

the unit .  The unit onstream factor is compatible with the overall plant 

stream factor of 332 days per year.  

Tankage for 14 days capacity feed storage is  provided offplot.  

Feedstock 

Oils from Gas Liquor Separation Unit 

Oils 25,265 Lbs/hr 

Battery Limit Conditions: Temperature 

Pressure 

104OF 

85 psia 
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6.2.9. i (Continued) 

Products 

Tar Naphtha to Naphtha Hydrotreating 

Naphtha 5,053 Ib/hr 

Battery Limit Conditions: Temperature 168°F 

Pressure 56 psia 

Residue Tar/Oil to POX 

Tar/Oil 20,212 Ib/hr 

Battery Limit Conditions: Temperature 329°F 

Pressure 55 psia 

Utility Requirements 

Steam consumed (600 psig sat'd) 

Steam consumed (60 psig sat'd) 

Electric Power 190 kW 

Cooling Water (AT = 30°F) 

Fuel Gas 

7,600 Ib/hr 

7,250 Ib/hr 

240 .:GPM 

12.2 MM B t u / h r  

6.2.9.2 PROCESS DESCRIPTION 

The process flow sketch for this unit is shown on drawing 

No. 835704-16-4-101. Material balance (Table 6.2.9-i), plot plan (Drawing 

No. 835704-15-4-050), and equipment list (Table 6.2.9-2) for the unit 

foUow the flow sketch. 

The tar and oil recovered in the Gas Liquor Separation unit are combined 

and processed first in a water stripper in the Tar Distillation unit. Dis- 

solved water in the mixed feed is removed in the overhead of the stripper 

column and recycled back to the Gas Liquor Separation unit. The hydro- 

carbon stream from the bottom of the stripper is then pumped to the dis- 

tillation column. 
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6.2 ,9 .2  (Con t inued)  

The oil m ix tu re  is f rac t iona ted  in to  n a p h t h a  and oil r e s idue  in  the  dis t i l -  

lation column.  Naph tha  is r e c o v e r e d  in t he  overhead  and  t h e n  p u m p e d  to 

the  Naphtha  H y d r o t r e a t t n g  un i t .  Res idue  oil from the bot tom of  the  col- 

umn is r o u t e d  to the  Part ial  Oxidat ion un i t  fo r  gasification.  
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TABLE 6.2.9-1 

MATERIAL BALANCE 

TAR DISTILLATION - UNIT 15 

Stream Number  

Stream Name 

15-I 15-2 15-3 

Tar/Oil from Tar Naphtha Residue Oil 

Gas Liquor Separation to Hydrotreating to POX 

Tar /Oi ls ,  I b l h r  

Naphtha,  I b l h r  

25,265 - 20,212 

- 5,053 - 

TOTAL, Iblhr 25.265 5,053 20,212 

Pressure, psia 

Temperature, °F 

85 55 55 

104 158 329 

NOTE: Flow quanti t ies ,  p r e s s u r e s ,  and temperatures shown are for the 

total  unit  on a s t r e a m - d a y  bas i s ,  are to be  u s e d  solely for 

p roce s s  design p u r p o s e s ,  and are not necessa r i ly  the  conditions 

which will be at tained dur ing  actual  opera t ions .  
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TABLE 6 .2 .9 -2  

EQUIPMENT LIST 

TAR DISTILLATION - UNIT 15 

Item No. 

15VL-0101 

15VL-0102 

15DM-0101 

_Equipment Name 

Water Stripper 

Distillation Column 

Reflux Drum 

Number Required 

Oper. Spar__.~e 

2 0 

2 0 

2 0 

15BT-0101 Reboiler 2 0 

15]~-0101 

15E-0102 

15E-0103 

15E-0104 

Feed Preheater 

Stripper Reboiler 

Stripper Condenser 

Disti l lation Column Condenser  

2 0 

2 0 

2 0 

2 0 

15P-0101 A/B 

15P-0102 A/B 

15P-0103 A/B 

Str ipper  Bottoms Pump 

Naphtha Pump 

Distillation Column Reboiler Pump 

2 2 

2 2 

2 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: Train No. 1 Train ~o. 2 

15VL-0101 15VL-0201 
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6 .2 .10  

6 . 2 . 1 0 . 1  

NAPHTHA HYDROTREATING - UNIT 16 

DESIGN BASIS 

Purpose.  of  Unit 

This  uni t  hydrotreats  Rectisol naphtha and tar naphtha  for su l fur ,  nitro-  

gen,  and o x y g e n  removal and also eliminates the  gum forming tendency  by  

hydrogenat ing  the unsaturated  hydrocarbons  present  in  the feed.  The 

hydrogen  required is  obtained from the  PSA Hydrogen Production unit .  

The sour  o f fgases  from the hydrotreat ing  uni t  flow to the  Stretford Sulfur 

Recovery uni t .  

Scope of  Unit 

The uni t  encompasses  hydrogenat ion  of  the feed naphtha  and separation of 

the treated naphtha from the  sour water containing undes irable  reaction 

products .  The unit  is l i censed b y  Lurgi Mineraloltechnik. 

General Des ign Criteria 

The naphtha  hydrotreat ing  unit  cons is ts  of one 100 percent  train.  The 

unit  stream factor i s  compatible with the overall  plant stream factor of 332 

days per  year.  All rotating equipment in the unit  are motor dr iven .  

Tankage for 14 days  capacity feed storage is  provided offplot .  

Feedstock 

Rectisol  Naphtha 

Feed Rate 

Battery  Limit Conditions: 

11,327 l b / h r  

Temperature 113°F 

Pressure  35 psia 
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6.2 .10 .1  (Continued) 

Tar Naph{ha 

Feed Rate 

Battery Limit Conditions: 

,.H z from PSA 

Feed Rate 

Compomt~n: 

Battery Limit Conditions: 

Products 

Hydrotreated (Aromatic) Naphtha Product 

Production Rate 

Battery Limit Conditions: 

Sour Gas to Sulfur Recovery Unit 

Flow Rate 

Battery Limit Conditions: 

5,053 lb/hr 

Temperature 

Pressure 

158°F 

50 psia 

105.5 lb-mol/hr 

or 226 lb/hr 

99.5% H~ 

0,5% N~ 

Temperature 

Pressure 

380°F 

890 psia 

16,348 lb/hr or 1,351 BPSD 

Temperature 108°F 

Pressure 50 psia 

13.8 lb-mol/hr 

or 223 lb/hr 

Temperature 100°F 

Pressure 25 psia 
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6 .2 .  i 0 . 1  (Cont inued)  

Composition: 

Component 

H~ 

N~ 
CO 
CHu 
C# 
C. 
C~ 
CO2 

HaS 

mol 

47 .I 

11.6 
0 .?  

1 5 . 9  

7 . 3  

4 . 4  

2 . 9  

0 . 7  

9 . 4  

Utility Rec~uirements 

Steam consumed (600 p s i g  sat'd) 
Steam consumed (60 p s i g  sat'd) 

Electric Power 

Cooling Water (AT = 30°F) 

Fuel Gas (Intermittent only)  

Catalyst  Requirements:  Initial 

Annual  

10,200 l b / h r  
34,800 l b / h r  

190 kW 
9.06 GPM 

1.4 MM B t u / h r  

3 8 , 9 0 0  lb 

1 3 , 0 0 0  113 

6 . 2 . 1 0 . 2  PROCESS DESCRIPTION 

Process  flow for the Naphtha Hydrotreat ing uni t  ts shown on drawing 

No. 835704-16-4-101.  The material balance (Table 6 . 2 . 1 0 - 1 ) ,  plot plant  

(Drawing No. 835704-16-4-050) ,  and equipment l ist  (Table 6 . 2 . 1 0 - 2 )  for 

the unit  follow. 

' + 

( 
Naphtha recovered from the  Rectisol  and Tar Disti l lation Units  i s  col lected 

and combined in  a day lank  within the  Naphtha Hydrotreat ing uni t .  The  

mixed naphtha  feed is passed  through a f i l ter and then  vaporized in a 

steam heated exchanger .  The naphtha combines with the makeup and 

6 - 1 3 0  I . , . ~ , ~ .  , .  u~.'~,:, c,~ m~ I 



6.2.10.2 (Continued) 

recycle hydrogen .  Pure makeup hydrogen (99.5%) flows from the PSA Hydro- 

gen Production unit to replenish the hydrogen consumed in the hydro= 

treat ing reaction. Makeup hydrogen  is precooled, fi l tered and added to 

the naphtha feed along with the recycle hydrogen.  

The combined charge of naphtha vapor and ,hydrogen is preheated by the 

feed/effluent exchanger  and then fed to the hydrotreat ing reactor.  The 

reaction of sulfur and nitrogen compounds, and olefins with hydrogen 

occur over  a bed of catalyst.  The hydrogenation reaction resul ts  in evo- 

lution of heat (exothermic react ion) .  

The reactor effluent is cooled by heat exchange with the feed and then 

with the hydrogen recycle stream. A gas liquor stream from the Ammonia 

Recovery unit is mixed with the cooled effluent before cooling in air 

coolers. Any of the ammonia produced in the reaction of nitrogen with 

hydrogen is washed out in these coolers. The combined stream is collected 

in a horizontal drum for phase separation. 

The main portion of the hydrogen-r ich  vapor phase is preheated using 

steam, compressed, and then heated by the reactor effluent before recycle 

to the reactor .  A purge  stream of vapor from the separator  is used to 

control the concentration of hydrogen in the recycle. 

The hydrocarbon phase from the separator is stripped of any remaining 

dissolved gases in a steam reboiled stripper column. Hydrotreated naphtha 

product is withdrawn from the bottom of the stripper, cooled by pre- 

heating the feed to the column and by cooling water, and then piped to 

tank farm for sale. 

The offgas released from the s t r ipper  overhead-condensate is combined 

with the purge  stream from the separator and sent to the Stretford section 

of the Sulfur Recovery unit.  

6-131 i i i | 

I 

I 



/~: i;i ~ i!i/ 

L ~ :  ~ . 

::1' , 

• i 

! 

? .  
2 .  

• i 

: 

' i 

J . : ,  

' /  

/ 
j . e  

, .  / ,  . 

/ . 

i 

i' . 
n 

i 

1 . 

( 

°. 

6.2.10.2 (Contlnued) 

A sour water stream, containing primarily ammonia, from the separator and 

the stripper overhead accumulator is sent to the Phenosolvan unit .  
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TABLE 6.2.10-1 

MATERIAL BALANCE 

NAPHTHA HYDROTREATING UNIT 

Stream Number 16-1 16-2 16-3 
Naphtha from Tar Naphtha from Make-up 

Stream Nvme Rectisol Tar Dist. Hydrogen 

Component 
H2 
N2 
CO 
CH~ 
C2H6 
CsH8 
C4H o 
CO2 
H~S 

Dry Gas, lb.mol/hr 
H=O Vapor, lb .mollhr 
Wet Gas, lb.mol/hr 

lb-moI/hr Mol% 
105.0 99.50 

0.5 0.50 

105.5 100.00 
- - 0  ~ 

105.5 100.00 
Dry Gas, Iblhr 
HeO Vapor, Iblhr 
HzO Liquid, Iblhr 
Naphtha, lblhr 
Org. Sulfur, lb lhr  

- 226 
m 

m 

m 
m 

11,306 5,053' - 
21 

TOTAL, lb/hr 11,327 5 , 053 226 

Pressure, psia 35 50 890 
Temperature, °F zz3 158 386 

NOTES : 1. Flow quantities,  pressures, and temperatures shown are on a stream-day b~ 
and are not necessarily the conditions which will be attained during actual 

2. A slipstream of stripped gas liquor from Ammonia Recovery unit flows to th 
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TABLE 5 . 2 . 1 0 - 1  

MATERIAL BALANCE 

NAPHTHA HYDROTREATING UNIT 16 

16-2 16-3 16-4 16-5 
Tar Naphtha from Make-up Naphtha  S o u r  Gas to 

Tar Dist. H y d r o g e n  Product  S t r e t f o r d  

16-6 
S o u r  Water to 
P h e n o s o l v a n  

l b -mo l lh r  Mol~ 
105,0 99.50 

0.5 0 .50  

l b - m o l / h r  Mol~ 
6 .5  47.10 
1 .6  11.60 
0 .1  0.72 
2 .2  15.94 
1.0 7.25 
0 .6  4.35 
0 .4  2 .90 
0.1  0.72 
1.3 9.42 

105.5 lO0.O0 13.8 100.00 
- - 0 -  - - 0 -  

105.5 100.00 13.8 100.00 

- 226 - 223 - 

. . . .  1,750 
5,053 - 16,348 - - 

5,053 226 16,348 223 1 ,750  

50 890 50 25 75 
].58 38{) 108 100 100 

,atures shown az~ on a s t r e a m - d a y  b a s i s ,  are to be  u s e d  so le ly  for p r o c e s s  d e s i g n  p u r p o s e s ,  
which will be  attained d u r i n g  a c t u a l  opera t ions .  

from Ammonia R e c o v e r y  unit  f l o w s  to  t h i s  un i t  at the  ra te  o f  1 ,715  l b l h r .  
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TABLE 6.2.10-2 

EQUIPMENT LIST 

NAPHTHA HYDROTREATING - UNIT 16 

Item No. 

16TK-0101 

16VL-0101 
16DM-0101 
16DM-0102 

16RE-0101 

16E-0101 
16E-0102 
16E-0103 
16E-0104 
16E-0105 
16E-0106 
16E-0107 
16E-0108 
16E-0109 
16E-0110 
16E-0111 

16C-0101 A/B 

16P-0101 AIB 
16P-0102 A/B 
16P-0103 A/B 

16FT-0101 A/B/C 
16FT-0102 

E~uipment Name 

Naphtha Feed Tank 

Stripper Column 
Separator 
Stripper Reflux Drum 

Hydrogenation Reactor 

Vaporizer 
Reactor Feed-Effluent Exchanger 
Recycle Hydrogen Heater 
Reactor Product Air Cooler 
Purge Gas Cooler 
Recycle Hydrogen Cooler 
Stripper Feed Preheater 
Naphtha Product Cooler 
Stripper Overhead Condenser 
Stripper Reboiler 
Makeup Hydrogen Cooler 

Recycle Gas Compressor 

Feed Booster Pump 
Feed Pump 
Stripper Reflux Pump 

Feed Filter 
Oil Separator 

6-136 

Number Required 
Oper. Spar_.__se 

1 0 

1 0 
1 0 
1 0 

1 0 

1 0 
1 0 
1 0 
1 O 
1 0 
1 0 
1 0 
1 0 
i 0 
1 0 
1 0 

1 1 

1 1 
1 1 
1 1 

2 1 
1 0 

I uu on a i n u  ~ ~[r.¢~ Dim i 
Ls suDJ~oT le Ir~ ttr.s.tcm, cz, mt 

Nen~ P~t ~ IE  l~ilr ~ ;x~ t[i~ilr 
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6.2.11 PHENOSOLVAN - UNIT 17 

6.2.11.1 DESIGN BASIS 

Purpose of Unit 

The purpose  of th is  unit  i s  to recover the phenols  in the gas l iquor from 

the Gas Liquor Separation uni t .  The pheno l s  are fed to the Partial Oxida-  

tion uni t  while the  remaining l iquor is  sent  to the Ammonia Recovery  uni t .  

Scope of Unit 

The uni t  inc ludes  facilities for gas Liquor f i l trat ion,  solvent extract ion of 

phenols ,  and regenerat ion of  the i sopropyle ther  (IPE) solvent .  The unit  

is  l i censed by  Lurgi  ~lineraloltechnik of  Germany. 

General DesiKn Criteria 

The uni t  cons i s t s  of two operating t ra ins .  The uni t  i s  de s igned  for 

115 percent  of normal f low. Additionally,  critical rotat ing equipment are 

spared.  The des ign  is  based on the  overall  plant stream factor of 

332 days per year. 

The solvent  distil lation column can be turned  down to 25 percent  of  gas 

load, while the turn-down capability for the  scrubbers  and s tr ippers  is  

60 percent  of gas  load.  

Three -day  surge  storage of  gas l iquor f eed  i s  provided within the uni t .  
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6 . 2 . 1 1 . 1  (Continued) 

Process Performance Objectives 

The unit is designed to recover approximately 91 percent of the phenols in 

the feed liquor. The gas liquor leaving the unit is expected to contain no 

more than 600 ppm weight phenols. 

Feedstock 

Gas Liquor (including condensate from Naphtha Hydrotreating and 

Sulfur Reco~,ery units)  

J 

/ 

* °  

1 

1 

' ~'i~ 

, L  " ~ ' 

. .  " ~  

• '  ' . 2":2 " 

.. . . . 

Feed Rate 

H20 in Feed 

Phenols in Feed 

Battery Limit Conditions: 

Strip.ping Steam 

Feed Rate 

974,479 lb/hr 

940,649 lbihr  

3,414 lblhr 

Temperature 

Pressure 

2,400 lb/hr 

95OF 

55 psia 

Products 

Battery Limit Conditions: 60 psig sat'd 

Phenols to POX 

Flow Rate 

Phenols 

Battery Limit Conditions: 

3,2T5 lb/hr 
95% by wt. 

Temperature 180 to 285°F 

Pressure 72 psia 

Gas L$..quor to Ammonia Recovery 

Flow Rate 9T3,604 lb/hr 

Phenols 600 ppm by wt. 

Battery Limit Conditions: Temperature 120°F. 

Pressure 100 psia 
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6.2.11.1 (Continued} 

Utility Requirements 

Steam consumed (600 psig sat 'd) 

Steam consumed (100 psig sat 'd) 

Steam consumed (60 psig sat 'd) 

Electric Power 

Cooling Water (AT = 30°F) 

IPE Solvent Makeup Required 

3,400 lb /h r  

5,700 lb lh r  

54,100 lb /h r  

670 kW 

779 gpm 

318,794 lb /year  

6.2.11.2 PROCESS DESCRIPTION 

The process flow for the Phenosolvan unit is shown on Drawing 

No. 835704-17-R-101, and the unit material balance and equipment list 

follow (Tables 6.2.11-1 and 6.2.11-2).  The plot plan is shown on Drawing 

No. 835704-17-4-050. 

Gas liquor from Gas Liquor Separation, the major feed stream to the unit, 

is combined with sour water from the Naphtha Hydrotreating and Sulfur 

Recovery units. The stream is used as scrubbing liquid in the saturator 

column for the mixed vent streams collected in the unit. The gas liquor 

withdrawn from the bottom of the saturator is then brought into contact 

with the isopropylether (IPE) solvent in a multistage countercurrent  

extractor.  

The phenol-free gas liquor stream from the extractor (raffinate) flows to 

the raffinate af ter-se t t ler  for separation of entrained solvent. The 

rafftnate is pumped to the Ammonia Recovery unit for fur ther  processing.  

The phenol-rich solvent flows by gravity from the extractor to the extract 

settler.  The solvent-phenol slop layer is separated and collected in a 

slops receiver.  
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6 .2 .11 .2  (Continued) 

The upper so lvent-phenol  layer from the extract  sett ler,  with a small 

solvent makeup, overf lows to the  extract  rece iver .  The extract is  distil led 

in the  steam reboiled solvent regenerator.  

The solvent recovered from the overhead of the regenerator is condensed 

and collected in the overhead settler. A slop layer is separated and sent 

to the slops receiver. From the settler, the solvent overflows to the 

overhead receiver. Part of the regenerated solvent is refluxed to the 

regenerator and the res t  is  recycled to the extractor.  

The solvent-phenol  mixture leaving the bottom of  the regenerator flows 

into a surge  drum below the column. A water-phenol  stream withdrawn 

from the bottom of  two scrubber  columns is also collected in the surge  

drum. 

One column scrubs the so lvent-r ich  gas coming from the solvent stripper 

in the Ammonia Recovery unit .  A str ipped gas liquor stream from the 

same unit  and crude phenol  are used for scrubbing.  The o f fgas ,  

scrubbed of  the solvent ,  is vented from the overhead into the gas line 

from the saturator.  The mixed gas is  sent  to the  Stretford section of  the 

Sulfur Recovery unit .  The gas liquor is withdrawn as a column side draw 

and fed into the bottom section of  the saturator.  

The second scrubber column is used to wash the mixed vent streams col- 

lected in this unit, with crude phenol. The offgas from the column is 

compressed and fed to the saturator. 

The mixed water-so lvent-phenol  in the surge  drum is then pumped into a 

steam-reboiled stripper to strip entrained so lvent .  The s t r i p p e d  so lvent ,  

with some water and phenol ,  i s  condensed and injected into the extract  

stream flowing into the extract  sett ler .  
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6.2.11.2 (Continued) 

The main portion of  the crude phenol withdrawn from the bottom of  the  

stripper is  cooled and used  as scrubbing liquid for the solvent-rich gas 

and the unit vent  gas scrubbers .  The remaining portion flows to the  

crude phenol rundown drum and to a storage tank.  From the storage 

tank, the crude phenol is fed to the Partial Oxidation unit with the 

residue oil from Tar Distillation unit .  
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TABLE 6.2.11-1 

MATERIAL BALANCE 

PHENOSOLVAN-UNIT 17 

Stream Number  

Stream Name 

1~-1 

Gas Liquor 
Feed 

17 -2 1~-3 

Gas Liquor to  P h e n o l s  

NH s Reeov .  to  POX 

CO z , I b l h r  22 ,161 22,161 - 

HzS, I b l h r  148 148 - 

H~O, I b / h r  940,649 942,920 129 

Phenols ,  ib/hr 3,414 301 3,113 

Fatty Acids, lblhr 1,139 1,106 33 
Ammonia, l b / h r  6 ,783  6,~83 - 

HC1, I b / h r  185 185 - 

TOTAL, l b / h r  9?4,4~9 973,604 8,2Y5 

Pressure, psia 

Temperature, °F 

55 100 ~2 

95 120 180-285 

NOTES: 1. Flow quantities, pressures, and temperatures shown are for 

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

for process desi=~n purposes, and are not necessary the 

conditions which will be attained during actual operations. 

2. 2,400 Ib/hr of stripping steam is added to the unit. 

0 
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Item No. 

17TK-0101 

17TK-0102 

17DM-0101 

17DM-0102 

17DM-0103 

17DM-0104 

17DM-0105 

17DM-0106 

17DM-0107 

I?DM-0108 

17DM-0109 

17VL-0101 

17VL-0102 

I?VL-OI03 

17VL-0104 

17VL-0105 

17E-0101 

17E-0102 

17E-0103 

17E-0104 

17E-0105 

i7E-0106 

TABLE 6 . 2 . 1 1 - 2  

EQUIPMENT LIST 

PHENOSOLVAN - UNIT 17 

Equipm,ent Name 

Gas Liquor  T a n k  

Pheno l s  Tank  

Extrac tor  

Raff inate  Af ter  S e t t l e r  

Extract Settler 

Extract  R e c e i v e r  

R e g e n e r a t o r  O v e r h e a d  Se t t l e r  

Regenerator Overhead Receiver 

K.O. Drum 

Slop Receiver 

Crude Phenol Rundown Drum 

Saturator  

So lvent  R e g e n e r a t o r  

Solvent Stripper 

S c r u b b e r  

Vent  S c r u b b e r  

Regenerator Reboiler 

Regenerator Air Condenser 

Regenerator Water Condenser 

Stripper Condenser 

Stripper Reboiler 

Recycle Phenol Cooler 
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Number  R e q u i r e d  

spare 

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 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 
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TABLE 6.2.11-2 (Con t inued)  

EQUIPMENT LIST 

PHENOSOLVAN - UNIT IT 

Item No. E,,,quipment Name 
Number  Requ i red  
o p e r .  s p a r e  

17C-0101 Vent Gas Blower 2 0 

l?P-0101 AIBiClDIE 
17P-0102 AIBICID 

17P0103 A/B 

17P-0104 A/B 
17P-0105 AIB 
17P0106 AIB 

17P-0107 AIB 

17P-0108 A/B 

ITP-0109 A/B 

17P-011O A/B 

17P-0111 A/B 

E x t r a c t o r  Pump 

Raff inate  Pump 

Solvent  Phenol  Slop Pump 

Ex t rac t  Pump 
Regenez 'ator  Bottoms Pump 
R e g e n e r a t o r  Ref lux  Pump 

Solvent  Recycle Pump 

S t r i p p e r  Bottoms Pump 

Phenol  Pump 

Gas Liquor  Feed  Pump 

C r u d e  Phenols  Pump 

6 4 

4 4 

2 2 

2 2 
2 2 
2 z 
2 2 

2 2 

2 2 

2 2 

1 1 

N OTE: Train  No. 2 equ ipment  n u m b e r s  which a re  not  shown are  the  same 

as ind ica ted  above  excep t  t h e  t r a in  des igna t ion  is 02 in s t ead  of  

01. 

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

I?TK-0101 17TK-0201 
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