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PROCESS DEVELOPMENT STUDY ~0. 2 

Me~hanol/SNG Proauction 

INTRODUCTION 

The past Tri-State stuaies have been directed towards adapting a Sasol- 

type plant to produce transport fuels frca coal. The Sasol plants utilize the 

Synthol (Fischer-Tropsch Synthesis) process to produce liEnia fuels and a 

variety of by-product c3emiuals. The Tri-State Feaslbili~y 6~u~y utilized 

a configuration that incorporated ~he processing ~eps identical to those 

used by Sasol except for minor adju~nent_s to allow for dLifferent coal, 

different product specifications and different environmental constraints. 

The current study irn-e~tigates two alternate processing routes and the 

resultant product slates. The first alternate uses the synthesis gas to 

produce a fuel Erade methar~l product. The second case examines a process 

configuration ~hat woul~ fu~her convert the methanol to gasoline using the 

Mobil MTG process. 

( 

Fl~or prepared conceptual designs, and capital and operaT/ng c o s t  e s t i m a t e s  

f o r  t h e  two a l t e r n a t e  c e s e s  u s i n g  i n - h o u s e  d a t a .  T h i s  d a t a  a l o n g  w i t h  

t h e  da~a  d e v e l o p e d  f o r  t h e  S y n t h o l  c a s e ,  p r e p a r e ~  d u r i n g  t h e  F e a s i b i l i t y  

S t u d y ,  a r e  p r e s e n t e d  h e r e .  

i 
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SUMMARY 

Presented in this section is a s~m~ary of data developed for the three 

alternate processing schemes to produce liquid fuels from coal. The data 

for the SynT_hol case are extracted from the earlier Feasibility Study while 

the data for the two alternate cases were prepared as a part of this study. 

The Syn~hol case, as presented in t h e  Feasibility Study, utilized pro- 

cessing steps identical to those used in Sasol plants except for minor 

modifications ~hat are necessary to allow for diffezent feed coal, 

different product specifications, and different environmental constraints. 

One significant deviation from the Sasol processing scheme is that the 

methane separated from the Synthol tail gas is not reformed to maximize 

liquid fuels but is instead fur--her processed to produce SNG. The plant 

size is roughly the same as T_he Sasol ZZ plant. 

The plant utilizes Lurgi Mark IV gasifiers to gasify coal. Raw gas from 

the gasifiers is cooled and purified before being fed to the Synthol unit. 

Gas cooling and purification produces liquid streams which are further 

treated to extract useful products. The heavy tars are upgraded through 

Tar Distillation and 0il Workup units ~o produce useful transport fuels. 

The gas liquor stream is treated in Phenosolvan/Ammonia Recovery units to 

p=odu¢e ammonia and phenol by-produc~s. Naphtha recovere~ from these 

I/quids is hydrogenated and used as gasoline blending stock. 

k 

The cooled gas that has been purified in a Rectiso1' unit is fed to the 

Synthol unit. The liquids produced in the Synthol unit are upgraded in 

the oil Workup and Chemical Workup facilities to produce LPG, gasoline, 

1151~ ~ LT T I~  t l : l I T  I F  Dt lS  I ~ I T  
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je~ fuel, diesel fuels, medium fuel oil, and a variety of alcohols and 

ketone chemicals. The gas stream from Synthol is treated to rec~er 

an ethylene produ=t. A hydrogen-rich gas ~d a methan~-ri=h gas are 

separated from T~e tail gas. The hydrogen-rich gas is recycled back to 

5ynthol while the C~4-r£uh gas is further processed to produce an SNG p~oduct. 

The Rectisol unit produces a CO2/~2S strew, ~hich is furthe~ tTeated in 

the Sulfur Re,very Unit to produce sulfa. 

The first alte~ate 1~roc~ssing scheme (Meth~l C~) proposes ~o produce 

fuel grade ~tha~l. This scheme synthesizes the purfied gasification 

gases to n~th~l. This will result in the deletion of the Synthol ~d 

~he down~reEn processing units such U the Oil Workup, Ch~aical Workup_, 

C 2 Recovery, and the Ethylene plant. The Lurgi gasification units, the 

associated gas cooling and purification tu~its as well as the gasification 

liquids processing u n i t s  remain the s a ~ e  a s  i n  t h e  Si~nthol c a s e .  The liquid 

produc~s from the plant are limited to fuel grade meth~o! and the phenols 

and creosotes produced fwom Lurgi gasifiers rather ~ a wide range of 

liquid f~els produ~d in the Synthol case. 

In ~his ~e~hanol case the methane contained in ~he gasificat/on gases 

leaves the Methanol Synthesis unit in the fo~ of a purge gas. This purge 

gas is further treated by meT/u~ation an~ l~trification to produce an SNG 

p~oduc~. 

The s e c o n d  a l t e r n a t e  p r o c e s s i n g  scheme (MT~; C a s e )  p r o p o s e s  t o  p r o d u c e  

m e t h a n o l  a s  i n  t h e  m e t h a n o l  c a s e  and  f u r t h e r  ~ o n v e r t  i t  t o  g a s o l i n e  u s i n g  

Mobil "Methanol-to-Gasoline" (MTG) process. The MTG l~rC~uct is 
i 
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fractionated to yield a stabilized gasoline blending stock, LPG, isobutane 

(iC4), and a mixed C4/C 5 stream. The mixed C4/C 5 stream is alkylated with 

some of the iC4's to produce alkylate. The remaining iC4's will be sold 

as product while the stabilized MTG gasoline, alkylate and the nC4/iC 5 

from T_he Alkylation unit are blended together. This blend does not appear 

t o  meet gasoline specifications and it is suggested that i~ be marketed 

as a gasoline blend stock. The hydrogenated Lurgi naphtha is not blended 

into the gasoline ~ooI as it may be feasible to use it as feedstock for 

benzene extraction. 

In all three cases, the plant is self-sufficient in stemn generation. 

In-plant boilers produce steam at 1500 psig which is let down to 600 psig 

through turbogenerators to meet the plant steam demancl~. The plant power 

demands are met by v_he l~ower generated by the turbogenerators with an 

deficiencies being made up by purchased power. 

Table 1 and Table 2 present a summary of an overall feed/product slate 

and the capital and operating costs for the three processing schemes. The 

coal feed to ~he plant boilers varies due to different steam demands for 

the different schemes. As seen in the table, the Synthol case results in 

the lowest thermal efficiency (~seful thermal energy output as a precentage 

of ener~ input) and the methanol case the highest. 

/ 

The methanol case eliminates the Synthol and the downstream processing 

units a~d replaces them with a Methanol Synthesis unit. Deletion of the 

USZ N ~C~T41Z 9F ~R~T Da~ I 



Syn~ol and associated units saves capital investment, and reduced pro- 

cessing saves energy, making this scheme more ~hez~ally efficient. As 

this scheme involves a sma/ler number of processing units, ~he caT, alyst 

and chemical requirements are reduced as are the operat/r~ manpower 

requirements. The fuel grade methanol produced in ~his scheme could 

possibly be marketed as ~urbine fuel or as an ex~e=cler to gasoline. 

In the MTG case the methanol is conver~ed ~o gasoline using the Mobil 

MTG process ~ con~r~s methanol to dimethyl ether which is further 

converted to gasoline. This a~ditional processing step increases the 

capital investmen~ over the methanol case. The a~ditional processing 

also requires additional energy making this case slightly less thermally 

efficient than the methanol case. Additiona/ processing also results in 

a~ increase in the catalyst and chemicals consumption as well as the 

operating manpower requirements. 

A g a s o l i n e  p r o d u c t  l~Oduced by b l e n d i n g  t he  s ~ a b i ~ e d  g a s o l i n e ,  a3Jcylate,  

h y c ~ o g e n a t e d L ~ g i  ~ ,  i s o ~ t a n e  and t h e  nC4/ iC 5 a1~ears t o  meet t he  

s ~ e r  s p e c i f i c a t i o n s  b u t  f a i l s  ~o meet t h e  vola~_iJ. i~y (~/L) s p e c i f i c a t i o n  

for the winter conditions. Mdi~ionally, the gasoline produced in this 

scheme is stated to contain 4 to 6 wt. percen~ dureDe. Durene is these 

concentrations can cause carburetor icing problems in colder climates. To 

avoid such problems au~ to meet the gasoline specifications, it is suggeste~ 

that the gasoline so produced he used as a blending stock. However, for T~he 

purl~se of this study, it is proposed to produce Lurgi naphtha and isobuT~e 

~ ~ MUWlNNIdli glgl gSmU mla"L I i SBglKa~' ~ llUi mamlchmm n ~ 
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as separate products and blend together ~he stabilized MTG gasoline, alkylate 

and nC4/iCs's to be marketed as a gasoline blending stock. 

Table 1 

Overall ~eed/Product Slate 

Feeds 

Coal Feed 
Gasifiers, ST/D 
Boilers, ST/D 

Raw Water, GPM 

Electric Power (Purchased), MW 

Sy~thol Methanol MTG 

21,895 21,895 21,895 
8,772 7,341 7,8BI 

18,685 16,800 17,700 

83.2 43.9 44.0 

I ;) 
L 

Products 

SNG,~ SCF/D 

Me~hano!, ST/D 

Gasoline, BPD 

Gasoline, Blend Stock, BPD 

Treated Lurgi Naphtha, BPD 

C 3 LPG, BPD 

Isobutane, BPD 

Jet Fuel, BPD 

Diesel, I-D, BPD 

Diesel, 2-D, BPD 

Fuel Oil, BPD 

Ethylene, ST/D 

155.7 

(2) 

17,411 

(3) 

1,219.5 

4,629 

3,349 

267 

5O6 

481 

155.3 151.5 

9,673 

m 

-- 28,423 

2,541 2,541 

- 2,113 

- 2,811 

n 

I :.'$.~ OK ~,'i$( 'l'-c. ::; 0: ~|'~-,f'; ~='a 
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Table 1 

Continued 

~mzhol Me~anol ~__~G 

Products (Continued) 

MEK, ST/D 18-6 - - 

~.¢etone, ST/D 57.0 - - 

Higher Ketones, ST/D 0.7 - - 

Ethanol, ST/D 128.4 - - 

Propar~l, ST/D 37.0 - - 

Butanol, ST/D 19.3 - - 

Pentanol Plus, 5T/D 18.4 - - 

Phenols, ST/D 44.5 44.5 44.5 

Cresols, ST/D 54.4 54.4 54.4 

Cresotes, ST/D 404.1 404. l 404.1 

S u l f u r ,  ST/D 565.5 565.5 565.5  

Ammonia, ST/D 217.5  217.5  217.5  

(i) Rates are based on a s~ream day basis. An on-st=earn operation of 340 

days ~ year is a s s u m e d .  

(2) Methanol produced An the chemical workup facilities is c o n s u m e d  a s  

makeup in ~he Rectisol unit. 

(3) Lurgi naphtha is blended into gasoline in this case. 

ii 
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Capital Cost Estimate 

The Tri-State Synfuels Project Feasibility Study served as the primary data 

base for this study. The feasibility study scope was adjusted as necessary 

by unit to reflect the scope of the study using factored type cost estimates. 

Additional Direct Field Cost Estimates were developed for units included in 

this study t~.at were not included in the feasibility study. These cost 

estimates were prepared using either capacity factored or 400 account type 

cost estimates. Estimates for each case are given in ~able 2. 

The cost estimates are January 1980 ~ollars and include a 10% contingency. 

Capital Cost, SMM 

Catalysts and Chemicals 
Initial, SMM 
Annual, SMM/Yr 

Maintenance 
Labor, $MM/Yr 
Materials, SMM/Yr 

Operating Labor 
Manpower 
Annual Cost @ $29,000/man, $MM/Yr 

Schedule 

Table 2 

Capital and Operating Cost 

Synthol Methanol MTG 

3,304 2,588 2,785 

22.0 12.4 19.5 
36.2 21.0 22.9 

39.6 31.1 33.4 
59.5 46.6 50.1 

1, I00 866 954 
31.9 25.1 27.7 

The Projec~ Master Schedule (Attached) indicates a firs~ of Deuember 

1987 mechanical completion. This is some two weeks earlier than the 

Synthol case. While it is ~ure ~hat the me'.hanol plant contains less 

units, it is the critical path units which set the schedule and they 

remain essentially the same in both cases CLurgi gasification, steam and 

power generation, etc.). 

The Project Master Schedule is based on ~wo major assumptions: 

( USC a I I "  ~ ~ 0~2A ) 



i. A decision to change to either of t h e s e  t - ~  plants by mid-September 1981. 

2. No delays in the start of Phase 2 due to delays in enviro~Bental approvals. 

V. Process Des~iption 

Brief process descril~ions of the 1~xree aiffe~ent schemes are presented 

in this section. Also presented are simplified process block flow diadems 

and plot plans. Table 3 presents a list of the process units recjtLired. 

The 0ffsites and Utilities systems in each scheme remain the same, though 

the size of the various systems change. 

The front end of ~he pla~, where the coal is gasified, the coal gas is 

purified ~o prepare synthesis gas, ~nd the gasification liquids are pro- 

c~ssed, is identical in all Three schemes. The only difference appears 

in ~e oxygen purtiy for gasification- The synthol case used an oxygen 

purity of 98.5% while the Two alternate schemes use 99% pure oxygen. The 

higher purity oxygen is required for the t~o a/ternate schemes to keep the 

iner~s in ~be methanol synthesis purge 9as at the level that will permit SNG 

specifications to be met. Each scheme requires 36 Lurgi Maxk IV gaslfiers 

to gasify coal at a rate of 21,895 short tons per day. The gasifiars 

produce raw synthesis gas by partial oxidation of coal in the presence 

of steam ana oxygen. 

T h e  raw gas fr~ Lurgi gasifiers contains reaction water and some heavy 

hydrocarbons that are cor~ensed as the gas is coolea. The condensed materla~ 

is then separatee into aqueous and hydrocarbon phases in the Gas l.ic~or 

Separation unit. The aqueous phase is further treate~ in ~he Phenosolvan 

ii 
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unit for recovery of phenols and cresols. The ammonia-contaminated water 

from Phenosolvan is treated in the Ammonia Recovery unit to produce an aum~nia 

product. The hydrocarbon phase from the Gas Liquor Separation unit is 

fractionated in a Tar Distillation unit to recover naphtha, creosotes and 

pituh. Naphtha is combined from naphtha recovered in Rectisol unit and 

processed in the Naphtha Hydrogenation un/t, wh/le the pitch is used as 

in-plant fuel. The cooled raw gas is further purified in a Rectisol 

unit that uses a cold methanol wash system to remove sulfur compounds and 

CO 2 from the raw gas. The sulfur-contaminated CO 2 from Rectisol is treated 

in a Stretford %u~it to recover sulfur. 

The purified gases from Rectisol are processed to yield hydrocarben liq'.ui'ds. 

The three schemes presented in this study differ in the process steps used 

to produce hydrocarbon liquids as well as the end products themselves. 

Brief descriptions of the processing steps used in the three different 

schemes follow this discussion. 

In all schemes, the plant is self-sufficient ~ steam generation. Steam 

is generated at 1500 psig by ho~lers that use coa2 fines as fuel. The 

1500 psig steam is let down to 600 psig through ~urbogener~tors to pro- 

vide e!e=trical power and provide the in-plant steam requirements. Any 

deficiency in the electricity used in-plant is made up By purchased power. 

in all schemes, the purchased power requirements are below ehe 100 megawatt 

limit specified in the Feasibility Study. Contaminated liquid effluents 

are treated for resue or dispDsed of on-site. ~nere is no effulent discharge of 

hazardous materials from the plant. 
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See the Feasibility Study for a more complete des=riptlon of the front 

end units as well as the offsites and utilities systems. 

S~nthol Case (Dwg. 835504-00-4-012) 

Purified gas from Rectisol is fed to the Fischer-Tropsch based Synthol 

unit which convsrts the H 2 , CO and CO 2 contained in the pu~e gas to a 

wide _~pe~ of ]yroducts that include hydrocarbons and oxl~jenated 

compounds such as alcohols, aldehydes, ketones a~d organic acids. 

Principal reactions occurring in the Synthol reactors are: 

n C0 + 2hE 2 (CR2) n + n R20 

n CO + (2n+l) a 2 C n B2n+2 ÷ r~q20 

2nil 2 ÷ n CO C n H2n+l 0H ÷ (n-l) H20 

(2n-l) H 2 + n CO Cn H2nO + (n-l) H20 

(2n-2) H 2 ÷ n CO Cn R2n 02 ÷ (n-2) H20 

CO + H20 CO 2 ÷ H 2 

The effluent gas leaving the S1n~_hol reactors is cooled to condense 

hydrocarbon liquids. These liquids consist of higher molecular weigh~ 

hy&rocarhons, decant oil, and lower molecular weigh~ hyclrocarhons and light 

oil. Water soluble =hemical$ in ~he reactor effluent are dissolved in 

a water scrubber. The wa~er ~cream containing acid and non-acid chemicals 

is sent to ~he Chemical Workup facilities for further processing for recovery 

of alcohols end ketones. 

The condensed hydrocarbons are further processed in the Oil Workup fauilities. 

I ~ N ~qEt~ gF N U 1 
mine ~ m~mmwwNm ~ 
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These faoilities also process t h e  hydrocarbon liquids returned from 

the C 2 Recovery and the Ethylene Plant. The 0il Workup facilities 

separate the various feed streams into different fractions and subsequently 

process them to saleble products. The products frmm Oil Workup consist of 

I~G, gasoline, jet fuel, diesel and fuel oil. Synt_hol tail gas containing 

unconverted H 2 , CO and CO 2 along with light product gases tha~ do not condense 

are treated to remove CO 2 prior to being fed to C 2 Recovery. in the C 2 

Recovery %u%it the tail gas is separated into a Hydrogen-rich gas for recycle 

to Synthol, a methane-rich gas which is upgraded to produce SNG, C2's for 

feed to the Ethylene plant, and C 3 and heavier hydrocarbons which are fed 

to the Oil Workup system. 

A portion of the Hyarogem-rich gas separated in ~-he C 2 Recovery is fed to 

a pressure swing adsoption (PSA) unit to sugply the pure hydrogen needed 

in the plant. The Ethylene plant takes the ethylene/ethane (C2/C2) as 

feed and cracks the ethane to produce additional ethylene. Ethylene 

produEt is separated from the cracked product gas with t h e  heavier hydro- 

carbons being fed to the 0il Workup facilities. 

This is the scheme used in the Feasibility Study and represents an 

adaptation of the technology that has been well demonstrated on a 

co~nercial scale in the Sasol plants in South Africa. The produc~ quality 

information for this case was i~cluded in the Feasibility Study. 

f 

Methanol Case (Dwgo 835504-00-4-009) 

This scheme proposes to eliminate the production of a wide range of liquid 

,, _ 
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fuels and chemicals and alternately produce fuel grade methanol as a final 

product. This results in the deletion of the following units from the 

Synthol c a s e :  

20 Syn~hol 
21 CO 2 P,..em~al 
23 C 2 l~acovery 
24 Ethylene Plant 
27,29-35,60-65 Oil Workup 
36-38 Chemical Workup 

And the addition of the following unit: 

20 A Methanol Synthesis 

The purified gas from Rectisol is fed to the M~thano! Syr~hesis unit where 

the gas is compressed to about 1175 psia and then synthesized to methanol. 

Lurgi technology has been used for the preparation of T_his study as previous 

~rk has indicated that L~rgi and ICI are very close on an ~valuated basis. 

Copper catalyst is used to p r o m o t e  the exothermic synthesis reacnions: 

CO + 2H 2 CH30H 

CO 2 + 3H 2 CH3OH + H20 

The reaction heat is recovered ~y generating s~eam. The methanol reactor 

effluent is cooled by a combination of feed-effluent exchangers pl~s cooling 

water. The methanol product is separated from the cooled reactor effluent 

and the unconverted gases recycled back to the methanol reactor. A purge 

is removed from the recycle gas to =ontrol the iner~s k~/idup in the 

methanol synthesis loop. 

A portion of this purge gas is processed to supply hydrogen for lhe Naphtha 

Hydrogenation unit. The purge gas is first fed no a shift unit to convert 

i 

I u l  on Ilma~l~lL oF ipog olm "1 m molla 1 llq, I~SBoDdl q ~ 
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CO to CO 2 and hydrogen. This gas is then fed to a PSA unit. Purified 

hydrogen is sent to the Naphtha Hydrogenation unit and the CH4-rich stream 

from the PSA unit combined with the remainder of the synthesis loop purge 

gas. 

The combined purge gas is converted to SNG in the Methanation unit according 

to the following reations. 

CO + 3~ CB 4 + H20 

CO 2 + 4H 2 CH 4 + 2H20 

These reactions are carried out in two reactors operating in series. 

The react/ores are highly exothermic and the temperature in the first 

reactor is controlled by adding large amounts of SNG recycle to the 

fresh feed. 

The effluent from the first reactor is cooled by generating steam and 

heating ~he feed to the second reactor. The effluent from the second 

reactor is cooled by preheating the feed to the first reactor. The 

effluent from the second reactor is chilled prior to being scrub1~d in 

the Rectisol nnit to remove residual carbon dioxide and water vapor. The 

resultant SNG product leaves the plant via pipeline at about Ii00 psia 

without additional drying and compression. 

For the methanol case, the product qualities for the gasification products 

(phenols, cresols, creosotes, sulfur and ammonia) are the same as those 

I USZ Oa ~SCL'~'~ ItZ ek= I U ~  9AL4 I 
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produced for the Feasibility Study. The product qualities for methanol, 

hydrogenated naphtha and SNG are presented in Table 4. 

MTG Case (Dwg. No. 835504-00-4-007) 

For MTG case the crude methanol (from ~he Methanol Synthesis uni~) is con- 

verted to gasoline using t-he Mobil MTG process. The rema/nder of the 

processing scheme remains the same as in the methanol case. This will 

result in the addition of the following process units to the methar~l 

case: 

22A MTG 

23A M~G Fractionation 

24A Alkylation 

The crude methanol from the methanol synthesis is first catalytically 

converted to dimethyl ether. The dimethyl ether is further reacted 

catalytically in fixed bed conversion reactors to yield a hydroc~rbon 

m/x~ure. The two major reactions can be represented as follows: 

-H20 -H20 Olefins 

2CH30H ~ CH30CH 3 > Paraffins 
Aromatics 

Methanol DME 
Cycloparaffins 

The reaction is highly exo~her~ic and the temperature is controlled 

by a recycle stream to the conversion reactors. 

/ 
\ 

The reactor effluent is cooled by exchanging against feed methanol, 

by steam generation and finally oooling with air coolers. The cooled 

ii ml 
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product is separated from the vapor and sent to the fractionation unit. 

Unconverted vapor is recycled to the feed. water produced in large 

quantity, from the reaction, is separated and sent to Effluent Treatment. 

In the Fractionation Unit the liquia hydrocarbon product from the Mobil 

MTG unit is seperate~ i n t o  s~abiliz~d 9"asoline, propane LPG, isobutane and 

a mixed C4/C 5 stream. The Mixed C4/C 5 sTmeam is further processed with 

some isobutanes to produce a C8/C 9 alkylate bl~nding stock in a HF Alkylation 

unit. The alkylation reaction links an olefinic hydrocarbon with an 

isobutane molecule to form a branched chain paraffinic hydrocarbon suitable 

for gasoline blending. The reactor effluent is fractionated into ~F and 

isobutane for recycle, alkylate for gasoline blending and a nC4/iC 5 product. 

Blending calculations indicate that a blended gasoline product that 

utilized stabilized M~G gasoline, hydrogenated Lurgi naphtha, alkylate, 

nC4/iC 5 and isobutane as blending components will meet the summer gasoline 

specifications, however, it fails to meet the volatility (V/L) specifications, 

for the winter conditions. Additionally it is stated that this gasoline 

product contains 4-6 wt. percent durene. Durene in these concentrations can 

cause carburetor icing problems in colder climates. This indicates that 

this product be used as a blending stock rather than an end product. If 

such a gasoline were to be produced, the expected s~ecifications will he 

as shown in Table 5A. 

The blending calculations indicate that it is ~oubtful that the plant can 

produce a specification gasoline product. A parallel study is currently 
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being performed by Fluor ~o determine the feasibility of benzene extraction 

from ~urgi naphtha, t h e r e f o r e ,  for t h e  p u r p o s e  of 7.his  ~cu~y, The Lu.Tgi 

naphtha and isobutane are produced as separate products. The remaining 

~nents (stabilized MTG gasoline, alkyline, alkylate and nC4/iC5os) are 

blended and must be marketed as a ~asol~ne ~len~ stock. Expected speci- 

fications for these produc~s are presented in Table 5B. 

The Mobil MTG process proposed in This scheme has been p~ioted in saz~l 

scale. Reliable s=ale-up of ~he plant is expected to be feasible fr~ 

the pilot plant data. The first co~nercial plant, located in New Zealand, 

is currently believed ~o be in design phases. The operating conditions in 

the MTG unit are similar to those currently l~racticed on a wide scale 

in the refining industry. 

m j m a l [ a  u 'wni U la lmuc luh  4a ~ 
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Table 3 - Process Units 

Synthol MeThanol 

Unit No. Process Units 

1,2 Coal Hamdling and Screening X X X 

3 Ash Handling X X X 

i0 Gasification X X X 

Ii Gas Cooli/%g X X X 

12 Rec~is01 X X X 

13 Gas Liquor Separation X X X 

14 Tax Distillation X X X 

15 Naphtha Hydrogenation X X X 

16 Phensolvan X X X 

17 Ammonia Recovery X X X 

18 Stretford X X X 

20 Symthol Unit X - - 

21 CO 2 Removal z X - - 

23 C 2 Recovery X - - 

24 Ethylene Plant X - - 

25 H2 ~urification (PSA) X X X 

25A C0 Shift - X X 

27 

29-35 Oil Workup X - - 

60-65 

66 SNG (Methanation, Rectisol, X X X 

CO 2 Removal) 

36-38 Chemical Workup X - - 

20A Methanol SynThesis - X X 

22A M2G - - X 

23A M2G Fract/onation - - X 

24A A3~yla~-ion - - X 

f-- • 

% 

X - Indicates inclusion of the process unit in the subject processing scheme. 

I 
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Table 4 

~roauct ~n~lity- Methanol Case 

Methanol 

Purity 

s2o 

CO 2 

95% 

5~ 

T r a c e s  

Hydrogenated Lurgi Naphtha 

R0N (clear) 
MON (clear) 
RVP, psia 
Sp. Gr. 

Distillation (ASTM D86), 
"~ % Distilled 

0 
I0 
30 
50 
70 
90 

End Poin~ 

91 
77 
2.2 
0.823 

172 
192 
207 
223 
252 
300 
372 

( 

SNG 

EHV, B~u/SCF 

Methane Purity, Vol% 

Impurities 

CO 2, volq 

CO, vol% 

B 2 ,  vol% 

N2+Ar , volq 

H20, ib/million SCF 

Inter changeability Indices 

Lifting 
Flashback 
Yellow Tip 

Specific Gravity 

9 7 9 . 8  

9 6 . 6  

0 . 5  

0 . 0 1  

0 . 3  

2 . 6  

5 . 7  

1 . 0 5 3  
1 . 0 1 4  
1.075 

0. 5684 i ~ N ~ ml iIpRl, fm~m, J m~c~ ~ m ~  q~ofw mm ~ 
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Table 5A 

Gasoline (i) 

In case the hydrogenated Lurgi na_~htha and isobut~ne are also 

blended with stabilize~ MTG gasoline, Alkylate and nC4/iC5's 

from the alkyla~ion to produue an end use gasoline product, t h e  

expected quality will be: 

Test Temperature, °F 

Sl~mner 

Calc. S_~ 

Winter 

talc. 

@ V/L = 20 133 (Mine) 136 116 (Min) ii0 
RvP, psia 9.5 9.5 13.5 13.5 
RON 9 3 . 0  9 3 . 0  9 3 . 0  9 3 . 2  
MON 84.0 84.5 84.0 85.0 
(RC~ ÷ MON)/2 88.5 88.7 88.5 89.1 
Olefins, wt% 20.0 (Max) I0 20.0 (Max) i0 
Durene, ~c% 4-6 4-6 
Distillation (ASTM 
D 86) , OF 

% Distilled 
0 87 74 

I0 149 (Max) 129 131 (Max) 90 
50 170-245 204 170-235 196 
90 374 (Max) 327 365 (Max) 326 
EP 437 (Max) 387 437 (Max) 386 

(i) AS ~his gasoline does not meet specifications, the MTG case, 
for the purpose of this study, produces Lurgi naphtha and 
isobutane as separate produ=ts and blends the other com_monents 
(stabilized MTG gasoline, alkylate and nC4/iC5's) to be marketed 
as a gasoline blend stock. 

I $  5UIL~Cr "m ~ |E~ IUCr~k  ~N THE 

u m l ~  I ~ E  M lr~E ~ OF THIS I~D~I~ 
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Table 5B 

Product~li=y - HTG Case 

Gasoline Blend S¢ock 

~0~ tClea~i 
M0N (Clear) 
Rvp,  s i o  
Sp. Gr.  

Distillation (ASTMD86), 
VoI% Distilled 

0 
i0 
30 
50 
70 
90 

End Point 

"F 

R~-~roqenated Lurgi Naphtha 

Saae as in Methanol Case 

C3H 6, molt 

C3H 8, tool% 

C4's, ~oI% 

Isobu~anes 

C3, tool% 

iC 4, mo1% 

nC 4 , tool% 

iC 5, tool% 

9 2 . B  

8 4 . 8  
7 . 4  
0.  722 

i01 
134 
165 
208 
267 
336 
388 

4.1 

94.7 

I.i 

0 . 7  

8 6 . 9  

1 1 . 2  

1 . 2  

, i 

I "'--'-- i m~z mR m ~ m u  l u R ~  
i | i • 
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Table 5B 

Product Quality - MTG Case 

Continued 

HHV, Btu/SCF 
Methane Purity, vol% 
Impurities 

CO 2, vol% 

CO, vol% 

H 2, vol% 

~2+Ar, vol% 

H20, Ib/million SCF 

In~erchangeability indices 

Lifting 

Flashback 

Yellow Tip 

Specific G=avi%~2 

979.2 
95.5 

0.5 

0. Ol 

0.3 

2.6 

5.8 

I. 054 

i. 015 

1.74 

0.5687 
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TRI-STATE SYNFUELS COIV 
Indirect Coal Liquefaction PlanL 
W~stern Kemucky 

4Y FLUO r IGINEERS AND CONSTRUCTORS, INC. 
Contract 835504 

March 24, 1981 

PROCESS STUDY 
EVALUATE THE PRODUCTION OF 

METHANOL IN LIEU- OF SYRTHOL ~RODUCTS 

1.0 GENERAL 

Maintaining the same coal feed rate to the gasifiers, produce fuel 
grade methanol in lieu of the products produced from the synthol 
zeaction. Estimate the adaitional cosT.S associated with installing 
the necessary Mobil 'MTG' fa¢ili~ies at some future u~a~fined date. 

2.0 WORK DEF~N~TION 

2.1 Composition of Pure Gas from Rectisol 
is proprietary with the process developer. 

2.2 Fuel graae methanol specification. 

{Fluor w~ll assu~e Chat fuel grade methanol is "the same as 
MTG grade methanol). 

2.3 Methanol slnlthesis will be kemed on Lurgi technology for the 
purpose of thls s%udy. 

2.4 Methanol l=~rification will ~ based upon Fluor's technology. 

2.5 Methanol storage and shipping facilities 

(To be supplie5 by Tri-State eight weeks after Tri-State releases 
~luor to ~ c e  work). "" 

i 

Page 1 
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TRI-STATE SYNFUELS COW 
lnd;recl Coal L;cluefaction Plant 
Western Kentucky 

IY F LUOF "GINEERS AND CONSTRUCTORS• INC. 
Con,r:~ 835504 

< 
PROCESS STUDY (Continued) 

2.6 

2.7 

2°8 

Purchase a maximum of I00 ~ of power. 

No methane reforming - design for pipeline gas 9erSNG 
specification used in existin9 study. 

Other basis use~ in t h e  preparation of t h e  feasibility study 
shall remain constant. 

3 . 0  D ~ I Z ~  TO TRY-STATE 

3.1 Block flow diagrams. 

3.2 Total coal and raw water requirements. 

3.3 Catalyst and chemical sum~narieSo 

3.4 Operating costs. 

3.5 Cost estimates, both s~an~ alone methanol and a second e;timate 
for converting the methanol to Mobil 'MTG' facilities. 

3.6 Thermal efficiency calculation. 

4.0 

it is estima%ed that the above work will be completed about 18 weeks after 
Tri-States releases Fluor to commence with this work, assuming Tri-Statee 
provides the noted information in a timely manner. 

~ m i l l  ¢:T TO T~E RTL~51bCThT¢I gel EN~ 

~ PaGZ ~ ~ PAmO W DIll O[pDll 
i 
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(=  L I E N  T 

L O C A T I O N  

P R O J I [ C : T  

A / ¢  
N O .  

3O-O0 
2O.OO 

~)-00 

, ~  
~-DO 

.~5.,00 

.roT-STATE SYNFUET~ CO. 

C O S T  

• rwT-~,p~TV.. _~tTRT~S PR~k.TECT. 

I T I ~ M  Ik D E S C R I P T I O N  

Excavation 
Concrete 
5tru,ct~mi Steel' 
BUi|d~p~s 
Mo,chi~nery ~. Equipment, 
Pip|n~ 
Electrical . 
Insfrume~s 
Painti~)g ¢ Scaffoldinq, 
Insula~icm ..... 

" i  ~ • 

D E S C R I P T I O N  ~ETHA~OIJ STUDY P R O P .  N O .  

C ~ E  ~ [ T ;  1~'~1:J~0~. SYNTHESIS r a.o. N[:). 
MTG CONVERSION FRACTIONATION r CONT. NO. 

~; AT.1CY~T];ON =ADE BY 
APPROVE;[:) 

JAN 1980 INSTANTANEOUS 

835504 

BSC 

I ss-rmXCED C[DST $ X 1000 
; ~ A ~  L A N O R  S U B  = N ~  . A T £ R I A I . ~  T O T A L  .,  o , . . . ,  , 

3o-0o 
_91-00 
_92-00 
9'J-O0 
94-00 

_ ~5 - I  O 
.~-~o 

DIRECT FIELD C O ~ b  

International Expense, 
Tempe...r~7 Construct;on Facil it ies 
~onsl~. Services. Supplies & Expense 
Fielcl~e, taff. Subsistence & Expense 
Croft ~e~efits, Poyro!] Burdens & Ins.ur. 
EQuiDm~t R~.tal 
Small T~ols 
Field Stuff O~.;ri~ad Costs 

INDIRECT FIELD CO5T$ 

. . . .  .TOTAL FIELD C,,OSTS 

95-00 Home O~ice C=nstmcti[Dn 

97-00 
9g-00 
99-50 

gg-30 
,m.~o 

y 

I IL 

Pro, jeer Engineerin 9 . . . . . . . . .  
Process Enqineerinq 
Desiqn 
Purcl~sin 9 
Business ~rv iees . 
Office Expense 
0f f ; ;e  PuyrDII Burdens ...... 
Office Overhead Costs ,,, 

TOTAL OFFICE, COSTS 

TOTA L FIELD & OFFICE COST.S 

Sales Tax 

Gonth-,~enof 

TOTAL 
Fee 

TOTAL PROJECT 

OAT[  "[VI'$0pN. " O -  

~ ' '~--~tc; 

r~ 

I~..le V l S l . 0 N  [ :) : )ATE 

i 
i" 

i 
! 
I 

l i 

t 
T 

! 

I 
J 

I 

I 
t 
I 
1 
i 
I "12s 117"  
i 
I 2 r 259. £-o8 
I 
l 
t 

i 

i 
! 

i 
; 277 ~440 

i 
i a.53  z28 
I 
I 

247  .525 

n U  

,, ,,, 

P_A.GE N O  . _ ~  - o 

I 2,784 ~653 
i 
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CLW'NT TRI-STATE SYN~'UELS CO. 

LOCATm,, . ~T~EP--~C~. 1~. 

PnOJ[CT ~-S~ATE ~ FRGGEC~ 

A.*c 
No. IT[N • Dr.SCRIPTIOid 

00-00 F~c~v~tion 

COST ESTIMATE 

i0-00 C~cr . : *  
20-00 S ~ e t ~ l  $~,1 
3000 Buil~linas 
,10-00 Mochinery & Eavinment 
50-00 Pipinq 
~-00 l~Iec~ric~l 
=70"00 Inslrumerrts .. 
~0-00 Pglntina A ~;¢gffol~ling 
85-00 Insulin;on 

q 

I N q O P .  N O .  _ _  _ 

e.O. NO. 
¢O~'r. NO. ~ I S  ONLY 

l o 3  

MAC)I[ I Y  

A ~ D  

1 ' t M r A  L 

I 
i 

am'mT~ cost X 
s i i n .  ~ M A ' r E N I A I . . S  

, DIRECT FIELD CO~$ 

90-00 International Expense 
!91-00 Temporcry C"struct;on Focillties 
192-00 
[ -0o 
~-00 
:9.5-10 
95-50 

Ccmstr. Services, Supplies ~, Expense 
Field Staff. Subsistence & Exnense 
Craft B~efits,  Payroll Burdens & Insur. 
Eau~pment Rental 
Small Tools 

99.40 Field S~ff (~,~rkead Costs 
INDIRECT FIELD COS'i'$ 

TOTAL FIELD CO~Tb 

i 

96-00 Home Office Construction 

97-00 
98-00 
99-$0 

Proiect Engineering 
Process Enp;,neerinq 
Design 
Purchasing 
BUS;heSS SerTices 
Office E ~ s e  
Office Payroll Burdens 
Off;co Overhead Costs 

TOTAL OFFIC~ COSTS 

TOTAL FIELD & OFFICE COSTS 

Soles Tax 99-30 
99-10 Esc~!ation , , 
99-2O Co.tincjenc Y 

, TAL 

"rOTAL PROJECT 

m.w mmm 
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