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ENVIRONmeNTAL FACTORS IN COAL LIQUEFACTION PLANT DESIGN 

J. B. O'Hara, S. N. Rippee, 
B. I. Loran, and W. J. Mindheim 

ABSTRACT 

Environmental factors will play an important role in design and operation 

of coal liquefaction plants. Such plants are a major national goal and the 

first large units could be built during this decade. Proposed treatment 

methods are discussed for solid, liquid, and gaseous effluents based on a 

preliminary liquefaction plant design developed for the Office of Coal Research 

by Yhc Ralph M. Parsons Company. An approach to noise control procedures 

designed to satisfy requirements of the Occupational Health and Safety Act 

is also described. 

Further research during the course of future development efforts to 

develop additional data and information on environmental factors is recommended. 

Such data will further improve effectiveness and economy of plant environmental 

control and monitoring systems. 
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ENVLRONMENTAL FACTORS IN COAL LIQUEFACTION PLANT DESIGN 

J. B. O'Hara, S. N. Rippee, 
B. I. Loran, and W. J. Mindheim* 

INTRODUCTION 

Environmental factors weye an extremely important influence on the study 

recently completed by The Ralph M. Parsons Company for the Office of Coal 

Research (OCR) of preliminary design and estimated cost for a demonstration- 

scale plant to produce clean boiler fuels from coal. 

The importance of proper environmental safeguards was considered twofold. 

First, the design of a demonstration-scale plant is expected to be a fore- 

runner of many large plants producing clean fuels from coal; therefore, the 

advantages of good environmental protection elements in the design could be 

magnified many times nationwide. Second, a large body of opinion maintains 

today that environmental protection and efficient energy production are natural 

enemies. Since both environmental protection and coal conversion are major 

national goals, the validity of this widely held opinion would pose a substan- 

tial problem to both national programs. 

In Parsons role as Technical Evaluation Contractor to the Office of Coal 

Research, we found that the environmental protection objectives, as presently 

kno~m or anticipated by pending legislation, can probably be achieved with 

appropriate expenditure of money and effort. 

*All are members of The Ralph M. Parsons Company, Los Angeles, California. 
J. B. O'Hara is blanager of the Energy Department. 
S. N. Rippee is Project Manager. 
B. [. Loran is Senior Environmental Engineer, Systems Division. 
W. J. Mindheim is Chief Environmental Engineer. 

1 421 



O'Hara et al. 

Our approach to a discussion and current assessment of environmental 

factors in coal liquefaction centers on a brief description of the preliminary 

design for a complex to liquefy i0,000 tons/day of coal. This paper discusses 

its expected effluent streams and the probable methods of treating them in order 

to create an environmentally acceptable facility. 

The discussion also includes best judgment estimates of quantities and 

compositions of certain effluent streams, and our recommendation that coal 

liquefaction pilot plants emphasize further environmental research and develop- 

ment to ensure use of the most effective treatment methods when commercial 

plants are built. 

The design basis of our presentation uses Illinois No. 6 coal to produce 

two grades of boiler fuels plus lesser quantities of naphtha and by-product 

sulfur. The design was developed as a part of our assignment from the OCR. 

Reports describing the results have been published by the OCR (ref. i). There- 

fore, the process description presented here is brief, and is chiefly intended to 

show principal sections of the coal conversion complex pertinent to the dis- 

cussion of environmental factors. 

PROCESS DESCRIPTION 

The process configuration is depicted in the block process flow diagram 

shown in figure I. This clean boiler-fuel facility consists of (i) a coal 

preparation section, (2) a coal liquefaction section, and (3) a gasification 

section. This complex is designed to produce two low-sulfur liquid fuels, 

sufficient to supply a 600-megawatt power plant. Some naphtha and by-product 

sulfur are also produced. The light hydrocarbons formed are burned as plant 

fuels. 
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COAL PREPARATION, DRYING, AND GRINDING 

Run-of-the-mine coal is stockpiled and prepared for plant feed. Preparation 

of coal feed consists of a washing plant where a series of jigs, screens, centri- 

fuges, cyclones, and a roll crusher produces washed minus 1-1/4 inch coal. Refuse 

from this operation is returned to the mine area for burial. Fine refuse is 

pumped to settling ponds for further treatment. The crushed coal is then dried 

in a flow dryer and reduced to minus i/8 inch in pulverizers for dissolver feed. 

LIQUEFACTION PROCESS 

Feed to the liquefaction section consists of minus I/8-inch coal as a 50%- 

by-weight slurry in a recycle solvent, which is fed to reactors where it is 

contacted with reducing gases at about 850°F and i.,000 psig. The gas phase of 

the reactor discharge is largely recycled while the solid phase is separated 

from the liquid phase by filtration. The resulting filter cake serves as feed 

to the gasification section for syngas production. 

The liquid-phase filtrate produced in the filtration operation is further 

separated by fractionation into an overhead naphtha stream, a distillate light 

boiler fuel, and a residual fuel oil. Further hydrogenation o£ the distillate 

fuel produces acceptable low-sulfur fuels for boiler firingJ 

Gases produced in the various units are combined and fed to the acid-gas- 

celuoval plant, where carbon dioxide and hydrogen sulfide are removed by scrub- 

bing. The hydrogen sulfide is converted to sulfur in sulfur recovery plants. 

Carl,on dioxide is vented to the atmosphere. 
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GASIFIER PLANT 

Wet filter cake from the liquefaction process is fed to a slagging, 

suspension-type gasifier where it reacts with steam and oxygen at 3,000°F and 

200 psig pressure. The carbonaceous material is gasified and produces pri- 

marily synthesis gas (carbon monoxide and hydrogen). An on-site oxygen plant 

supplies the required oxygen for this operation. 

Most of the cooled syngas is treated for hydrogen sulfide removal and 

fed directly to the coal liquefaction section of the plant. Syngas not sent 

directly to the liquefaction section undergoes shift conversion, carbon dioxide 

removal, and methanation to produce a high-purity, hydrogen-gas stream, which 

is used in hydrogenation of the light distillate and naphtha product streams 

produced in the liquefaction section. 

An overall material balance is shown in figure 2. The I0~000 tons of 

coal feed are converted into five products. Salable products are 1,440 tons/ 

day of 0.2% sulfur liquid fuel oil, 2,920 tons/day of heavy liquid fuel at 

0.5% sulfur, 270 tons/day of naphtha with 1 ppm of sulfur, and 320 tons/ 

day of sulfur. The 2,140 tons/day of plant-produced fuel gas and a small amount 

of heavy liquid fuel oil are burned for plant operation. The remaining feed 

streams consist of 1,980 tons/day of oxygen and 21,760 tons/day of water. 

Major process waste streams shown consist of (I) 19,430 tons/day of waste 

gases, (2) 6,390 tons/day of waste water, and (3) a solids waste stream consist- 

ing primarily of 710 tons/day of gasifier slag. Each of these categories is 

discussed in the following sections. 

424 
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GASEOUS EFFLUENT 

Gaseous process waste streams exhausted to the atmosphere are generated in 

various sections of the plant. These streams are shown in figure 3, which again 

depicts the plant process with highlights of gaseous emission s~reams. Principal 

gas streams leaving the complex are from the oxygen plant, CO 2 removal unit, sul- 

fur plant stack gas, and the combustion gases resulting from fired heaters in the 

liquefaction and steam generation sections. Off-gases from the gas turbines 

utilized for power generation are also present. 

Figure 4 summarizes the exhaust gas streams and their thermal contents that 

are expelled from the plant complex. Combustion gases amount to about 90% by 

volume of the total plant gas emission. A total of 990 million cubic feet/day 

of combustion exhaust gas containing about 15 billion Btu/day is exhausted to the 

atmosphere. Contaminants will consist of sulfur dioxide and nitrogen oxides. 

%~hen firing with the low-Btu gas produced in the plant, contaminant concentra- 

tions will range from about 4 to 15 ppm of sulfur dioxide and 50 to i00 ppm 

of nitrogen oxides. The small amount of fuel oil required to supplement the 

low-Btu gas firing for plant power needs contributes about 2.2 million cubic 

feet/hour of combusion gases containing about 80-100 ppm of sulfur dioxide 

und 100-150 ppm of nitrogen oxides. 

Other waste gases exhausted to the atmosphere consist of the oxygen plant 

exhaust, sulfur recovery plant tail gas, and the carbon dioxide waste stream 

from the CO 2 removal unit. It would be possible to recover an additional 

2,260 tons/day of nitrogen and rare gases from the oxygen facilities if area 

sales justify costs for their recovery. The same is true for the carbon 
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dioxide waste stream from the CO 2 removal unit, which amounts to about 

14.3 million cubic feet/day of gas containing about 99% carbofi dioxide. 

Waste gas effluent from the sulfur recovery plant would be about 32.4 mil- 

lion cubic feet/day at 93°F. Hydrogen sulfide content of this stream during 

normal operation is expected to be less than 5 ppm. The main constituent 

of the gas stream is 72% nitrogen. The remainder is primarily carbon 

dioxide. 

In sun~ary, approximately 1 billion cubic feet/day of various gas 

streams from the complex are exhausted to the atmosphere. All gaseous waste 

effluent streams meet applicable standards. Fuel combustion gases exhausted 

will meet ambient air quality standards for nitric oxide (NOx) and sulfur 

dioxide (SO2) ; this is also true for particulate (fly ash) entrained in the 

gases since primarily gaseous fuels are used. When fuel oil is used to supple- 

ment gaseous fuel, particulates are estimated at about 39 ppm, which meets 

ambient air quality standards. The rate of NO x production by various plant 

fuel sections is a function of maximum flame temperature and retention time. 

Furnace designs shall be such that exit combustion gases shall meet the 

nitrogen dioxide (NO2) standards. The gas waste effluent stream from the 

sulfur recover}" unit is designed to operate normally at about 5 ppm of hydrogen 

sulfide, well within standards. 

LIQUID EFFLUENT 

Figure 5 is a flow diagram showing the major aqueous waste water streams 

leaving the plant complex. Approximately 532,000 pounds/hour of waste water 

are discharged from the complex, or about 1,060 gallons/minute. Cooling tower 

blowdol~ is slightly more than one-half of the total, or about 600 gallons/minute. 

426 
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Sanit:~ry waste water, boiler blowdo~, treated oily water, and stripped plant 

sour water ~eke up the remainder of the plant complex waste water stream. 

Process means have been provided for stripping nonphenolic process water, 

and this stripped water is returned to process for reuse. Also, stripped 

waste phenolic water effluent, which contains the greatest number of pollutants, 

will average about 40 gallons/minute. This stream joins the sanitary waste, 

treated oily water, cooling tower and boiler blowdown streams along with 

backwash water from demineralizers and sand filters. This combined stream 

undergoes final treatment in the aerated lagoon and bio-pond before leaving 

the complex. 

Cooling tower and boiler blowdown streams are expected to contain not 

greater than IS ppm of phosphate, I0 ppm of chromate, and 5 ppm of zinc. 

Table I summarizes the estimated waste water treatment data and contaminants 

in the effluent stream leaving the complex. 

The total oil in the process waste stream is expected to consist of 

80% by weight of naphtha and 20% acid oil, which amounts to about 5 ppm TOC 

feed. The COD feed is estimated at a level of about 150 ppm with a BGD level 

of about 40 ppm. 

The aerated lagoon operation is expected to provide reduction of 96% of 

the inlet sulfide concentration; also 94% of ammonia, 88% of acid oil, 75% of 

BOD, 75% of suspended solids, 95% of phenols, 69% of COD, and 99% of phosphates. 

The aerated lagoon is expected to handle most of the impurities in the waste 

stre&ms of the coal-conversion complex based on a flow of Water from the phenolic 

sour water stripper of 40 gallons/minute into the aerated lagoon. However, it 

7 429 



O'Hara et al. 

is possible that phenol and heavy metals may still exceed local or state stan- 

dards. In this ease, they will be further reduced by adding an activated sludge 

plant prior to final bio-pond treatment or extending the retention time and pro- 

viding more aeration to the hie-pond. The final design decision will be based 

upon data obtained from the pilot plants. 

Dissolved impurities from the cooling tower and boiler blowdown streams 

are stable and will not be destroyed by either impounding or aeration. 

However, it is possible to eliminate chromates by utilizing organic and bio- 

degradable cooling water inhibitors. These inhibitors are normally not as 

economical or effective as chromates. Provision has been made for pretreat- 

ment of these streams in the neutralization pit should it be necessary to 

precipitate impurities prior to pumping to the aerated lagoon. 

SOLID WASTES 

The block flow diagram of figure 6 shows the types of waste solids generated 

by" the complex. Major solid wastes are produced during (1) pretreatment of the 

run-of-mine coal and (2) gasification of the liquefaction filter cake to produce 

syngas. Additional solids of lesser quantity also requiring disposal are various 

spent catalysts generated in the hydrogenation, shift reaction, methanation, 

and tail gas ~ections. After being rendered inert, these spent catalysts, 

which have a lifetime of 2 to 3 years, will be disposed of by backhaul and fill 

In the mined-out coal areas. 

In t h e  c o a l  p r e p a r a t i o n  p l a n t ,  r e j e c t  m a t e r i a l  from t h e  p r i m a r y  c o a l  b r e a k e r  

amounts  t o  a bou t  aSO t o n s / h o u r .  T h i s  m a t e r i a l  i s  combined  w i t h  t h e  d o u b l e - d e c k  

s c r e e n  r e j e c t ,  abou t  88 t o n s / h o u r ,  and c o n v e y e d  t o  a t r u c k  l o a d i n g  b i n .  T r u c k s  

t r a n s p o r t  t h e  w a s t e  m a t e r i a l  t o  t h e  coa l  mine f o r  b u r i a l  in  m i n e d - o u t  a r e a s .  
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This solid consists mainly of low-grade coal and shale and is about minus 

S inches in size. The thickener underflow, which is a fine reject material 

of minus 1/16 inch in size, is pumped to a railings pond for solids recovery 

and recycle of the decanted water to the coal preparation plant. These solids 

also consist primarily of low-grade coal and shale. 

Gasifier slag produced is approximately 710 tons/day. This material will 

be dewatered and conveyed to a truck loading bin for transport to the mined- 

out areas of the coal mine for burial. The material will probably be utilized 

later as an inert additive in the manufacture of cinder blocks. 

NOISE POLLUTION 

Figure 7 shows possible plant and equipment areas suspected of noise 

pollution. The Occupational Safety and Health Act of 1970 regulates the 

amount of "weighted" noise to which a worker can be exposed, in order to 

protect him from ear damage. Local code usually regulates the amount of 

noise, in decibels, that an industrial plant can generate above the normal 

~bient background level of the community, measured at the property line. 

Noise control is an integral part of the layout and design of coal conversion 

plants. Special attention during equipment design and engineering layout will 

he given to fans and compressors, gasifiers, fired heaters, and gas turbine 

areas to minimize noise-source levels and any excessive noise radiation effect 

on plant personnel. 

Equipment vendors will be requested to show evidence that installed equip- 

ment will meet noise level requirements, floweret, noise from equipment com- 

ponents may not represent the total sound level, including all equipment items, 

motor drives, piping or ductwork, and other associated equipment. Added to 
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t h e s e  f a c t o r s  :ure r e v e r b e r a t i o n s  from a d j a c e n t  equ ipment ,  b u i l d i n g s ,  and sound 

i n t e r f e r e n c e s  from d i f f e r e n t  sound s o u r c e s .  Consequep, r l y ,  t o t a l  e n g i n e e r i n g  

p l a n t  and equipment  l a y o u t  des ign  w i l l  p l ay  an i m p o r t a n t  p a r t  in l e s s e n i n g  

p l a n t  n o i s e  l e v e l .  

DEVELOPMENT PROGRA}I RECObglENDATIONS 

Pas t  e x p e r i e n c e  and judgment supe r imposed  on the p r e c e d i n g  b r i e f  summary" 

and a n a l y s i s  l ed  us to  recommend t h a t  f u r t h e r  coa l  l i q u e f a c t i o n  and g a s i f i c a -  

t i o n  r e s e a r c h  d e t e r m i n e  the  p r e s e n c e  or  absence  o f  the  c o n s t i t u e n t s  shown in 

l :~ble 2. I f  p r e s e n t ,  they  a re  e x p e c t e d  to occu r  in minor c o n c e n t r a t i o n s ,  but  

~,'ill r e q u i r e  p r o p e r  t r e a t m e n t  f a c i l i t i e s .  A v a i l a b i l i t y  o f  t h i s  added in fo rma-  

t i on  w i l l  f u r t h e r  improve r e l i a b i l i t y  o f  the  p l a n t ' s  env i ronmen ta l  c o n t r o l  

and m o n i t o r i n g  s y s t e m s .  

REVERENCE 

I. Demons t ra t ion  P l an t  Clean B o i l e r  Fuels  From Coal - P r e l i m i n a r y  Design,/ 

Capital Cost Estimate, R&D Report No. 82, Interim Report No. I, Vols. I 

and II, prepared l,v The Ralph M. Parsons Company for the United States 

Department of tile Interior, Office of Coal Research. 
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Table I Estimated Waste Bio-Pond Effluent Concentrations 
for Demonstration Plant 

BIOLOGICAL EFFLUENT STATE REQUIREMENT 
CONSTITUENTS 

LB/DAY PPM PPM 

SULFIDE 

AMMONIA 

OIL 

TOC 

BODs 

SS 

PHENOL 

COD 

PHOSPHATE 

PH 

CHROMATE 

ZINC 

COLIFORM 
ORGANISM 

BIOLOGICAL CHARGE 

LB/DAY PPM 

1.48 0.12 

24 1.88 

72 5.63 

60 4.69 

538 42 

660 51.6 

96 7.5 

1,920 150 

145 11.3 

6-9 6-9 

91 7,1 

45 3.5 

15/100 ml 

0.06 

1.45 

8.64 

134.5 

165 

4.8 

576 

1.45 

6-9 

91 

45 

0.11 

0.68 

10.5 

12.9 

0.38 

45 

0.11 

6-9 

7.1 

3.5 

15/100 ml 

2.5 

1.0 

20 

25 

0.3 

1.0 as P 

5-10 

0.05 as CrO 4 

1.0 

400/100 ml 

TOTAL ESTIMATED FLOW TO BIO-POND 

1060 GAL/MIN ~ 12.8 MILLION LB/DAY 
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Table 2 - Recommended Additional Contaminant Research Program 
for Coal Liquefaction Plants 

C0~0U~D 

A;,];,'IO?]]A (I~}-]~) 

HYDRO[~E?] CYA?]]DE 

TH!DI;YA?]ATES 

PHE;]DLS 

O~I~A~]II~ ACIDS 
A~.DEH'/DES A~.ID 
KET0;']ES 

&'IETAE SULFIDES 

~IEECA?TA?IS 

CARBON DISULFIDE 
CAP, B DNYL SULFIDE 

COAt-TRACE E LEP.~IE?.ITS 
(Bz, F, As, Hg, A?ID P.~) 

EXPECTED TO OCCUR IILJ 

BOTH GASIPICATiO~] A~JD 
LiQUEFACTiON 

BOTH GAS]F!CATiON AND 
LIQUEFAI;TiO~.] 

BOTH 6AStF|CATiOP] At~JD 
LIQUEFACTION 

LzQUEFACTIO?J 

REPJIARKS 

ASSU~J1E PRESENT; QUAI~tTITY NEEDS 
VER1FICATIOP.] 

ASSU?,IE PRESE?]T; QUANTITY NEEDS 
VER~FtCATt 071 

PRESEN~:E SUSPECTED; NEED DATA 

PRESETS; QUANTITY NEEDS VERIFICATION 

LIQUEFACTION 

LIQUEFACTION 

LIQUEFACTION 

PRESENT; QUA?JT1TY NEEDS VER]FICAT]0N 

PRESENCE SUSPECTED; P, IEED DATA 

PRESENCESUSPECTED;NEEDDATA 

BOTH GASIFICATION AND 
LIQUEFACTiOI9 

BOTH 6AS]FICATiON A~JD 
LIQUEFACTIO?1 

PRESENT; REi~IOVED IN GAS PURIFICATION 
STEPS; QUANTITY NEEDS VERIFICATi0~J 

GAS]FICATIO?] DATA AVA!LABLE 
INDICATES PRESEPJCE; LIMITED DATA 
AVAILABLE DP~I LIQUEFACTION PROCESS 

19 439 



f 

G se us Facto:s in Coal 

E. I. LORAH 

Principal Environmental Engineer 
Systems Division 

J. B. O'HARA 

Manager, Energy Department 

N. E. JEHTZ 

Ch=ef Process Engineer 

H. F. HIHCKS 

Sen=or Project Engineer 

The Ralph M. Parsons Co., 
Pasadena, Calif. 

The gaseous enwronmental factors of a conceptual commercial COED coal pyrolysis plant 
are discussed. The COED process, which converts coal into ~ynthetic crude oil and, in 
addction, produces gaseous fuel Which can,be utihzed for electric power generation and 
elemental sulfur, is briefly reviewed. The removal of sulfur and particulates from the fuel 
streams generated, the sulfur balance of the conversion process, and the quantity and types 
of gases or aerosols proiected to be vented to the a~r are described. Estimated emissions are 
compared with applicable standards and found capable of meeting the present and 
projacted regulations. Possible effects from carbon dioxide emissions are briefly considered. 

Conlrihmed by the Air Pollution Cumrol Division or  The American Society uf Mechanica! Engineer~ for 
pre~entaliun at the ASME-IEEE Join! Pm~rer Generation Cunfetence, Portland, Oregon. September 
28-Oclober I. 1975. Manu~crlpt received at ASME Headquarters June 2. 1975. 

i I .~,.,,..~"-"~.~-.-.~ ~ C~ E:~ :~- . .~ . .~  ~ " ~  UNITED ENGINEERING CENTER, 345 FAST 47~ STREET, NE'~ YORK, N.Y. 11:017 

44t 



Gaseous Environmental Factors in Coal 
Pyrolysis Plant Design 

B. I. L O R A N  J . B .  O ' H A R A  N . E .  J E N T Z  H . F .  H I N C K S  

INTROD ~CTIOH 

Coal is an abundant resource in the United 

States. Greater coal use will provide a major 

contribution to a futule indigenous U.S. energy 

~upply. 

However, coal cannot directly replace all 

otlLer luels such as \chicle fuels. Coal movement 

fror~, mine te the place o[ utilisatiot~ is expen- 

sive be,~aus~_ of its, physical nature as ,,;ell as 

the weight of its ash and moisture content. Coal 

ccmbusticn cm] also prod,lee m o r e  nitrogen oxides 

because many of the ccr~bustion mtdification teqh- 

niques used for liquid and gaseous fuels are not 

apolicable t< coal. Furthermore, when burning 

hicl-,-s ,.:IJ'ur c,Jsls, suci~ as many Eastern coals, 

am,:onrs of 2ulf,kr Ci¢xide arc released N!lioh can 

bc deleterious tc hum~] }~ealth and in~ur]cus t<, 

pla:-~ts arJd I:aterials. 

These disadvantages can be largely elimi- 

nated by cc~.vc:'%ir4T co~i te liquid and gaseous 

lorl<,$. C'lle means o f  dclng this i s  b /  the COED 

[ )yY'<, lys is  p r , , c e s s  de e l cu ,  ed a~d.~-r s p P I I s , . r s h l p  <Y 

t h e  F c s s i l  E n e r g y  D e p a r t r e n t  c_*' t h e  E n e r g y  R e -  

s e a r c h  and  D e v e l o p m e n t  Ad, ~ ~ * : -  '='~OA_FE ) 

i COED pilot plant operated by t h £  F[]? C,-rp,r,r,a- 
ti,on has no'w been functioning for more thm] 5 

years. The Ralph M. Parsons Company, active in 

assisting ERDA~rE in its program to spee,] the 

development of viable, commer'cial coa!-con ,~rs:<<n 

te'~hnolc, gy, has ccmpleted week on a conceptual 

design for a commbercial plant based ,'n the COED 

pyr<!?sis process. This plant 'will produce syn- 

thetio_ crude oil and, in addition, ga~,,us fdel 

~tillze:J for' electric power generation and e!e- 

mental sulfuK ~. ~e gratefully acknowledge the sup- 

pert a~d guidance of' ERDA-rE in our work. 

OBJECTIVES 

It Js the purpose of this paper to describe 

the gaseous envircnr,ental factors of a comJrercial 

COED plant ~nd the processes and operating proce- 

dur,~f rel,~ired tc assure environmental accepZa- 

t,±l_t; <f t;=e plant. 

Outline of the Process 

While complete conceptual design cf a com- 

mercial COED plant is described in a separate re- 

port, some process description is necessary for 

orient ation purposes. 

As conceived, the plant will be located ad- 

jacent to a coal mine in the Eastern Region of 

the interior coal) Province of the United States. 

The design is based on use of high volatile C bi- 

tur.!nous coal with the typical properties shown 

in Table i. 

The block flow diagram in Fig. i depicts 

the conceptual design. The plant inclades facil- 

ities to crush and wasl~ the coal to minus 1/b-in. 

size, then dry it with hot process gas. Coal is 

subsequently pyrolyzed in a series of three fluid- 

ized beds, with heat for the pyrolysis process 

pro, ~ded by gasification with oxygen and steam of 

ti~,~ r~-sid~al char. Oil condensed fre~,L the pyroly- 

Tabte i Typical Properties of Design Coal (Data 

i~ ).'eight Percent Average) 

Average Proximate Analysis (Plant Feed) 

Fixed Carbon 

Volat i le  Matter 

Moisture 

Ash 

53.6 (KAF Basis}" 

46.4 (NAF Basis) 

IO.S (Wet Basis) 

12.2 {Dry Basis) 

Ultimate Analysis (MAF Basis) 

Carbon 

ll)'drogen 

Nitrogen 

Sulfur 

Oxygen 

7 8 . 6  

5.4 

l.S 

4.3 

10.2 

100 O 

"rIAF = Moisture and Ash Free 
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Fig. 1 Block flow diagram, conceptual design, 

commercial COED plant 

i,,~¢w 
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~ H  
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Fig. 2 Typical overall material balance (TFD = 

tons per d a y ;  t t o n  = 0 . 9 0 ?  m e t r i c  t o n )  

HiGH BTU GAS 
1,975 I'PD 

LOW ~TU GAS 
i:9,S41 TPD 

SYNCRUDE O:L 
4.425 TPD 

SULFUR 
76~ TFD (LC~.~ TCH~,% 

. ~ .  
VENT GAS 
0.I TFD -Z_ 

sLs vapGrs is filtered to remove suspended solids, 

then hydrotreated to remove sulfur, nitrogen, oxy- 

gen, and hydrocarbon unsaturation. Higher Btu 

p2~olysie ga~ is desulfurized ~nd utilized for 

~tc~m and power generation. Lower Btu gas ob- 

tained from gasification of the residual char is 

also desulfurized, then used in the manufacture 

o~' hydrogen ~nd for steam ~ud power generation. 

The overall material balance, based on a 

typxca! specific feed coal ~nalysis, is shown in 

Fig. 2. in terms of input and output products 

for this sm~ple coal feed, the plant converts 

25,000 tons (22,675 metric tons) of coal per day 

into 2S,000 bbl (4.~ ~ liters) of low-sulfur 

synthetic crude oil, 850 ~/T of electric power, 

50 tons (6S9 metric tons) of sulfur. ~m 

artistls concept of the combined clean fuel/power 

facility is shown in Fig. 3. 

Air Pollution ~atement 

One of the major benefits of the COED py- 

rolysis process is that high sulfur coals are 

converted to ecologically acceptable fuels with 

negligible sulfur and ash contents. The fuels 

produced sme also more adaptable than solid coal 

to combustion modification techniques used to 

decrease the production of nitrogen oxides. 

Air pollution control is, thereford, achieved 

by cleaning the COED-produced fuel before combus- 

tion. This involves handling a relatively small 

volume of gas and dealing maiuly With a sulfur 

species, hydrogen sulfide, which can be readily 

removed and converted to elemental sulfur by 
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Fig. ) A~zis%'s concept ¢f combinec clean fuell/ 

power fac~ lity COED pitcess 

proven means, 

Most gases generated during the coal con- 

version process are the desired fuel gases. For 

the most part, inert gases (nitrogen and carbon 

dioxide) are vented to the air. The major air 

pollution abatement effort is aimed at desulfur- 

proximately 250 Btu/scf or 2224 kcal/cu m HHV). 

The desulfurization of the gaseous fuel streams 

is outlined in Fig. 4, which also shows the na- 

ture and amount of all streams vented to the air. 

Raw COED oil is generated as a vapor in the 

pyrolyzers along with gaseous products. The mix- 

izing the fuel streams to make them environmental- t ure leaves each of the pyrolyzers through a cy- 

ly acceptable, 

Fugitive particulate emissions from coal 

sizing and handling and from residual ash disposal 

(char gasifier unit) are prevented from becoming 

airborne by maintaining a wet condition when not 

in a closed system. 

The COED commercial plant as conceived 

produces three fuel streams from coal: a liquid 

clone separator which removes entrained dust down 

to a particle size of about l0 microns. Gas and 

oil vapor from the three pyrolyzers are conducted 

to a condensation tower where they are cooled by 

heat transfer down to 150 F (54 C). 

Condensed oil is pressure-filtered, then 

treated with hydrogen at 700 F (370 C) and 2400 

psig (16] atm) to reduce sulfur content by 95 per- 

stream (the pyrolysis oil) and two gaseous streams, cent (from 2.0 to 0.i percent), nitrogen content 

Of these two gaseous streams, the pyrolysis gas by 94 percent, the oxygen content by 90 percent 

stream has a higher Btu content (approximately (approximate values). At the same time, API 

$90 Btu/scf, or 7920 kcal/cu m HHF). The char gravity of the oil is raised from -5 to +25 dg. 

gasifier gas stream has a lower Btu content (ap- The nitrogen content of the pyrolysis oil from the 
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Fig. 4 
merit 

Block flow diagram, air pollution abate- 

~1,~!g~, con! ix sufficiently high so that the hy- 

drogen su]fide rele~-~ed in hydrotreating is tied 

up ~,.~ ~meni,±~ hydrosulfide. The latter is dis- 

solved in injected water and removed from the hy- 

d~ot~,~ater condensing train as s~ aqueous solution 

that c~_n bc ~eparated into salable ammonia and hy- 

~rcyen sulfide directed to the sulfur conversion 

unit. The hydrotreater off-gas is sufficiently 

low in sulfur to be used as fuel and is combined 

the higher Btu fuel gas. 

The pyrolysis gas separated from the oil 

in the condensation tower is washed counter- 

currently %~ith a_n a~i~e to remove carbon dioxide 

and more tha/1 99 percent of the hydrogen sulfide 

Dresent. The heated ~mine solution releases hy- 

drogen sulfide and carbon dioxide as an acid gas 

~tre~ which is conveyed to the sulfur recovery 

unit. Effluent gases from the sulfur recovery 

unit ~!e further desulfurized in a tail gas treat- 

mc~t unit. When the effluent gases are finally 

v,~nted to the air, contain approximately 1 pl~n of 

hydrogen sulfide, 4'0 p~n of carbon o~-sulfide, and 

20 pD~ of carbon disulfide. T-no desulfurized 

~Tro!ysis gas is used as fuel for power and steam 

generation. 

The lower Btu gas stream from the char gas- 

iCie~ is purified from entrained dust down to a 

~,:L~tio!c c~_ne of approximately I0 microns by a 

[<FJCS O! cyclone sepa_~ators. A water scrubber 

~mcves th, ~ residual solids, then the gas is 

d ~v id,~,~ i~to two streams. 

Th~ major stream (seven-eighths) of the 

ch~[ ~ i-asifieF gas is contacted with an alkaline 

:~[utio~ is a sulfur conversion unit ~,zhere approxi- 

96 percent of the sulfur present is removed, 

~i,~ual sulfur appearing mainly as carbon 

ida. The absorbed hydrogen sulfide is 

~ubsequen~!y oxidized to high purity (99.9 percent) 

sulfur. The desulfurized gas is used for power 

and steam generation (approximately 97 percent)and 

directly in plant utilities. 

The minor stream (one-eighth) of the char 

gasifier gas is used for hydrogen production. 

This stream is desulfurized in an intermediate 

step between shift conversion and meths_nation; 

only a trace (1 ppm) of sulfur is left in the 

stream. The acid gas stream generated as a re- 

sult of desulfurization is led to a sulfur con- 

version unit similar to the one used for the major 

char gasifier gas stream. This sulfur conversion 

unit vents to the air large amounts (4860 tpd, 

4~08 metric tons/day) of carbon dioxide, contain- 

ing a trace (approximately 1 ppm) of residual hy- 

drogen sulfide. 

The various desulfurizing units perform the 

dual function of sulfur removal and wet scrubbing 

of streams to eliminate.residual particulates 

which evaded the previous control devices. 

The desulfurized higher and lower Btu-gms 

streams are used as fuel for gas tttrbings. Each 

turbine is directly connected to an electric gen- 

erator, and the hot exhaust gases are used for 

steam production in heat recovery boilers. Elec- 

tric power generated is exported and used for pz~cc - 

ess unit and coal mine requirements. All steam 

produced by the heat recovery boilers is used for 

process and power plant requirements. 

Prior removal from the gaseous fuel streams 

of most particulates and sulfur assures that the 

power generating plant emissions are below appli- 

cable standards, as discussed later. Nitrogen 

oxide production is controlled by water injection 

to decrease the combustion temperature. 

Sulfur Balance 

The sulfur balance fpr the conceptual de- 
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Table 2 Sulfur Balance (TPD) 

Total  Input from the D / p i c a l  Feed Coal 

Outputs: In the COED o i l  

As Elemental  S u l f u r  from P y r o l y s i s  Gas 

Ks Elemental  S u l f u r  from Char G a s i f i e r  Gas 

As S u l f u r  Dioxide Emissions 

As Reduced Su l fur  Emissions 

In the Ash 

905.0 

1.7 

177.0 

679.0 

28.4 

0.1 

18.8 

905.0 

Table 3 Comparison of Emissions with Standards, 

Coal Gasification Plant 

New Mexico Emiss ions ,  COED Coal 
P o l l u t a n t  Standards G a s i f i c a t i o n  Plant  

100 ppm 62 ppn Total  Reduced S u l f u r  
(H2S÷COS*CS 2) 

Hydrogen S u l f i d e  

Hydrogen Cyanide 

Hydrogen Chlor ide /  
Hydroc lor ic  Acid 

P a r t i c u l a t e  ~ t t e r  

Ammonia 

Gas Burning Process 
B o i l e r s ,  P a r t i c u l a t e  Matter 

Gas Burning Process 
B o i l e r s ,  Su l fur  Dioxide 

Tota l  Su l fur  

10 ppm 

10 ppm 

S pVm 

0 . 0 3  g r / f t  3 

25 ppm 

0.03 l b / ~ !  Btu, LHV 

0 . 1 6  lb/;4~ Btu ,  LHV 

0.008 lb/t.~ Btu of  feed 
( coa l )  heat  input ,  i~V 

'Not Appl icab le  (none included in the  des ign)  

2 ppm 

Ni l  

Ni l  

Ni l  

Ni l  

NA" 

NA* 

0.003 Ib/MM Btu 

sign of a commercial COED plant is detailed in 

Table 2. A total of 95 percent of the coal sulfur 

content is recovered as elemental sulfur. An 

additional 2 percent remains in the ash from the 

char gasifier unit. 

Compliance With Source Emission Standards 

Standards of Performance for New Stationary 

Sources for coal gasification plants have not been 

issued by the Federal Government. Standards some- 

what related to a coal gasification process are 

those issued for petroleum refineries and for fos- 

sil-fuel-fired steam generators. Among the states, 

only New Mexico has issued specific regulations 

covering coal gasification plants. The standards 

are more strict than either petroleum-refinery or 

fossil-fuel-fired steam generator Federal stand- 

ards. 

The New Mexico standards are compared in 

Table 3 with the emissions from the Parsons con- 

ceptual design of a commercial COED coal gasifi- 

cation plant. This comparison is shown for illus- 

trative purposes only because, as mentioned in the 

foregoing, the plant, as conceived, would be lo- 

cated in the U.S. Eastern Interior (coal) Region. 

As shown in the table, all standards are met. 

Projected emissions from the COED power 

generating plant are compared in Table 4 with 

Federal standards for gaseous fossil-fuel-fired 

steam generators (existing New Mexico standards 
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Table h Comparison of Emissibns with Standards, 

Po~'er Generating F!ant 

Federal Standard 
Emissions, COED Power 

Generatin~ Plant Pol luzant 

Particulate Matter 0.i ih/~4 Btu Nil 

Sulfur Dioxide 0.8 Ib/b~l Btu 0.332 Ib/~24 Bin 

Nitrogen Oxides 0.2 Ib/MM BI:R 0.182 ib/)~! Btu 

i_ nc~ ,~L~_fc,~ from ~lle Federal ones). It can be 

r,,em tILat e:~timated plant emissions are signifi- 

, .~i~ i ! :  b-_io, , . :  t h <  sr~d~id for sulfur dioxide and 

~ct th~ nitrosen oxide standard. 

carbon Dioxide Emissions 

it is ~stimatad that significant carbon 

I .-<-i, ~mis~ien~ (on the order of 29,000 tpd, or 

., ,5c0 metr=c tons/day) would be generated by the 

JI~,;<D co~e~'cia! plant. It aopeared desirable to 

~vc~t~gat< possible e~fects of these emissions. 

C.~ b ~ d±o:xde is net toxic, and the natural back- 

g~,ound concentration in the atmosphere has been 

~zt~mnted at 300 to 500 ppm. 

~"~K Glob~! weather modification effects have 
l 

.,, 'a?tributed to increased c~bon dioxide gen- 

rat±on b~ fossil-fuel combustion. A gradual 

w~mAng tr nd has been predicted, on the order of 

0 ~ C in 25 years. However, actual temperature 

tren~ hay< shown a cooling of 0.3 C from 1945 to 

th,2 present. 

On ~ localized ~cale, no micrometeoro!ogical 

ccfects due to increased carbon dioxide have been 

r~i~o~ted. Emissions from the COED facility could 

a~roxLmatcly double the average atmospheric 

carbon dioxide concentrations to 600 to 1,000 ppm 

in the vicinity of the plant. The lowest concen- 

tration at which some physiological effects 

(dyspnea and headache) have been observed is 

30,000 ppm; therefore, no effects are expected at 

the levels mentioned. However, vegetable life 

has been reported to benefit from increased'atmos- 

pheric concentrations of carbon dioxide. 

CONCLUSIONS 

The COED commercial plant concept increases 

U.S. energy resources by enabling use of a fossil- 

fuel, high sulfur'coal, which is otherwise environ- 

mentally unacceptable, At the same time, coal is 

converted into liquid and gaseous physical forms, 

which can be used in a greater variety of appli- 

cations. Desulfurization of the fuel yields sul- 

fur at the elemental state, the most suitable for 

utilization and storage. 

Coal conversion and removal of sulfur and 

particulates from product streams can be accom- 

plished with emission of negligible amounts of 

air contaminants within existing and projected 

standards. 
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ABSTRACT 

The environmental factors of a conceptual commercial Oil/Gas 
coal conversion plant are discussed. The Oil/Gas process, 
which converts coal into fuel oil and substitute natural gas, 

p 

is briefly reviewed. The removal of sulfur and particulates 
from the fuel streams generated, the sulfur balance of the 
conversion process, and the quantity and types of effluent 
streams projected to be released are described. Estimated 
air emissions and aqueous effluents are compared with appli- 
cable standards and found capable of meeting the present and 
projected regulations. The fate of trace elements present 
in the coal and occupational safety aspects are also briefly 
considered. 
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INTRODUCTION 

Development of viable coal conversion technology is a national priority. A 
prime responsibility for development of this technology rests with the Energy 
Research and Development Administration - Fossil Energy (ERDA-FE). The 
Ralph M. Parsons Company is assisting ERDA-FE in reaching this objective by 
developing preliminary designs and economic evaluations for commercial coal 
conversion facilities. Integral to this effort is definition of facilities 
and procedures to assure that environmentally acceptable plants can be 
designed and operated. The many coal conversion process development units 
and pilot plants being operated in the United States plus experience gained 
from related industries such as petroleum processing provide the basis for 
establishing environmental control facilities and operating procedures. 

A c o n c e p t u a l  d e s i g n  o f  a c o m m e r c i a l - s c a l e  O i l / G a s  p l a n t  t o  c o n v e r t  coa l  to  
b o t h  l i q u i d  and g a s e o u s  f u e l s  has been  d e v e l o p e d  unde r  ERDA s p o n s o r s h i p .  
The g a s e o u s  f u e l  p r o d u c e d  i s  t o  be p i p e l i n e  gas q u a l i t y ,  and t h e  l i q u i d  
f u e l s  a r e  t o  be  o f  q u a l i t y  a d e q u a t e  t o  meet  e n v i r o n m e n t a l  p r o t e c t i o n  s t a n d a r d s  
a t  t h e  t i m e  o f  t h e i r  u s e .  

The c o n t r o l  o f  any c o n t a m i n a n t s  r e l e a s e d  to  t h e  e n v i r o n m e n t  had a h i g h  p r i o r -  
i t y  i n  p l a n t  and p r o c e s ~  d e s i g n .  A p p l i c a b l e  s t a n d a r d s  were used  in  d e s i g n  
and e n g i n e e r i n g  o f  t h e  p r o c e s s  and e q u i p m e n t .  
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OBJECTIVES 

The purpose of this paper is to describe the environmental factors of a 
commercial Oil/Gas plant, and also the processes and operating procedures 
required to assure environmental acceptability of the plant. 

OUTLINE OF THE PROCESS 

The design criteria for a commercial Oil/Gas plant have been published; the 
details of the design and an economic evaluation will be described in a 
separate report. 1 A brief process description is presented here for orienta- 
tion purposes. 

As conceived, the plant will be located adjacent to a coal mine in the Eastern 
Region of the Interior (coal) Province of the United States. The design is 
based on use of high volatile C bituminous coal, containing 1.5% nitrogen and 
4.3% sulfur. The simplified block flow diagram in Figure 1 depicts the con- 
ceptual design. The plant includes facilities to wash the coal, crush it to 
20-200 mesh, and then dry it indirectly with steam. The Oil/Gas plant is 
designed for production of clean boiler fuel plus significant quantities of 
substitute natural gas (SNG); it therefore includes both coal liquefaction 
and coal gasification process steps. 

Coal liquefaction will be based on data developed by the Pittsburg and Midway 
Coal Mining Company in their solvent refined coal (SRC) program. The SRC II 
mode of operation was adopted; this mode uses recycle of dissolver effluent 
slurry as part of the coal slurry solvent, permitting a high hydrogen uptake. 
The major product obtained is a low sulfur fuel oil. 

High pressure steam-oxygen gasification of feed coal will be used to produce 
methane and a hydrogen-rich synthesis gas (syngas) product. The raw gasifier 
product stream will be treated to produce the hydrogen required as feed for 
the dissolvers and for naphtha hydrogenation. The methane will be recovered 
as part of the product SNG. The gasifier will be an entrained, slagging, 
two-stage design. It will take advantage of data published b~the Bituminous 
Coal Research Company during the ERDA-sponsored Bi-Gas development program. 
The fuel gas required for process heaters and power plant boilers will be 
generated in a low pressure, air-blow,m, two-stage, slagging gasifier. 

The complex will further contain units to remove acid gases consisting pri- 
marily of H2S and convert them to elemental sulfur and environmental accept- 
able tail gases. Process steps will be included to separate the gas streams 
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into SNG, liquefied petroleum gases (LPG), and hydrogen. Liquid product 
treatment will be provided to produce 0.5 wt% sulfur fuel oil and commercially 
salable naphtha. 

The overall material balance, based on a typical specific feed coal analysis, 
is shown in Figure 2. In terms of input and output products for this sample 
coal feed, the plant converts 34,700 tons of coal per day into ii,310 tons 
of low-sulfur fuel oil, 3,940 tons of SNG, 1,290 tons of naphtha, 940 tons 
of LPG, 1,250 tons of sulfur, and 90 tons of ammonia. 

Approximately 600 acres would be allocated for the complex site exclusive of 
the coal mine. Over a 20-year project life, about 60 square miles would be 
mined. An artist's concept of the Oil/Gas complex is shown in Figure 3. 

AIR POLLUTION ABATEMENT 

The major air pollution abatement effort is aimed at desulfurizing the gases 
generated during the coal ~onversion process to make the fuels produced 
environmentally acceptable. The desulfurization process extends to the 
gaseous fuels produced for in-plant consumption, so that overall plant opera- 
tions generate negligible sulfur emissions. 

The air pollution abatement procedure is outlined in Figure 4, which shows the 
nature and amount of all streams vented to the air; these streams consist, for 
the major part, of inert gases (nitrogen and carbon dioxide). The effluent 
gases as shown are vented separately to the air to identify the contribution 
of specific process units. In reality, however, most streams, with the excep- 
tion of the particulates from the coal drying plant and the effluents from the 
process boilers, are combined into a single stack before venting to the air. 

Fugitive particulate emissions from coal sizing, handling, and residual ash 
disposal are prevented from becoming airborne by maintaining a wet condition 
when not in a closed system. The coal grinding and drying unit is the only 
source of particulate emissions. A cyclone system removes the coarse particles 
from the vent streams; a subsequent baghouse system removes most of the fines. 
Ground, dry coal is fed to three reactors: the process gasifier, the dis- 
solver, and the fuel gas gasifier. 

The process gasifier receives recycle char, steam, and oxygen in the lower 
slagging section and ground coal and steam in the upper section, which con- 
verts to hydrogen, carbon monoxide, carbon dioxide, methane, hydrogen sulfide, 
and lesser amounts of ammonia, carbon oxysulfide, cyanides, and sulfur dioxide. 
At the elevated reactor temperature, an)" oils or tars formed are expected to 
crack to gaseous products. The gas stream produced contains entrained char 
and is cooled from 1700 to 945°F through a series of heat exchangers heating 
the incoming gases and producing steam. The char is then separated by a 
cyclone system and returned to the gasifier. The remaining fine particles 
which escaped the cyclone are removed by two dust filters capable of operating 
at high temperature and pressure. 
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The gaseous stream is then conveyed to a shift conversion unit where the 
stream is enriched in hydrogen by reaction of carbon monoxide with water. 
The metal catalyst employed operates in a sulfided condition reached by 
initial reaction with the hydrogen sulfide present. Each of the three shift 
reactors operates at progressively lower temperature, gas cooling being pro- 
vided by water spray in quench pots. Final cooling of the gas do~,m to 100°F 
occurs in a series of heat exchangers and condensate separator s. The quench 
pot/condensate separator system acts as a water scrubbing system, removing 
practically all traces of particulates from the gas stream. The ammonia and 
part of the hydrogen sulfide and hydrogen cyanide present are also removed. 

The next treatment step concerns the removal of acid gases. A physical sol- 
vent process removes these gases from the main stream; then, on selective 
regeneration, releases a stream of hydrogen sulfide containing part of the 
carbon dioxide, and a stream of nearly pure carbon dioxide. The hydrogen 
sulfide stream is sent to the sulfur recoveryplant where it is oxidized to 
elemental sulfur; any hydrogen cyanide present is oxidized concurrently. The 
carbon dioxide stream, containing some carbon monoxide (833 ppm) and hydrogen 
sulfide (up to i0 ppm) is vented to the air through the main plant stack, 
where overall concentrations of contaminants decrease on combination with 
other effluents. The purified gas stream, consisting mainly of hydrogen but 
with sizable amounts of carbon monoxide and methane present, is conveyed to 
the coal dissolver. 

The dissolver unit receives a'preheated, pressurized slurry of ground coal in 
coal-derived solvent and hydrogen, and generates two product phases: a gas 
phase and a slurry phase. 

~ne gas phase is cooled and depressurized [recovering heat and power) and then 
conveyed to an acid gas removal unit where hydrogen sulfide is removed by 
reaction with an amine; and the traces of carbon dioxide present are removed 
by reaction with caustic. The acid gas stream obtained on regeneration of 
the amine is led to the sulfur recovery plant. The purified gas stream under- 

goes drying by molecular sieves and cryogenic separation, with hydrogen 
returned to the dissolver and hydrocarbon products fractionated to a methane- 
rich stream, LPG, and naphtha. Naphtha and LPG are treated to reduce, the 
sulfur level to 1 ppm or less, while the methane-rich stream is upgraded to 
SNG. The SNG produced is essentially sulfur-free because a zinc oxide guard 
reactor removes sulfur traces prior to methanation. 

The liquid slurry phase consists of liquefied coal, unreacted coal, and ash. 
After cooling by heat exchange and depressurization by power recovery (hydrau- 
lic turbines), the slurry is fractionated (with recovery of solvent for return 
to the dissolver), and then filtered to separate solid materials from liquid 
hydrocarbons. The solids (filter cake) are fed to the fuel gas gasifier. 
The liquids (fuel oil) represent the largest single product stream in the 
plant. This fuel stream contains 0.5% sulfur and 1 to 1.5% nitrogen: the 
amount of sulfur is environmentally acceptable; the amount of nitrogen present, 
however, may lead to increased production of nitrogen oxides on combustion 
with respect to crude oil-derived fuels. 
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The f u e l  gas g a s i f i e r  r e c e i v e s  c h a r ,  f i l t e r  cake ,  a i r ,  and steam in the  lower  
( s i a g g i n g )  s e c t i o n ;  coa l  and some a d d i t i o n a l  a i r  in the  upper  s e c t i o n ;  and 
p r o d u c e s  p r i m a r i l y  s y n t h e s i s  gas ( ca rbon  monoxide and h y d r o g e n ) ,  p l u s  n i t r o g e n ,  
ca rbon  d i o x i d e ,  hydrogen  s u l f i d e ,  and l e s s e r  amounts o f  ammonia, carbon o x y s u l -  
f i d e ,  and s u l f u r  d i o x i d e .  At the  e l e v a t e d  r e a c t o r  t e m p e r a t u r e ,  any o i l s  or  
t a r s  formed a r e  e x p e c t e d  to  c r a c k  to  gaseous  p r o d u c t s .  The gas s t r eam p ro -  
duced ,  l e a v i n g  the  g a s i f i e r  a t  1800°F, i s  s e p a r a t e d  from most o f  the  e n t r a i n e d  
cha r  in a c y c l o n e  sys t em and the  char  i s  r e t u r n e d  to  the  g a s i f i e r  a f t e r  u s i n g  
i t s  h e a t  c o n t e n t  f o r  f i l t e r  cake d r y i n g .  The gas i s  then  c o o l e d  t o  100°F 
th rough  a s e r i e s  o f  hea t  exchange r s  h e a t i n g  t he  g a s i f i e r  inpu t  ga se s  and p ro -  
duc ing  s team;  the  c o n d e n s a t e  formed c o n t a i n s  a l l  o f  t he  ammonia and p a r t  o f  
t he  s u l f i d e s  and c y a n i d e s ,  and i s  t r e a t e d  as d e s c r i b e d  be low.  The c o o l e d  gas 
s t r eam p a s s e s  t h rough  an e l e c t r o s t a t i c  p r e c i p i t a t o r ,  where most o f  the  f i n e  
p a r t i c u l a t e s  su spended  a r e  removed,  and i s  then conveyed  to  a s u l f u r  removal  
u n i t  where a redox  s o l u t i o n  c o n v e r t s  a l l  bu t  1 ppm o f  t he  hydrogen s u l f i d e  and 
s u l f u r  d i o x i d e  p r e s e n t  to  e l e m e n t a l  s u l f u r .  At the  same t ime ,  p r a c t i c a l l y  
q u a n t i t a t i v e  removal  o f  any r ema in ing  p a r t i c u l a t e s  i s  a c h i e v e d .  

The c l e a n e d  low Btu (145 B t u / c u  f t )  f u e l  gas i s  used to  s a t i s fy"  i n - p l a n t  
ene rgy  r e q u i r e m e n t s  f o r  s team g e n e r a t i o n  (4 /5)  and p r o c e s s  h e a t e r s  ( 1 / 5 ) .  On 
combus t ion  a n e g l i g i b l e  amount o f  SO 2 (141 l b / d a y )  i s  g e n e r a t e d  by' o x i d a t i o n  
o f  the  t r a c e  o f  hydrogen  s u l f i d e  p r e s e n t .  The amount o f  n i t r o g e n  o x i d e s  
g e n e r a t e d  i s  a l s o  mode ra t e ,  due to  the  f l a m e - c o o l i n g  e f f e c t  o f  the  l a r g e  
amount o f  i n e r t  g a s e s  (ca rbon  d i o x i d e  and n i t r o g e n )  p r e s e n t .  Combust ion 
e x p e r i m e n t s  .with low Btu gas 2 show t h a t  a maximum NO x c o n c e n t r a t i o n  in the  
e f f l u e n t  ga se s  o f  50 ppm (as NO2) can be e x p e c t e d .  

1"he s u l f u r  r e c o v e r y  p l a n t  r e c e i v e s  t h r e e  hydrogen s u l f i d e  s t r e a m s ,  o r i g i n a t i n g  
from the  ac id  gas removal  u n i t  on the  p r o c e s s  g a s i f i e r  t r a i n ,  from a s i m i l a r  
u n i t  on the  d i s s o l v e r  t r a i n ,  and from the sour  wa te r  s t r i p p i n g  u n i t ;  95% o f  
the  s u l f u r  p r e s e n t  i s  c o n v e r t e d  to  high p u r i t y  e l e m e n t a l  s u l f u r ,  wi th  the  
r emain ing  5% c o n v e r t e d  in a s u b s e q u e n t  u n i t ,  t he  t a i l  gas u n i t .  The t a i l  gas 
t r e a t m e n t  i n v o l v e s  r e d u c t i o n  o f  a l l  s u l f u r  s p e c i e s  to  hydrogen s u l f i d e ,  a b s o r p -  
t i o n  bv an a l k a l i n e  s o l u t i o n ,  and o x i d a t i o n  to  g ive  high p u r i t y  s u l f u r .  The 
f i n a l  ven t  gas c o n t a i n s  carbon d i o x i d e ,  p lus  t r a c e s  of  ca rbon  o x y s u l f i d e  
(80 ppm), hydrogen s u l f i d e  (1 ppm), and carbon monoxide (412 ppm). The carbon 
monoxide and carbon o x y s u l f i d e  c o n c e n t r a t i o n s  d e c r e a s e  on mixing with the  
o t h e r  ven t  g a s e s .  

In c o n c l u s i o n ,  a i r  e f f l u e n t s  a re  e m i t t e d  i n t o  the  a tmosphere  from fou r  o u t -  
l e t s :  the  coa l  d r y i n g  p l a n t  ( p a r t i c u l a t e s ) ,  two p r o c e s s  h e a t e r s  ( o n e - f i f t h  
o f  f u e l  combus t ion  g a s e s ) ,  and the  main p l a n t  s t a c k  ( a l l  o t h e r  e f f l u e n t s  com- 
b i n e d l .  The c o m p o s i t i o n  o f  the  e f f l u e n t s  e m i t t e d  to  the  a i r  from the  o u t l e t s  
s p e c i f i e d  i s  d e t a i l e d  in Table  1. 

Source emission standards for coal conversion plants have not been issued by 
the Federal Government. Among the states, only New Mexico has issued specific 
regulations covering coal gasification plants; these regulations can be con- 
sidered for illustration purpose only. The State of Illinois, a likely candi- 
date for a plant site, has issued standards for petrochemical process; this 
process is related to the Oil/Gas plant operation. The standards are as 
strict or stricter than the Federal standards for petroleum refining. 
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Table i. Effluents Emitted to the Air 

Outlet Gaseous Effluent Amount Concentration 

Main Stack 

Process Heater i 

Process Heater 2 

Carbon Dioxide 

Carbon Monoxide 

Carbon Oxysulfide 

Hydrogen Sulfide 

Sulfur Dioxide 

Nitrogen Oxides 

Carbon Dioxide 

Sulfur Dioxide 

Nitrogen Oxides 

Carbon Dioxide 

Sulfur Dioxide. 

Nitrogen Oxides 

31,024 TPD 

11.7 TPD 

0.5 TPD 

316 ib/day 

113 Ib/day 

4.5 TPD 

1,528 TPD 

14 Ib/day 

0.6 TPD 

1,528 TPD 

14 ib/day 

0.6 TPD 

166 ppm 

3 ppm 

2 ppm 

0.3 ppm 

39 ppm 

0.4 ppm 

50 ppm 

0.4 ppm 

50 ppm 

Coal Drying Plant Particulates 0.95 TPD - 

The Illinois and the New Mexico source emission standards are compared for 
illustration purpose in Table 2 with the emissions from the Parsons conceptual 
design of an Oil/Gas coal conversion plant. As shown in the table, all esti- 
mated emissions are lower than the ones mentioned in the standards. 

SULFUR BALANCE 

The sulfur balance for the conceptual design of a commercial Oil/Gas plant is 
detailed in Table 3. A total of 95% of the coal sulfur content is recovered 
as elemental sulfur, with most of the remainder present in the fuel oil prod- 
uct. The amount adsorbed by the catalyst beds (mainly in the shift reactors) 
would be emitted every six months as sulfur dioxide on regeneration of the 
catalyst. At the temperature conditions prevailing in the gasifiers it was 
assumed that negligible amounts of sulfur would remain with the ash. 
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Tab le  2 Compar i son  o f  Gaseous E m i s s i o n s  w i t h  I l l i n o i s  and Net~, Mexico 
Source  E m i s s i o n  S t a n d a r d s  

P o l l u t a n t  

P a r t i c u l a t e  M a t t e r  

S u l f u r  D i o x i d e  

Carbon Monoxide 

N i t r o g e n  Oxides  

O r g a n i c s  (methane  e x c l u d e d )  

T o t a l  Reduced S u l f u r  
(It2S+COS+CS2) 

Hydrogen S u l f i d e  

Hydrogen Cyan ide  

Hydrogen  C h l o r i d e /  
H y d r o c h l o r i c  Acid 

Ammonia 

Gas Burn ing  P r o c e s s  
B o i l e r s ,  P a r t i c u l a t e  M a t t e r  

Gas Burn ing  P r o c e s s  
B o i l e r s ,  S u l f u r  D i o x i d e  

T o t a l  S u l f u r  

I l l i n o i s  S t a n d a r d s ,  
P e t r o c h e m i c a l  P l a n t  

81 l b / h r  

1 .2  lb/~N Btu 

200 ppm, 50~ e x c e s s  a i r  

0 .2  lb/~lM Btu d 

100 ppm (CH~ e q u i v a l e n t )  

New Mexico S t a n d a r d s ,  
Coal G a s i f i c a t i o n  P l a n t  

0 . 0 3  g r / f t  3 

100 ppm 

10 ppm 

10 ppm 

5 ppm 

25 ppm 

0.03 lb/Ml~1Btu, LIIV 

0 .16  lb/MM Btu ,  1,tlV 

0 .008  lb/MM Btu o f  f e e d  
( c o a l )  h e a t  i n p u t ,  ltHV 

Gaseous  E f f l u e n t s ,  
O i l / G a s  P l a n t  

79 l b / h r ,  a 0 .023  g r / f t  
b 

1 ppm 
c 

147 ppm 

0.1 Ib/MM Btu 

Ni l  

S ppm 

2 ppm 

Nil  

Ni l  

Ni l  

Nil  

0 .001  lb /~N Btu 

0 .002  l b / ~ l  Btu e 

aFrom coa l  d r y i n g  p l a n t .  

b66.4  t o n s  o f  s u l f u r  d i o x i d e  e m i t t e d  t w i c e  a y e a r ,  ove r  24-48 h o u r s ,  on r e g e n e r a t i o n  o f  t h e  c a t a l y s t  o f  
each  s h i f t  r e a c t o r  ( t h r e e  r e a c t o r s  t o t a l ) .  The s u l f u r  d i o x i d e  g e n e r a t e d  on c o m b u s t i o n  o f  t h e  plan" 

f u e l  gas amounts  to  26 t o n s  pe r  ) ' e a r .  I f  t h e s e  combined amounts  were a v e r a g e d  ou t  o v e r  t h e  y e a r ,  t h e y  
would c o r r e s p o n d  to  0 .003 lb /~N B t u / d a y .  

CValue o b t a i n e d  on a p p l i c a t i o n  o f  t h e  50% e x c e s s  a i r  c o r r e c t i o n  t o  t h e  e f f l u e n t  from t h e  s team 
g e n e r a t i n g  u n i t .  

d A p p l i e s  to  f i r i n g  o f  ~a seous  f o s s i l  f u e l .  

e I n c l u d e s  t h e  s u l f u r  d i o x i d e  e m i t t e d  o c c a s i o n a l l y  on r e g e n e r a t i o n  o f  t h e  s h i f t  r e a c t o r  c a t a l y s t  
( s ee  Note b above)  



Table 3. Sulfur Balance (TPD) 

Total input from the Typical Feed Coal 1312.7 

Outputs: As Elemental Sulfur 1252.3 

In the Fuel Oil 59.9 

As Carbon Oxysulfide Emissions 0.2 

Adsorbed on Catalyst Beds 0.3 

1312.7 

AQUEOUS EFFLUENTS 

As conceived, the geographic area where the Oil/Gas plant would be located is 
the U.S. Eastern Interior (coal) Province, where an abundant supply of water 
is available. Host likely, one of the major rivers in this area would pro- 

vide the water supply for the plant. 

Based on adequate availability of water, the wastewater treatment is a com- 
bination of recycling and discharge of aqueous effluents. The most heavily 
contaminated streams undergo steam distillation; the organic contaminants 
separated are fed with steam to the process gasifier to achieve their thermal 
destruction. Medium contaminated streams are purified physically and bio- 
logically, then are reused for slag quenching. The lightly polluted streams 
are treated to make them acceptable to the environment and are then dis- 

charged to the river. 

The generation and treatment of aqueous contaminants is outlined in Figure 5. 
Wastewater sources are listed on the left hand side of the figure, with the 
de~ree of pollution of the wastewater streams decreasing from top to bottom. 
Th~ progressive treatment and disposition of the streams is also shmcn and 
approximate flow values for streams withdrawn and returned to the river are 

reported. 

The most highly contaminated stream is the combined sour water generated as, 
aqueous condensates by the process gasifier, fuel gas gasifier, and coal 
dissolver. Major contaminants present are hydrogen sulfide, ammonium sulfide, 
phenols, cresols, xylenols, thiocyanates; cyanides and solids (ash and char 
particles) may also be present. The gaseous contaminants (hydrogen sulfide 
and ammonia) are removed by steam stripping. Ammonia is separated by contact 
with an an~monium phosphate/phosphoric acid solution, regenerated on heating, 
and purified to anhydrous ammonia. Hydrogen sulfide is conveyed to the sulfur 
plant for conversion to elemental sulfur. Under the acidic conditions of the 
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sour water, any cyanides present would be volatile (hydrogen cyanide), and 
therefore be stripped with the hydrogen sulfide and conveyed to the sulfur 
plant to be destroyed by thermal oxidation. The stripped aqueous stream is 
conveyed to a high temperature steam drum in the process gasifier unit, where 
the organic contaminants volatilize and are fed with the steam to the gasi- 
fier to undergo thermal oxidation. The blowdown from the steam drum is 
vaporized on cooling the product gas prior to shift conversion; any solids 
present are removed by' filters on the condensate return lines. 

Oily water streams produced during plant operation or collected as contaminated 
runoff from process areas are conveyed to a gravity separator. The water 
phase is further purified in an oily water pond, with the effluent used for 
slag quench. The combined oil fractions are led to a separator, with the 
oil phase returned to the fractionation unit for product recovery. The 
aqueous phase is combined with the effluents from the slag settling basin and 
the sewage treatment plant and treated in a bio-oxidation pond, which also 
provides firewater; the effluent from the biopond is also used for slag 
quench. 

The cooling tower blowdown stream is the largest in volume and is only 
lightly contaminated by corrosion inhibitors (zinc salts and inorganic phos- 
phates). This stream is combined with deionizer wastes (containing mainly, 
inorganic salts) and boiler blowdown, also lightly, contaminated by corrosion 
inhibitors. After neutralization, it is treated with lime in a settler- 
clarifier. The lime sludge, containing most of the zinc and phosphates, is 
disposed of in a landfill, while the treated stream is returned to the river, 
together with any runoff collected from clean areas. If required by specific 
site conditions, a final polishing pond may be added for removal of suspended 
solids from the runoff collected. 

No aqueous effluent standards specifically addressed to coal conversion plants 
have been issued by the Federal government or by state legislatures. Federal 
standards issued for petroleum refining are somewhat related to an Oil/Gas 
process. Average attainable concentrations which were the base for such 
standards 3 are reported in Table 4, together with the corresponding values 
for the aqueous effluents estimated for the Oil/Gas plant. As shown in the 
table, these values are either the same or lower than the Federal parameters. 

The State of Illinois has issued aqueous effluent standards applicable to all 
sources discharging to the natural waters of the state. These standards are 
reported for illustration purpose in Table 5. All Oil/Gas plant effluents 
estimated are either meeting or lower than such standards. 

SOLID WASTES 

The Oil/Gas plant generates two main types of solid waste materials: ash and 
slag from the gasifiers and sludge from various wastewater treatment units. 
Present plans call for burial of the slag with the mine spoils and landfill 
disposal of the ash and sludge. 
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Table 4. Comparison of Aqueous Effluents with 
Federal Petroleum Refinery Standards* 

Parameter 

BOD-5 

COD 

Total Organic Carbon 

Suspended Solids 

Oil and Grease 

Phenol 

Ammonia-N 

Federal Standards 
Petroleum Refinery 

Sulfide 

Cr, tertiary 

Cr, hexavalent 

15 

I00 

35 

I0 

5 

0.i 

80% removal 

0.I 

0.25 

0.005 

Aqueous Effluents, 
Oil/Gas Plant (mg/l) 

i0 

I00 

33 

i0 

5 

nil 

nil 

nil 

nil 

nil 

~Average attainable concentrations from the application of best 
practicable control technology currently available 
(EPA-440/I-74-OI4a) 

The possibility of leaching of trace metals from the ash into ground or 
surface waters has been questioned. The difference in physical properties 
between slag and fly ash would suggest a different leaching behavior; slagged 
ash exhibits a glass matrix which possibly would inhibit leaching. Experi- 
mental studies have been carried out on the leaching of power plant fly ash 
or unslagged bottom ash. According to the results of a recent study, ~ 
selenium, chromium, and boron (and occasionally mercury and barium) were 
released on simulated leaching, and the Concentrations reached exceeded the 
values recommended by EPA for public water supplies. To our knowledge, no 
leaching tests of slagged ash have been carried out. Experiments using the 
slag generated by a slagging gasifier, such as the Bi-Gas pilot plant or a 
Koppers-Totzek unit, would be very useful. 

TRACE ELEMENTS 

Due to its organic origin and its intimate commixture with crustal formations, 
coal contains a large number of elements in minor or trace quantities. 5 
Actually, out of 92 kno~m non-transuranic elements, only 15 (shmm in Fig- 
ure 6) have not yet been found in coal. 
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Table 5. Aqueous Effluent Standards, State of l~inois 

Constituent 

Arsenic (total) 

Barium (total) 

BOD-5 

Cadmium (total) 

Chromium (total hexavalent) 

Chromium (total trivalent) 

Copper (total) 

Cyanide 

Fluoride (total) 

Iron (total) 

Iron (dissolved) 

Lead (total) 

Manganese (total) 

Mercury' (total) 

Nickel (total) 

Oil (hexane solubles or equivalent) 

Maximum Concentration 
(rag/l) 

pH 

Phenols 

Selenium (total) 

Silver 

Zinc (total) 

Total Suspended Solids 

0 .25  

2 .0  

10 .0  

0 . 1 5  

0 .3  

1 .0  

1 .0  

0 .025  

15 .0  

2 . 0  

0 5 

0 1 

1 0 

0 0005 

I 0 

150 

range 5-10 

0.3 

1.0 

0.I 

1.0 

12.0 

A numDer of studies have analyzed the behavior of trace elements in coal-fired 
power plants. 6,7 in general, the elements have been divided into two groups, 
those appearing mainly in the bottom ash (elements or oxides having lower 
volatility) and those appearing mainly in the fly ash (elements or oxides 
having higher volatility). For power plants using dry particulate collection 
devices (e.g., electrostatic precipitators), it was believed that the most 
volatile elements (such as mercury and selenium) could actually escape at the 
elemental state with the flue gas; wet scrubbers, however, were believed 
capable of removing most of the elements from the gas streams and transfering 
them to the liquid effluent. 
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~n the Oil/Gas plant, no particulates from coal combustion escape into the 
atmosphere; all p~rticulate streams are collected quantitatively and either 
returned to the lower section of the gasifiers, where they melt and are 
removed as slag, or removed as fly ash. Any eventual dispersion of the ele- 
ments present depends on the possibility of leaching, discussed above. The 
only concern, therefore, is to identify elements which may be occurring in 
the gaseous state. The reducing atmosphere p~esent in the,middle and top 
part of the gasifier may also favor different chemical combinations, such as 
hydrides, absent in the oxidizing atmosphere of a power plant. 

b~ong the trace elements present in coal with recognized toxic properties, 
high volatility elements (beryllium, mercury and lead), do not form gaseous 
hydrides, will condense on cooling, and very likely be almost completely 
r~moved by the aqueous condensates formed on gas cooling and/or purification. 
Arsenic, antimony, and selenium have lower volatility but can form gaseous 
(covalent) hydrides: arsine, stibine, and hydrogen selenide. These hydrides, 
however, have stability characteristics which preclude their formation at the 
temperature and pressure prevailing in the Oil/Gas plant gasifiers. From 
general chemical principles, it would appear, therefore, that harmful trace 
elements are not released to the atmosphere. Experimental confirmation, 
however~ is desirable and should be obtained from specific pilot plant studies. 

OCCUPATIONAL SAFETY 

O~ particular interest in coal conversion projects is the possible formation 
of carcinogenic compounds on hydrogenation and pyrolysis of coal. These com- 
pounds are usually found in coal tars and coal-derived oils with boiling 
point higher than 480°F. They consist mainly of polycyclic aromatic hydro- 
carbons and amines, which are lipid soluble, and can enter cells easily. The 
carcinogenic activity is believed due to their molecular shape, which permits 
them to fit into the structure of DNA, and cause self-producing mutations. 

Statistically significant increases in the incidence of skin and lung cancer 
were observed especially for coke oven workers who are exposed to contact and 
inhalation of coal tar products. These findings led the Federal Government 
to issue an OSHA Standard of 0.2 mg/m ~ (8-hour average) for coal tar pitch 
volatiles (anthracene, benz.o(a)pyrene, phenanthrene, acridine , chrysene, 
pvrene). 

For both men and laboratory animals, occasional exposure to the carcinogens 
is not sufficient for cancer development. Rats developed tumors after the 
chemical agents were applied 2 to 3 times per week to the shaved skin for 
approximately one year. The shortest exposure time recorded for the devel6pq 
ment of skin cancer in workers handling coal hydrogenation products was nine 
months. 8 The Federal Standard mentioned represents the consensus of Govern- 
mental and Industrial Hygienists on a threshold limit value which would 
minimize exposure risks. 
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Oils  and t a r s  a re  not  expec t ed  to  be formed under  the  o p e y a t i n g  c o n d i t i o n s  o f  
the  e n t r a i n e d  g a s i f i e r s  used in t he  Oi l /Gas  p l a n t .  The e n t i r e  d i s s o l v e r  
t r a i n ,  however,  ha nd l e s  c o a l - d e r i v e d  o i l s  and w i l l  t h e r e f o r e  r e q u i r e  s t r i c t  
a p p l i c a t i o n  o f  i n d u s t r i a l  hyg i e ne  p r a c t i c e s .  

SU~t~RY AND CONCLUSIONS 

The c o n c e p t u a l  commercial  d e s i g n  o f  an Oi l /Gas  p l a n t  capab le  of  c o n v e r t i n g  
a p p r o x i m a t e l y  35,000 tons  of  coal  per  day i n t o  c l ean  b o i l e r  f u e l ,  LPG, and SNG 
has been comple ted .  

Design and mode of operation of the facility to assure compliance with 
environmental requirements was an integral part of the design program. The 
environmental acceptability of the plant was achieved by purification of 
gaseous and liquid streams; all effluents released to the environment were 
predicted to satisfy environmental standards and requirements. 

Other environmental arCas specific to coal conversion processes, such as dis- 
posal of slagged ash, the fate of trace elements, and occupational safety 
were also included in the design effort. Experimental programs required to 
provide additional data and information were recommended. 
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THE ENVIRONMENTAL ASPECTS OF COAL CONVERSION 

ENV!EON~NTAL FACTORS FOR FISCHER-TROPSCH COAL CO~/ERSION TECHNOLOGY 

J. E. O'Hara, B. I. Loran= A. Bela, and N. E. Jentz 
Ths Ralph M. Parsons Company, Pasadena, California 

ABSTraCT 

1"ne environmental factors of a conceptual commercial Fischer-Tropsch coal conversion plant are 
discussed. The Fischer-Tropsch process, which converts coal into gaseous and liquid hydrocarbons, 
is briefly reviewed. The removal of sulfur and particulates from the syngas generated, the sul- 
fur balmnoe of th~ conversion process, and the quantity and types of effluent streams projected 
to be released are described. Estimated air emissions andaqueous effluents are compared with 
applicable standards and found capable Of meeting the present and projected regulations. The 
fate of trace elements  present in the  coa l  and occupational safety aspects are also briefly con- 
sidered. 

INTRODUCTION OBJECTIVHS 

Tn= dimini~hin Z national resources of oil and 
natural gas have made the develol~ment of a via- 
ble coal conversion technology increasingly im- 
portant. One of the processes heine considered 
~en~razes s)~thetic hydrocarbons by Fischer- 
Tropsch indirect coal liquefaction. A version 
of this technology is presently applied on a 
co~-ercial scale in the Republic of South Africa. 

In the United States, prime responsibility for 
development of coal conversion technology/ 
rests with the Energy Research and Development 
~Luinistration - Fossil Energy (ERDA-FE). Tne 
Ralph M. Parsons Comla~ny is assisting ERDA-FE 
with preliminary designs and economic evalu- 
ations for s)mthstic fuel facilities. Into- 
gray to th~ design effort is the definition 
of control equipment and procedures assuring 
that th~ pl~nts designed and operated will be 
enviror~entally acceptable. 

The con=eptua! ccrm~rcial design of a Fischer- 
Tropsch facility incorporates second or third 
~z~=ation technology such as gasifiers based 
on Bi-Gas principles and a flame-sprayed cat&- 
lyric reactor for Fischer-Tropsch conversion. 
Both of these are in  the development stage ahd 
require further work prior to the design and 
constraction of ¢ozm~rcial pl~mts. Successful 
a~plication of these technolog%es could lead 
to conversion of coal to liquid and gaseous 
fu~Is with an overall the~-mal efficiency of 
70%. A report describing the conceptual de- 
sign and economic analysis of the facility 
ha~ been published [13. 

Cra~tion of future synfuel supplies will un- 
doubtedly require large innovative projects 
with manaz~m~nt ~ technical and logistical 
challenzee similar to the North Slope project 
in which crude oil from ~he Prudhoe Bay area 
in Alaska is gathered and prepared for trans- 
port to the lower 48 states, for which Parsons 
has been ma_nazing contractor. 

The purpose of this paper  is to d e s c r i b e  t h e  
environmental factors of a commercial Fischer- 
Tropsch plant, and also the processes and 
operating procedures required to assure envi- 
ronmental acceptability of t he  plant. 

OUTLINE OF THE PROCESS 

A report describing a preliminary design and 
economic evaluation of a conceptual commercial 
Pischer-Tropsch plant to convert coal to both 
liquid mud gaseous fuels has been published 
[i]. A brief process description is presented 
here for orientation purposes. 

As conceived, the plant will be located adja- 
cent to a coal mine in the Eastern Region of 
the Interior (coal) Province of the United 
States. The design is based on use of 27,000 
metric tons per day ~dZPD) [30,000 U.S. tons 
per day (TPD)] of cleaned bituminous coal, 
conL~ining 1.1% nitrogen and S.4% sulfur. The 
simplified block flow diagram in Figure I de- 
picts the conceptual design. The plant in-" 
eludes facilities to wash the coal, zrind it, 
then dry it indirectly with steam. An artist's 
concept of the Fischer-Tropsch complex is 
shown in FiEare 2. 

The process consists of gasification o f  coal 
by reaction with oxygen and ste~.m at elevated 
temperature and pressure to produce a synthe- 
sis Zas, purification and adjustment of com- 
position of the gas, sad catalytic reaction 
of the gas I:o form principally hydrocarbon 
liquids. These premium products, containing 
nil sulfur or nitrogen, consist of 2200 MgPD 
(2400 TPD) of naphthas, 1900 MgPD (2100 TPD) 
of diesel fuel, and 6S0 MgPD (700 TPD) of fu~l 
oil. Unreacted tail Eas and methane are fur- 
ther processed to produce 6000 HgPD (6600 TPD) 
of substitute natural gas (SNG). 

Approximately one-half of the carbon in the 
coal fed to the process units is converted to 
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hydrocarbons havins greater hydrogen content 
th~n the feed coal with heat being sunplied 
primarily by conversion of carbon to carbon 
dioxide in the gasifier and the Pischer-Tropsah 
s>mthesis reaction. Efficient heat recovery 
provides all power and steam required to oper- 
ate t h e  complex; excess electric power for 
sale (140 megawatts) is also produced. 

The control of all contaminants released to 
the environment had a high priority in plant 
and process design. Applicable standards 
covering t h e  process operations were used in 
design and engineering of the process and 
equipment. 

AIR POLLUTION AEATLqEN+f 

The major air pollution abatement effort is 
aimed at deEulfurizin~ the gases generated 
durin~ the coal conversion process to make the 
fuels produced environmen%ally acceptable. In 
a Fischer-Tro~sch plant, environmental and pro- 
tess goals coincide because the presence of 
sulfur inhibits the effectiveness of Fischer- 
Trcpsch catalysts. 

The air pollution abatement procedure is out- 
lined in Figure 3, which shows the nature and 
amount  o f  a l l  s t r e a m s  v e n t e d  t o  t h e  a i r ;  t h e s e  
streams consist for the major part of inert 
gases (nitrogen and carbon dioxide). The 
effluent gases are shown vented separately t o  
the air to identify the contribution of spe- 
cific process units. In reality, however, all 
streams with the exception of t h e  particulates 
fro~ t h e  coal drying pl~nt are combined into a 
single stack befor~ ventin~ to the air. 

The coal grinding and drying unit is the only 
source of particulate emissions. A baghouse 
system re~oves most of t h e  particulates from 
the vent streams, with ezissions to the air 
meeting both the Federal standard for thermal 
dryer Eases and other standards related t o  
coal gasification plants. The source of heat 
for the drying process is excess steam from 
the Fisoher-Tropsch plant; no combustion gases 
are generated by th~ operation. 

The coal gasifier receives powdered coal, 
steam~ and oxygen and generates hydrogen, car- 
bon monoxide, carbon dioxide, methane, hydro- 
Ecn sulfide, and minor amounts of ammonia, 
carbon oxysulfide, cyanides, and sulfur diox- 
ide. At the elevated reactor temperature, nil 
oils or tars are produced. The gaseous stream 
c~-zies all the char and ash produced on gasi- 
fication of the coal; the largest part of the_ca 
materiels is removed by a series of cyclones, 
follow~d by a hot electrostatic precipitator. 
Recovered char is returned to the lower sec- 
tion o f  the gasifier, where char gasification 
occurs by reaction with steam and oxygen while 
the accompanying ash melts and is removed as 
sla~. The small amount of char and ash par- 
tioles still accompanying the gases after 
passaZe through the cyclones and hot precipi- 
tator is removed by two wet scrubbers followed 
by a cold electrostatic precipitator. All the 

azmonia and part of thehydrogen sulfide pres- 
ent are also removed by the scrubbers; most 
cyanides present, however, remain in the gas 
stream because of the acidic conditions of the 
sour water generated. 

The next treatment step concerns the removal 
of acid gases (carbon dioxide and hydrogen sul- 
fide). A physical solvent process removes 
these gases from the main stresm, then= on 
selective regeneration, releases a stream of 
hydrogen sulfide containing part of the carbon 
dioxide and a stream of nearly pure carbon 
dioxide. The hydrogen sulfide stream is sent 
to the sulfur recovery plant. Hydrogen cya- 
nide is also absorbed by the solvent; on regen- 
eration, it joins the hydrogen sulfide stream 
and is conveyed to the sulfur recovery plant, 
where cyanides are destroyed by thermal oxida- 
tion. The carbon dioxide stream is vented to 
the air and .=mall amour~ts of carbon monoxide 
and hydrogen sulfide are vented to the air 
with it. 

The sulfur recovery plant oxidizes 95% of the 
hydrogen sulfide to high-purity elemental sul- 
fur. The remaining 5% ispresent in the tail 
gas, which is treated in a tail gas unit where 
all sulfur species are reduced to hydrogen 
sulfide, then absorbed by an alkaline solution, 
and oxidized to also give high-purity sulfur. 
The final vent gas contains carbon dioxide 
plus traces of carbon oxysulfide, hydrogen 
sulfide, and carbon monoxide. The sulfur bal- 
ance for the plant is detailed in Table I; a 
total of 98% of the coal sulfur content is re-" 
covered as elemental sulfur. 

The purified gas is now suitable for conver- 
sion to hydrocarbon fuels in a Fischer-Tropsch 
reactor. Carbon dioxide generated at the same 
time is removed by absorption in a caustic 
solution and is then vented to the air on re- 
generation of the absorbent. The vent stream 
contains traces of carbon monoxide together 
with traces of light boiling hydrocarbons sad 
methane (a nonpollutant). The Fischer-Tropsch 
catalyst absorbs the last traces of sulfur 
present; therefore,'all fuels producedj gas- 
eous and liquid, and the chemical byproducts 
(alcohols) contain nil sulfur. 

The streams shown vented separately to the air 
in Figure S from the plant proper (acid gas 
removal, tail gas treatment, and carbon diox- 
ide removal units) are actually combined in a 
single stack before venting. The overall 
amounts and concentrations becomes therefore, 
the ones shown in Table If. 

Source emission standards for .coal conversion 
plants have not been issued by the Federal 
Government. Of the states, only New Mexico 
has issued specific regulations covering coal 
gasification plants; these regulations can be 
considered for illustrative purposes only be- 
cause the Fischer-Tropsch plant, as conceived, 
would be located in the U.S. Eastern Interior 
Ccoal) Region. The State of Illinois has 
issued standards for petrochemicals; this 
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Table I. Suifur Balance 

- . . . . . . . . .  Sulfur Contributions I MgPD TPD 

Total Input from the T>;ical Feed Coal 

Outputs: As Elemental Sulfur from Coal Gasifier Gas 

AS Reduced Sulfur Emissions ~19% H2S= 81% COS) 

AS Sulfur Dioxide Emissions (actually emitted every 
six months on regeneration of the shift catalyst) 

In the ASh 

925.3 

917.5 

0.7 

0.7 

6.4 

925.3 

1020.0 

1011.4 

0.8 

0.8 

7.0 

1020.0 

Table II. Combined Gaseous Effluents 

GaseoUs Effluent MgPD TPD ppm 

cirb0n Dioxide 56,688 42,647 - 
Carbon Monoxide 9.9 10.9 506 
Carbon Oxysulfide 1.3 1.4 18 
Organics (C 2 - C 6 Hydrocarbons) 1.0 I.i 21 
Hydrogen Sulfide 0.12 0.15 5 

technology is somewhat related to a Fis~her- 
Trcpsch operation. The standards are strict 
or stricter than  t h e  Federal standards for 
petroleum refining. For  illustration purposes 
only, the Illinois and the New Mexico source 
emission standards are compared in Table III 
with th~ emissions from conceptual Pischer- 
Tropsch coal conversion plant. As shown in 
the table, all estimated emissions are pro- 
jected to either meet er be below the 
st~ndzrds. 

AQUEOUS EFF LUF~%~fS 

Th~ pl~nt design is bzsed on availability of 
an adequate supply of water. The wastewater 
treatment is therefore a combination of re- 
cyclinz and discharge of aqueous effluents. 
The most heavily contaminated streams are con- 
centrated by evaporation, with residuals und~r- 
goin~ the-~aal destruction in the coal gasifier. 
~he medium-contaminated streams are purified 
by oxidation and then reused as makeup for 
boiler feedwater. The lightly polluted streams 
ar~ treated to make them acceptable to the en- 
vir~nmsnt and then arm discharged to a river. 
~'na ~eneration and control of aqueous contami- 
nants is outlined in Figure 4, ~hich shows the 
sources of wastewater (listed on the left-hand 
side) and their progressive treatment and 
disposition. 

Tn~ river water supply provides 12,000gpm 
of raw water, which, after purification by 
settlin~ and sand filtration, is used for 
ccolin~ water ~-keu~. and, after further deioni- 
zatien, for boiler feedwater makeup. Potable 
and sanitary water (TS gpm) is sup.plied by 
wells. The water supply from the river is not  
used for coal sizing and handling (a captive 
system fe~din~ on amine-based pond is used 
for this unit) or for coaSErinding and dx- I- 
in~, where no wet systems are em~.loyed. 

One of the major contaminated streams is the 
sour water generated by the wet scrubbers 
cleaning the gases produced by the coa l  gaol- 
fief. The major contaminants present are 
hydrogen sulfideo ammonium sulfide, oil, 
phenols, thiocyanates, cyanides, and solids 
(ash and char particles). After removal of 
any oily materials by extraction, most of the 
gaseous contaminants (hydrogen sulfide and 
ammonia) are removed by a reboiler-stripper, 
and then conveyed to the sulfur plant where 
the hydrogen sulfide is converted to elemental 
sulfur and the aEmonia is oxidized to nitrogen. 
The stripped aqueous stream is now treated in 
an oxidizer with oxygen at high pressure to 
convert most of the organics present (including 
cyanides) to inorganic gases such as carbon 
dioxide, nitric oxide, and sulfur dioxide. 
These are led back t o  the coal gasifier; t he  
r e d u c i n g  atmosphere p r e v a i l i n g  t h e r e  i s  expec-  
t e d  to reduce nitric oxide and sulfur dioxide 
to nitrogen and hydrogen sulfide. After 
settling and filtration, the aqueous effluent 
stream from the oxidizer is deionized and re- 
used as  boiler feedwater makeup. 

T h e  F i s c h e r - T r o p s c h r e a c t o r  produces°  b e s i d e s  
t h e  d e s i r e d  hydrocarbon  f u e l s ,  a number o f  
a l c o h o l s  and o r g a n i c  a c i d s .  ~hen t h e  p roduc t  
s t r eam i s  p u r i f i e d  by ~ rea~ ing  wi th  . c a u s t i c ,  
a waste stream c o n t a i n i n g  alkaline salts of 
low-molecular weight organic acids is produced. 
This stream is combined with the boiler water 
blowdo~m and the solids slurry obtained as a 
residuefrom the settling of the treated sour 
water, and then concentrated in a triple-effect 
evaporator. The evaporator condensate is used 
for boiler feedwater, while the residue is 
sprayed on the feed coal at the entrance to the 
coal dryer~ A more thorough evaporation occurs 
in the "latter unit; the organic materials are 
then destroyed when the coal is fed to the gasi- 
fier, while the inorganic materials are removed 
with the ash. 
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THE ENVIRONMENTAL ASPECTS OF COAL CONVERSION 

Table !ii. Comparison of Gaseous Emissions with Illinois and New Mexico Source Emission Standards 
(The standards are expressed in the units issued by the states, i Ib = 453.6 g; 

i gr = 64.8 m~; I Btu = 1055 J; I ft S = 0.028 mS; 5~I =million; HHV = higher heating value; L = lower.) 

Illinois Standards, New Mexico Standards, Gaseous Effluents, 
Po!l~tant Petrochemical Plant Coal Gasification Plant Fischer-Tropsch Plant 

78 ib/hr 0.03 gr/ft 5 Particulate Matter 

Sulfur Dioxide 

Carbon Monoxide 

Nitrogen Oxides 

Organics 
[methane excluded) 

7oral Reduced Sulfur 
(H2S + COS + CS 2) 

Hydro£en Sulfide 

Hydro~en Cyanide 

H>-~ro~en Chloride/ 
Hydrochloric Acid 

~onia 

Gas Burning Process 
Boilers, Particulate 
Matter 

Gas Burning Process 
Boilers, Sulfur 
Dioxid~ 

Total Sulfur 

1.2 Ib/MN Btu 

200 p/m, 50% xs air 

0.7 Ib/~.l Btu 

I00 ppm 
(CH 4 equivalent) 

I00 ppm 

10ppm 

i0 ppm 

5 ppm 

25ppm 

0.03 ib/~! Btu, LHV 

0.16 ib/~4 Btu, LHV 

0.008 Ib/~4 Btu of feed 
(coal) heat input, HHF 

67 iblhr, (a) 0.03 grlft 3 

Nil (b) 

164 ppm (c) 

Nil 

55 ppm 

21 ppm 

3 ppm 

Nil 

Nil 

Nil 
_(d) 

.(d) 

-0.003 lb/l~l Btu (e) 

1 

(a)Frem coal-drying plant 

[b)47.4 tons of sulfur dioxide emitted twice a year, over 24-48 hours, on regeneration of the catalyst 
of each shift reactor (six reactors total). If this value were averaged out over the year, it 
would correspond to 0.004 ib/~51Btu/day. 

it)Value obtained on application of the 50% ~xcess air correction to the streams originating from the 
acid gas removal unit and from the sulfur plant. 

(d}Not app!icahle (none included in the design). 

[e]Includes the sulfur dioxide emitted occasionally on regeneration of the shift reactor catalyst 
(see Note(b) above). 

The cooling-tower blowdom strez~ is the lar- 
gest in volume, and is only lightly contami- 
nated by corrosion inhibitors (zinc salts and 
inorganic phosphates) and scale control a~ents 
(organic phosphate esters); this stream is 
mixed with deionizer wastes containin~ mainly 
sodium sulfate and other inorganic salts. 
~dfter neutralization~ this stream is treated 
with lime in ~ settler-clarifier. The lim- = 
sludge, containing most of the zinc and phos- 
phates~ is disposed of in a landfill~ while 
th~ treated stre~m is returned to the river. 

Any oily water streams produced during plant 
operation are combined with laboratory waste- 
water, and then passed thr6u~h a sand filter 
to coalesce th= oil panicles. After physical 
separation of the oil (returned to the gasi- 
fief), the aqueous effluent is led to a bio- 
pond, where the organic materials present are 

converted to inorganics by bacterial activity. 
The biopond also receives a minor stream from 
the sewage-treatment plant, and is used as 
firewater supply, with any oyer~low discharged 
to the river. Strict housekeeping is ex-oected 
to contain contamination of stox-~z.~ater to very 
small volumes; any contaminated water is col- 
lected in a stormwater pond (not shown in 
Figure 4) for subsequent metered feeding to 
the biopond for treatment. 

No aqueous effluent standards specifically ad- 
dressed to coal conversion plants have been 
issued by the Federal gove_~mment or by state 
legislaZ~es. Stsad~ds that are somewhat re- 
lated to a Pischer-Tropsch process are the 
Federal stand~ds issued for petroleum refin- 
ing. Average obtainable concentrations that 
were the base for such stsmdards are reported 
~'~ Table IV~ to~ether with the co~espondin~ 
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THE ENVIRONMENTAL ASPECTS OF COAL CONVERSION 

T a b l e  IV. Comparison o f  Aqueous Effluents with Federal 
Petroleum Refinery Standards* (mg/l) 

P a r a m e t e r  

BOD S 

COD 

Total Organic Carbon 

Suspended Solids 

Oil and Grease 

P h e n o l  

Ammonia-N 

Sulfide 

Cr. tertiary 

Cr. hexavalent 

F e d e r a l  Standards, 
P e t r o l e u m  Refinery ,, 

15 

100 

35 

10 

5 

0 .1  

80% remova l  

0 .1  

O'.25 

O. 005 

Aqueous E f f l u e n t s ,  
Fischer-Tropsch Plant 

10 

100 

35 

10 

5 

n i l  

n i l  

n i l  

n i l  

n i l  

*Average attainable concentrations from the application of best practi- 
cable control technology currently available [2]. 

v a l u e s  for the aqueous effluents estimated for 
the Fischer-Tropsc% plant. As shown in the 
table, these estimated values are either the 
same or l ower  t h a n  t h e  F e d e r a l  p a r a m e t e r s  [ 2 ] .  

SOLID WASTES 

The Fischer-Tropsch plant generates two main 
types of solid waste materials: slagged ash 
from t h e  coal gasifier [2132 MgPD (2350 TPD)], 
which is returned to the mine for burial with 
the mine spoils, and sludges f rom various 
wastewater treatment units, which are disposed 
of in a landfill. The mining and coal clean- 
ing and sizing operations generate sizable 
amounts of solid wastes, which are disposed of 
a t  t h e  mine site. 

The possibility of leaching of trace metals 
from the ash into ground or surface waters has 
been questioned. Experimental studies have 
been carried out on the leaching of power 
plant fly ash or unslagged bottom ash [5]; the 
studies showed that selenium, chromium and 
boron, and occasionally mercury and barium, 
were released on simulated leaching, and the 
concentrations reached exceeded the values 
recommended by £PA for public water supplies. 
Possibly, slagged ash features a glass matrix 
which would inhibit leaching. Experiments 
using the slag generated by a slagging gasi- 
fief, such as the Bi-Gas pilot plant or a 
Koppers-Totzek unit, would be  very useful. 

TRACE ELEblENTS 

Due to its organic origin and its intimate com- 
mixture with crustal formations, coal contains 
a large number of elements in minor or trace 
quantities [4]. Actually, out of 92 known 
non-transuranic elements, only 15 have not 
yet been found in coal. 

A number of studies have analyzed the behavior 
of trace elements in coal-fired power plants 
[5,6]. In general, the elements have been 

divided into two groups, those appearing mainly 
in the bottom ash (elements or oxides having 
lower volatility) and those appearing mainly in 
the fly ash (elements or oxides having higher 
volatility). For power plants using dry par- 
ticulate c o l l e c t i o n  d e v i c e s  ( e . g . ,  e l e c t r o -  
static precipitators), it was believed that the 
most volatile elements (such as mercury and 
selenium) could actually escape in the elemen- 
tal state with the flue gas; wet scrubbers, 
however, were believed capable of removing 
most of the elements from the gas streams and 
transferring them to the liquid effluent. 

In the Fischer-Tropsch process, no particulates 
from coal combustion escape into the atmos- 
phere. Particulate streams, wet or dry, are 
returned to the bottom of the gasifier, where 
ash and salts melt and are removed as slag. 
Any eventual dispersion of the elements present 
depends on the possibility of leaching, men- 
tioned above. The only concern, therefore, is 
to identify elements which may be occurring in 
the gaseous state. The reducing atmosphere 
present in the middle and top part of the gasi- 
fier may also favor different combinations, 
absent in the oxidizing atmosphere of a power 
plant boiler. 

Among the trace elements present in coal with 
recognized toxic properties, high volatility 
elements (beryllium, mercury and lead), do not 
form gaseous hydrides, will condense on cool- 
ing, and very likely be almost completely re- 
moved by the aqueous condensates formed on gas 
cooling and/or purification. Arsenic, anti- 
mony, and selenium have lower volatility but 
can form gaseous (covalent) hydrides: arsine, 
stibine, and hydrogen selenide. These hydrides 
however, have stability characteristics which 
preclude their formation at the temperature 
and pressure prevailing in the Fischer-Tropsch 
gasifier. From general chemical principles, it 
would appear, therefore, that harmful trace 
e l e m e n t s  a r e  n o t  r e l e a s e d  t o  t h e  a t m o s p h e r e .  
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THE ENViRONmENTAL ASPECTS OF COAL CONVERSION 

£x93ri~nZal confirnzZion~ however, is desir- 
able ~nd should be obtained from specific 
~iloZ pl~nt studies. 

CCCUPATIO)L%I SAFETY 

Cf particular interest in coal conversion pro- 
jects is th~ possible formation of carcino- 
Eenic co:~o~mds on hydrogenation and pyrolys is 
of coal. ~nese confounds are usually foun'd in 
coal tars, and are not expected to be formed 
under the operatin~ conditions of the en- 
trained coal gasifier used in the Fischer- 
Tro;s~h plant. 

Carcinogenic activity for laboratory animals 
h~ also been observed for higher boilin~ 
fractions obtained from petroleum refining [7]. 
Similar fractions are obtained on distillation 
of the liquid hydrocarbons produced by the 
Fischer-Tropsch reactor, and Fischer-Tropsoh 
oils boilin~ above 250°C were found carcino- 
genic in mice [8] .  A ccrrespondin~ activity 
in m~n, however, h~s no~ been shown; cancer 
frequency in oil refineryworkers is the s~e 
a~ for other industrial occupations. The 
~u~ount of known car~inogens~ such as 
benzo[a)~yrene, in high boiling petroleum 
fractions is ~uch lower than in coal tar; the 
products are also m~intained in close systems= 
so that very  little contact of workers with 
the product occurs. It is felt that similar 
conditions will exist in Fischer-Tropsch oper- 
~tions~ thereby minimizing any environmental 
risks. 
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COLLECTED WORK NO. 32 

SPECIFIC ENVIRONMENTAL ASPECTS OF 

FiSCHER-TROPSCH COAL CONVERSION TECHNOLOGY 

B. I. Loran and J. B. O'Hara 

THE RALPH M. PARSONS COMPANY 
Pasadena, California 

A pralimina~/design of a commercial-scale Fischar-Tropsch plant producing liquid hydrocarbons plus substitute 
natural gas by indirect coal liquefaction has been completed. The units and processes utilized are reviewed to 
highlight the progressive removal from the stTeams of compounds or materials capable of contributing to air and 
vlate: pollution. All final e~uents released to the envkonmant are estimated to be in compliance with applicable or 
relatsd F~dere] end State standards. 

Methods of envkonmental controt for the following specific areas are discussed: 

• Fats of trace etemsn~ present in coal. 
• Formation and destruction of rnatal carbonyls. 
• Cyanide formation, partitioning among effluent streams, and final decomposition. 

• Formation of coal-tar carcinogens and biohazards involved. 

There still exist some environmental aspects specific to cos] convemion for which additional experimental data are 
required. Research end development programs that can provide this additional information are defined. 

P~e~nted at the Third Symposium on 

Environmen%s/Asp~cta of Fuel Conversion Technolo~yy 

Hollywood, Flo~da, S~ptvmbvr 15, 1977 
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SPECIFIC ENVIRON-MENTAL ASPECTS OF 
FISCHER-TROPSCH COAL CONVERSION TECHNOLOGY 

INTRODUCTION 

Development of viable coal conversion technology is a national priority. A 
prim~ responsibility for development of this technology rests with the Energy 
Research and Development Administration - Fossil Energy (ERDA-FE). The Ralph 
bl. Parsons Company is assisting ERDA-FE in reaching this objective by develop- 
in~ preliminary designs and economic evaluations for commercial coal conversion 
facilities. Preliminary commercial designs for four of these facilities have 
been completed so far, namely for a Demonstration Plant producing clean boiler 
fuels from coal, for a complex producing oil and power by COED (Coal Oil Energy 
Development) based pyrolysis coal conversion, for an Oil/Gas Plant using inte- 
grated coal conversion technology, and for a Fischer-Tropsch facility producing 
liquid hydrocarbons plus substitute natural gas by indirect coal liquefaction. 

The definition of facilities and procedures to assure that environmentally 
acceptable plants can be designed and operated is integral to the design effort. 
The basis for establishing environmental control facilities and operating pro- 
cedures is the many coal conversion process development units and pilot plants 
being operated in the United States plus experience gained from related indus- 
tries such as petroleum processing. 

"[his paper concerns specific environmental aspects of a Fischer-Tropsch facility. 
The technology involved, outlined in Figure i, consists of coal gasification to 
produce a carbon dioxide/carbon monoxide/hydrogen syngas, purification of this 
gas to remove carbon dioxide and hydrogen sulfide, adjustment of composition to 
increase the hydrogen content, and catalytic conversion of the gas to form prin- 
cipally hydrocarbon liquids. Part of the unreacted syngas is upgraded by metha- 
nation to substitute natural gas (SNG). A version of this technology is presently 
applied on a commercial scale in the Republic of South Africa. 

The Parsons conceptual commercial design incorporates advanced technology such 
as a high temperature-high pressure gasifier based on Bi-Gas principles and a 
flame-sprayed catalytic reactor for Fischer-Tropsch conversion. Both of these 
are in the development stage and require further work prior to the desig-n and 
construction of commercial plants. Successful application of these technologies 
could lead to conversion of coal to liquid and gaseous fuels with an overall 
thermal efficiency of 70%. A report describing the conceptual design and eco- 
nomic analysis of the facility has been published I. 

As conceived, the plant will be located adjacent to a coal mine in the Eastern 
Region of the Interior (coal) Province of the United States. The design is based 
on use of 27,000 metric tons per day 0MgPD) [corresponding to 30,000 U.S. tons 
per day (TPD)] of cleaned bituminous coal, containing 1.1% nitrogen and 3.4% 
sulfur. The premium products obtained, containing nil sulfur or nitrogen, con- 
sist of 2200 MgPD (2400 TPD) of naphthas, 1900 MgPD (2100 TPD) of diesel fuel0 
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~50 MgPD (700 TPD) of fuel oil, and 6000 MgPD (6600 TPD) of SNG. Heat recovery 
provides all power and steam required to operate the complex; excess electric 
power for sale (140 megawatts) is also produced. An artist's concept of the 
FJscher-Tropsch complex is shown in Figure 2. 

AIR POLLUTION ABATEMENT 

The major air pollution abatement effort is aimed at desulfurizing the gases 
generated during the coal conversion process to make the fuels produced envi- 
ror~entally acceptable. In a Fischer-Tropsch plant, environmental and process 
goals coincide because the presence of sulfur inhibits the effectiveness of 
Fischer-Tropsch catalysts. 

The air pollution abatement procedure is outlined in Figure 3, which shows the 
nature and amount of all streams vented to the air; these streams consist for 
the major part of inert gases (nitrogen and carbon dioxide). The effluent 
gases are shown vented separately to the air to identify the contribution of 
specific process units. In reality, however, all streams with the exception 
of the particulates from the coal drying plant are combined into a single 
stack before venting to the air. 

The coal grinding and drying unit is the only source of particulate emissions. 
A baghouse system removes most of the particulates from the vent streams, with 
emissions to the air meeting both the Federal standard for thermal dryer gases 
and other standards related to coal gasification plants. The source of heat 
for the drying process is excess steam from the Fischer-Tropsch plant; no com- 
bustion gases are generated by the operation. 

The coal gasifier receives powdered coal, steam, and oxygen and generates hydro~ 
gen, carbon monoxide, carbon dioxide, methane, hydrogen sulfide, and minor amounts 
of ammonia, carbon oxysulfide, cyanides, and sulfur dioxide. The reactor operates 
at high pressure (3.5 MPa, b00 psia) and temperatures (1650°C, 3000°F in the lower 
stage and 930~C, 1700°F in the upper stage). At these elevated temperatures, nil 
oils or tars are produced, 

The gaseous stream carries all the char and ash produced on gasification of the 
coal; the largest part of these materials is removed by a series of cyclones, 
followed by a hot electrostatic precipitator. Recovered char is returnedto 
the lower section of the gasifier, where char gasification occurs by reaction 
with steam and oxygen while the accompanying ash melts and is removed as slag. 
The small amount of char and ash particles still accompanying the gases after 
passing through the cyclones and hot precipitator is removed by two wet scrubbers 
followed by a cold electrostatic precipitator. All the mr~onimand part of the 
hydrogen sulfide present are also removed by the scrubbers. 

The next treatment step concerns the removal of acid gases (carbon dioxide and 
hydrogen sulfide). A physical solvent process removes these gases from the 
main stream, then, on selective regeneration, releases a stream of hydrogen 
sulfide containing part of the carbon dioxide. The hydrogen sulfide stream 
ts sent to the sulfur recovery plant. The carbon dioxide stre&m is vented to 
the air together with very small amounts of carbon monoxide and hydrogen sulfide. 
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The sulfur recovery plant oxidizes 95% of the hydrogen sulfide to high-purity 
elemental sulfur. The remaining 5% is present in the tail gas, which is treated 
in a tail gas unit where all sulfur species are reduced to hydrogen sulfide, 
then absorbed by an alkaline solution, and oxidized to also give high-purity 
sulfur. The final vent gas contains carbon dioxide plus traces of carbon'oxy- 
sulfide, hydrogen sulfide, and carbon monoxide. The sulfur balance for the 
plant is detailed in Table i; a total of 98% of the coal sulfur content is 
recovered as elemental sulfur. 

Table i .  Sulfur Balance 

Sulfur Contributions MgPD TPD 

Total Input from the Typical Feed Coal 925.5 1020.0 

Outputs: As elemental Sulfur from Coal Gasifier Gas 

As Reduced Sulfur Emissions [19% H2S, 81% COS) 

As Sulfur Dioxide Emissions [actually emitted every 
six months on regeneration of the shift catalyst) 

In the Ash 

917.5 

0.7 

0.7 

6.4 

925.5 

1011.4 

0.8 

0.8 

7.0 

1020.0 

The purified gas is now suitable for conversion to hydrocarbon fuels in a 
Fischer-Tropsch reactor. Carbon dioxide generated at the same time is removed 
by absorption in a caustic solution and is then vented to the air on regenera- 
tion of the absorbent. The vent stream contains traces of carbon monoxide 
together with traces of light boiling hydrocarbons and methane [a nonpollutant). 
The Fischer-Tropsch catalyst absorbs the last traces of sulfur present; there- 
fore, all fuels produced, gaseous and liquid, and the chemical byproducts 
(alcohols) contain nil sulfur. 

the streams released to the air are combined in a single stack before venting. 
The overall amounts and concentrations are shown in Table 2. 

Table 2. Combined Gaseous Effluents 

Caseous Effluent 

Carbon Dioxide 
Carbon Monoxide 
Carbon Oxysulfide 
Organics (C2 - C6 Hydrocarbons) 
Hydrogen Sulfide 

MgPD 

.56,688 
9.9 
1.5 
1.0 
0.12 

TPD 

42,647 
10.9 

1.4 
1.1 
0.13 

ppm 

l 

S06 
18 
21 
3 
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S o u r c e  Emiss ion  S t a n d a r d s  f o r  c o a l  c o n v e r s i o n  p l a n t s  have no t  been i s s u e d  
by t h e  F e d e r a l  Government .  G u i d e l i n e s  f o r  h y d r o c a r b o n  (100 p~m) and s u l f u r  
d i o x i d e  (250 ppm) have  been p r o p o s e d  by £PA f o r  Lurgi  coa l  g a s i f i c a t i o n  p l a n t s .  
These  g u i d e l i n e s  a r e  no t  a p p l i c a b l e  to  t h e  F i s c h e r - T r o p s c h  p l a n t  b e c a u s e  a 
d i f f e r e n t  t e c h n o l o g y  i s  u t i l i z e d ;  t h e y  a r e ,  however ,  met by t h e  p l a n t  e f f l u e n t s .  

Of t h e  s t a t e s ,  o n l y  New Mexico has  i s s u e d  s p e c i f i c  r e g u l a t i o n s  c o v e r i n g  coa l  
g a s i f i c a t i o n  p l a n t s ;  t h e s e  r e g u l a t i o n s  can be c o n s i d e r e d  f o r  i l l u s t r a t i v e  p u r -  
poses  o n l y  b e c a u s e  t h e  F i s c h e r - T r o p s c h  p l a n t ,  as c o n c e i v e d ,  would be l o c a t e d  
in  t h e  U.S.  E a s t e r n  I n t e r i o r  ( c o a l )  Reg ion .  The S t a t e  o f  I l l i n o i s  has i s s u e d  
s t a n d a r d s  f o r  p e t r o c h e m i c a l s ;  t h i s  t e c h n o l o g y  i s  somewhat r e l a t e d  to  a F i s c h e r -  
T r o p s c h  o p e r a t i o n .  F e d e r a l  s t a n d a r d s  f o r  p e t r o l e u m  r e f i n e r y  s u l f u r  r e c o v e r y  
p l a n t s  have been  p r o p o s e d 3 ;  F i s c h e r - T r o p s c h  t e c h n o l o g y  u t i l i z e s  s i m i l a r  s u l f u r  
r e c o v e r y  p r o c e d u r e s .  For i l l u s t r a t i o n  p u r p o s e s  o n l y ,  t h e  F e d e r a l ,  I l l i n o i s ,  
and t h e  New Mexico s o u r c e  e m i s s i o n  s t a n d a r d s  a r e  compared in  Tab l e  3 w i t h  t h e  
e m i s s i o n s  from t h e  c o n c e p t u a l  F i s c h e r - T r o p s c h  coa l  c o n v e r s i o n  p l a n t .  As shown 
in  t h e  t a b l e ,  a l l  e s t i m a t e d  e m i s s i o n s  a r e  p r o j e c t e d  t o  e i t h e r  meet  or  be below 
t h e  s t a n d a r d s .  

A dispersion modeling study, using average atmospheric conditions and the EPA- 
developed PTMAX computer program, was carried out; the results obtained show 
that the Fischer-Tropsch emissions can meet ambient air quality standards after 
atmospheric dispersion. 

As shown in Table 2, significant carbon dioxide emissions would be generated by 
the Fischer-Tropsch commercial plant; therefore, it appeared desirable to inves- 
tigate the possible effects of these emissions. Carbon dioxide is not toxic, 
and the natural background concentration in the atmosphere has been estimated 
at 300 to SO0 ppm. 

Globa l  w e a t h e r  m o d i f i c a t i o n  e f f e c t s  have  been  a t t r i b u t e d  t o  i n c r e a s e d  ca rbon  
d i o x i d e  g e n e r a t i o n  by f o s s i l - f u e l  c o m b u s t i o n .  A g r a d u a l  warming t r e n d  on t h e  

o r d e r  o f  0 .5°C in  25 y e a r s  has been p r e d i c t e d ;  however ,  a c t u a l  t e m p e r a t u r e  
t r e n d s  have  shown a c o o l i n g  o f  0 .3°C from 1945 to  t h e  p r e s e n t .  

On a l o c a l i z e d  s c a l e ,  no m i c r o m e t e o r o l o g i c a l  e f f e c t s  due t o  i n c r e a s e d  ca rbon  
d i o x i d e  have  been r e p o r t e d .  E m i s s i o n s  from t h e  F i s c h e r - T r o p s c h  f a c i l i t y  c o u l d  
a p p r o x i m a t e l y  d o u b l e  t h e  a v e r a g e  a t m o s p h e r i c  ca rbon  d i o x i d e  c o n c e n t r a t i o n s  t o  
600 t o  1000 ppm in  t h e  v i c i n i t y  o f  t h e  p l a n t .  The lowes t  c o n c e n t r a t i o n  a t  which 
some p h y s i o l o g i c a l  e f f e c t s  (dyspnea  and h e a d a c h e )  have been o b s e r v e d  i s  30 ,000  
ppm; t h e r e f o r e ,  no e f f e c t s  a r e  e x p e c t e d  a t  t h e  l e v e l s  m e n t i o n e d .  However,  vege-  
t a b l e  l i f e  has been  r e p o r t e d  to  b e n e f i t  from i n c r e a s e d  a t m o s p h e r i c  c o n c e n t r a t i o n s  
o f  c a r b o n  d i o x i d e .  

AQUEOUS EFFLUENTS 

The p l a n t  d e s i g n  i s  based  on a v a i l a b i l i t y  o f  an a d e q u a t e  s u p p l y  o f  w a t e r .  The 
w a s t e w a t e r  t r e a t m e n t  i s  t h e r e f o r e  a c o m b i n a t i o n  o f  r e c y c l i n g  and d i s c h a r g e  o f  
aqueous  e f f l u e n t s .  The most  h e a v i l y  c o n t a m i n a t e d  s t r e ams  a r e  c o n c e n t r a t e d  by 
e v a p o r a t i o n ,  w i t h  r e s i d u a l s  u n d e r g o i n g  t h e r m a l  d e s t r u c t i o n  in  t h e  c o a l  g a s i -  
f i e f .  The m e d i u m - c o n t a m i n a t e d  s t r e a m s  a r e  p u r i f i e d  by o x i d a t i o n  and t h e n  r e u s e d  
as  makeup f o r  b o i l e r  f e e d w a t e r .  The l i g h t l y  p o l l u t e d  s t r e a m s  a r e  t r e a t e d  to  
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A 
l e  3. C o m p a r i s o n  o f  G a s e o u s  E m i s s i o n s  w i t h  Fed( I l l i n o i s  and New Mex ico  S o u r c e  E m i s s i o n  S t a n d a r d ~  

( S t a t e  s t a n d a r d s  a r e  e x p r e s s e d  in  t h e  u n i t s  i s s u e d ,  l l b  = 4 5 3 . 6  g ;  I g r  6 4 . 8  mS; i Btu = 1055 J; 
1 f t  3 := 0 . 0 2 8  mS; ,~i - m i l l i o n ;  lll-~" = h i g h e r  h e a t i n g  v a l u e ;  L - l o t , ' e r . )  

-4  

Po 11 u t  a n t  

Particulate Matter 

Surfur Dioxide 

Carbon Monoxide 

Nitrogen Oxides 

Organics 
(methane excluded) 

Total Reduced Sulfur 
(H2 S + COS + CS2) 

H y d r o g e n  Sulfide 

H y d r o g e n  C y a n i d e  

H y d r o g e n  C h l o r i d e /  
Hydrochloric Acid 

Ammonia 

Gas Burning Process 
Boilers, Particulate 
Matter 

Gas Burning Process 
Boilers, Sulfur 
Dioxide 

Total Sulfur 

F e d e r a l  S t a n d a r d s ,  
P e t r o l e u m  R e f i n e r y  

S u l f u r  R e c o v e r y  P l a n t  

250 ppm 

300 ppm 

i0 ppm 

I l l i n o i s  S t a n d a r d s ,  
Petrochemical P l a n t  

78 Ib/hr 

1.2 Ib/~q Btu 

200 ppm, 50% xs air 

0 . 7  Ib/YN Btu 

I00 ppm 
(CH 4 equivalent) 

New Mexico Standards 
Coal Gasification Plant 

0.03 gr/ft 3 

I00 ppm 

i0 ppm 

I0 ppm 

5 ppm 

25 ppm 

0.03 Ib/~B~ Btu, LFN 

0.16 Ib/NN Btu, L~B/ 

0 . 0 0 8  ib/~ Btu of feed 

Gaseous Effluents, 
Fischer-Tropsch Plant 

67 Ib/hria),  0.03 gr/ft  ~ 
Ni 1 [b) 

164 ppm (c) 

Nil 

55 ppm 

21 ppm 

3 ppm 

Nil 

Nil 

Nil 
_ ( d )  

_ (d) 

0.003 Ib/MM Btu(e) 

~9 
O~ 

Ca)From coal-drying plant 

(b)47.4 tons of sulfur dioxide emitted twice a year, over 24-48 hours, on regeneration of the catalyst of each shift 
reactor (six reactors total). If this value were averaged out over the year, it would correspond to 0.004 ib/b~ 
Btu/day. 

(C)Value obtained on application of the 50% excess air correction to the streams originating from thelacid gas 
removal unit and from the sulfur plant. 

(d)Not applicable (none included in the design). 

(e)Includes the sulfur dioxide emitted occasionally on regeneration of the shift reactor catalyst (see Note (b) above). 



make them a c c e p t a b l e  t o  t h e  e n v i r o n m e n t  and t h e n  a r e  d i s c h a r g e d  to  a r i v e r .  
The g e n e r a t i o n  and c o n t r o l  o f  aqueous  c o n t a m i n a n t s  i s  o u t l i n e d  in  F i g u r e  4,  
which shows t h e  s o u r c e s  o f  w a s t e w a t e r  ( l i s t e d  on t h e  l e f t - h a n d  s i d e )  and t h e i r  
p r o g r e s s i v e  t r e a t m e n t  and d i s p o s i t i o n .  

The river water supply provides 2,7,25 m3/hr (12,000 gpm) of raw water, which, 
after purification by settling and sand filtration, is used for cooling water 
makeup and, after further deionization, for boiler feedwater makeup. Potable 
and sanitary water is supplied by wells. The water supply from the river is 
not used for coal sizing and handling (a captive system feeding on a mine-based 
pond is used for this unit) or for coal grinding and drying, where no wet sys- 
tems are employed. 

One of the major contaminated streams is the sour water generated by the wet 
scrubbers cleaning the gases produced by the coal gasifier. The major contami- 
nants present are hydrogen sulfide, ammonium sulfide, oil, phenols, thiocyanates, 
cyanides, and solids (ash and char particles). After removal of any oily mate- 
rials by extraction, most of the gaseous contaminants (hydrogen sulfide and 
ammonia) are removed by a reboiler-stripper, and then conveyed to the sulfur 
plant where the hydrogen sulfide is converted to elemental sulfur and the 
ammonia is oxidized to nitrogen. The stripped aqueous stream is now treated 
in an oxidizer with oxygen at high pressure to convert most of the organics 
present to inorganic gases such as carbon dioxide, nitric oxide, and sulfur 
dioxide. These are led back to the coal gasifier; the reducing atmosphere 
prevailing there is expected to reduce nitric acids and sulfur dioxide to nitro- 
gen and hydrogen sulfide. After settling and filtration, the aqueous effluent 
stream from the oxidizer is deionized and reused as boiler feedwater makeup. 

The Fischer-Tropsch reactor produces, besides the desired hydrocarbon fuels, a 
number of alcohols and organic acids. When the product stream is purified by 
treating with caustic, a waste stream containing alkaline salts of low-molecular 
weight organic acids is produced. This stream is combined with the boiler water 
blowdown and the solids slurry obtained as a residue from the settling of the 
treated sour water, and then concentrated in a triple-effect evaporator. The 
evaporator condensate is used for boiler feedwater, while the residue is sprayed 
on the feed coal at the entrance to the coal dryer. A more thorough evaporation 
occurs in the latter unit; the organic materials are then destroyed when the 
coal is fed to the gasifier, while the inorganic materials are removed with the 
ash. 

The cooling-tower blowdown stream is the largest in volume, and is only lightly 
contaminated by corrosion inhibitors (zinc salts and inorganic phosphates) and 
scale control agents (organic phosphate esters); this stream is mixed with de- 
ionizer wastes containing mainly sodium sulfate and other inorganic salts. 
After neutralization, this stream is treated with lime in a settler-clarifier. 
The lime sludge, containing most of the zinc and phosphates, is disposed of in 
a landfill, while the treated stream is returned to the river. 

Any oily water streams produced during plant operation are combined with labora- 
tory wastewater, and then passed through a sand filter to coalesce the oil par- 
ticles. After physical separation of the oil (returned to the gasifier), the 
aqueous effluent is led to a biopond, where the organic materials present are 
converted to inorganics by bacterial activity. The biopond also receives a 
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minor stream from the sewage-treatment plant, and is used as firewater supply, 
with any overflow discharged to the river. Strict housekeeping is expected to 
contain contamination of stormwater to very small volumes; any contaminated 
water is collected in a stormwater pond (not shown in Figure 4) for subsequent 
metered feeding to the biopond for treatment. 

No aqueous e f f l u e n t  s t a n d a r d s  s p e c i f i c a l l y  a d d r e s s e d  to  coa l  c o n v e r s i o n  p l a n t s  
have been i s s u e d  by t h e  F e d e r a l  government  or  by s t a t e  l e g i s l a t u r e s .  S t a n d a r d s  
t h a t  a r e  somewhat r e l a t e d  t o  a F i s c h e r - T r o p s c h  p r o c e s s  a r e  t h e  F e d e r a l  s t a n d a r d s  
i s s u e d  f o r  p e t r o l e u m  r e f i n i n g .  Average o b t a i n a b l e  c o n c e n t r a t i o n s  t h a t  were t he  
base  f o r  such s t a n d a r d s  a r e  r e p o r t e d  in Table  4, t o g e t h e r  wi th  the  c o r r e s p o n d i n g  
v a l u e s  f o r  t h e  aqueous e f f l u e n t s  e s t i m a t e d  f o r  t h e  F i s c h e r - T r o p s c h  p l a n t .  As 
shown in  t h e  t a b l e ,  t h e s e  e s t i m a t e d  v a l u e s  a r e  e i t h e r  the  same or lower than  t h e  
F e d e r a l  p a r a m e t e r s  4 . 

Tab le  4. Comparison o f  Aqueous E f f l u e n t s  wi th  
F e d e r a l  Pe t ro l eum R e f i n e r y  S t anda rds*  

Parameter 
Federal Standards, 
Petroleum Refinery 

i 

Aqueous E f f i u e n t s ,  
F i s c h e r - T r o p s c h  P l a n t  

B0D 5 

COD 

T o t a l  Organic  Carbon 

Suspended S o l i d s  

Oi l  and Grease  

Phenol  

Ammonia-N 

Sulfide 

Cr. tertiary 

Cr. hexavalent 

15 

i00 

33 

I0 

5 

0.1 

80% removal 

0.I 

0.25 

0.005 

I0 

i00 

33 

i0 

5 

nil 

nil 

nil 

nil 

nil 

*Average a t t a i n a b l e  c o n c e n t r a t i o n s  from t h e  a p p l i c a t i o n  o f  b e s t  p r a c t i -  
c a b l e  c o n t r o l  t e c h n o l o g y  c u r r e n t l y  a v a i l a b l e  4. 

i 

The S t a t e  o f  I l l i n o i s  has i s s u e d  aqueous e f f l u e n t  s t a n d a r d s  a p p l i c a b l e  to  a l l  
s ou rce s  d i s c h a r g i n g  to  t h e  n a t u r a l  w a t e r s  o f  t h e  s t a t e .  These s t a n d a r d s  a r e  
r e p o r t e d  f o r  i l l u s t r a t i o n  pu rpose s  in  Tab le  5. Al l  F i s c h e r - T r o p s c h  e f f l u e n t s  
a r e  e s t i m a t e d  to  e i t h e r  mee t ,  or  be lower t h a n  such s t a n d a r d s .  
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Table 5. Aqueous Effluent Standards, State of Illinois 

Constituent 

Arsenic (total) 

Barit~n (total) 

BOD-5 

Cadmiu~ (total) 

Chromium (total hexavalent) 

Chromium (total trivalent) 

Copper (total) 

Cyanide 

Fluoride (total) 

Iron (total) 

Iron (dissolved) 

Lead (total) 

Manganese (total) 

blercury (total) 

Nickel (total) 

Oil (hexane solubles or equivalent) 

Maximum Concentration 
(rag/l) 

0.25 

2.0 

i0.0 

0.15 

0.3 

!.0 

1.0 

0.025 

15.0 

2.0 

0.5 

0.1 

1.0 

0.0005 

1.0 

15.0 

pH 

Phenols 

Selenium (total) 

Silver 

Zinc (total) 

Total Suspended Solids 

range 5-10 

0.3 

1.0 

0.I 

1.0 

12.0 

SOLID WASTES 

The Fischer-Tropsch plant generates two main types of solid waste materials: 
slagged ash from the coal gasifier, and sludges from various wastewater treat- 
ment ~nits. All of the ash produced during coal gasification is returned to 
the bottom of the gasifier together with carbon residues (char); on combustion 
of the char with oxygen, the temperature produced is sufficient for melting the 
ash to a slag, which is withdrawn from the bottom of the gasifier. It is esti- 
mated that 2132 MgPD (2350 TPD) of slag are produced. On quenching with water, 
th~ slag is fragmented into vitrified granules, whichare returned to the mine 
for burial with the mine spoils. If outlets exist nearby, this material could 
also be utilized as filler in aggregates for construction blocks or roadbuilding. 
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The s l u d g e s  from t h e  w a s t e w a t e r  t r e a t m e n t  u n i t s  c o n t a i n  m a i n l y  i n o r g a n i c  s a l t s ,  
such  as  c a l c i u m  and z i n c  p h o s p h a t e s ,  which  a r e  added t o  c o o l i n g  w a t e r  as  c o r r o -  
s i o n  i n h i b i t o r s .  I f  t h e s e  s l u d g e s  were b u r i e d  w i t h  mine  s p o i l s ,  p o s s i b l e  con-  
t a m i n a t i o n  o f  g r o u n d w a t e r  by z inc  cou ld  r e s u l t ;  t h e y  a r e  t h e r e f o r e  d i s p o s e d  o f  
i n  a s e c u r e  l a n d f i l l .  

The m i n i n g  and c o a l  c l e a n i n g  and s i z i n g  o p e r a t i o n s  g e n e r a t e  s i z a b l e  amounts  o f  
s o l i d  w a s t e s  which  a r e  d i s p o s e d  o f  a t  t h e  mine  s i t e .  The s u r f a c e  m i n i n g  o p e r a -  
t i o n  p r o c e e d s  in  an o r d e r l y  f a m h i o n ,  f o l l o w i n g  an e n v i r o n m e n t a l l y  sound min ing  
p l a n .  The t o p s o i l  i s  removed and s t o r e d ,  t h e n  t h e  o v e r b u r d e n  i s  s t r i p p e d  and 
used  f o r  r e f i l l i n g  o f  t h e  p r e v i o u s  p i t ,  i n  c o m b i n a t i o n  w i t h  t h e  i n o r g a n i c  was t e s  
from t h e  c o a l  c l e a n i n g  and s i z i n g  p l a n t  ( r o c k s ,  c l a y  and mud) and t h e  v i t r i f i e d  
ash  from t h e  c o a l  g a s i f i e r .  The mined ou t  a r e a  i s  r e s t o r e d  to  a p p r o x i m a t e l y  
t h e  o r i g i n a l  s u r f a c e  c o n t o u r ,  t h e n  t h e  t o p s o i l  i s  r e p l a c e d ,  f e r t i l i z e d ,  and 
r e s e e d e d ,  c o m p l e t i n g  t h e  l and  r e c l a m a t i o n  c y c l e .  

The c o a l  c l e a n i n g  and s i z i n g  p l a n t  i s  l o c a t e d  i n  p r o x i m i t y  o f  t h e  mine .  Th is  
a r r a n g e m e n t  m i n i m i z e s  t h e  e x p o s u r e  t o  t h e  a i r  o f  mine  s p o i l s ,  w i t h  c o n s e q u e n t  
n e g l i g i b l e  o x i d a t i o n  o f  c o a l  p y r i t e s  to  o x y g e n a t e d  s u l f u r  a c i d s .  

FATE OF TRACE ELEMENTS PRESENT IN COAL 

Due to its organic origin and its intimate commixture with crustal formations, 
coal contains a large number of elements in minor or trace quantities. Actually, 
out of 92 known non-transuranic elements, only 14 (shown in Figure 5) have not 
yet been found in coal. 

Average  amounts  o f  t r a c e  and other e l e m e n t s  f o r  82 c o a l s  f rom t h e  E a s t e r n  Region 
o f  t h e  I n t e r i o r  Coal  P r o v i n c e  a r e  shown in  T a b l e  6. These  v a l u e s  were  d e v e l o p e d  
d u r i n g  a r e c e n t  s t u d y  5 c a r r i e d  ou t  w i t h  t h o r o u g h  a n a l y t i c a l  p r o c e d u r e s ;  t h e  c o a l s  
a n a l y z e d  were  m a i n l y  c o m p o s i t e  f a c e  c h a n n e l  s a m p l e s .  

A number o f  s t u d i e s  have a n a l y z e d  t h e  b e h a v i o r  o f  t r a c e  e l e m e n t s  i n  c o a l - f i r e d  
power p l a n t s 6 ,  7. In  g e n e r a l ,  t h e  e l e m e n t s  have  been  d i v i d e d  i n t o  two g r o u p s ,  
t h e  ones  a p p e a r i n g  m a i n l y  in  t h e  bo t tom ash  ( e l e m e n t s  o r  o x i d e s  h a v i n g  lower  
v o l a t i l i t y )  and t h e  ones a p p e a r i n g  m a i n l y  i n  t h e  f l y  ash  ( e l e m e n t s  o r  o x i d e s  
h a v i n g  h i g h e r  v o l a t i l i t y ) .  For  power p l a n t s  u s i n g  d r y  p a r t i c u l a t e  c o l l e c t i o n  
d e v i c e s  ( e . g . ,  e l e c t r o s t a t i c  p r e c i p i t a t o r s ) ,  i t  was b e l i e v e d  t h a t  t h e  most  v o l a -  
t i l e  e l e m e n t s ,  such  as  mercu ry  and s e l e n i u m ,  c o u l d  a c t u a l l y  e s c a p e  a t  t h e  e l e -  
m e n t a l  s t a t e  w i t h  t h e  f l u e  g a s .  Wet s c r u b b e r s ,  however ,  were  b e l i e v e d  c a p a b l e  
o f  r emoving  most  o f  t h e  e l e m e n t s  f rom t h e  gas  s t r e a m s  and t r a n s f e r r i n g  them to  
t h e  l i q u i d  e f f l u e n t .  

Very few data are available for coal conversion plants. A study on trace ele- 
ment disposition for the Sasol (South Africa) facility, reported by the Los 
Alamos Scientific Laboratory 8 was able to follow the partitioning of trace ele- 
ments between solid residue (ash), liquid streams, and gases. Among the elements 
studied, lead, arsenic and beryllium were found mainly in the ash, selenium and 
tellurium in the liquid streams, fluorine two-thirds in the ash and one-third 
in the liquids. Mercury was found present in all phases, but concentrated mainly 
in the gas; however, 50% of the mercury and 17% of the beryllium could not be 
a c c o u n t e d  for. 
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Tab le  6. Mean A n a l y t i c a l  V a l u e s  f o r  82 Coals  from 
t h e  I l l i n o i s  Bas in  (From R e f e r e n c e  5)* 

Constituent Mean l Constituent 

.... i 

As 

B 

Be 

Br 

Cd 

Co 

Cr 

Cu 

F 

Ga 

Ge 

Hg 

Mn 

Mo 

Ni 

P 

Pb 

Sb 

Se 

Sn 

V 

Zn 

Zr 

A! 

Ca 

14.91 ppm 

113.79 ppm 

1.72 ppm 

15.27 ppm 

2.89 ppm 

9.15 ppm 

14~i0 ppm 

14.09 ppm 

59.30 ppm 

3.04 ppm 

7.51 ppm 

0.21 ppm 

53.16 ppm 

7.96 ppm 

22.35 ppm 

62.77 ppm 

39.83 ppm 

1.35 ppm 

1.99 ppm 

4.56 ppm 

33.13 ppm 

313.04 ppm 

72.10 ppm 

1.22 % 

0.74 % 

C1 

Fe 

K 

Mg 

Na 

Si 

Ti 

ORS 

PYS 

SUS 

TOS 

SXRF 

ADL 

MOIS 

VOL 

FIXC 

ASH 

Btu/Ib 

C 

H 

N 

O 

HTA 

LTA 

Mean 

O.1S 

2 .06  

0 .16  

0 .05  

0 .05  

2 .39 

0 .06  

1.54 

1.88 

0 .09  

3.51 

3 .19  

7 .70  

10.02 

39.80 

48.98 

11.28 

12748.91 

70.69 

4.98 

1.35 

8.19 

11.18 

!5.22 

* A b b r e v i a t i o n s  o t h e r  t h a n  s t a n d a r d  c h e m i c a l  symbols :  o r g a n i c  
s u l f u r  (ORS), p y r i t i c  s u l f u r  (PYS), s u l f a t e  s u l f u r  (SUS), t o t a l  
s u l f u r  (TOS), s u l f u r  by X-ray  f l u o r e s c e n c e  (SXRF), a i r - d r y  l o s s  
(ADL), m o i s t u r e  (MOIS), v o l a t i l e  m a t t e r  (VOL), f i x e d  c a r b o n  (PIXC), 
h i g h - t e m p e r a t u r e  a sh  (HTA), l o w - t e m p e r a t u r e  ash  (LTA). 
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The possibility of leaching of trace metals from the ash into ground or surface 
waters has been questioned. Experimental studies have been carried out on the 
leaching of power plant fly ash or unslagged bottom ash9; the studies showed 
that selenium, chromium and boron, and occasionally mercury and barium, were 
released on simulated leaching, and the concentrations reached exceeded the 
values recommended by EPA for public water supplies. 

An on-going study at the University of Montana 10 is investigating leaching of 
trace elements from solid residues of coal conversion plants under neutral, 
acidic~ and basic conditions. Preliminary results indicate that manganese, 
mercury and nickel are occasionally released in amounts exceeding recommended 
potable water standards. The study is hampered by the unavailability of typical 
residue specimens. 

In the Fischer-Tropsch process, essentially nil particulates from coal combus- 
tion escape into the atmosphere. Particulate streams, wet or dry, are returned 
to the bottom of the gasifier, where ash and salts melt and are removed as slag. 
Any eventual dispersion of the elements present in the slag depends on the pos- 
sibility of leaching. Possibly, slagged ash features a glass matrix which would 
inhibit leaching. Leaching experiments using the slag generated by a slagging 
gasifier, such as the Bi-Gas pilot plant or a Koppers-Totzek unit~ would be very 
useful. 

The major concern, therefore, is to identify trace elements which may be occurring 
in the gaseous state. The reducing atmosphere present in the middle and top part 
of the gasifier may also favor different combinations, absent in the oxidizing 
atmosphere of a power plant boiler. 

Among the trace elements present in coal with recognized toxic properties, high 
volatility elements (beryllium~ mercury and lead), do not form gaseous hydrides, 
will condense on cooling, and very likely be removed by the aqueous condensates 
formed on gas cooling and/or purification. Arsenic, antimony, and selenium have 
lo~er volatility but can form gaseous (covalent) hydrides: arsine, stibine, and 
hydrogen selenide. These hydrides however, have stability characteristics which 
preclude their formation at the temperature and pressure prevailing in the 
Fischer-Tropsch gasifier. From general chemical principles, it would appear, 
therefore, that harmful trace elements are not released to the atmosphere. 
Experimental confirmation, however, is desirable, especially for mercury, and 
should be obtained from specific pilot plant studies. 

FO~\~TiON AND DESTRUCTION OF METAL CARBONYLS 

~leta! carbonyls form by reaction of carbon monoxide with free metalsin the 
40-300~C [I00-570°F) temperature range. Carbonyls form with all transition 
metals; nickel, cobalt, and iron carbonyls are most significant since the metals 
from which they are derived are used as catalysts or for structural equipmentll, 12 
Higher pressures [of the order of i00 MPa (15,000 psi)] and the presence of 
hydrogen favor their formation, while oxygen represses it. They decompose 
readily in air with half-lives estimated at 10-15 seconds for cobalt carbonyl, 
I0 minutes for nickel carbonyl, and a few hours for iron carbonyl. 
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These carbonyls are volatile liquids at room temperature. They all exhibit 
toxicity, directed at the respiratory system. The most harmful among the three 
carbonyls is the nickel derivative; for this carbonyl only, chronic effects and 
carcinogenic activity have been observed. Suggested exposure guidelines and 
chemical formulas are reported in Table 7. 

Table 7. Suggested Exposure Guidelines 
for Metal Carbonyls (from Reference Ii) 

Hetal Carbonyl 

Ni (C0)4 

Co(CO)x * Coil(CO)4 
Fe(CO) 5 

Air Concentration (ppm) 

Single Short Term 
Exposure Eight-Hour Day 

0.04 

0.I0 

0.I0 

0 . 0 0 1  

0.01 

Iron, nickel, and cobalt catalysts are used in the Fischer-Tropsch process, and 
low carbon steel is employed for structural equipment. However, at the relatively 
low pressures and high temperatures prevailing, nil metal carbonyls are expected 
to be formed. In shutdown operations, however, conditions under which metal 
carbonyls can form may be experienced for short periods of time. In these cases 
the normal safe practice of flaring vent streams, along with operation of all 
contaminant removal systems, will prevent release of carbonyls to the atmosphere. 
Plant personnel who may be entering vessels or handling catalysts, however, will 
need to be trained in the proper procedures and supplied with adequate protective 
equipment to safeguard their health. 

FORMATION, PARTITION, AND DISPOSITION OF CYANIDE 

The ques t i on  of the  g e n e r a t i o n  of  cyan ide ,  a h i g h l y  t ox i c  ion ,  and of i t s  p o s s i b l e  
r e l e a s e  to the  environment ,  was explored  for  the F i sche r -Tropsch  p roces s .  Under 
the  chemical  and p h y s i c a l  c o n d i t i o n s  exper ienced  in the  coal  g a s i f i e r ,  n e a r l y  
a l l  o f  the  n i t r o g e n  conten t  of  the  coal  i s  conver ted  to molecu la r  n i t r o g e n .  The 
remainder  is  d i s t r i b u t e d  between ammonia and hydrogen cyan ide ,  accord ing  to an 
equ i l i b r i um r e l a t i o n s h i p .  

This relationship was investigated using a Parsons-modified computer program for 
the calculation of complex chemical equilibrium compositions, originally developed 
by NASA 13 for aerospace applications. The equilibrium calculations were made over 
the  930°C (1700°F, upper s t age )  to 1650°C (3000°F, lower s t age )  t empera tu re  range 
and a t  the  3.5 MPa (500 ps i a )  p r e s s u r e  which a re  r e p r e s e n t a t i v e  of the  cond i t i ons  
expected in the gasifier. The equilibria considered involved a series of molecular 
and ionic components compatible with the elemental analysis of the charge to the 
gasifier and with the probability of their occurrence in the effluent gas. 
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The results obtained, plotted in Figure 6, show that very small amounts of 
cyanide, of the order of 0.7 mole/hour, are produced at the outlet temperature 
(930~C, 1700°F) of the gasifier. Even if complete equilibrium were not achieved 
but were equivalent for example to that calculated for I100°C (2000°F), the 
quantities of cyanide in the gases would still be quite small. 

• 16 

17~.,,0 =¢:¢0 ~CO ~I~CO°F 
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, J  

o 
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NH~ 

l C ~  l~r.~O 1ECO°C 

TEB3PERATUR~ 

Figure 6. Ammonia-Cyanide Equilibria 

When the effluent g a s  undergoes wet scrubbing= most of the cyanide remains in 
the gas stream because the sour water generated is only slightly alkaline. It 
is then adsorbed~ together with hydrogen sulfide= by the physical solvent pro- 
cess; on regeneration, it is conveyed to the sulfur recovery plant, where it 
undergoes thermal oxidation to nitrogen and carbon dioxide. The cyanide frac- 
tion which had remained in the aqueous stream is treated= together with other 
organics, with oxygen at high pressure in the oxidizer unit; there these com- 
pounds are converted to inorganic gases such as carbon dioxide and nitric oxide. 
These are led back to the coal gasifier= where under the prevailing reducing 
conditions nitric oxide is expected to be reduced to nitrogen. 

It appears therefore that very little cyanide is generated, and any amounts 
produced are destroyed within the Fischer-Tropsch process, so that nil cyanide 
is released to the environment. 
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FORMATION OF COAL TAR CARCINOGENS AND BIOHAZARDS INVOLVED 

Of particular interest in coal conversion projects is the possible formation 
of carcinogenic compounds on hydrogenation and pyrolysis of coal. These com- 
pounds are polynuclear aromatic hydrocarbons and heterocyclics usually found 
in coal tar. Nil coal oils and coal tars are expected to'be produced under the 
operating conditions of the entrained coal gasifier used in the Fischer-Tropsch 
plant. 

Carcinogenic activity for laboratory animals has been observed for distillation 
residuals obtained from petroleum refining 14. Similar fractions are obtained 
on distillation of the liquid hydrocarbons produced by the Fischer-Tropsch 
reactor, and Fischer-Tropsch oils boiling above 250°C (480°F) were found car- 
cinogenic in mice 15. However, the carcinogenic activity is much smaller than 
observed for coal tar products because Fischer-Tropsch fuels consist essentially 
of aliphatic compounds. Crudes also contain less aromatics than coal oils and 
tars; the refining process occurs in close systems, so that very little contact 
of workers with products occurs; equipment handling residual oil is often color 
coded, so that workers are warned of avoiding direct contact. As a consequence, 
cancer frequency in oil refinery workers is the same as for other industrial 
occupations. Equally efficient occupational safety procedures will be main- 
tained in Fischer-Tropsch operations, thereby minimizing any environmental risks. 
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