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Abstract 

A preliminary dasig~n of a commercial-scale 
Fi~¢h~r-Tto.~sch plant ptoducin9 l iquid 
hydrocarbcn~ plus substitute natural gas b v in- 
direct CO~! liquefecti;n he~ been comz~l~ted. 
The units end processes utilized are reviewed 
to highl~ht the progressfv~ removal from the 
stm==ms of compounds or materials capable of 
contributing to air and water pollution. Aft final 
eff]u=.zts" released to the env#onmant am 
estimated to be in compliance with applicable 
o~ related Federal and Stata standards. 

M-=thods of environmantal control for the 
foI/o'Ming spacific araes ara discussed." 

• Fate of trace elements present in coal. 
• Formation and destruction ofmeta!car- 

bonyls. 
Cyanid~ formation, partitioning among 
effluent streams, and final decomposi- 
tion. 

• Formation of  coal-tar carcinogens and 
biohazards involved. 

There still exist some environmental aspects 
specific to co~! conversion for which ~dditional 
expsrim~nta/ data are required. Research and 
develo]~ment programs that can provide this 
additional information are defined. 

II~JTRODUCTtO~ 

Development of viable coal conversion 
technology is a national priority. A prime 
responsibility for development of this 
technology rests with the Energy Research and 
Devslogment Administration--Fossil Energy 
(ERDA-FE). The RaI~0h M. Parsons Company is 
assisting ERDA-FE in reaching this objective by 
developing 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 produc- 
ing clean boiler fuels from coal, for a complex 
producing oil and power by COED (Coal Oil 
Energy Devetoprnent) based pyrolysis coal con- 
version, for an Oil/Gas Plant using integrated 
coal conversion technology, and for a Fischer- 
Tropsch facility producing liquid hydrocarbons 
plus substitute natural gas by indirect coal li- 
quefaction. 

The definition of facilities and procedures to 
assure that environmentally acceptable plants 
can be de-~igned and operated is integral to the 
design effort. The basis for establishing en- 
vironmental 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 industries such as 
petroleum processing. 

This paper concerns specific environmental 
aspects of a Fischer-Tropsch facility. The 
technology involved, outlined in Figure 1, con- 
sists of coal gasification to produce a carbon 
dioxide/carbon monoxide/hydrogen syngas, 
purification of this gas to remove carbon diox- 
ide and hydrogen sulfide, adjustment of com- 
position to fncraase the hydrogen content, and 
catalytic conversion of the gas to form prin- 
cipally hydrocarbon liqQids. Part of the 
unreacted syngas is upgraded by rnethanation 
to substitute natural gas (SNG). A version of 
this technotogy is presently apptied on a corn- 
mercia{ scale in the Republic of South Africa. 

The P~rs~ns _c_on~eptual c.ommercial design 
incorporates advanced technology such as a 
high temperature-high pressure gasifier based 
on Bi-Gas principles and a flame-sprayed 
catalytic reactor for Fischar-Tropsch conver- 
sion. Both of these are in the development 
stage and require further work prior to the 
design 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 percent. A report describing the concep- 
tual design and economic analysis of the facili- 
ty has been published. 1 

As conceived, the plant witt be located adja- 
cent to a coal mine in the Eastern Region of the 
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Figure 1. Simplified block flow diagram, Fischer-Tropsch conceptual plant. 
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Interior (coal) Province of the United States. 
The design is based on use of 27 ,000  metric 
tons per day (MgPD) [corresponding to 30 ,000  
U.S. tons per day (TPD)] of cleaned bituminous 
coal, containing 1.1 percent nitrogen and 3.4 
percent sulfur. The premium products obtain- 
ed, containing nil sulfur or nitrogen, consist of 
2 ,200 MgPD (2,400 TPD) naphthas, 1,900 
MgPD (2,100 TPD) of diesel fuel, 650 MgPD 
(700 TPD) of fuel oil, and 6 ,000  MgPD (6,600 
TPD) of SNG. Heat recovery provides all power 
and steam required to operate the complex; ex- 
cess electric power for sale (140 rnegawatts) is 
also produced. An artist 's concept of the 
Fischer-Tropsch complex is shown in Figure 2. 

AIR POLLUTION ABATEMENT 

The ma~or air pollution abatement effort is 
aimed at desulfurizing the gases generated dur- 
ing the coal conversion process to make the 
fuets produced environmentally acceptable. In 
a Fischer-Tropsch plant, environmentat and 
process goals coincide because the presence of 
sulfur inhibits the effectiveness of Fischer- 
Tr~psch 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 ef- 
fluent 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 frbm 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 
m~eting both the Federal standard for thermal 
dryer gases and other standards related to  i=oal 
gasification plants. The source of heat for the 
drying process is excess steam from the 
Fischar-Tropsch plant; no combustion gases 
are generated by the operation. 

The coal gasifier receives powdered coal, 
steam, and oxygen and generates hydrogen, 
carbon monoxide, carbon dioxide, methane, 
hydrogen sulfide, and minor amounts of am- 

monia, carbon oxysulfide, cyanides, and sulfur 
dioxide. The reactor operates at high pressure 
(3.5 MPa, 500 psia) and temperatures (1650 ° 
C, 3 0 0 0  ° 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 elec- 
trostatic precipitator. Recovered char is return- 
ed to the lower section of the gasifier, where 
char gasification occurs by reaction with steam 
and oxygen while.the accompanying ash malts 
and is remb,.~ed 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-scrub- 
bers fo l lowed by a cold e lectrostat ic  
precipitator. All the ammonia and 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 sutfide 
stream is sent to the sulfur recovery plant. The 
carbon dioxide stream is vented to the air 
together with very small amounts of carbon 
monoxide and hydrogen sulfide. • 

The sulfur recovery plant oxidizes 95 percent 
of the hydrogen sulfide to high-purity elemental 
sulfur. The remaining 5 percent 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 diox- 
ide plus traces of carbon oxysulfide, hydrogen 
sulfide, and carbon monoxide. The sulfur 
balance for the plant is detailed in Table 1; a 
total of 98 percent of the coal sulfur content is 
recovered 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 solu- 
tion and is then vented to the air on regenera- 
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SUt_FE1R 8ALAPJCE 

925.3 1,020.0 Ta~I l~put #am the- Tyt:i:al F~ad C0al 

13u~ut~: As Elemental Sulfur from 
Co~1 G~ifi~r 6~s 

As Bafluced Sulfur Emi~ions 
(19";r~ H2S, 8t~,~ [;OS) 

AS Sulfur Dioxide Emi=~ons 
(actually emitt~rl ~v~ six 
months on re~n~rati~n of 
tb~ ~hift catalyst) 

In th~ Ash 

917.5 1,011.4 

0.7 0.8 

0.7 0.8 
6.4 7.0 

925.3 "1,020.0 

tion of the absorbent. The vent stream contains 
traces of carbon monoxide together with traces 
of light boiling hydrocarbons and methane (a 
nonpotlutant). The Fischer-Tropsch catalyst ab- 
sorbs the last traces of sulfur present; 
therefore, all fuels produced, gaseous and li- 
quid, 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 
Tebte 2. 

Source Emission Standards for coal conver- 
sion plants have not bean issued by the Federal 
Government. Guidelines for hydrocarbon (1 O0 
ppm) and sulfur dioxide (250 ppm) have bean 

TABEE 2 

C05]£]P]ED GASEOUS EFFLUEEITS 

6~,ous Effluent M~?B TI=D ppm 

Carbon Dioxid~ 36,688 42,847 
Carh0n Mon0xide 9.9 10.9 
Carbon Oxy~Ifide 1.3 1.4 
Organics (C2- C6 

H~'dro:arb0nd 1.0 1.1 
Hydrogen Sulfide 0.12 0.13 

306 
18 

21 
3 

proposed by EPA for Lurgi coal gasification 
plants. These guidelines are not applicable to 
the Fischer-Tropsch plant because a different 
technology is utilized; they are, however, mat 
by the plant effluents. 

Of the states, only New Mexico has issued 
specific regulations covering coal gasification 
plants; these regulations can be considered for 
illustrative purposes only because the Fischer- 
Tropsch plant, as conceived, would be located 
in the U.S. Eastern Interior (coal) Region. The 
State of Illinois has issued standards for 
petrochemicals; this technology is somewhat 
related to a Fischer-Tropsch operation. Federal 
s tandards,  for petroleum refinery sulfur 
recovery plants have been proposed; 3 Fischer- 
Tropsch technology util izes similar sulfur 
recovery procedures. For illustration purposes 
only, the Federal, Illinois, and the New Mexico 
source emission standards are compared in 
Table 3 with the emissions from the conceptual 
Fischer-Tropsch coal conversion plant. As 
shown in the table, all estimated emissions are 
projected 'to either meet or be below the 
standards. 

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 diox- 
ide emissions would be generated by the 
Fischer-Tropsch commercial plant; therefore, it 
appeared desirable to investigate the possible 
effects of these emissions. Carbon dioxide is 
not toxic, and the natural background concen- 
tration in the atmosphere has been estimated at 
300 to 500 ppm. 

Global weather modification effects have 
been attributed to increased carbon dioxide 
generation by fossil-fuel combustion. A gradual 
warming trend on the order of 0.5 ° C in 25 
years has been predicted; however, actual 
temperature trends have shown a cooling of 
0.3 ° C from 1 945 to the present. 

On a localized scale, no micrometeorological 
effects due to increased carbon dioxide have 
been reported. Emissions from .the Fischer- 
Tropsch facility could approximately double the 
average atmospheric carbon dioxideconcentra- 
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tions to 600 to 1000 ppm in the vicinity of the 
plant. Ti~e lowest concentration at which some 
physiological effects (dyspnea and headache) 
have been observed is 30 ,000 ppm; therefore, 
no effects are expected at the levels men- 
tioned. However, vegetable life has been 
reported to benefit from increased atmospheric 
concentrations of carbon dioxide. 

AQUEOUS EFFLUENTS 

The plant design is based on availability of an 
adequate supply of water. The wastewater 
treatment is therefore a combination of recycl- 
ing and discharge of aqueous effluents. The 
most heavily contaminated streams are con- 
centrated by evaporation, w i t h  residuals 
undergoing thermal destruction in the coal 
gasifier. The medium-contaminated streams 
are purified by oxidation and then reused as 
makeup for boiler feedwater. The lightly 
polluted streams are treated to make them ac- 
ceptable to the environment and then are 
discharged to a river. The generation and con- 
trol of aqueous contaminants is outlined in 
Figure 4, which shows the sources of 
wastewater (listed on the left-hand side) and 
their progressive treatment and disposition. 

The river water supply provides 2,725 m3/hr • 
(12,000 gpm) of raw water, which, after 
purification by settling and sand filtration, is 
used for cooling water makeup and, after fur- 
ther deionization, for boiler feedwater makeup. 
Potable and sanitary water is supplied by wells. 
The water s.uppiy 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 systems 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 contaminants present are 
hydrogen sulfide, ammonium sulfide, oil, 
phenols, thiocyanates, cyanides, and solids 
(ash and char particles). After removal of any 
oily materials by extraction, most o f  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 in- 
organic gases such as carbon dioxide, nitric ox- 
ide, and sulfur dioxide. These are led back to 
the coal gasifier; the reducing atmosphere 
prevailing there is expected t o  reduce nitric 
acids and sulfur dioxide to nitrogen 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 ob- 
tained as a residue from the settling of the 
treated sour water, and then concentrated in a 
triple-effect evaporator. The evaporator con- 
densate is used for boiler feedwater, while the 
residue is sprayed on the feed coal at the en- 
trance 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 con- 
taminated by corrosion inhibitors (zinc salts 
and inorganic phosphates) and scale control 
agents (organic phosphate esters); this stream 
is mixed with deionizer 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 laboratory 
wastewater, and then passed through a sand 
filter to coalesce the oil particles. After physical 
iseparation 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 
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also receives a minor stream from the sewage- 
treatment plant, and is used as firewater sup- 
ply, with any overflow discharged to the river. 
Strict housekeeping is expected to contain con- 
tamination of stormwater to very small 
vo;umes; 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 effluent standards specifically 
addressed to coal conversion plants have been 
issued by the Federal government or by state 
legislatures. Standards that are somewhat 
related to a Fischer-Tropsch process are the 
Federal standards issued for petroleum refin- 
ing. Averag- = obtainable concentrations that 
w£re the base for such standards are reported 
in Table 4, together with the corresponding 
values for the aqueous effluents estimated for 
th~ Fischer-Tropech plant. As shown in the 
table, these estimated values are either the 
same or lower than the Federal parame{ers. 4 

Th== Slat .  = of Illinois has issued aqueous ef- 
f luent standards applicable to all sources 
di~charging to the natural waters of the state. 

TABLE 4 

COM?AFt]$O~ 0;F AQUEOE1S EFFLUE~T$ WITH 
F~DERAL PET~0LE~J?J] R2Ft~]E~V STA~BAFJDS* 

Pa~:-uz~ FL~w-Tro~sch 

EOD 5 15 10 
COD 11~0 100 
T~t~l Organic 

C~r~n 33 33 

8,~Ii&~ 10 10 
O;t ~ 6r~z~ 5 5 
F ~ ' ~  0.1 n~  
Arnrnoniz-~] 81%% ram~e! nil 
$~lfi~Iz 0.1 nil 
Cr. Tertiary 0.25 nil 
Cr. He;~av~t~nt 0.005 nll 

* AveTag ~ . ztlaina1:Is c~n~'.~ntrationsfrom the application of 
I ~  practiceb]e cont~'ol te~hnolo!T/currentlv a~railabls¢. 

These standards are reported for illustration 
purposes in Table 5. All Fischer-Tropsch ef- 
fluents are estimated to either meet, or be 
lower than such standards. 

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 treatment units. All of the 
ash produced during coal gasification is return- 
ed 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 
wi thdrawn from the bottom of the gasifier. It is 
estimated that 2132  MgPD (2350 TPD) of slag 
are produced. On quenching with water, the 

TABLE 5 

AQUEOUS EFFLUEi~,IT STAP]DARDS, 
STATE OF ILLlP].O]S 

Constituent Maximum Conc~nttatiD~ 
(m~t) 

Arsenic (total) 0.25 
Ba~ura (total) 2,0 
BOD-5 10.0 
Cadmium (total) 0.15 
Chromium (total haxavalent) 0.3 
Chromium (total tr~alent) 1.0 
Copper (total) 1.0 
Cyanide 0.025 
Fluoride (total) 15.0 
Iron (total) 2.0 
Iron (dissolved) 0,5 
Leafl (total) 0,1 
Mangan=e (total) 1.0 
Mercury (total) 0.0005 
Nickel (total) 1,0 
Oit (hexane soluhles or equivalent) 15,0 
pH ran~a 510 
Phenols 0.3 
Selenium (total) 1.0 
Silver 0,1 
Zinc (totali 1,0 
Total Suspended Solids 12.0 
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stag is fragmented into vitrified granules, which 
are 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 road building. 

The sludges from the wastewater treatment 
units contain mainly inorganic salts, such as 
calcium and zinc phosphates, which are added 
to cooling water as corrosion inhibitors. If these 
sludges were buried with mine spoils, possible 
contamination of groundwater by zinc could 
result; they are therefore disposed of in a 
secure landfill. 

The mining and coal cleaning and sizing 
operations generate sizable amounts of solid 
wastes which are disposed of at the mine site. 
The surface mining operation proceeds in an 
orderly fashion, following an environmentally 
sound mining plan. The topsoil is removed and 
stored, then the overburden is stripped and 
used for refilling of the previous pit, in combina- 
tion with the inorganic wastes from the coal 
cleaning and sizing plant (rocks, clay, and mud) 
and the vitrified ash from the coal gasifier. The 
mined out area  is restored to approximately the 
original surface contour, then the topsoil is 
replaced, fertilized, and reseeded, completing 
the land reclamation cycle. 

The coal cleaning and sizing plant is located 
in proximity of the mine. This arrangement 
minimizes the exposure to the air of mine 
spoils, with consequent negligible oxidation of 
coal pyrites to oxygenated sulfur acids. 

FATE OF TRACE ELEMENTS PRESENT 
IN COAL 

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

Average amounts of trace and other 
elements for 82 coals from the Eastern Region 
of the Interior Coal Province are shown in Table 
6. These values were developed during a re- 
cent study 5 carried out with thorough analytical 
procedures; the coals analyzed were mainly 
composite face channel samples. 

A number of studies have analyzed the 

TABLE 6 

MEAN ANALYTICAL VALUES FOR 82 COALS FROM 
THE ILLINOIS BASIN (FROM REFERENCE 5)* 

Constituent M e a n  Constituent Mean 
(~) 

As 14.91 ppm CI 0.15 
B 113.79 ppm Fe 2.06 
Be 1.72 ppm K 0.16 
Br 16.27 ppm Mg 0.05 
Cd 2.89 ppm Na 0.05 
Co 9.15 ppm Si 2.39 
Cr 14.10 ppm Ti 0.06 
Cu 14.09 ppm ORS 1.54 
F 59.30 ppm PYS 1.88 
Ga 3.04 ppm SUS 0.09 
Ge 7.51 ppm TOS 3.51 
Hg 0.21 ppm SXRF 3.19 
Mn 63.15 ppm ADL 7.70 
Mo 7.96 ppm M01S 10.02 
Ni 22.35 ppm VOL 39.80 
P G2.77 ppm FIXC 48,98 
Pb 39.83 ppm ASH 11.28 
Sb 1.35 ppm Btu/Ib 12,748.91 
Se 1.99 ppm C 70.69 
Sn 4.56 ppm H 4.98 
V 33.13 ppm N 1,35 
Zn 313.04 ppm 0 8.19 
Zr 72.10 ppm HTA 11.18 
At 1.22 % LTA 15.22 
Ca 0.74 % 

• Abbreviations other than standard chemical symbols: 
organic sulfur (0 RS), pyritic sulfur (PYS), sulfate sul- 
fur (SUS), total sulfur (TOS), sulfur by X-ray fluores- 
cence (SXR F), air-dry Io= (AD L), moisture (M01S), 
volatile matter (VOL), fixed carbon (FIXC), high-tern- 
perature ash (HTA), low-temperature ash (LTA). 

behavior of trace elements in coal-fired power 
plants. 6'7 In general, the elements have been 
divided into two groups, the ones appearing 
mainly in the bottom ash (elements or oxides 
having lower volatility) and the ones appearing 
mainly in the fly ash (elements or oxides having 
higher volatility). For power plants using dry 
particulate collection devices (e.g., elec- 
trostatic precipitators), it was believed that the 
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most volatile elements, such as mercury and 
selenium, could actually.escape at 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. 

Very few data are available for coal conver- 
sion plants. A study on trace element disposi- 
tion for the Sasol (South Afr ica)faci l i ty,  
reported by the Los Alamos Scientific 
Laboratory e was able to follow the partitioning 
of trace elements 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 percent of the 
mercury and 1 7 percent of the beryllium could 
not be accounted for. 

The possibility of leaching of trace metals 
from the ash into ground or siJrface waters has 
been questioned. Experimental studies have 
been carried out on the leaching of power plant 
fly ash or unslagged bottom ash; 9 the studies 
showed that selenium, chromium, and boron, 
and occasionally mercury and barium, were 
released on simulated leaching, and the con- 
centrations reached exceeded the values 
recommended by EPA for public water sup- 
plies. 

An on-going study at the University of Mon- 
tana 1° is investigating leaching of trace 
elements from solid residues of coal conversion 
plants under neutral, acidic, and basic condi- 
t ions. Preliminary results indicate that 
manganese, mercury, and nickel are occa- 
sionally released in amounts exceeding recom- 
mended potable water standards. The study is 
hampered by the unavailability of typical 
residue specimens. 

In the Fischer-Tropsch process, essentially 
nil particulates from coal combustion escape in- 
to 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 possibility of 
leaching. Possibly, slagged ash features a glass 
matrix which would inhibit leaching. Leaching 

experiments using the slag generated by s slag- 
ging 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 pre- 
sent 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 cool- 
ing, and will very likely be removed by the 
aqueous condensates formed in gas cooling 
and/or purification. Arsenic, antimony, and 
selenium have lower volatility but can form 
gaseous (covalent) hydrides: arsine, stibine, 
and hydrogen aelenide. 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. 

FORMATION AND DESTRUCTION 
OF METAL CARBONYLS 

Metal carbonyls form by reaction of carbon 
monoxide with free metals in the 4 0 - 3 0 0  ° C 
(100-570 ° 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 ere 
used as catalysts or for structural 
equipment. 11'~2 Higher pressures [of the order 
of 100 MPa (1 5,000 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, 10 minutes for nickel car- 
bonyl, and a few hours for iron carbonyl. 

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 
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TAB].'~ 7 

SUI~I3ESTED EXIN3-~U~E GU]DELlP]~S 
FOR ]~;]'~TA L CARB0?~YLS (FRD~,~] REFER?.I.ICE 11) 

N7 Ce~c~n~|on (ppm) 

Sin~ ShD~ Te~m 

I~i(CO) 4 0 ,~  0.001 

Co(CO) x + Coil(CO) 4 0.10 

Fa{CO) 5 0.10 0.01 

derivative; for this carbonyl only, chronic ef- 
fects and carcinogenic activity have been 
observed. Suggested exposure guidelines and 
chemical formulas are reported in Table 7. 

Iron, nickel, and cobalt catalysts are used in 
the Fischer-Trosch process, and low carbon 
steel is employed for structural equipment. 
However, at the relatively low pressures and 
high temperatures prevai]ing, nil metal car- 
bonyls are expected to be formed. In shutdown 
operations, however, conditions under which 
instal 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 
remove] systems, will prevent release of car- 
bonyls to the atmosphere. Plant personnel who 
may be entering vessels or handling cata]ysts, 
however, will need to be trained in the proper 
procedures and supplied with adequate protec- 
tive equipment to safeguard their health. 

FORMATION, PARTITION, AND DISPOSITION 
OF CYANIDE 

The question of the generation of cyanide, a 
highly toxic" ion, and of its possible release to 
the environPnent, was explored for the Fischer- 
Tropsch process. Under the chemical and 
physical conditions experienced in the coal 
gasifier, nearly ell of the nitrogen content of the 
coal is converted to molecular nitrogen. The re- 
mainder is distributed between ammonia and 
hydrogen cyanide, according to an equilibrium 
relationship. 

This relationship was investigated using e 
Parsons-modified computer program for the 
calculation o f  complex chemical equilibrium 
compositions, originally developed by NASA 12 
for aerospace applications. The equilibrium 
calculations were made over the 930 ° C 
(1700 ° F, upper stage) to 1650 ° C (3000 ° .F, 
lower stage) temperature range and at the 3.5 
MPa (500 psia) pressure which are represent- 
ative of the conditions expected in the gasifier. 
The equilibria considered involved e series of 
molecular and ionic components compatible 
with the elemental analysis of the charge to the 
gasifier and with the probability of their occur- 
rence in the effluent gas. 

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)o f  the 
gasifier. Even if complete equilibrium were not 
achieved but ware equivalent for example to 
that calculated for 1100 ° C (2000 ° F), the 
quantities of cyanide in the gases would still be 
quite small. - 

When the effluent gas undergoes wet  scrub- 
bing, most of the cyanide remains in the gas 
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Figure 6. Ammonia-cyanide equiiibrla. 
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stream because the sour water generated is on- 
ly slightly alkaline. It is then absorbed, together 
with hydrogen sulfide, by the physical solvent 
process; on regeneration, it is conveyed to the 
sulfur recovery plant, where it undergoes ther- 
mal oxidation to nitrogen and carbon dioxide. 
The cyanide fraction which had remained in the 
aqueous stream is treated, together with other 
organics, with oxygen at higl-, pressure in the 
oxidizer unit; there these compounds are con- 
verted to inorganic gases such as carbon diox- 
ide and nitric oxide. These are led back tO the 
coal gasifier, where under the prevailing reduc- 
ing conditions nitric oxide is expected to be 
reduced to nitrogen. 

tt 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 environ- 
ment. 

FORMATION OF COAL TAR CARCINOGENS 
AND BIOHAZARDS INVOLVED 

Of particular interest in coal conversion pro- 
jects is the possible formation of carcinogenic 
compounds on hydrogenation and pyrolysis of 
coal. These compounds 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 ob- 
tained from petroleum refining. TM Similar frac- 
tions 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 carcinogenic in 
mice. 1S However, the carcinogenic activity is 
much smaller than observed for coal tar pro- 
ducts 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 pro- 
ducts occurs; equipment handling residual oil is 
often color coded, so that workers are warned 
to avoid direct contact. As a consequence, 

cancer frequency in oil refinery workers is the 
same as for other industrial occupations. Equal- 
ly efficient occupational safety procedures will 
be maintained in Fischer-Tropsch operations, 
thereby minimizing any environmental risks. 
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