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I. SUM~iAKY 

The HYGAS process being developed by the Institute of Gas Technology 
has been revie~Ted from the standpoint of its potential for affecting the 
environment. The quantities of solid~ liquid and gaseous effluents have 
been estimated where possible~ as well as the thermal efficiency of the 
process. For the purpose of reduced environmental impact~ a number of 
possible process modifications or alternatives which could facilitate 
pollution control or increase thermal efficiency have been proposed~ and 
new technology needs have been pointed out. 
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2. INTRODUCTION 

Along with improved control of air and water pollution~ the 
country is faced with urgent needs for energy sources. To i~prove the 
energy situation~ intensive efforts are under way to upgrade coal~ the 
most plentiful domestic fuel~ to liquid and gaseous fuels which give 
less pollution. Other processes are intended to convert liquid fuels to 
gas. A few of the coal gasification processes are already commercially 
proven~ and several others are being developed in large pilot plants. The3e 
programs are e~:tensive and will cost millions of dollars, but this i~ 
warranted by the projected high cost for commercial gasification plants and 
the wide application expected in order to meet national needs. Coal 
conversion is faced with potential pollution problems that are come, on to 
coal-burning electric utility power plants in addition to pollution problems 
peculiar to the conversion process. It is thus important to e::ami~e the 
various conversion processes from the standpoint of pollution and thermal 
efficiencies and these should Be compared~ith direct coal utilization 
when applicable. This type of examination is needed well before plans 
are initiated for commercial applications. Therefor% the Environmental 
Protection Agency arranged for such a study to be made by E~m:on Research & 
Engineering Company under Contract No. EPA-68-02-0629~ using all available 
non-proprietary information. 

The present study under the contract im, olves prelimiDary design 
work to assure that conversion processes are free from pollution where Do!lution 
abatement techniques are available~ to determine the overall efficiency of 
the processes and to point out areas ~here present technology and information 
are not available to assure that the processes are non-polluting. 

All significant input streams to the processes must be defir, ed~ 
as well as all effluents and their compositions. This requires complete 
mass and energy balances to define all gas~ liquid, and solid streams. 
With this information~ facilities for con lro! of pollution can be e::amined 
and modified as required to meet environmental objectives. Therm~l effieieacy 
is also calculated, since it indicates the a~mount of waste heat that ~ust be 

rejected to ambient air and ~,ater and is "related to the total pollution 
caused by the- production of a given quanti,ty of clean fuel. Alternatively, 
it is a way of estimating the amount of r~%T fuel resources that are con~,amed 
in making the relatively pollution-free fuel. At this time of energy shortage 
this is an important consideration. Suggestions are included concerning 
technology gaps that exist for-techniques to control pollution or conserve 
energy. }laximum use was made of the literature and information available from 
developers. Visits ~ith some of the developers were made, ~hen it appeared 
warranted, to develop and up-date published information. Not included in 
this study are such areas as cost, economf(es, operability, etc. Coal ~:~ining 
and general offsite facilities are not within the scope of this study. 
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Other previous studies in this program to examine environmental 
aspects of fossil-fuel conversion processes covered various methods for 
gasifying coal to make synthetic natural gas or low Btu gas. Reports 
have been issued on the Koppers, Synthane, Lurgi, CO 2 Acceptor and BIGAS 
processes (1,2,3,4,5). 

In the area of coal liquefaction, reports have been issued on 
the COED process of FMC (6) to make gas, tar, and char, as well as on 
the SRC process of Pittsburg & Midway Coal Mining Company to make a 
heavy liquid clean boiler fuel (7). 

The present report covers our environmental evaluation of 
the HYGAS process to gasify coal and make synthetic pipeline gas, based 
to a large extent on information in reference 8, as part of a study made 
for EPA. This reference gives flow rates and compositions for oxygen- 
steam gasification, as well as total utilities for a complete plant. A 
breakdow-n of utilities requirements was not given and had to be estimated, 
as was the ease with certain flow rates and compositions. 

Our calculations included weight balances on individual elements, 
heat balances, and thermodynamic considerations. Some additional informa- 
tion on the process is give~ in other publications (9-18) and an engineering 
analysis for a commercial HYGAS plant has been projected (18), although 
these do not use the pzesentroute of gasifying with oxygen and steam. 
information on the U-Gas System is also given in references 8, 13,16 and 17. 
The U-Gas process is incorporated into the overall plant design in the 
present HYGAS study, but a separate report will be issued to cover it in 
more detail. 

This particular design omits pretreating of coal to destroy 
caking properties, and has been used for the present study as suggested 
by the institute of Gas Technology. Although pretreating is not required 
if the process is used on a non-caking coal, it should be emphasized that 
~ith caking coals pretrea~ing may be necessary, in whichcase extensive 
additional facilities would have to be added beyond those considered in 
our present study. Also, pretreating generates a very large volume of 
raw gas t~atlflust be cleaned up and used, proguces by-product tar liquids, 
and releases a large amount of heat (14). 
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3. SELECTION OF BASIS 

In the HYGAS development, various alternatives have been con- 
sidered for generating hydrogen or synthesis gas to use in the gasifier 
(9,11,15). One method is electrothermal, in ~hich spent char is supplied 
by electrodes whereby an electric current flo~s through the fluidized bed 
of char. An alternative source of hydrogen is based on the steam-iron 
process, in which steam reacts with iron to form hydrogen and iron oxide. 
The latter is circulated to a separate vessel where it is regenerated using 
low Btu gas formed by reacting air with char. These are not the route~ 
selected for the latest pilot plant design; however, the steam-iron route 
may be of interest in the longer range picture. 

Attention is now focused on ste~-oxygen gasification for the 
HYGAS process, together with methanation. The gasifier operates at i~200 
psig and the coal feed is pressurized by pumping it as an oil slurry~ 
rather than using lock hoppers. 

Coal-oil slurry at 1,200 psig or higher is dried by evaporation 
in a fluidized bed at 600°F and the coal then flo~Ts to a 1250=F bed, 
followed by one at 1750°F, and is finally gasified at 1900°F with ste~ 
Q~5,gen. The feed coal passes through coking zones of increasing severity, 
consequently appreciable by-product liquids are formed. Most of the tar 
present in the raw gas is condensed in the 600=F drying zone and returned 
along with the coal feed back to the 1250~Y zone, ,~here the tar can be 

cracked to lighter liquid. 

Except when a non-caking coal feed ~as used, pretreating of the 
coal feed to eliminate caking tendency was included in previous publica- 
tions on the ~fGAS process (9,11). Since caking coal would agglomerate 
in the fluid beds and cause plugging, pretreatment was considered to be 
necessary. The method of pretreating is to blo~ air through a fluid bed 
of coal particles at about 750-800°F, whereby much of the volatile 
matter is removed and some by-product tar is recovered (14). Oxidation 
destroys caking properties. It also releases a vary large amount of 
heat which is recovered and used to make ste~. 

Pretreated coal must then be cooled in order ~o form a slurry 
for pumping at 400°F or less. The cooling step might be avoided if pre- 
treating were carried out at gasifier pressure, but then the air for 
pretreating would have to be compressed, and a very large volu~ie of air 
is required. Pretreating uses about 375 I R[ SCFD of air for a plant ~hing 
250 I,~.I SCFD of synthetic natural gas (SNG). Off-gas from pretreating 
has a heating value of only 39 Btu per cubic foot but can be used as 
fuel, after clean-up (12). Tar yield from pretreating, if it were used, 

is estimated to be 630 tpd. 
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Looking inte the future, it is the hope of IGT that modifica- 
tions to the process can be made so that pretreating will no longer be 
necessary. Therefore, they recommended that pretreating be omitted from 
our study case and on this basis we have used a HYGAS design without 
coal pretreatment. It should be pointed out that if pretreatment is 
required, then the plant will look considerably different and will in- 
~!ude large complex pretrea~ment facilities generating a large amount 
of heat, as well as a large volume of low Btu gas (e.g., 39 Btu per of) 
which would have to be processed to remove tar~ sulfur, and dust and 
consumed within the process. 

To make the plant complete and self-sufficient, the necessary 
au>~liaries have been included, such as a sulfur plant, an oxygen plant, 
and all utilities. Clean low Btu fuel gas for the boiler furnace and 
for coal drying is manufactured using the IGT U-Gas process, based on 
steam-air gasification of coal. Since information on this system was 
incomplete, some of the flow rates and balances were calculated or esti- 
mated, in order to allow defining environmental controls and effects for 
the U-Gas operation. 
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4. PROCESS DESCRIPTION 

The process makes 260 ~[ SCFD of pipeline gas (SNG) from 
Illinois No. 6 coal by gasifying it with ~edium Btu gas (mainly CO plus 
H 2 and steam) in a series of countercurrent fluidized zones. Residual 
char is then gasified with oxygen and steam in a botto~ zone to provide 
gas for gasification in the upper zones. Carbon content of the reject,~d 
char may be 10-30 wt. %. 

Raw gas is cleaned-up, shifted, and methanated. Operating 
pressure is sufficiently high so that compression of the product gas i~ 
avoided. The method of pressurizing coal feed involves slurrying it 
with light oil by-product, pumping to high pressure, and evaporating 
the slurry to dryness by direct contact ~ith hot ra~z gas in a fluidized 
bed. 

A block flow diagram of the processing steps is shown in 
Figure i, together with major flow rates and operating eondition~. The 
process can conveniently be sub-divided into a sequence of operation~ 
each of which will be described in the following sub-sections of the 
report: (i) Coal Preparation, (2) Gasification, (3) Quench and Dust 
Removal, (4) Shift Conversion and Cooling, (5) Acid Gas Removal, 
(6) Methanation and (7) Auxiliary ~acilities. 

4.1 Coal Preparation 

These facilities include storage and handling, crushing, and 
drying. It is assumed that cleaned coal is delivered, the separation 
of refuse and washing having been done at the mine or elsewhere with 
suitable disposal of waste and environmental controls. Coal feed, 
amounting to 17,517 tons/day (6.48% moisture), is received and 30 days 
storage is provided. Information on the coal feed is given in Table l. 
Since the storage pile is very large, roughly 15 acres at 25 ft high, 
protection will be needed to control dust nuisance due to wind, ~hile 
rain run off should be collected and cleaned up to supply makeup ~ater 
for the plant. 

Crushing is the next step in coal preparation, to reduce the 
coal feed to minus 8 mesh. Crushed coal is then dried to negligible 
moisture content in a fluid bed drier fired with part of the low Btu gas 
produced by the U-Gas system. The latter also supplies clean gas fuel 
for generating utilities, and consumes 22.5% of the total coal used by 
the plant. 

Dried coal going to gasification is pressurized by mixing ~i~h 
oil to form a slurry which is pumped to about 1200 psia. Theoretical 
power for pumping is about 4500 horsepower. Oil is vaporized and re- 
covered when the slurry is subsequently dried in an upper zone of ~he 
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HYGAS reactor. Sufficient oil is thereby recycled to give a slurry 
containing 35% coai/65% oil, and cooling is provided so that tempera- 
ture of the recycle oil is 400°F. 

It should be emphasized again that this specific study case 
does not include pretreating to destroy caking properties of the coal 

feed. 

4.2 Gasification 

The HYGAS reactor has four zones, down through which the coal 
passes in series countercurrent to rising gas. These include an initial 
drying zone, followed by gasification zones at increasing temperature 
and severity. Figure 2 shows this arrangement (18). Slurry feed is 
dried in the upper bed at 600OF using heat in the ra~z gas. Vaporized 
oil is condensed and most of it is recycled to slurry preparation, but 
part of it is withdrawn as net product. 

Dr), coal then flows to the ne::t bed at 1250=F where pareial 
gasification occurs. Volatiles will be released from the coal at this 
temperature, including gas, oil, and tar. The oil can leave as vapor 
from the upper bed and be condensed for use in slurry preparation. Ho~.~ - 
ever, heavy tar will condense in the upper bed and remain on the co~l 
which is fed to the 1250°F bed. It will, therefore, tend to recycle 
between these t~o beds and build up until it is destroyed by cracking 
and coking in the 1250°F zone. 

Char pases next to a bed at 1750~F, and then to the bottom 
zone where steam and o=qgen are added for final gasification. Residual 
char rejected from this lower zone may contain 10-30% carbon, correspond- 
ing to 2-7% of the original carbon contained in the coal feed. The char 
is slurried in water, depressured, and discharged through lock hoppera. 

The countercurrent contacting between gas and char pro~ided by 
this multibed arrangement results in a considerable saving in oxygen. Of 
the total methane in the product, 58% is formed in the gasifier by the 
favorable effects of high pressure, temperature gradient, and the coc~tri- 
bution from volatile matter in the coal feed. 

4.3 Quench and Dust Removal 

Ra~7 gas leaving the upper dcling bed of the gasifier at 600':f, 
is cooled to 400aF by contact with a reeirculating oil stream, ~heret<,, 
most of the oil is condensed out and returned to slurry preparation. 
Temperature is maintained high enough to avoid condensing ~.Tater ,:fnich 
could cause emulsion problems; moreover, the steam is needed for the 
subsequent shift reaction. Heat removed in this cooling operation ca-, 
be used to generate lo~.z pressure steam by recirculating the 400':F oil 
through waste heat boilers. 
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~.~en the oil is condensed upon cooling, most of the dust in 
the raw gas leaving the drying bed will also be removed. Since the 
condensed oil is recycled and used for slurrying coal feed, the fines 
will also be recycled and buildup in concentration, unless some provi- 
sion is made to purge them from the system. 

4.4 Shift Con}[ersion and Cooling 

The next step in gas handling is shift conversion, to react 
part of the CO with steam and thereby increase the H2/CO ratio to 3/i 
as needed for methanation. A sulfur resistant shift catalyst such as 
cobalt-molybdenum is used, and one-third of the ra~7 gas bypasses the 
catalytic reactor. The catalyst is also e=~osed to oil vapors contained 
in the gas, and operates at about 700OF. 

After shift conversion, the gas is cooled to condense most of 
the moisture, and at the same time remove ~nonia, phenols, cyanides, 
and light oils, etc. This sour water is cleaned up for reuse by extrac- 
tion and stripping, which operations will be described in Section 4~7 
Auxiliary Facilities. The light oil condensed at this point is sep- 
arated from the sour water and removed as a by-product, or it may be 
recycled to slurry preparation. 

4.5 Acid Gas Treatment 

At this point, the gas still contains various conta~nant~ 
that must be removed, such as: H2S , COS, C02, and condensable hydro- 
carbons. The required cleanup is accomplished by scrubbing with 
refrigerated methanol, using the Rectisol process. Gases containing 
the sulfur compounds removed in the Kectisol unit are sent to a Claus 
plant for sulfur recovery. The Claus plant also provides ±ncineraLion 
of COS and combustibles on this stream.. 

Most of the CO 2 is removed as a separate stream in the Rec~i~ol 
regeneration, and indicated to be discharged to the atmosphere. Ho~Tever~ 
this vent stre~ is shown as containing over 2.0 vol. % of eombustibles~ 
most of e~ich is ethane~ consequently, it ~ill require further cleanup 
or incineration. ~,~ile sulfur content is indicated to be low, nil ~,~ 

and 300 ppm COS, other detailed evaluations of similar Rectiso! a~Dlica- 
tions show that additional controls will be needed--as a minimum, ~ 
incineration, and possibly a modified processing scheme using a diff.~rant 
type of sulfur plant (3,19,20,21). 

It is not clear that any one si~ple process for acid gas treatment 
available today can simultaneously meet the targets of a highly concentrated 
stream to the sulfur plant, together with a CO 2 waste stre~ that ix clean 
enough to discharge directly to the atmosphere, without further treatment 
such as sulfur cleanup or incineration. Therefore it appears that addi- 
tional facilities will be needed, such as adsorption by molecular sieve~ 
or activated carbon to clean up the CO 2 went stream. 
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A guard bed, for example of zinc oxide, is used to remove re- 
maining traces of sulfur in the clean gas, so as to protect the methana- 
tion catalyst, which is extremely sensitive to sulfur poisoning. Reheat- 
ing is needed since the guard bed operates at about 600°F, and can be 
provided by heat exchange with gas leaving the methanator. Such preheat 
is also needed to initiate the methanation reaction when this is carried 
out in a fixed bed of catalyst. 

4.6 Methanatio n and Drying 

Fixed bed catalytic reactors ~ith conventional nickel base 
catalyst are used to react CO and H 2 to form methane and water. Operat- 
in~ temperature is 550-900=F. Outlet gas at 900°F is recycled to the 
inlet through waste heat boilers which generate steam, thereby recover- 
ing the large exothermic heat of reaction. Heat release amounts to 
954F~1Btu/hr, which can generate about 1 million Ib/hr of high pressure 
steam. 

Water formed by the methanation reaction is condensed and re- 
covered when the product gas is cooled, providing 200,000 ib/hr of clean 
condensate suitable for boiler feed water makeup. Final drying of the 
gas is effected by scrubbing with glycol, to meet pipeline specifications 
of 7 lb~M~l SCF. The product specification of 0.i0 vol. % CO maximum is 
met by providing effective control of methanation and excess hydrogen, 
leaving 6.5 vol. % hydrogen in the product gas. High heating value 
is then 960 Btu/CF. 

4.7 A~xiliary_Facilities 

To make the plant complete and self-sufficient, various 
utilities and auxiliary facilities are needed in addition to the main 
gasification process. A Claus plant is used for sulfur recovery on a 
concentrated stream from acid gas removal, with tail gas cleanup by 
incineration followed by scrubbing with sulfite to remove S02, using 
the We!iman-Lord process (8). The Rectisol design basis provided shows 
29.8 vol. % H2S in the feed to the Claus plant, while at the same time 
the CO 2 vent gas contains no H2S and 300 ppm of carbonyl sulfide. This 
would represent a very desirable high concentratio~ of _f~d to e.he sul- 
fur plant together with complete removal of H2S from the CO 2 vent gas, 
although the latter contains an excessive amount of COS plus 2 vol. % 
combustibles, so it would require incineration. 

O~_-ygen for gasification is supplied by a conventional air separa- 
tion plant. While it does not generate contaminated waste streams, it is 
a large consumer of utilities, with a correspondingly large impact on thermal 
efficiency for the overall process. 
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Large amounts of steam and power are needed in the process. 
These are supplied by a utilities system fired with clean gas fuel ~anu- 
factured by the U-Gas process being developed by The Institute of Gas 
Technology. This U-Gas process has been described in the literature 
(13,16,17). 

In the U-Gas process, coal feed goes first to a pretreating 
reactor to destroy caking properties (14). Here it is contacted with 
air at 750-800°F in a fluid bed ~o give partial oxidation, accompanied 
by a decrease in volatiles. A very large ~v~ount of heat is released~ 
which is used to generate steam. Hot char then goes to a second reactor 
where it is gasified with steam and air at 1800°F and 300 psia in a 
fluid bed. Off gas from pretreating, with a high heating value of only 
39 Btu/CF, contains tar and sulfur, so it is mi~:ed with hot gases fro~ 
the gasifier in order to destroy the tar. 

SuIfur removal is provided at high t av~perature by contacting 

the gas with a '~olten metal", which is regenerated in a senarate 
zone by reacting with air to form a concentrated SO 2 stream that is 
sent to the sulfur plant. 

After further clean up by cooling to condense water and by 
scrubbing, the gas is used as clean fuel for coal drying, furnaces, and 
gas turbines. 

A combined cycle system is used to maximize efficiency by firs~ 
burning the high pressure fuel gas from the U-Gas unit for use in a gas 
turbine, and then discharging the hot e:fhaust to a boiler furnace ~Thicb 
supplies process steam. Combined cycle systems may be a very effective ~ay 
to supply by-product po~er for the oxygen plant compressors and for 
generating electricity. 

Water treatment is an important part of the process. As in the 
Lurgi and Synthane gasification processes, considerable oil, phenols~ etc~, 
leave the EYGAS reactor and must be removed and disposed of in the gas 
cleanup section. A similar arrangement is used for this purpose, consisting 
primarily of a Reetisol unit for gas cleanup~ and a Phenosolvan unit to 
remove phenols from the sour water. The latter effedffively removes io~J 
molecular weight phenols as a by-product, but may be less satisfactory oo 
higher molecular weight phenols. Treated ~ater from Phenosolvan then paz~cs 
to a sour water stripper which removes ammonia as a by-product, and H25 
which is sent to the sulfur plant. On the H~fGAS process, details are not 
available for utilities used by the Rectisol and Phenosolvan units. 
Therefore, these were estimated by using information from the Lurgi plan~ 
design prepared for the E1 Paso project, which includes similar operations 
and processing units. 

Other auxiliary facilities include treatment of makeup water, 
boiler feed water preparation, storage of by-product oil, phenol, a~moni~, 
and sulfur, as well as ash disposal, and a cooling water circuit wihh 
cooling tower. ~£ni!e the original design showed no net water effluent 
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from the plant, this would lead to unacceptable buildup of dissolved 
soiids, etc., in the cooling water circuit, since salts in the makeup 
waterbuild up due to evaporation in the cooling tower and there is no 
way for them to leave the system. Therefore, we have added a nominal 
amount of discharge, and have increased the makeup water requirement 
accordingly. 

information is not available on sour water composition in the HYGAS 
process, but pilot plant data have been reported (22) for the Sy~thane pro- 
cess which may be comparable. Some results have also been reported for a 
commercial Koppers-Totzek plant (23). In the original ~YGAS design, gas 
liquor form the Phenoso!van unit was processed for ammonia recovery and then 
sent directly to the cooling tower. Eowever, it is estimated that this water 
may contain 100 ppm or more each of residual ammonia, phenols, and fatty 
acids, together with some H2S left after sour water stripping. A similar 
situation in the design for the E1 Paso gasification project shows i00 ppm 
of free ammonia and 500 ppm of phenols in the treated water (3). These 
material might be stripped out in the cooling tower, causing undesirable 
odors and contamination of the large volume of air flowing through. 

Experience shows that part of the contaminants in the water can be 
removed by biological action in the cooling water circuit. This necessarily 
results in generation of cellular material, sludge, and algae, which foul~ 
the cooling tower and exchangers; consequently, additives are usually 
introduced to inhibit biological action, in order to avoid such complica- 
tions, the design was modified to process the water in a biox unit before 
sending it to the cooling tower. 
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5. EFFLUE~YS TO ATIdOSPHERE 

Environmental aspects of the process will now be discussed~ 
together with possible control techniques in order to assure adequate 
pollution control. The various streams ~ill be considered as shown in 
Figure 3, in the order of processing steps used in the section on 
Process Description. Table I shows the amounts and characteristics of 
all effluents from the process and auxiliary facilities. 

5.1 Coal Preparation 

A first consideration is the handling and storage of large ~lOOnts 
of coal feed. Delivered coal ~ust be loaded on conveyors, with transfer 
to and from storage piles. Such operations necessarily tend to create 
problems due to noise, dust nusiance, and spills. These faeilitie~ should 
be enclosed as much as possible, "~th plans and equipment provid~ for 
cleanup. A dust collection system is desirable, operatir~g at belo~ atmos- 
pheric pressure to collect vent gas and pass it through bag filters. Storage 
piles are an additional concern since %ind can disperse the fine particles~ 
In some cases consideration has been given to covering the coal pile, ¢r 
coating it %ith for example heavy tar. The pile is very large, over 500,000 
tons for 30 days storage, requirin~ an area of about i0 acres. Coal pi!e~ 
are also liable to spontaneous combustion, calling for special attention 
and plans for control, together ~ith provision for extinguishin~ fires if 
they occur (24). The obnoxious fumes, sulfur, and odor from this type of 
fire is well kno~m. Previous reports in this series include further dis- 
cussion of the general subject (e.g. 5) but for any specific project, ~ 
very careful and thorough evaluation and definition of facilities is needed. 

Noise control should be carefully considered since it is often a 
serious problem in solids handling and size reduction. If the grinding 
equipment is ~,ithin a building, the process area may be shielded from 
undue noise but additional precautions are needed from the standpoint of 
personnel inside the building. 

It should be noted that the present design is based on receiving 
cleaned coal, so that envirommental considerations for t-de cleanin~ opera- 
tion ~Ii be transferred to a different location. Coal cleaninz and ~eshing 
results in rejection of a large amount of refuse and fines, often 25% 
of the mined coal, with major environmental impacts as discussed in previous 
reports in this series. 

Coal is crushed through 8 mesh and fed to a fluid bed dryer 
where essentially all moisture is removed. Since the fluid bed provides 
good contacting and temperature control, the heating gas can Be intrQ&uced 
at a relatively high temperature without overheating coal particlez and 
releasing volatiles. To maximize fuel efficiency, combustion should be 
with minimum excess air (e.g. 10%) and dryer offgas can be recycled to 
temper the hot gas to about 1000°F before it enters the fluid bed. !o~ 
excess air also decreases the volume of vent gas compared to some other 
drying systems that may use as much as i00~ excess air in order to facilitate 
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TABLE ! 

EFFLUENTS AND STREAMS FOR HYGAS PROCESS 

Stream Identification 

1 Coal Feed 

*2 Wind 

*3 Rain 

*4 Flue Gas 

5 Coal Fines 

6 Flash Gas 

*7 Char Slurry 

8 Quench Oil 

*9 By-Product Oil 

*i0 Fine Solids 

Ii Light Oil 

12 Sour Water 

13 Sulfurous Gases 

Flow Rate Tons/Day 

17,517 

e.g. 6" in 24 hrs. 

114 }21SCFD 

e.g. 175 

1667 Char 

23,640 

338 

3368 

9678 

2225 

Comments 

Total coal to plant - 6.5% moisture 

± ine~, Wind can pick up and disperse =" 
from coal storage and handling. 

Rain will wash fines from coal 
preparation area and should be collected 
and sent to separate storm storage pond. 

Vent gas from coal dryer. Clean gas 
fuel is fired, but dust must be 
recovered, e.g., by bag filters, 
scrubbing, etc. 

Fines recovered from dryer gas ~ay be 
returned to U-Gas agglomerating reactor. 

Gas and vapors released when hot recTc!e 
oil is depressured and mixed with coal 
feed, ~ust be recovered and returned to 

system. 

Due to low density and open structure 
of char, as much as 16,000 tons/day of 
water ~ay be needed to form a fluid 
slurry. Part of this water may be 
recovered by draining for reuse, but 
much of it may be retained in the char 
structure. 

Light oil recycled to slurry preparstiou. 

Net light oil by-product. 

Purge of ash, coal fines, volatile tr~ce 
elements, etc. that accumulate in oil 
quench recycle system and must he purged 
to prevent undue buildup. 

Oil vapors are condensed in scrubber~ 
separated from ~ater layer, and returne~ 
to quench system. 

Scrubber water containing compounds o~ 
sulfur, nitrogen, and oxygen. Processed 
in ~aste water cleanup section for reuse. 

From acid gas treatment - sent to sulfur 
plant. Based on 30% H2S content. 
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TABLE i (Cont'd) 

EFFLUENTS AND STREAMS FOR HYGAS PROCESS 

Stream 

"14 

"15 

16 

"17 

18 

"19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

identification 

CO 2 Vent Gas 

By-Product Oil 

Waste Water 

Chemical Purge 

Condensate 

Water Purge 

Pipeline Gas 

Wind 

Rain 

Gas Fuel 

Air 

Coal 

oil 

Steam 

O~-ygen 

Water 

Steam 

Flow Rate Tons/Day 

13,726 

140 

37 

2520 

5167 

e.g. 6" in 24 hrs. 

33 }Z SCFO 

38 ~I SCFD 

3686 

23,640 

ii, 780 

3244 

e.g. 16,000 

4955 

Comments 

Must be discharged to the atmosphere but 
requires cleanup to remove combustibles 
by incineration or adsorption, etc.- 
could De treated by passing through 
utility furnace. 

Mainly benzene. Separated in Rectisol 
unit and removed as by-product. 

Separated from gas in Rectisol operation 
and sent to waste water treating. 

Methanol consumption in Rectisol unit 
is estimated at 13 tons/day and 
definition is needed as to where it 
leaves. 

Clean water produced by methanation 
reaction - used for holler feed water. 

Removed in glycol dryer to meet SNG 
requirement. 

Product SNG, 960 Btu/CF H~fV. 
(260 MM SCFD). 

Wind action on coal storage and 
handling area. 

Rain onto storage pile can pick up 
aeids~ organics, fines~ etc. 

Clean low Btu gas fired on coal dryer 
(from U-Gas). 

Combustion air to coal dryer. 

Dry coal to U-Gas unit. 

Quench oil reqyc!ed to slurry 
preparation. 

High pressure steam to HYGAS reactor. 

Oxygen to HYGAS reactor. 

Water used to quench and slurry spent 
char for depressuring and disposal. 
(See item 7). 

Added to shift reactor to convert 
C0 to CO 2 + H 2. 
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TABLE i (Cont'd) 

EFFLUENTS AI'TD STREAM FOR HYGAS PROCESS 

Stream 

31 

32 

33 

34 

*35 

*36 

37 

*38 

39 

*40 

"41 

*42 

*43 

Identification 

Water 

Chemicals 

Glycol 

Fuel Gas 

Char Slurry 

Dust 

SO 2 Stream 

Flue Gas 

Oxygen 

Nitrogen 

Tail Gas 

Sulfur 

Chemical Purge 

Flow Rate Tons/Da~ 

2824 

13 

482 ~D[ SCFD 

450 Char 

797 

905 ~ SCFD 

3244 

10678 

2931 

666 

Comments 

Recirculated water added to scrubber for 

dilution. 

Methyl alcohol makeup added to ~ectiso! 
unit. 

Small amount of makeup to glycol dryer 
on product gas. 

Clean gas to supply plant fuel require- 
ments. Made in U-Gas process by coal 
gasification with steam and air. 

Spent char from U-Gas unit is quenched 
and slurried in water for disposal. 
See item 7. 

Recovered from product gas on U-G~s 
unit~ as required to meet gas turbine 
requirements and emission sta~dard~. 
M~y be returned to system, l~y cor, tai~ 
some metal or chemical used to 
desulfurize ra~¢ gas. 

From regeneration of sulfur acceptor 
on U-Gas unit. 21 vol. % SO 2 and 

79 vo!. % N 2. 

Flue gas from utility furnace after 
combined cycle turbines. Should be lo<~ 
in sulfur and dust, but NOx should t,e 
controlled. 

From oxygen plant - used in ~asifier+ 

Waste nitrogen to atv<osphere. Should be 
clean. 

Waste gas from sulfur plant after tail 
gas cleanup by Well~an-Lord proce~. 

By-product sulfur from sulfur plant. 

Chez~icals are used in sulfur pla~t. 
Su!fite scrubbing for tail gas cleac, up 
requires purge containing sodium, sulfate 
etc. May go to ~Taste water treating. 
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Stream 

*44 

45 

*46 

47 

*48 

49 

*50 

"51 

*52 

identification 

TABLE 1 (Cont'd) 

EFFLUENTS AND STREAMS FOR HYGAS PROCESS 

Flow Rate Tons/Day 

Air 73,600 1~ SCFD 

Cooling Water 

Chemical 

Treated Water 4155 

Net Water Discharge 5424 

H2S Stream 

By-Product Ammonia 120 

Phenol 16 

Oil 

*53 Sludge 20-60 

Chemicals 

200,000 gpm 

Trace Elements See Text 
Section 9 

*5& 

*55 

*56 Water Evaporation See item7 

*57 Spent Char 2117 dry 

Comments 

Air from cooling tower containing 
evaporated water (27,120 tons/day). 
Will also carry mist of water drops 
which may amount to 1200 tons/day. 

Water from cooling tower recirculated 
to process heat exchangers. 

Chemicals are used in cooling water 
circuit to control corrosion, algae, 
etc. and must appear in the effluent. 

Water for reuse after treatment. 

Water effluent from plant to reject 
soluble salts. Disposal of this stream 
may present problems and more definitive 
information on composition is needed. 

Gases from sour water stripper sent to 
sulfur plant for incineration and 
recovery. 

Recovered from sour water using Phosam 
process. 

By-product recovered from sour water 
using Phenosolvan process. 

Recovered in oil separator on waste 
water treating system. 

Cellular material from biox reactions. 
Should be incinerated to avoid odor 
problems. 

Used in Phosam process. Purge streams 
must be defined so that disposal can 
he specified. 

Volatile trace element will accumulate 
in cleanup system and must be 
deactivated and disposed of. 

Evaporation from pond where char slurry 
is sent for draining and drying. May 
he odor problem. 

Combined drained char from HYGAS and 
U-Gas units. Will also contain moisture. 
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Stream 

58 

*59 

*60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

Identification 

Treated Water 

Sludge 

Chemical Wastes 

Coal 

Air 

Steam 

Air 

Quench Water 

Sulfur Aceeptor 

Fuel Gas 

Air 

Air 

H2S Stream 

SO 2 Stream 

Air 

Chemicals 

Air 

Water 

Chemicals 

TABLE I (Cont'd) 

EFFLUENTS AND STREA/,[S FOR HYGAS PROCESS 

Flow Rate Tons/Day 

42,428 

e.g. 10-20 

3286 

11,739 

2560 

651 

ca. 4000 

444 I~I SCFD 

533 }~ SCFD 

13,922 

2,225 

797 

575 

73,600 l'~I SCFD 
(2.8 ~ Tons/Day) 

200,000 gpm 

Comments 

flake up ~ater to plant. 

From ~Tater treating using lime, a!uc~, 
etc.  

From ~a~er treating, including acid 
and caustic use in boiler feed ~ater 
demineralization. 

Feed to U-Gas unit. 

Air for gasification in U-Gas unit. 

To U-Gas unit. 

Used to regenerate sulfur accepter 
that removes sulfur from raw gas o~ 
U-Gas unit. (Gas is sent to Claus 
unit for sulfur recovery.) 

Used to quench and slurry spent char 
for transport to settling pond. 
See iten 7. 

14akeup metal or chemical used to 
remove sulfur from ra~,s gas. 

Clean fuel gas to utility boiler. 

Combustion air to utility boiler. 

Air used to m~ke o:D~gen. 

From Rectisol unit for acid gas 
treatment of raw gas. 

From air-regeneration of sulfur 
aceeptor in U-Gas unit. 

Supplemental air needed to complete 
Claus reaction. 

Sodium sulfite tec. used in Wellr~- 
Lord unit for fuel gas cleanup. 

Air to cooling tower. 

Cooling water circulated through 
cooling tower. 

Treating agents used in cooling ~<at~r 
circuit, e.g. chlorine to control 
algae and chromate to control corrosion. 
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TABLE i (Cont'd) 

EFFLUENTS AND STREAMS FOR HYGAS PROCESS 

Flow Rate Tons/Day 

77 Waste Water 97!5 

78 Chemical 

79 Chemical 

80 Water 422428 

81 Chemicals .... 

Comments 

Sour water from gas cleanup system to be 
processed for reuse. 

Makeup to phenol extraction system 
(Phenosolvan). May be isobuty! ether. 

Makeup to ammonia recovery unit 
(Phosam) e.g., phosphate. 

Makeup water to plant. 

Used for treating makeupwater. 
Includes lime, alum, ion exchange 
resin, sulfuric acid, and caustic. 

These streams are emitted to the environment, others are returned to the process. 
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drying. Low ~cess air results in higher moisture content of the gas~ 
but this disadvantage is more than offset by decreases in fuel consump- 
tion and volume of vent gas to be cleaned up. Volume of dryer vent gas is 
114. l~i SCFD, or about half as much as the SNG product. Moisture content 
is 51 vol. %. Although the drying system is not described in the rdereaces, 
the fluid bed can be operated with a coal temperature of 250-300~F to give 
adequate drying, but maximum allowable coal preheat is limited by the need 
for forming a slurry at 400°F for pumping. 

ABout 77% of the dried coal goes to gasification, while the 
remainder is used to supply plant fuel requirement after being processed 
in a U-Gas unit whleh converts the coal to clean low Btu gas fuel. Part of 
this gas is used as fuel for coal dryin~ consequently the dryer vent ges 
does not require sulfur removal, although dust cleanup is needed and can be 
provided by bag filters, scrubbing, or electrostatic precipitators. Odor 
of the dryer vent gas may be a problem, particularly if the operation iz 
on lignite or a reactive coal. This question needs to be ans~¢ered in the 
pilot plant program. 

The nem:t step in this section of the process is to rag: recycle 
oil with the coal feed for pumping into the high pressure gasifier. ~:~y 
flash gas released during slurry formation must be recovered and used~ or 
incinerated, Slurry concentration is about 35 wt.% coai/65 ~.% oil, 
and reciprocating pumps are indicated to raise the pressure to 1200 psia,~ 

5.2 Gasification 

A series of complex operations are involved in gasification~ 
including handling of slurry and hot fluidized solids at very Pith tempera- 
tures. Careful consideration should be given to potential problems due to 
leaks, spills, upsets, etc., as well as scheduled shutdo~m and maintenance. 
The major effluent from gasification duri~g normal operation is the 
residual char, containing ash that comes in with the coal feed. 

This char, containing 10-30% carbon, is quenched with ~ater~ 
depressured by lock hoppers, and sent to an ash settling pond. Stes~ for~e4 
by this quenching operation may contain particulates and other contaminants, 
consequently it should be returned to the process or collected for disposal. 
The amount of steam is approximately 50,000 !b/hr. In the operation as 
intended, there should be no serious emissions to the atmosphere; ho~ever, 
the system may be difficult to operate and maintain due to plugging or 
erosion of valves, and any failures or upsets could cause serious environ- 
mental emissions. 

Ash in the water slurry is recovered in a settling pond, which 
is drained so that semi-dry ash can be r~v~oved for burial. Althoush ~et ash 
is not dusty, parts of the settling basin or spills on the ground can dry 
out and become a dust nusiance, as has happened in the past. 

The nature of this ash or char ~arrants further diseussion~ if 
the original coal particles maintain their size during gasification~ then 
their density will decrease as the carbonaceous content falls to the indi- 
cated 10.3% carbon. On this basis, a char density of only ii.24 lb/cu~ ft. 
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is calculated for a coal feed of 1.40 specific gravity and 11.54 wt.% ash. 
Obviously, the particles ~ill not only be light, hut friable as well. 
Therefore, additional information should be obtained on the depressuring, 
handling, and disposal operations in order to assure that problems are 
satisfactorily resolved. 

If the char particles break up, then very fine dust may result, 
~<th complications in the ash handling and disposal. Alternative approaches 
to this problem have used sintering of fly ash or an agglomerating fluid 
bed system (25,26), or a slagging gasifier (1,5). 

Attrition of particles in the ~YGAS reactor wiii generate fines 
that are carried up with the gas stream. These fines will probably be 
removed rather completely by the oil quench system, thus tending to build 
up in concentration in the recycle oil unless they are removed by agg!omer- 
ation~ filtration, or other means. Similarly, volatile trace elements 
such as arsenic, lead, and cadmium will accumulate in the recycle oil, 
requiring separation as will be discussed in the section on trace elements. 

5.3 Quench and Dust Removal 

Gas from the gasifier, together with slurny oil evaporated in 
the drying zone is quenched to 4000F by direct contact with recirculated 
oil, the heat being used to generate steam in waste heat boilers. Most 
of the oii vapor in the entering gas is condensed and recycled to slurry 
preparation~ while at the same time particulates and condensibles such 
as certain trace elements will be removed from the gas and accumulate in 
the oil. While most of the oil is recycled, part of it must be withdrawn 
as product and ca/%be expected to contain toxic elements such as arsenic, 
lead, and cadmium, as well as particulates, phenols, sulfur and nitrogen 
compounds, etc. Therefore properties of this oil and its projected use 
need further evaluation to define what treatment may be required to make 
it suitable for use as fuel, or as a raw material for refining. 

Due to safety considerations and the possibility of emulsions, 
quench temperature is maintained above the water dew point. Steam will 
not condense unless a high concentration of steam inadvertently occurs, 
as for example during startup or upsets. 

5.4 Shift Conversion and Cooling 

The next step in the gas processing sequence is to shift the CO 
by reaction with steam to make hydrogen. This catalytic operation may also 
give some hydrogenation to help remove olefins, cyanides, and oil vapor. 
it may also be possible to modify the shift reactor so as to hydrolyze 
carbo~y! sulfide and other compounds to form K2S which is removed more 
easily in acid gas treatment. Some deposition of trace elements and coke 
is e-k~ected on the shift catalyst, consequently it should be repzocessed 
periodically or properly disposed of. 

In the scrubbing operation to remove dust, the gas is cooled to 
i25°~, condensing out most of the water vapor remaining in the shifted 
gas. Ammonia, cyanides, phenols, oil, etc., will be present in the sour 
water, similar to the cases of Lurgi (3) and Synthane (2), in fact the 
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processing sequence is quite similar to proposed plants using Lurgi 
technology (3,19,20). The major effiuenn frc~ this srea is the gas liq~or~ 
handling of which will be discussed in Section 6.4, but it should be note8 
that when this water is depressured, gases are released that must be recovered 
or incinerated. In addition, sour water strippinB produces by-product 
ammonia, and H2S which can be sent to sulfur recovery. 

5.5 Acid Gas Treatment 

In this section of the process, the bulk of conts_~inants regain- 
ing in the gas are removed, l~lajor constituents are acid gases, H2S (i.~4 

vol. %) and CO 2 (30.85 vol. %), while minor contaminants include HCN, 
ammonia, light hydrocarbons, naphtha, etc. Ideally, acid gas treatment 
should remove all contaminants to a low levei, while giving both a concen- 
trated sulfur containing stream to the sulfur plant together with a CO 2 
waste stream that is sufficiently pure so that it can be vented directly 
to the atmosphere without further treatnnent. 

The iGT design uses a Lurgi Rectisol system for acid gas treat- 
ment, based on scrubbing with refrigerated ~ethanol. The design shows 
30 vol. % concentration of sulfur compounds in the gas fed to the Claus 
Plant, which represents a desirably high concentration to a!!o~ efficien~ 
sulfur recovery. Other Rectisol designs for comy,~ercia! projects (19) ~ho~ 
much lower concentrations, less than 2 vol. %. These designs remove ~2$ 
and CO2 together, resulting in a dilute H2S stream that is not suitable for 
a conventional Claus plant. It is understood that the Keetisol process can 
be designed to remove the H2S as a separate stream at high conce~tration~ 
although the utilities consumption may be increased. In any detailed 
specific evaluation, special attention must be given to design basis to 
assure that the process efficiency used is consistent ~ith costs and 
economics, utilities consumption, and environmental effects. 

The CO 2 rejected to the atmosphere is a very large stre sm, t~.e 
tons/day e~<eeeding total coal used by the plant. Therefore, it must be 
particularly free of undesirable contaminants. Unfortunately, methanol 
scrubbing is indicated to give about 2% combustibles in this CO 2 waste 
stream, including 1.46% ethane, and 300 ppm carbon mono>:ide, and 300 pp7 
COS. Other related information (3, 19, 20) confirms that the 002 ~aste 
will require further cleanup, possibly with incineration. Sulfur conten~ 
at 300 ppm is moderate, amounting to less than 1% of sulfur in the coal to 
gasifXcation, and would appear acceptable in some cases dependin~ on ~tandard~, 
that apply for a specific location, at least if it is in a less objectionable 

form such as SO 2. 

Combustible content is more of a problem. Heatin~ value in the 
CO 2 vent gas is about 270 ~[M Btu/hr., or 2% of the heatin~ value in the coal 
to gasification, so it should not be wasted. On the other had, ~:traneo~z~ 
fuel, or effective preheat, would be needed to maintain a minimu~ incir, er~- 
tion temperature of say 1500°F, which corresponds to a heat load of 440 ~i 
Btu/hr. 

Other methods of acid gas removal, such as scrubbing with amine 
or hot carbonate, also have difficulty in providing a CO 2 purge strewn that 
is clean enough to vent directly to the at~osphere. Further ~ork on thi~ 
problem would be very desirable, for e:~e~ple to develop a simple inexpensive 
way to clean up the CO 2 vent stream. Conta~inants to r~ove include cc~- 
bustibles, carbon mono::ide, plus carbonyl sulfide and other sulfur co~po~rL~]s. 
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One possible approach is to pass the CO 2 stream through the combus- 
tion zone of a furnace, such as the utility boiler. This would provide 
incineration of combustibles with recovery of useful heat. If the boiler 
already had stack gas cleanup, sulfur emissions would also hhen be 
controlled, so that requirements in acid gas treatment would be less strin- 
gent. A further advantage is that combustion temperature would be decreased 
by the added CO 2 stream, thereby decreasing N0 x formation. A disadvantage 
however is that the C02 stream is large, increasing the total volume of flue 
gas by about one-third. Assurance is needed that the CO 2 vent stream wil! 
be clean, so further study and evaluation of alternatives is called for. 

While the major gas emissions have been discussed, it should be 
recognized that there can be other effects associated with depressuring or 
handling other streams in acid gas treatment, such as separated water, oil, 
etc., or waste chemicals that may be discharged. Also, utilities consumption 
for acid gas treatment is large; it is often the largest single consumer 
in the plant. 

5.6 Methanation and Drying 

As covered by the process description in Section 4.6, methanation 
and drying is carried out in a closed system, with no streams nozma!ly 
emitted to the atmosphere. The large heat release is used to make steam, 
generally by recirculating reactor outlet gas through waste heat boilers. 
Careful attention is requixed in design and operation to control leaks 
from this system. In addition, gas released when depressuring water 
produced, or when depressuring equipment for maintenance should be collected 
and recovered or incinerated. 

5.7 Auxiliary Facilities 

The complete plant includes auxiliary facilities one of which is 
a sulfur plant to make by-product sulfur from sulfur compounds removed in 
various cleanup operations. A Claus plant is used for this purpose, with 
tail gas cleanup by su!fite scrubbing using the Wei!man-Lord process. 

Feed. to the Claus plant is mainly an H2S stream from acid gas 
treatment, plus an SO 2 stream from the U-Gas unit producing clean plant 
fuel. The former contains 30 vo!. % sulfur compounds (nearly all ~2 S) , 
while the latter has 21% SO 2 plus 79% N 2 from regenerating the molten metal 
used to desulfurize the fuel gas. Some additional SO 2 comes from the tail 
gas cleanup system. 

These feed streams are combined and reacted with additional air 
to form sulfur which is recovered. Tail gas cleanup is specified to give 
a total sulfur of 250 ppm as SO 2 in the gas released to the atmosphere, 
which should be satisfactory for most plant locations. There are no other 
primary emissions from the sulfur plant, but special precautions should be 
taken to control leaks, vents from sulfur storage, etc., and to avoid 
offensive odors. E2S is appreciably soluble in molten sulfur, but there 
are well established techniques for control. 
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~:ygen production is not e~<pected to cause undesirable ~mis~ion,~ 
to the air, the main effluent being waste nitrogen. Ho~¢ever, being a large 
energy consumer, it affects the size of the utilities system and the ~ou~t 
of waste heat to be dissipated to the environment. 

A major concern on emissions to the air is from the system u~ed 
to provide plant utilities. The utility boiler is an important factor.~ 
discharging a volume of flue gas 3.5 times the volume of SNG precinct. 
in this case it is e~ected to be free of particulates and very lo~ ~ in 
sulfur, since clean gas fuel is supplied from the U-Gas system. There iz 
still the question of NO x formation, although this ~.7ilI tend to be !o~^~ered 
by the fact that low Btu fuel is used (151 Btu/scf), thereby giving a 
relatively low flame temperature. The exact amount ~ill depend on the 
furnace design, use of staged combustion, etc., and should be defined for 
specific process applications to be sure that applicable standards are met. 

A large part of the fuel gas ~.~i!l be used first to drive gas 
turbines as part of the "combined cycle" operation. Since this improve~ 
efficiency, it should tend to reduce plant emissions. 

Clean low Btu gas for plant fuel is provided by the U-Gas unit 
which gasifies high sulfur coal using air and steam. Required cleanup 
facilities are included in this section to remove sulfur, tar, dust, and 
other pollutants. The large size of this operation makes it especially i~por- 
tant in evaluating environmental impacts. The primary gas product i$ 
contained and treated within the system~ ~;~ithout specific emissions to t;,e 
atmosphere. However, contaminants are ~Tithdra~ as a liquid effluent co,-~- 
raining water, sulfur, nitrogen, and oxygec~ compounds, as ~.~ell a~ oil~ t~r~ 
and particulates. This stream must be contained and handled in a ~.~ay to 
avoid undesirable emissions or odors. In addition, spent char -~.~hieh i~ 
withdra~..~ from the U-Gas unit could cause a dust nusiance unless proper 
precautions are taken in handling and disposal, it is presumably similar 
to char from the main gasifier, so a common disposal system might be u~ed. 

In addition, there is a drift loss due to mist carried out by ~:he 
air. A t3~ical estimate of this would be about 200,000 ib/hr, althoui~h it 
could be reduced considerably by using some of the new techniques that are 
being developed to control drift loss from cooling towers (27). Drift 
can cause deposits in the nearby area due to dissolved solids in the coolinF. 
water. Careful consideration should also be given to the potential fog pro- 
blem or plume associated ~.~ith cooling to~.Te~s due to condensation under 
unfavorable atmospheric conditions. One ~ay to avoid the pl~e is to provide- 
reheat on the air leaving the cooling to~:,er~ but this will not nor~llly be 
warranted. It may be that these problems can be taken care of by proper 
design and placement of the cooling tower. 

Normally, there ~ill not be contaminants introduced into the 
cooling water circuit that might be stripped out by the air flowing through 
the cooling tower. However, experience has shovm that leaks can be e:~peer_ed 
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in ~xchangers used in cooling water service, especially at high pressures 
such as the i000 psig in this process. Leaks, for example, in exchangers 
on sour water service could imtroduee sulfur, cyanide, and ammonia into 
the cooling water, which would then be stripped out into the air. Special 
precautions and possibly monitoring equipment may be needed from this 
standpoint. 

In the areas related to use of water, by far the largest effluent 
to the atmosphere is from the cooling tower. Flow of air through the aooling 
tower is 74,000 ~i SCFO, or nearly 300 times the volume of product SNG. 
The volume of air passing through the cooling tower is so large that every 
precaution should be taken to see that it does not inadvertently become 
contaminated. 
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6. EFFLUENTS - LIQUIDS AND SOLID_S 

As in the preceeding section, effluents ~ill be discussed in 
the order in which they appear on the Figure i flowplan. Individual 
streams are all identified on Figure 3 and described in Table I. 

6. i Coal Preparation 

This particular design assumes that the coal has been cleaned 
before delive~ 7, consequently the rejection of rock, gangue, or railings 
does not appear on the flowsheet. In applications ~zhere coal cleaning 
must be provided at the plant, a considerable amount of refuse will have 
to be disposed of. Similar designs for other processes (5) show for 
~:ample 20% refuse on delivered run of mi~e coal, equivalent to over 
800 acre-ft/yr to dispose of. l.loreover, coal washing requires a large 
volume of ~ater which must be sent to a tailing pond, cleaned up, and 
reused. Leaching from solids, for ~<ample, by rain and seepage frc~ ponds 
are potential problem areas. 

A further consideration on the coal preparation area is ~<th 
regard to the coal storage pile. The design includes storage for 30 days 
minimum, or about 500,000 tons; so the coal storage pile will cover a very 
large area. Rain run off can lead to undesirable effluents. A large p~rt 
of the rain can ~n off quickly and carry suspended particles, while the 
remainder will have a long contact time ~ith the coal and can pick up ~eLals, 
acids, and organics. Therefore, rain run off from the storage area should 
be collected in storm se~ers and sent to a separate storm pond. ~#ith a 
certain amount of treatment, this water c~n then be used as make-up for 
the process. Control of seepage may be desirable on the pond~ and particu- 

larly on the coal storage area, using for example a layer of concrete~ 
plastic or clay. 

Coal drying can also contribute effluents. The drying gas ~.~rill 
pick up coal fines, which should be recovered by filtering, scrubbin~, or 
electrostatic precipitation for reuse in the process. Fines are undeeirable 
in the coal feed to HYGAS in that they readily blo~w out of the initial 
drying bed and accumulate in the oil recycled to slurry preparation. One 
possible use for the coal fines is as fuel in the coal d~;er, to the e:<tent 
permitted by sulfur emission. Using some fines as fuel in the utility ~urnace 
might be satisfactory, although fly ash recovery may have to be added~ Perhaps 
a better use for the fines is to gasify them in the U-Gas system so that all 
fine ash is recovered. Adding the fines as a separate stream to the o::ygen 
gasifier at the bottom of the HYGAS reactor ~.~ould also consume them, ~.~hiie 
assuring that all ash is recovered. 

In slurry preparation, coal from drying is mi<ed ~<~th hot recycle 
oil. The latter must be depressured from over i000 psig, which will no 
doubt release vapors. These should be condensed and returned to the sy~c~L. 
Similarly, any residual moisture in the coal that flashes during slurqf 
preparation should be collected and returned to the process. 
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6.2 Gasification 

The major effluent from this area of the plant is spent char, 
which serves to reject ash brought in with the coal feed. Some unreacted 
carbon is also rejected in the char. Hot char from the gasifier is handled 
by quenching in water, forming steam which is presumably returned to the 
gasifier, and a water slurry (25% solids) which is depressured across an 
oil field type choke (28). The slurry goes to a settling pond from which 
water is recycled to the quench system. At intervals, the pond is drained 
so that wet ash can be reclaimed for ultimate disposal offsite. There is 
no wa~er effluent from the ash system other than that retained by the ash, 
but this may contain soluble salts or trace elements so further information 
should be obtained on leachab!es from the wet ash. Exposure to air may be 
a factor, and tests are needed to define to what extent leaching by rain 
or ground water may be a problem when the char is disposed of by burial 
or as fill. Potential leaching of calcium chloride, magnesium sulfate, 
compounds of iron, manganese, fluorine, etc., are of concern. 

It has been indicated that the char resembles activated carbon in 
that it has adsorptive properties, and will remove phenol from waste water. 
If used in this manner, the char could be regenerated, for ~xample, by 
returning it to the gasifier. In some cases it may be preferable to 
discard without regenerating spent char used in waste water treating, in 
~%ich case additional assurance is needed that adsorbed materialswi!l not 
find their way into natural ~¢aters and cause problems. 

Char from the gasifier is expected to have a low density and to be 
friable. Severe turbulence associated ~ith depressuring the s!urrymay 
create very fine particles. Therefore, careful consideration is needed 
of potential problems due to particulates in drainage water, in addition to 
the potential leaching problem mentioned earlier. When the wet ash dries 
out, dusting could also be a nuisance and requires evaluation, since this 
has sometimes been a problem. 

6.3 quench and Dust Removal 

In this section of the process, raw gas is cooled by direct contact 
with product oil which is recirculmted ~nd coo!ed. At the same time, parti- 
culates in the raw gas will be removed. While most of the oil is used to 
slurry the coal feed, a stream of by-product oil is also withdrawn corre- 
sponding to the net yield of oil from the coal gasification reaction. This 
by-product oil, amounting to 338 tons/day is the only major effluent from 
this section of the process. One possibility is to use it for fuel, but 
considerably more information would be needed to determine whether it can be 
burned directly, or whether it will first need further treatments to remove 
contaminants. 

As discussed in Section 4.3, the oil will pick up fines from the 
gas, and if ash in the oil is over 0.2%, then it would exceed the 0.1 lb. 
of particulates per M~l Btu specified for large stationery boilers. Ash 
content may well be excessive since this is the only purge of fines that are 
carried out in the raw gas leaving the drying bed of the gasifier. An ash 
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content of 0.2% in the by-product oil would correspond to only .05 ~. 
of the ash in the coal fed to gasification, so to the extent that net 
entrainment of coal fines ~=ceeds thi~ value, ash removal from the by- 
product oil would be needed. 

A further concern is the amount of other contaminants ?ic~;ed 
up in the quench oil. It is kno~ that nany trace elements such as Hg~ 
As, Cd, Sb, etc., are partially volatile at gasification conditions. ~en 
the gas is cooled, some of the~ may drop out, and accumulate in the gas 
handling system, for ~:ample, in the quench oil. Some plant data on cue! 
gasification has shwon as much as 30-50 ppm each of arsenic and lead in 
oil or tar by-products, raising major questions regarding subsequent use 
and disposal of such materials. The subject is discussed further in 
Section'9 dealing ~ith trace elements. 

6.4 Shift Conversion and Cooling 

Shift conversion does not involve primary emissions or effluents, 
although some trace elements and tarry materials may accumulate on the f~;ed 
bed of catalyst used in this operation. Now~ver, subsequent cooling an4 
scrubbing of the gas condenses a large a~ount of sour water ~Snieh nust be 
cleaned up and reused or disposed of. Some oil is also condensed and it is 
returned to the oil quench system, after separation from the water !a,rer~ 
If there is residual dust in the gas leaving the oil quench system~ it ~i!l 
also be removed in the scrubber. 

As in other gasification processes previously ~la!uated for 
environmental aspects, cleanup of the water layer, commonly called gas liquor, 
is a formidable challenge. At this point in time, not enough infor~atio~ 
is available on the HYGAS process to define the kinds or amounts of conta- 
minants in the condensate from scrubbing. It is ~no~m that various sulfur 
compounds including H2S will be present, as well as nitrogen compounds ~ue~, 
as ammonia, cyanides, etc., oxygen compounds such as pherLols and fatty aeids~ 
together with thiocyanates, chlorides, and other products of interaction. 
In addition some of the volatile trace clients will also appear in th,~ ~our 
~ater, particularly chlorine and fluorine, although their chemical fo_~, i5 
uncert ain. 

It is apparent that a great deal of additional information need~ 
to be obtained in pilot plant operations to define the problemadeq~a~ely 
so that effective measures for environmental controls can he specified. ~henols 
can be largely separated by extraction (e.g. Phenosolvan proeess)~ ~hile sour 
~ater stripping will remove I~{ and H2S for recovery. Biological oxidation 
(b&ox) may then be used for further cleanup of ~;Taste water, follo~ed b~7 
filtration, activated carbon, etc., as required. 

6.5 Acid Gas Treatment 

The primary liquid effluent fro~J acid gas treatment is naphtha 
and oil which is recovered from the gas by sc_rubbing ~¢ith refrigerated 
methanol. This oil is returned to the oil quench system, and eventuall~7 
~rithdra~..~n as a by-product. As a result of the high cracking severity thole_ 
it has been e~:posed to in the gasificatioz~ reactor, it ~.~ill consist ~,3iL~7 ,:.f 
aromatics such as benzene and should be useful as a raw material for ~L~hin:~ 
chemicals or motor gasoline. Benzene is toxic, so proper precautions ~re 
needed in its handling and storage. 
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There is also a small amount of water rejected from acid gas treat- 
ment, which can be combined with sour water from scrubbing for treatment. 
~lethanol makeup is needed on the Kectisol unit, a typical figure Being 
.03 Ib/~!SCF feed gas, which corresponds to 13 tons/day of methanol. It is 
not specified as to where this leaves the system, but it probably is mostly 
in the rejected water, and can be consumed in the biox operation. There 
should be no significant solid effluents from acid gas treatment, since 
char and ash particles will be removed efficiently in the scrubber. The 
large effluents of gases were covered in Section 5.5. 

6.6 ~lethanation and Drying 

The methanation reaction also produces a large amount of water, 
which is condensed and used for makeup to steam boilers. The amount, 2520 
tons/day, is large relative to the net waste water effluent of 5424 tons/day 
and thus makes an important contribution in t~e overall water balance. It 
is very clean condensate, free of sulfur and dissolved solids, so little or 
no treating is required on it. When it is condensed at high pressure, some 
methane ~dl! be dissolved in it and may have to be removed, if the water is 
depressured, most of the methane will be released and should be recovered 
and returned to the system, or incinerated. 

6.7 A~xi!iary Facilities 

One of the auxiliary facilities is a Claus plant for sulfur recovery. 
The sulfur by-product may behandledas either a solid or a liquid, and 
methods are well established for handling it in a elea~ safe man~er, for 
~xample with regard to odors, dust, H2S release from mo!ten sulfur, etc. 
No other solid or liquid effluents are expected from the Claus plant itself, 
except for catalyst which is replaced periodically. There is also a separate 
system for tail gas cleanup using the Wellman-Lord process based on scrubbing 
~ith a sodium su!fite solution. Since some of the su!fite is oxidized to 
sulfate, a purge stream of the solution is withdrawn and must be disposed of. 
if 10% of the sulfur in the Claus plant feed were to leave as sodium sulfate, 
the latter would amount to 300 tons/day of salt. In addition, there may be 
sodium suifite present, parti~11arly if purge representa part of the circu- 
lating solution. If only sodium sulfate is purged, it might be sold, other- 
~ise there can ~e k ~i~eabie disposal problem. 

On the oxygen plant there are no major liquid or solid effluents, 
although a small amount of water may be condensed from the entering air and 
recovered for use as boiler feed water. 

The utility furnace burns clean gas fuel and the major effluents 
are gases, with no ash or slag. There willbe water b!owdownfrom the 
boilers, but this can be added to the cooling water to provide makeup, it 
is assumed that char from the KYGAS and U-Gas reactors will be low enough 
in carbon content so that it can be discarded, if it were necessary to Burn 
it to recover heating value, then recovery of particulates would be needed 
on that operation. The indicated carbon content of 10.3% on char corresponds 
to about 1.5% of the heating value in the coal feed, while if the carbon 
content were 30% it would then represent 5.7% of the heating value in the 
coal feed and recovery of this would be desirable. 
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Clean gas fuel for the utility boiler and the coal dryer is 
supplied by a U-Gas unit, ~hich includes scrubbing to re,Love particulates 
and acid gas treatment to remove sulfur. A ~ajor liquid effluent fro~ 
U-Gas is sour water from scrubbing to remove particulates. It will be 
similar to the sour water from HYGAS and contain a variety of sulfur, 
nitrogen and o:~,gen compounds. Particulates could be removed by filtration 
and settling, and the sour water might then be treated along with sour 
water from gasification. There may also be tar and oil to remove in the 
U-Gas cleanup system, since the operation uses pretreatment of the coal 
feed to destroy caking properties. Pretreating generates considerable 
tar~perhaps 4 wt. % on coal feed. Most of this will be destroyed in the 
U-Gas design which provides for passing the pretreater off-gas through 
the gasification reactor where it is held at about 1500°F for 10-15 seconds 
to destroy tar (16). Even so, some oil or benzene may appear in the gas 
cleanup system, especially during startup or upsets. 

Another effluent from the U-Gas unit is spent char or ash. As 
discussed earlier in this subsection, it is important that the carbon con- 
tent be low enough so that it does not result in a significant loss of the 
heating value in the coal feed. A carbon content of 10% or less would be 
desirable from this vie~oint, but may cause operability problems due to 
low particle density, or due to disintegration of the ash. 

The cooling water circuit has a very important impact on the ~¢ater 
effluent from the plant. The large amount of evaporation serves to con- 
centrate dissolved solids in the cooling ~ater circuit. Moreover, chez~icals 
are added to the cooling water system, such as chromates to inhibit corroziozt 
of exchangers and equipment, chlorine to suppress algae growth, or other 
additives. These chemicals appear in the ~zater blo,:;-do~n from the cooling 
tower, and when they go the biox system can interfere with its operation~ 
Biological processes are often inhibited by less than ! ppm of chro~iuz~ or 
copper, for example. In general, water blowdo~mwill not be a direct 
effluent to the er~vironment, but rather will be processed first through 

waste water treatment. 

The major stream to waste ~ater treating is gas liquor from 
cooling and scrubbing the raw gas, after extraction of phenols and after 
sour water stripping. Residual amounts of phenols~ H2S, ~U{ 3 etc. are then 
further decreased by biological oxidation. 

Operability considerations make it necessary to have a net 
discharge of waste water from the process in order to purge dissolved 
solids. Some of these enter in the makeup water as sodium salts ~¢hi!e 
others may be formed during water treating or softening operations, or by 
leaching from ash or refuse. Due to evaporation in the cooling tower, 
dissolved solids can buildup in concentration to a level approaching 
brackish water which would not be acceptable for discharge from the plant 
at inland locations. For the basis shown on Figure i, the amount of ~ater 
evaporated is 5 times the net effluent; consequently, dissolved solids 
will increase by a factor of 6 at least over that in the makeup ~Tater. 
One approach to this problem is to evaporate the ~zater effluent to dryness 
(e.g., in a pond) and store the salts or dispose of them in the ocean. 
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Many trace elements are partially volatile in the gasifiers and 
must be removed in the gas cleanup systems, thereby showing up in the net 
effluents of liquids and solids from the plant. To a large extent, these 
show up in the waste water (e.g., fluorine, arsenic, and chlorine). At 
this time there is almost no information available to define the problem 
or to outline treating methods that would recover or deactivate harmful 
materials. It is unlikely that conventional waste water treating will be 
satisfactory for this purpose. The subject will be discussed further in 
Section 10 on trace elements. 

A solid effluent from water treating is sludge from biox, which 
may be several hundred tons/day of material having a highwater content, 
and difficult to filter, it mlght be disposed of as land fill if odor 
problems can be controlled, or it could be incinerated although extraneous 
fue!may be necessary. 

The facilities for treating makeup water also generate sludge, 
as well as various liquid effluents. In this case the sludge is inoccuous 
and can be buried or disposed of with the char. Demineralization of boiler 
feed water usual!yuses ion exchange resins which are back washed with acid 
or alkali. These effluents can be combined and neutralized, but still 
contribute to total dissolved solids in the waste water. In brief, all 
chemicals used by the plant must also leave in some stream, and in many 
cases ~heywill leave in the waste water. 
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7. SULFUR BAL~&ICE 

Of the sulfur entering in the coal feed, nearly all of it 
appears in the raw gas leaving the gasifiers, from ~hich it can be 
separated and sent to the Claus plant for sulfur recovery. The latter 
gives 99% sulfur recovery ~ith tail gas cleanup. The HYGAS design i~ 
based on essentially complete recovery of all sulfur compounds by the 
Rectisol unit, so that sulfur emission in the CO 2 vent gas is very lo~z- 
much less than 1% of the sulfur entering ~zith the coal. In addition~ 
the gas stream sent to the Claus plant is very high in sulfur, equival~nt 
to 30 vol. % H2S , giving a high sulfur recovery. There is some question 
as to whether this is completely consistent with-the utilities consumption 
listed in Section II. In the absence of detailed numbers, the latter ,:~ere 
taken from the design for the E1 Paso Lurgi Plant, ~/hich gave only 12 ~2S 
in the gas to sulfur recovery and may therefore have relatively !o~ver con- 
sumption of utilities. 

Overall sulfur balance for the plant is summarized in the diagram 
on Figure 4, including the U-Gas unit supplying clean fuel gas to coal 
drying and the utilities area. Sulfur is tempered in the U-Gas sys£a~ ,~sing 
a molten metal, which is regenerated by blo~Ting with air to form SO 2 ~;,ich 
goes to the sulfur plant. This system is presumed to give about 961 
sulfur removal including compounds such as C05, etc. 

~ile effective control of sulfur emissions and high sulfu~ 
recovery are indicated by the numbers on Figure 4, supporting configuration 
of the design basis will be essential in any actual commercial application. 
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8. THEE/~i4L EFFICIENCY 

It is of interest to compare the heating value of pipeline gas 
product versus that of total coal consumed by the plant including au::iliarias. 
This represents the thermal efficiency for the process and relates to r~ 
materials consumed, as well as to the amount of waste heat that must be 
rejected to the environment, or that appears in by-products such a~ oil,. 
In order to be meaningful the calculation must include all processing~ 
auxiliaries, environmental controls, utilities, etc., needed to ~ake the 
plant self-sufficient, in this HYGA$ design thermal efficiency is 65~61i 
for the complete plant, as sho~¢n in Table 2. 

Oil by-product is included, and adds 4.3% to thermal efficiency. 
It is also informative to look at ~.~here losses in efficiency occur, so that 
their relative importance can be examined. The lower part of Table 2 sho~s 
a breakdown of losses. Evaporation of ~ater in the cooling to~#er is by 
far the largest, followed by sensible heat transferred to the air as it 
passes through the cooling tower. 

The tabulated numbers assume that rejected char contains only 
10.3% carbon. If this low level is difficult to achieve or results in 
~cessive attrition within the gasifier, then thermal efficiency might 
decrease. Thus if the char contained 30% carbon, loss via this straa~, 
would increase to 5.7% of the high heating value of total coal used. 

In the energy balances used for this study, all electric power 
needed for the plant is generated onsite, and no power is purchased. 
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TABLE 2 

THERMAL EFFICIENCY 
HYGAS PROCESS 

In: Coal to Hygas 

Coal to U-Gas 

Ou___tt: Pipeline Gas 

Oil By-Products 

Losses: 

Char (10.3% Carbon) 

CO 2 Vent Gas 

Dryer Vent Gas 

Cooling Tower Evap. 

Cooling Tower Sens. Keat 

Furnace Flue Gas 

By-Products: 

Sulfur 

Ammonia 

Phenol 

Other Losses 

.T,o~s/Da7 

12,695 

3,686 

16,385 

5,167 

478 

5,645 

2,117 

13,726 

3,647 

27,120 

2,800,000 

34,280 

666 

135 

16 

109 Btu/Day 

320 

93 

413 

249 

18 

267 

6.3 

6.5 

1.3 

57.0 

29.2 

i0.0 

5.3 

2.6 

0.5 

27.3 

146 

% 

77.5 

22.5 

i00.0 

60.3 

4.3 

64.6 

1.5 

1.6 

0.3 

13.8 

7.1 

2.4 

1.3 

0.6 

0.i 

6.7 

35.4 
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9. T~CE ELE~[TS 

Coal contains many trace elements present in less than I% con- 
centration that need to be carefully considered from the standpoint of 
potential impact on the environment. Many of these may volatilize to a 
small or large extent during processing, and many of the volatile component~ 
can be highly toxic. This is especially true for mercury, selenium, 
arsenic, molybdenum, lead, cadmium, beryllium and fluorine. The fate of 
trace elements in coal conversion operations, such as gasification or 
liquefaction, can be very different than experienced in conventional 
coal fired furnaces. One reason is that the conversion operations take 
place in a reducing atmosphere, whereas in co~bustion the conditions are 
always oxidizing. This mmintains the trace elements in an oxidized con- 
dition such that they may have more tendency to combine or dissolve in the 
major ash components such as silica and alumina. On the other hand, the 
reducing atmosphere present in coal conversion may form compounds such as 
hydrides, carbonyls or sulfides which may be ~ore voltaile. Studies on 
coal fired furnaces have indicated that smaller particles in fly ash eontai~ 
a higher concentration of trace elements, presumably due to volatilization 
of these elements in the combustion zone and their subsequent condensation 
and collection on the fly ash particles (29). Other studies on coal fired 
furnaces are pertinent (30,31,32) and some of these report mass balances 
on trace elements around the furnaces (33). 

Considerable information is available on the analyses of coal, 
including trace constituents, and these data have been assembled and evaluated 
(34,35). A few experimental studies have been made to determine what happens 
to various trace elements during gasification (2,37,38). As expected, thez% 
show a very appreciable amount of volatilization on certain elements. As 
an order of magnitude, in this specific ~fGAS design each i0 ppm of element 
volatilized would amount to about 240 pounds per day. 

Results on the fate of trace elements in commercial gasification 
plants is rather limited, but an effort was made to assemble and evaluate 
the available data. Some trace elements show up in unexpected 
places, thus analyses of tar from gasification show up to 50 parts per 
million of lead, while oil samples from gasification show 30 parts per 
million of arsenic. This raises enviror~ental and safety questions on sub- 
sequent use of such materials. One further e~ample is a report of about 
200 parts per million of titanium in the hea~c7 liquid or tar produced in a 
coal liquefaction pilot plant (7). While titani~ is not no~ considered 
to be one of the more toxic elements, further consideration of the i~p!ica- 
tions is called for. 

In order to make the picture on trace metals more meaningful, 
the approximate degree of volatilization sho~ for various elements has 
been combined with their corresponding concentration in a hypothetical coal 
(as typical), giving an estimate of the pounds per day of each element t~,at 
might be carried out with the hot gases leavin~ the gasifier. Results are 
shown in Table 3 in the order of decreasing voltaility. Looking at the 
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TABLE 3 

TRACE ELEMENTS - ESTIMATED VOLATILITY 

~ypothetical 
Coal ppm % Volatile* ib/day** 

CI 1500 90+. 32,400 

Hg 0.2 90+ 4 

Se 2.2 74 39 

As 31 65 484 

Ph 7.7 63 i16 

Cd 0.14 62 2 

Sb 0.15 33 1 

V 35 30 252 

Ni 14 24 81 

Be ~2 18 9 

Cr 22 nil nil 

Zn 44 e.g. i0 106 

B 165 e.g. i0 396 

F 85 e.g. i0 204 

Ti 340 e.g. i0 816 

Volatility based mainly on gasification experiments (38) 
but chlorine is taken from combustion tests~ while zinc, 
boron, and fluorine were taken at 10% for illustration in 
absence of data. 

Estimated volatility for 12,000 tons/day of coal to 
gasification. 
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estimated amour ts that may be carried overhead, it becomes in, mediately 
apparent that there can be a very real problem. For each element the n~ 
amount carried out in the gas leaving the gasifier ghould be collected~ 
removed from the system, and disposed of in an acceptable manner. 
Environmental controls will be needed if the effluent contains excessive 
amounts of undesirable components, particularly if these are toxic elements. 
In the case of zinc, boron and fluorine the degree of volatilization has 
not yet been determined, but they would be ezpected to be rather volatile. 
Even if only 10% of the total amount is volatile, there will be large 
quantities to remove in the gas cleaning operation and to dispose of. 

A complication that has not generally been recognized, occurs in 
the gas cleanup section due to the volatility of trace elements. These may 
be carried out with the raw gas, and removed in the gas cleanup facilities 
when the gas is cooled and scrubbed, in any event, they do not remain in 
the pipeline gas, and it follows that they ~ust leave the system at ~om~ 
point. Compounds such as cyanides might be destroyed by recycling to the 
process (e.g., the gasifier), but this can not be the case for elements 
such as arsenic, lead, chlorine, etc. Neither will they disappear in the 
biox unit. Therefore provision will be needed to separate and recover 
them, or to deactivate them for disposal in a satisfactory ~anner. As can 
be seen from Table 3, the combined amounts of all volatile portions of 
potentially undesirable trace elements can present a formidable disposal 
problem. 

The preceeding discussion has been directed primarily at trace 
elements that are partially volatilized during gasification and thereby 
carried into the gas cleaning section. Consideration must also be given 
to trace metals that are not volatilized and leave in the solid effluents 
from the plant, one of which is the char from gasification. Undesirable 
elements might be leached out of this char since it is handled as a ~¢ater 
slurry, and the char will ultimately be exposed to leaching by ground water 
when it is disposed of as land fill or to the mine. Sufficient information 
is not now available to evaluate the potential problems associated with 
char disposal, and additional information and evaluation is needed. The 
situation may be quite different from the ash rejected from coal fired 
furnaces, since the char is produced in a reducing atmosphere rather than 
an oxidizing one. Background information on slag from blast furnace~ used 
in the steel industry may be pertinent from this standpoint, since the 
blast furnace operates with a reducing atmosphere. However, a larg~ .~ount 
of limestone is also added to the blast furnace, consequently the nature 
of the slag will be different. 
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I0. TECHNOLOGY NEEDS 

From this review and examination of environmental aspects of the 
HYGAS process, a number of areas have been defined where further information 
is needed in order to evaluate the stiuation or where additional studies 
or experimental work could lead to a significant improvement from the stand- 
point of environmental controls, energy consumption, or thermal efficiency 
of the process. Items of this nature will be discussed in this section of 
the report, and a summary is shown in Table 4. 

Any coal conversion operation has solid refuse to be disposed of. 
Rejected char in the present design generates over 3,000 acre feet per year 
of refuse. More work is needed in order to define methods of disposal that 
do not create problems due to leaching of acids or sulfur which could con- 
taminate natural water. In addition, adequate controls are needed with 
regard to the potential dust nuisance and washing away of particulates, since 
the char is expected to have a low density, and be quite friable. In many 
cases the material may be suitable for land fill with revegetation. 
Although there is already some general background on this subject, specific 
information is needed on each coal for each process, and each specific 
location in order to allow thorough planning to be sure that disposal will 
be environmentally sound. 

Coal drying is used on most coal conversion processes; consequently, 
considerable effort is warranted to optimize the operation from the stand- 
points of fuel consumption, dust recovery, and volume of vent gas to be 
handled. It will often be attractive to burn high sulfur coal rather than 
clean gas fuel and to include facilities to remove sulfur from the vent 
gases, since this gas must be processed in any event for dust removal. 

The need for a simple, efficient means of feeding coal to the high 
pressure gasifier has been apparent and has received considerable study. 
For pressure levels of 400-500 psig, lock hoppers have bee~ used satis- 
factorily, although they are expensive. For systems at 1,000 psig, it may 
be attractive to pump an oil or water slurry of the coal in order to pres- 
surize it. A water slurrry could be particularly attractive if it is 
possible to then evaporate the water at high pressure and the_r_eby supp!y 
steam to the gasifier (5). 

In the area of acid gas removal, scrubbing with refrigerated 
~ethanol may give satisfactory cleanup of the gas but utilities consump- 
tion is high, and the CO 2 vent stream requires further treatment to remove 
combustibles, and possibly also COS. Systems based on amine or hot car- 
bonate are not completely satisfactory and leave room for improvement. 
Amine scrubbing is not effective on carbonyl sulfide, and it is often 
difficult to provide a highly concentrated stream of H2S to send to the 
sulfur plant, in addition the C0 2 stream vented to the atmosphere may 
contain too much sulfur. Adsorption/oxidation systems are often not 
effective on carbonyl sulfide and in any event do not remove C0 2 as 
required; and therefore, additional processing is needed. The available 
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TABLE 4 

TECH/~OLOGY NEEDS 

• Environmentally sound disposal of large amounts of char from gasification, 
with regard to dust~ leaching and sediment, trace elements, land use, etc~ 

• An optimized design for coal drying to use io~ excess air and give maxi~u~ 
allowable coal preheat, with good dust recovery. 

• An improved system to feed coal into high pressure zones, for example 
using a piston feeder on oil or water slurry. If water is used, then it 
might be evaporated in a heated fluid bed to m~ke steam for gasifier, 
and preheat the coal fed to gasification. 

• A simpler and more efficient process for acid gas removal which would 
provide an H2S stream of high concentration (e.g. 50 vol. %) to the 
sulfur plant, while giving a separate clean stream of CO 2 that can be 
vented directly to the air. Desirable features to include: 

- Good sulfur cleanup, to a few ppm 

- A clean CO 2 vent stream that does not require incineration or cleanup 

- Lo~ utilities consumption 

- Little or no chemical purges to dispose of 

• An effective process to remove sulfur at high temperature could lead to 
improvements such as reacting CO directly with steam to form methane, 
and thereby avoid cooling and reheating the gas as in present designs. 

• Ways to treat COS, CS 2, thiophene, etc., that are usually present and 
may not be handled effectively by many acid gas removal processes. 
Hydrolysis to H2 S is one approach, and would assure that COS, for example, 
does not escape with the CO 2 vent stream. 

• Sour water cleanup techniques need evaluation and demonstration. There iz 
a great need for a practical ~ay to evaporate sour water to make steam for 
use in the gasifier~ and a fluid bed system appears promising. 

i 

Information on trace elements and techniques for their disposal. 

Extent of volatility for specific process and coal. 

Where they appear in gas cleanup system, and in ~hat form. 
They may collect on the char or shift catalyst, in sour water 
or acid gas removal, or in the by-product oil. 

- Many trace elements may be toxic and require separation and 
decontamination treatment before disposal. 

- Since trace elements contained in the coal feed must leave the 
system at some point, specific means must be defined either to 
recover them, or dispose of them in an enviror~entally acceptable 
manner. 

- Leaching may occur on the rejected char. Information is needed to 
define the potential problems and to devise environmentally sound 

disposal techniques. 
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systems for acid gas removal have very high utility requirements, causing 
a significant loss in thermal efficiency for conversion of coal to clean 
fuel products. In addition there is often a~raste stream of chemical 
scrubbing medium which may be difficult and expensive to dispose of. 

Desirable objectives for an acid gas removal process can be 
summarized as follows: (a) good cleanup of all forms of sulfur to give 
a stream high in sulfur concentration for processing in a Claus type sulfur 
plant, (b) effective C02 removal while producing a vent stream satisfactorily 
low in sulfur and pollutants, (c) low utility and energy consumption, and 
(d) no waste streams that present a disposal problem. 

The need for a simple, effective method to clean up sour water 
for reuse is another item that is common to most fossil fuel conversion 
operations. Sour water generally contains sulfur compounds, ammonia, H2S , 
phenol, thiocyanates, cyanides, traces of oil, etc. These are generally 
present in too high a concentration to allow going directly to biological 
oxidation, but their concentration is often too low to make recovery 
attractive. Particulates, if present, further complicate the processing 
of sour water. Usual techniques for clean up include sour water stripping 
to remove H2S and ammonia, and in addition, extraction may be required to 
remove phenols and similar compounds. Such operations are large consumers 
of utilities and have a large effect on overall thermal efficiency. 

As in most gasification processes, the amount of sour water 
produced is less than the amount of steam fed to gasification plus shift 
conversion, which suggests a way to dispose of sour water. One approach is 
to vaporize the sour water to make steam which can be used in the gasifier. 
In this case, compounds such as phenol should be destroyed and reach 
equilibrium concentration in the circulating sour water. It may not be 
practical to vaporize sour water in conventional equipment such as exchangers, 
due to severe fouling and corrosion problems. Therefore, new techniques 
may be required, and one possibility would be to vaporize the sour water by 
injecting it into a hot bed of fluidized solids (5). 

On trace elements, information is needed on the amount vaporized 
in the gasifier and what happens to them, where they separate out, and in 
what form, so that techniques can Deworkedout for-recovering or disposing 
of the materials. Again specific information is needed for each coal and 
for each coal conversion process since operating conditions differ. In 
many cases, the trace elements may tend to recycle within the system and 
build up in concentration. This offers an interesting opportunity to 
perhaps recover some of them as useful by-products. The toxic nature of 
many of the volatile elements should be given careful consideration from 
the standpoint of emissions to the environment, as well as protection of 
personnel during operation and maintenauce of the plant. Carcinogenicity 
of coal tar and other compounds present in trace amounts or formed during 
start up or upsets should also be evaluated. 
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Protection of personnel, especially during maintenance operations 
should be given careful attention, which will require that additional 
information be obtained. Thus, toxic elements that vaporize in the 
gasifier may condense in equipment such as piping and exchangers ~here they 
could create hazards during cleaning operations. 

In an actual application, the net water effluent from the plant 
will have to be cleaned up. Water make-up that is brought to the plant 
will contain dissolved solids including sodium and calcium salts. Calcium 
salts may be precipitated during the water treating operation to form a 
sludge which can be disposed of with the other waste ~olids, but the fate 
of the sodium salts in the make-up water calls for further study. These 
~ill leave with the blo~down from the cooling tower, if the concentration 
of dissolved solids is too high in this blo~,~do~n T.~ater to allow discharging 
it to the river, then some suitable method of disposal ~Till have ~o be 
worked out. On one proposed commercial plant, this has been handled by 
using an evaporation pond where the water is evaporated to dryness. The 
salts accumulate and will ultimately have to be disposed of. if they 
cannot he used or sold then it would seem logical ~to store them, or 
dispose of them in the ocean. It would be desirable to define alternative 
technology for disposing of or using more effectively the final waste 
water discharge from a plant. 
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II. PROCESS DETAILS 

Further information on the basis used in this evaluation is 
given in Tables 5-8, which show coal feed and products for the plant, 
as well as utilities consumption. The latter were not given for the 
basic design, which was not specified in sufficient detail to allow 
calculating them; however, the overall process is very similar to the 
plant design of the E1 Paso Natural Gas project for New Mexico based on 
Lurgi gaisifers (3), which therefore provides a sound basis for utilities 
required on the HYGAS process. In fact, both dgsigns are sized to make 
the same amount of SNG. The gas cleanup systems are also quite similar 
using the Rectisol process for acid gas treatment, and the Phenosolvan 
process to extract phenols. Since the E1 Paso design gives only about 
1% H2S in the stream to sulfur recovery compared to the 30% assumed for 
HYGAS, the utilities consumption in acid gas treatment may be higher than 
we have used. 

Operating pressure is higher for HYGAS, 1200 psia versus about 
500 psia for Lurgi, which increases the power required for oxygen compres- 
sion and coal feeding. Also, the steam fed to the gasifier cannot be 
used first in bleeder turbines to generate power as is done in the E1 Paso 
design. Offsetting these factors is the saving gained by eliminating the 
product SNG compressor, made possible by operating the HYGAS process at 
higher than pipeline pressure. 

In both cases, clean gas for plant fuel is made by air gasifica- 
tion of coal, and this gas is used in a combined cycle to generate useful 
power from gas turbines before it is used in furnaces. All electrical 
power used by the plant is generated onsite and allowed for in the energy 
balances. No power is purchased. 

Rough estimates of differences between the two processes show 
that utilities requirements will be about the same although some modifica- 
tions to the E1 Paso utility consumptions were made where practical. There 
will be some debit for the KYGAS process in that high level heat in the 
raw gas from gasification is ~egra~ed in temperature level by the drying 
bed and oil quench system, so that it cannot be used to make high pressure 
steam. 
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TABLE 5 

COAL FEED AND PRODUCTS - HYGAS PLA}~f 

Coal Feed - Dry Basis 

(Illinois No. 6) 

tons/day 

to HYGAS 12,695 

to U-Gas 3,686 

16,381 

Coal Analysis - Dry Basis Wt. % 

Carbon 69.40 
Hydrogen 4.80 
Oxygen 8.71 
Nitrogen 1.35 
Sulfur 4.20 
Ash 11.54 

i00.00 

High Heating Value 12,600 Btu/ib 

Pipeline Gas 250MM SCFD @ i000 psig 
(H.H.V. 960 Btu/SCF) 

Char 

From HYGAS 

From U-Gas 

Tons/Day 

1,667 

450 

2,117 

(10.3% Carbon, 0.3% Sulfur, 89.4% Ash, H.H.V. 1500 Btu/!b) 

Product Oil 478 Tons/Day (H.H.V. 18,800 Btu/ib) 

By-Products 

Sulfur 663 tons/day 
Ammonia 120 tons/day 
Phenol 16 tons/day 



TABLE 6 

ESTIMATED STEAM BALANCE ~GAS PROCESS* 

Source Use 

Power Boiler 

Methanation and Superheater 

Gasifiar Jacket (02 Blown) 
Pipeline and Methanation Compressors 
Gaslfier Jacket (Air Blown) 
Power Generator 

Waste Heat Boiler (02 Blown) 

1500 Psia (955°F) 

1489 M Lb/Hr 

1100 Psla (930°F) 

1354 M Lb/Hr 

500 Psia (752°F) 

171 M Lb/Hr 
1738 

54 
842 

112 Psla (336°F) 

741 M Lb/Hr 

Electrical Generator 
Pipeline Compressor 

Pipeline Compressor 
Methanation Recycle Compressor 

Gasifier,(O 2 Blown) 
Gasifler (Air Blown) 
02 Plant Turbine 
Lock Gas Compressor (02 Blown) 
Lock Gas Compressor (Air Blown) 
Oxygen Compressor 
Air Compressor(Air Blown) 

1105 M Lb/Hr 
384 

571 M Lb/Hr 
784 

1762 M Lb/Hr 
312 
132 
118 
35 

314 
132 

Phenosolvan 32 M Lb/Hr 
Rectisol 20 
Stretford Plant 21 
Refrigeration Compressor 435 
Condenser 234 

Note: This steam balance is ~rom the Lurgi study using Lurgi gasifiers (3), in order to provide a 
complete picture. Overall steam balance would be about the same for the }PfGAS process, although 
there would be some increases and decreases as discussed in the text. Steam production from 
gasifier jacket assumed to be similar for HYGASplus U-Gas combination. 

! 

! 
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TABLE 7 

ELECTRIC POWER CONSI~.~TION 
HYGAS PROCESS* 

Coal Preparation 

Gas Purification 

Sulfur Plant 

Gas Liquor Treating 

Cooling Water System 

Power Plant 

U-Gas e.g. 

Other e.g. 

6,000 

13,200 

4,200 

3,600 

7,000 

8,000 

3,000 

12,000 

57,000* 

* All power consumed is supplied by onsite generation 
using appropriate facilities, and necessary fuel 
requirements, etc., are included in overall balances 
for plant. 
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TABLE 8 

WATER BALANCE 
HYGAS PROCESS 

Consumed 

Steam to Gasifier 

Steam to Shift 

Water to Scrubber 

Steam to U-Gas 

Evaporated in Cooling Tower 

Net Discharge from Plant 

Recovered 

From Scrubber 

From Methanation 

From Acid Gas Treatment 

NetMakeu p Water Required 

Tons/Day 

ii,780 

4,955 

2,824 

2,560 

27,120 

5,424 

54,663 

9,678 

2,520 

37 

12,235 

42,428 

gpm 

1,963 

826 

47O 

427 

4,520 

904 

9,110 

1,613 

420 

6 

2,039 

7,071 

Note: Cooling water circulation rate will be 
roughly 200,000 gpm. 

l 
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12. QUALIFICATIONS 

A major qualification of this study is that it assumes that no 
pretreat of the coal will be needed. The results therefore apply to those 
applications which use a non-caking coal. It is the hope of the !nstitu~e 
of Gas Technology that the process can eventually be used on caking coal 
without pretreatment, but additional development and demonstration ~ill be 
needed to confirm this. 

The basis used does not include coal cleaning, E, hieh is a very 
important factor in environmental impact of coal conversion technolog7~ 
and has been included in some other studies in this series (7). Refuse 
from coal cleaning may be 20-25% of the coal as mined, presenting a sizeable 
disposal problem. Although it has not been included, suitable provision 
will have to be defined and evaluated in order to have a viable and complete 
gasification project. 

As pointed out in connection with acid gas treatment, the very 
desirable high concentration of 30% H2S sho~rn as feed to the Claus plant 
is not confirmed by results from some operating plants and projected 
plant designs; consequently, further consideration and evaluation of this 
feature is needed. 

An important basis item that can have a large effect on therval 
efficiency is the carbon content assumed for the char withdra%~ from the 
HYGAS and U-Gas reactors. Unused carbon in the rejected char is a direct 
loss of heating value in the coal feed. A higher than minimum amount of 
residual carbon may be set to control attrition and dusting in the fluidized 
or suspended solids reaction system, as well as by the reaction kinetics and 
extent of staging in gasification. A carbon content of I0.3% has been 
assumed, but other publications show higher values, and at 30% carbon 
content in char the number for thermal efficiency would be 4.2% lower. 

Clean gas for plant fuel is provided by the U-Gas process, which 
is also in the development stage. Full use is made of the combined cycle 
operation using gas turbines to supply po~er, and thereby gain a significant 
increase in efficiency for generating utilities. Combined cycles are being 
explored intensively, although they are not used conventionally yet by 
public utilities or industry. 

In view of these and other factors used in setting a study basis, 
great caution should be exercised in attempting to make comparisons betwe~Rn 
processes, since they must be on a strictly comparable basis if the results 
are to be meaningful. Variations that must be taken into account include 
coal type and sulfur content, plant location~ amount of emissions relativ,e 
to permissible, production and disposition of tar and other by-products~ 
utilities systems, use of air cooling, and scope of project. 
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