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Abstract 
There is currently a growing interest in using 

Iow-Btu gas produced from coal as a combus- 
tion fuel for industrial boilers, kilns, and fur- 
naces. In light of this, the Environmental Pro- 
tection Agency has initiated a comprehensive 
assessment program with Radian Corporation 
to evaluate the environmental impacts 
associated with this growing technology. 

The purpose of this paper is to present the 
current data on the fate of pollutants from in- 
dustrial gasifiers used to produce Iow-Btu com- 
bustion gas from various types of  coal. The two 
gasification systems considered in this paper 
use atmospheric, fixed-bed, single-stage 
gasifiers; one produces a hot gas, the other a 
cooled or quenched Iow-Btu gas. 

Data on the fate of sulfur and nitrogen 
species, organics, trace elements, and par- 
ticulate matter are presented. Analyses of  
these data indicate that: a) 81 to 97% of the 
coal sulfur can be converted to H2S and COS in 
Iow-Btu gas produced from high volatile 
bituminous coals and lignite having the lower 
sulfur conversion, b) the amount of NO x formed 
by combusting low-Btu gas should be lower 
than direct-firing of  coal; however, there may 
be a potential for incomplete combustion of  
NFt 3 and HCN in the Iow-Btu gas, c) there are 
smefl amounts of organics in the gasifier ash 
and cyclone dust (20 to 380 ppm, respec- 
tively); however, quench liquors will contain 
h~h concentrations of  organics consisting 
primarily of phenols, d) from trace element 
analysis of the gasifier ash, cyclone dust, 
quench water, and by-product tar, the cyclone 
dust had the h~hest amounts of  Pb, So, As, 
and F/ while the by-product tar was highest in 
Hg, and e) the physical  and chemical 
characteristics of  the particulate matter en- 
traTnad in the Iow-Btu gas are highly dependent 
on coal type and gasifier operating parameters. 

INTRODUCTION 

In recent.years the nation's energy picture 
has changed drastically due to increasingly 
severe shortages of oil and natural gas. 
Because of these shortages, there is currently a 
growing interest in using low-But gas ( - 1 5 0  
Btu/scf) ~3roduced from coal as a combustion 
fuel for industrial boilers, furnaces, and kilns, in 
response to this, the Environmental Protection 
Agency has contracted Radian Corporation to 
perform a multimedia environmental and con- 
trol technology assessment for Iow/medium- 
Btu gasification techno}ogy. 

To date, there are little actual data on the en- 
vironmental and health effects of the discharge 
steams from Iow-Btu gasification systems, 
along with the technology used to control these 
streams. In light of this, one of the main objec- 
tives of the Iow-Btu environmental assessment 
program is to characterize the nature of the 
waste streams generated by commercial Iow- 
Btu gasification plants. 

The purpose of this paper is to present cur- 
rent data on the fate of pollutants from in- 
dustrial gasifiers producing Iow-Btu gas. The 
two gasification systems considered in this 
paper use atmospheric, fixed-bed, single-stage 
gas producers with one system producing a hot 
combustion gas and the other a cooled/ 
quenched gas. The coal feedstocks considered 
for these systems include anthracite, high 
volatile bituminous, low volatile bituminous, 
and lignite. The sulfur concentrations of these 
coals ranged from 0.6 to 3.7 weight percent. 

The information given in this paper deals 
with the fate of sulfur and nftrogen species in 
Iow-Btu gasification systems along with the 
nature and content o f  organic compounds, 
trace elements, and particulate matter in the 
multimedia discharge streams. Conclusions 
that can be drawn from these data and recom- 
mendations for further work are also dis- 
cussed. 

System I 
System I for producing Iow-Btu gas from coal 

is illustrated in Figure 1. This system contains 
the fol lowing three process modules: a) an at- 
mospheric, fixed-bed, single-stage gasifier, b) a 
hot cyclone, and c) a combustion process. 
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Figure 1. Low-Btu gas production. 



Coal is fed into the 9asifier where it is reacted 
with steam and oxygen to produce a hot 
(~ET0°K, 1100°F) Iow-Btu gas having a 
higher hasting value of approximately 150 
E~u/scf. The hot gas then enters the cyclone 
whets entrained particulate matter is removed. 
The particulate-free gas is than combusted. 

The discharge streams from this gasification 
sTstem include both gaseous emissh~ns-and 
solid wastes. The gaseous emissions are the 
coat feeder vent and combustion gases. The 
solid wastes are the gasifier ash and the par- 
ticulats matter collected by the cyclone 
(cyclone dust). 

System// 
Figure 2 illustrates System II for producing 

Iow-Etu gas from coal. This gasification system 
contains the same process modules as System 
I with three additional rnodu]ss: a) a gas 
quench, b} a tar/liquor separator, and c} a tar 
combustion process. This system also has a 
water pollution control module, forced 
eva~0oraticn, to control the spent quench liquor. 

As in System I, coal is reacted with steam 
and oxygen to produce a hot, Iow-Btu gas. The 
particulate matter in the gas exiting the gasifier 
is removed by a hot cyclone. The particulate- 
free gas is then quenched and cooled to remove 
the tats and oils and sent to the gas combustion 
process. The tar is separated from the quench 
liquor in a separator and sent to the tar combus- 
tion process. The quench liquor from the 
separator is than recycled t o the gas quenching 
process. Any liquor buitd up in the system is 
sent to a force evaporator where volatile liquids 
are vaporized and vented to the atmosphere. 

The discharge streams from this gasification 
system include gaseous emissions, liquid ef- 
fluents and solid w~stes. The gaseous emis- 
sions are the cos] feeder and taHliquor 
separator vent gases; and the flue gases from 
the Iow-Btu gas and tar combustion processes. 
The liquid effluent is the spent quench liquor 
while the gesifier ash and cyclone dust are the 
solid wastes. 

COAL FEEDSTOCKS 

The data presented in this paper were ob- 
tained during the production of  iow-Btu gas 

from six different coal feedstocks. The prox- 
imate and ultimate analyses and the higher 
heating values for these coals are given in Table 
1. These feedstocks include anthracite-, 
bituminous-, and lignite-type coals which are 
representative of the various types of coals 
which are or will be used to produce Iow-Btu 
gas on a commercial scale. 

POLLUTANTS FROM LOW-BTU 
GAS PRODUCTION 

In this section the fate and characteristics of 
the pollutants from the two gasification 
systems producing Iow-tqtu gas from various 
coal feedstocks are discussed. The fate of coal 
sulfur and the concentrations of specific sulfur 
species in the Iow-Btu gas are presented. The 
fate of coal nitrogen and specific nitrogen con- 
taining compounds in the product gas are 
discussed along with data concerning the com- 
bustion of these nitrogen-containing com- 
pounds. The nature and content of organics 
and trace elements in liquid and solid waste 
streams are presented followed by a discussion 
of the physical characteristics of the particulate 
matte~ entrained in the product gas. 

Sulfur Series 
The fate of sulfur species during the gasifica- 

tion of high volatile A (HVA) bituminous and 
lignite coals is given in Table 2. According to 
these data, approximately 97 percent of the 
HVA bituminous coal sulfur was converted to 
H2S and COS while only 81 percent of the 
lignite sulfur was converted. This variation is 
probably due to the chemical characteristics of 
the lignite ash since alkaline ashes will retain 
significant amounts of sulfur. This is e×- 
emp]ified by the highsulfur content (14.2%} 
found in the ash from gasifying lignite. This 
phenomanom has also been demonstrated in 
fluidized-bed combustion tests for lignite. 4 

The actual amounts of sulfur species in the 
process and discharge streams from gasifica- 
tion systems I and II are given in Table 3. There 
are no data on five of the discharge streams 
from these systems: a) the coal feeder vent 
gases, b) the tar/liquor separator vent gases, c) 
tar combustion gases, d) iow-Btu gas combus- 
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TABLE 1 

COAL FEEDSTOCK ANALYSES FOR FIXEO-REO, ATMO.~PllEOIC GASIFICATIOIU GYSTEIUIS 

Anlhrnc'de 

Medium 
lligh Volatile High Volatile Volatile 
A Hituminous C Oit,mlnous Bituminous Liflnite 

. , , z  

Ol 

Proximate 
Analysis (wt %) 

Moisture 3.G 5.5 3.5 2.3 7.2 7.1 
Ash 0.0 7.1 4.5 5.0 15.7 5.0 
Volatile Matter 3.6 30.8 29.1 36.4 34.4 21.4 
Fixed Carbon 84.0 56.6 62.9 56.3 42.7 GG.5 

Ultimata Analysis 
(wt ~,  dW) 

Carbon 86.6 80.0 61.0 -- 62.3 85.2 
Hydrogen • 2.0 5.1 5.0 - 4.7 4.7 

Hitrogen }:2.3 } 6.6 1.6 -- 1.0 ~4.0 
Oxygen " 3.9 -- 6.7 
Sulfur 0.0 0.8 0.7 0.6 3.7 0.7 
Ash 0.3 7.5 -- --  - -  5.4 

HHV (Dtu/Ib 11,430 13,405 14,335 13,960 11,315 13,930 
as received) 

32.1 
7.6 

29.0 
31.3 

~.0  
4.5 
1.5 

17.0 
1.0 

11~ 

7327 

Sources: Flofl. 1, 2, 3. 

I. 

TAOLE 2 

FATE OF COAL SULFUR IH ATHO$PflEfllC, 
FIXED-BED, $1HGLE-5"TAGE, LOW-DTU 

GASIFICATION SYS'[EHS 

Coal ~ l fu r  Coal Type 
• Converted To.. ' IIVA Dilominous Lignite. 

H2S (wt %) 95.1 79.4 
COS (wt %) 2.0 3.1 
Tar Sulfur (wt ]~) 2.1 3.3 

• Cyclone Dnst Sulfur (wt %) IL7 1.0 
Gedfler/~h 8ullur,(wt ]5) 0.1 14.2 

101).0 100.0 



TABLE 3 

SULFUR SPECIES IN THE PROCESS AND MULTIMEOIA DISCHARGE 
STREAMS FROM LOW-BTU GASIFICATION SYSTEMS 

Cod Type 
GasiflanJen 

Symm 

Cyclone Gasifier 
Coal Low.Blm Taw/OR Oust Ash 

Sulfur Gas Sulfur Sulfur Sulfur Sulfur 
(wt % dry) (ppmv) (wt %) (wt %) (wt %) 

Anthracite 

.-~ HVA 
Bituminous 

HVA 
Bituminous 

HVC 
Bituminous 

Medium 
Volatile 
Bituminous 

HVA 
Bituminous 

Ligni~ 

0,e H2S: 000 - -  

0.8 H2S = 1634 0.5 
COS = 60 

0.7 H2S = 1200 0,5 

3.7 H2S = 11,000 1.8 

0.7 H2S: 1213 
COS = 50 

0.8 - -  520 ppm* 

0.91 H2S = 2877 1.3 
COS = 133 

! 

0.7 

0.67 

2.O 

0.01 

250 ppm m 

4.1 

*SSMS Analysis 
Sources: Rife. I, 2, 3. 



tion gases, and e) the vapors from the forced 
evaporation of the quench liquor. 

The data in Table 3 indicate that the amount 
of COS formed during the gasification of all the 
coals is approximately 4 volume percent of the 
total gaseous sulfur species. This amount of 
COS in the product gas will affect the selection 
and design of an acid gas removal process to 
remove H2S from Iow-Btu gas. The sulfur con- 
tent of the tar produced in gasifying lignite was 
two to three times greater than for gasifying 
HVA bituminous coals having simi]ar amounts 
of sulfur. This would indicate that the sulfur 
emissions from a combustion process using tar 
produced from lignite would be significantly 
greater than using tar produced from HVA 
bituminous cos] having the same amount of 
sulfur. There were also higher concentrations 
of sulfur in the cyclone dust and ash produced 
in gasifying lignite compared to gasifying HVA 
bituminous coals. 

/Y/tmgen Species 
In this section the formation of gaseous 

nitrogen species during coal gasification and 
the subsequent combustion of these com- 
ponents is discussed. The two gaseous 

nitrogen species of importance are ammonia 
and hydrogen cyanide, The date, there are 
minima] data on the amount of HCN in the pro- 
duct Iow-Btu gas with no data on the amount of 
HCN in the following discharge streams: coal 
feeder and tadliquor separator vent gases, 
forced evaporator vapors, and combustion 
gases from burning the Iow-Btu gas. However, 
there are data on the concentration of ammonia 
in Iow-Btu gas along with estimates on the fate 
of ammonia during Iow-Btu gas combustion. 

The current data on the formation of NH 3 and 
HCN during the gasification of high and 
medium votatile bituminous coals ate given in 
Table 4. These data indicate that there can be a 
significant variation in the amount of ammonia 
formed during the gasification of the same coal 
feedstock. These variations can probably be at- 
tributed to the following operating parameters: 

• Amount of steam used to gasify the 
coal 

• Surface moisture content of the coal 
• Time-temperature history of the coal 

panicle in the gasifier. 
The first two variables affect the hydrogen 

partial pressure inside the gasifier which is 
directly proportional to the amount of NH 3 

TABLE 4 

COAE N]TROGE~.t CO~]VERTED TO 19H 3 AFJD HCI9 

A~men~a Hydrogen Cya~=lo 

N~o_~e~ in LovPBtu 6~  in Lo~-9~ Gas 

Molar Con'~on 

to .ej'~mDn~ 
-L,%) 

High Vol~ti]~ 
A Eituminou= 

A Bituminous 

M~diu~ 

1.5 

1.54 

1.0 

109 107 

1840 
622 
3 5  
665 
485 
658 
452 

113 128 

35.0 
12.0 
5.2 
8.0 
5.3 
7.2 
6.8 

Scurc~ ~. R~. 1, 2, 
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formed. The last variable would affect the 
amount and characteristics of nitrogen in- 
termediates formed in the gasifier. 

The data in Table 4 also show the molar con- 
version of coal nitrogen to ammonia. For all 
tests except one where the molar conversion 
was 35.0  percent, the conversions were fairly 
consistent with the average molar conversion 
of coal nitrogen to NH 3 bein9 approximately 8 
percent, 

The amount of HCN in the product Iow-Btu 
gas is also significant and deserves special at- 
tention when designing Iow-Btu gas cleaning or 
combustion processes. Hydrogen cyanide will 
affect the performance of certain acid gas 
removal processes that are currently being pro- 
posed for cleaning Iow-Btu gas produced from 
high sulfur coals. For example, HCN will cause 
a build up of thiocyanates in the solvent used in 
a Stretford process. 

The fate of nitrogen species during the com- 
bustion of Iow-Btu gas has been investigated 
with respect to the amount of NH 3 converted 
to NOx 2, These studies indicated that the con- 
version of coal nitrogen to NO x in Iow-Btu 
gasification systems was approximately 3 to 4 
percent. This is much lower when compared to 
the direct combustion of coal where 10 to 15 
percent of the coat nitrogen is emitted as NO x. 

There are, however, two other aspects to be 
considered in assessing the characteristics of 
nitrogen species in combustion gases. These 
are the amounts of NH 3 and HCN not converted 
to NO x. The amount of ammonia emitted in the 
combustion process flue gas can be estimated 
from Figure 3. For example, if the NH 3 concen- 
tration in the Iow-Btu gas is 500 ppmv, 54 per- 
cent wil l be converted to NO x while 46 percent 
will be emitted as NH 3. There are currently no 
data on the amount of HCN converted to NO x in 
a Iow-Btu gas combustion process. Therefore, 
the quantity of HCN in the combustion gases is 
unknown. 

• Cyclone dust 
• Gasifier ash 
• By-product tar 

The first three of these streams represent 
discharge streams while the byproduct tar is 
the feed to the tar combustion process. 

Total Organics - Grab samples of the quench 
liquor, cyclone dust, and ash were collected 
from a gasi f icat ion plant represented by 
System II as shown in Figure 2. The feedstock 
to this plant was a high volatile A bituminous 
coal. The total amount of organics in these 
three streams is presented in Table 5. The 
values for the total amount of organics were 
determined using the methods specified by the 
EPA Level 1 Environmental Assessment pro- 
cedures 3 plus an additional ether extraction for 
the quench liquor. From the data in Table 5, the 
spent quench l iquor contains a signif icant 
quantity of organics ( - 4 0 0 0  mg/I). Since this 
liquor is sent to a forced evaporator, there is a 
potent ia l  for s ign i f icant  vapor emissions. 
However, there are no data on the emissions 
from this evaporator. 

Organic Character is t ics - The characteristics 
of the organic species in the quench liquor, by- 
product tar, and cyclone dust are shown in 
Figure 4. These results were obtained by using 
the extraction, column chromatography, and 
infrared (IR) spectra analysis methods specified 
by the EPA Level 1 Environmental Assess- 
ment 5. 

The organic components in the quench liquor 
consisted primarily of phenols with smaller 
amounts of acids. The by-product tar contained 

TABLE 5 

ORGANIC CONCENTRATIONS IN AQUEOUS AND 
SOLID WASTE DISCHARGE STREAMS FROM 

LOW-BTU GASIFICATION SYSTEMS 

Organic Species 
The information presented in this section is 

primari ly concerned with the amount and 
characteristics of the organic compounds in the 
fol lowing process and discharge streams from 
Iow-Btu gasification systems: 

• Quench liquor 

Discharge Stream Organic Concentration 

Spent Quench Liquor 3865 mg/I 
Cyclone Dust 381 ppm 
Gasifier Ash 18 pprn 

Source: Ref. 3. 
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a wide rang~= of organic compounds including 
phenols, alcohols, acetates, acids, esters, etc, 
The organic constituents extracted from the 
cyclone dust were primarily paraffinic 
hydrocarbons and possibly cyclic alcohols, It 
should be emphasized that using IR spec- 
troscopy to identify the nature of organic 
s~cies is subject to doubt, especially for com- 
plex mixtures, Therefore, caution must be exer- 
cised in interpreting the spectra of these mix- 
tures, 

Trace Elements 
Grab samples of the ash, cyclone dust, 

quench liquor, and byproduct tar were col- 
lected and analyzed for trace elements using 
Spark Source Mass Spectrometry (SSMS). 

These samples were taken from a gasification 
plant similar to System I!. The results of these 
analyses are presented in Tables 6 through 9. A 
summary of the data in these tables is given in 
Table 10. From the data in Table 1 O, the trace 
element concentrations in the byproduct tar are 
higher than the quench liquor except for 
se1~nium and sulfur. 

The six trace elements highlighted in Table 
10 indicate certain important aspects of trace 
element distribution in these samples. The 
levels of Pb, Hg, As, Fi, and B are higher in the 
tars compared to the quench liquor while Se 
levels are essentially the same, Hg levels in the 
tar are also higher than in the cyclone dust, 

In order to identify which trace elements 
need to be controlled in the spent quench 

TA,~LE e 

TF]~CE ELE?~]~gT~ I~.I 6A$]F~]~F~ ASH BY 8S~S 

pp~ pp]~ ppm 
Ele~nt w/'~ EJ~s~ w/'~': ELement. . . w/~ 

Utah!Urn 58 Niobium 82 Thorium 
Zirconium 430 Bismuth 0.4 Yttrium 
Le~d 7 Strontium MC Thallium 
Eu]:idiurn 120 Rhenium O.3 Bromine 
Tun~n 10 Selenium 20 Tanlz~um 
A~nic 4 Hafnium 10 6ermanium 
Lutetium 2 Ga~iurn 68 Ytterbium 
Zinc 26 Thulium 1 Copper 
Erbium 8 NIcE~I 120 Holmium 
Cobalt 61 Dyspro.'4um 17 Iron 
Terbium 4 Mangan~e 680 Gadolinium 
Ch,'~m~um 510 Europium 5 Vanadium 
~T1u-m 28 -Titanium 'MC Ne0dymium 
Scandium 29 Pra~aodymium 42 Calcium 
Cerium 260 Pota=ium MC Lanthanum 
Ch]~rln~ 230 Barium M8 Sulfur 
Ce~bm 10 Pho~phonJ3 M8 Iodine 
Silicon MC Antiranny 1 Aluminum 
Tin 4 Magn~dum M8 Indium 
Sodium MC ~dm|um 3 Fluorine I 

Sil',~.~" ~--<0.3 Boron 130 Molybdenum 
B~r~fliu~ 22 Lithium 180 

86 
260 

0.5 
12 
2 
4 

12 
540 
11 
MC 
10 
M8 
5B 
ME 

28O 
25O 

0,3 
MC 
STD 

22 

MC = Ma3"dr Component 
Not3 - Any element not Iistc-d - Concentration < 0.2 ppm by wt  

C, ar~on, hydro~3n, n~tTog~n & o~¥~en are e~clud~d from the~e anal¥~s. 
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TABLE 7 

TRACE ELEMENTS IN CYCLONE OUST BY SSMB 

Bement ppm/wt Element ppm/wt 

Bismuth 2 Arsenic 27 
Lead 60 Germanium 5 
Mercury* O.01 Gallium 130 
Terbium 9 Zinc 85 
Gadolinium 2 Copper 130 
Europium 1 Nickel 30 
Samarium 9 Cobalt 16 
Neodymium 21 Iron MC 
Pmeodymium 5 Manganese 120 
Cerium 45 Chromium 90 
Lanthanum 4S Vanadium 100 
Barium 460 Titanium MC 
~dum 1 Scandium 12 
Iodine 4 Calcium MC 
Antimony 8 Potassium MC 
Tin 2 Chlorine 720 
Indium STD Sulfur MC 
Cadmium <::2 Phosphorus MC 
Silver 3 Silicon MC 
Molybdenum 14 Aluminum MC 
Mobium 12 Magnesium MC 
Zirconium 80 Sodium MC 
Yttrium 70 Fluorine =720 
Strontium 340 Boron 70 
Rubidium 33 Beryllium 6 
Bromine 20 Lithium 27 
Selenium 24 

*Flameless atomic absorption 
MC - Major Component 
Note: Any element not listed - concentration < 0.2 ppm by 

wt  
Carbon, hydrogen, nitrogen and oxygen ere excluded 
f rom these analyses. 

8ource: Ref. 3. 
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TABLE 0 

TI]ACE ELEMENTS IN QUENCH LIQUOR BY SSMS 

Element /xg/I Element /1g/I 

Load 0,04 Gallium 0.00G 
Mercury 0.007 Zinc 0,07 
Neodymum ~<0,01 Copper 0,1 
Praseodymium 0.005 Nickel 0,1 
Cerium 0.01 Cobalt ~<0.008 
Lanthanum ~<0.01 Iron 3 
Barium 0,1 Manganese 0.03 
Cesium 1 Chromium 0.03 
Iodine 0.5 Vanadium 0,004 
Antimony 0.1 Titanium 0,05 
Tin .0.02 Scandium ~<0,006 
Indium Std CnlcTum MC 
Cadmium ~<0,02 Potassium MC 
Molybdenum 0,06 Chlorine 0,3 
Xirconium 0,01 Bulfur MC 
Yttrium 0.004 Phosphorus MC 
Strontium 0.2 Silicon 7 
Rubidium 0 . 0 3  Aluminum 1 
Bromine 0.2 Magnesium 2 

[~e!enium 4 ] Sodium MC 
Arsenic 0.2 Fluorine ~2 
Geranium ~<0.02 Boron 2 
Lithium 0.2 

*Flameless atomic absorption 
MC = Major Component 
Note: Any element not listed - concentration ~; O.004 

Carbon, Hydrogen, nitrogen and oxygen are 
excluded from these analyses. 

• Source: Ref. 3. 

TABLE 9 

TRACE ELEMENTS IN TAg BY SSMS 

Element. ,, P.P..m, Element ppm 

Load 10 Copper 
Mercury* 0,12 Nickel 
Neodymium 0.6 Cobalt** 
Praseodymium 0,3 Iron 
Cerium 0,5 Manganese 
Lanthanum 0,6 Chromium 
Barium 27,0 Vanacium 
Cesium 0,1 Titanium 
Iodine 1 Scandium 
Antimony 0,8 Calcium 
Tin 0.9 Potassium 
Molybdenum 1 Chlorine 
Zirconium 0.7 Sulfur 
Yttrium ~<0.2  Phosphorus 
Strontium 10 Silicon 
Rubidium 0.2 Aluminum 
Bromine 2 Magnesinm 
Selenium 3 Sodium 
Arsenic 4 Fluorine 
Germanium 1 Boron 
Gallium 8 Beryllium 
Zinc 7 Lithium 

3 
5 
5 

120 
0.9 
3 
0,8 

29 
0,7 

630 
100 

G 
520 

17 
170 
25 
23 
71 

--22 
19 
0,1 
4 

*Flameless atomic absorption 
**Heterogeneous 
MC = Major (3omponent 
Note; Any element not listed - concentration ~; 0,004 ppm 

Carbon, hydrogen, nitrogen, and oxygen are excluded 
from these analyses, 

Source: 'Raf, 3. 



TABLE 10 

TRACE ELEMENTS IN GRAB SAMPLES BY SSMS 

Cyclone 
Bottom 

Ash Dust Liquor Tar 

Uranium 56 - -  - -  - -  
Bismuth 0.4 < 2 - -  - -  
Lead 7 60 0.04 10 

~Mercury NR 0.01 0.007 o.12.] 
Barium MC 460 0.1 27 
Antimony 1 8 0.1 0.8 
Cadmium 3 < 2 ~<0.02 - -  
Molybdenum 22 14 0.06 1 
Selenium 20 24 4 3 
IArsenic ..... 4 27 0.2 4 J 
Zinc 26 85 0.07 7 
Copper 540 130 0.1 3 
Nickel 120 30 0.07 5 
Chror~ : n 510 90 0.03 3 
',/and i: ,~ M C 100 0.004 0.8 
Titanium MC MC 0.05 29 
Chlorine 230 720 0.3 6 
Sulfur 250 MC MC 520 
Fluorine ~ 56 ---270 -~ 2 =~ 22 
~oron 130 70 2 19 J 
Beryllium 22 6 - -  0.1 
Lithium 190 27 0.2 4 

Not,.. All values expresses as ppm except liquor in which values are expressed as pg/ml. 
MC = Major Component 

liquor, trace element standards for surface, ir- 
rigation, and public intake waters are compared 
to the trace element concentrations found in 
the quench liquor. These comparisons are 
given in Table t 1. From these data, the most 
important trace element requiring control is 
selenium since the concentration of selenium is 
approximately 400  times greater than the stan- 
dards set for surface and public intake waters 
and 80 times greater than for irrigation water 
standards. 

Particulate Matter 
The physical characterist ics of the par- 

ticulate matter entrained in the Iow-Btu gas 
produced using various coal feedstocks is 
presented in Table 12. From these data, the 

physical characteristics of the particulate mat- 
ter depend upon both the coal feedstock and 
gasifier operating conditions. 

The particulates collected by the cyclone 
varied with respect to all three physical 
characterist ics analyzed (average particle 
diameter (dp), ash content, and bulk density). 
The particulates collected from the gasification 
system using anthracite coal had the highest 
values for all three physical characteristics. The 
system gasifying lignite coal had the lowest 
average particle diameter while the system 
used to gasify bituminous coal had the lowest 
particulate matter ash content and bulk densi- 
ty .  From these data,  the par t i cu la te  
charac te r i s t i cs  for the gas i f icat ion of 
bituminous coals varied significantly which in' 
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TABLE 11 

LEVELS OF TRA~:E ELEi~E~JTS I?J LIQUIDS FROP~1 THE QUEf~]Z:H LIQUOR 
A~]D BY-PRODUI:T TAB VERSUS WATER QUALITY STA~]DABDS 

Public 
Seffa~ Ir~ig~tiog W a ~  Liquor Tar 

A~timony - - _ 

Am~ni~ 0.05 1.0 0.1 

Barium 1.0 - -  - 

Be~tIlium --  - -  _ 

Boron 1.0 0.75 1.0 

Cadmium 0.01 0.005 0.01 

Chromium 0.05 5.0 0.05 

FIuori~ - - _ 

M~rcuTy - - -  0,002 

Lead 0.05 5.0 0.05 

&t~gan~s~ 0.05 2.0 0.00 

~l~IVbd~um - -  0.005 

[BeI.~,,;ium 0.01 0.05 

0.1 

0.2 

0.1 
m 

2.0 

~<0.02 

0.03 

2 

0.007 

0.04 

0.03 

0.0B 

0.8 
4 

27 

0.1 

18 

3 

22 

0.12 

10 

0.9 

1 m 

NicNml - 0.5 - 0.07 5 
0.01 4 3 

Vamadium -- 10.0 --  --  _ 

Zin: 5.0 5.0 5.0 0.07 7 

Cop.~r 1.0 0.2 1.0 0.1 3 

TABLE 12 

Ct-]AB~I:TERISTiCS OF THE PART{tI:ULATE MATTER EBTBA]BED irJ L0~].BTU GAS 

Co]]ect~ b~! the= Cyclone Not C~ct~z},~7 th~ Cy~Ion~ 

Ash Ash 
Av~.g~ Con~n~ Bul!¢ Average Content BuI{( 

C~z~ Typz dp (,u) (v_~ %) Oe~si W dp ~)  (wt %) Oens~'y 

Bituminous 170 10.2 0.40 --  - -  

Bi~minous 95 15.4 0.53 20 -~ 10.4 0.31 

Anthracite 200 47.3 0.93 <1 ~ 54.7 - -  

Li~ni~. 70 23.0 . . . . .  

Suspa~]ez] in T~" 

Avaraga 
dp (~) 

2-20 
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dicates the dependency of these character- 
istics on the gasifier operating parameters. 

The particulate matter collected after the 
cyclone consisted of particulates that settled in 
or escaped from the main product gas line. The 
particulates in the tar were collected by solu- 
tion filtration. The particulates not collected by 
the cyclone were agglomerated. However, this 
may not be representative of the actual 
characteristics of the particular matter passing 
through the cyclone. 

These results indicate that the physical 
nature of the particulate matter carried over in 
the product Iow-Btu gas will probably vary from 
site to site depending on the type of coal 
feedstock and the operating parameters of the 
gasifier. Therefore, the design of cyclones and 
other particulate collecting devices wll be site 
specific since the design of these devices is 
highly dependent upon these physical 
characteristics. 

CONCLUSIONS 

Data currently available on multimedia 
discharge streams is not sufficient to make a 
completely accurate assessment of the health 
and environmental effects and control 
technology requirements for producing Iow-Btu 
gas from coal. However, judgments on some of 
these discharg ~. stream characteristics can be 
made from th,~ data presented in this paper. 
The following are specific conclusions and 
recommendations derived from this study. 

Sulfur Species 
1) The amount of coal sulfur that is con- 

verted to gaseous sulfur species (H2S 
and COS) is primarily dependent upon 
the ash characteristics of the coal 
feedstock. For example, the amount of 
feedstock sulfur converted to H2S and 
COS in gasifying lignite will usually be 
significantly less than in gasifying high 
volatile bituminous coals. This is due to 
the alkalinity of the lignite ash which re- 
tains and/or collects sulfur species. 

2) The ratio of COS ~o the total amount of 
sulfur species in the Iow-Btu gas was 
not highly dependent upon coal 
feedstocks and remained at about 

3) 

0.04. This may indicate that the 
mechanisms for H2S and COS forma- 
tion during coal gasification are directly 
related. If this relationship is valid, the 
amount of COS in this product gas can 
be estimated for various coals which 
can be used as a factor in selecting and 
designing sulfur recovery processes for 
Iow-Btu gasification systems. 

The concentration of sulfur in the by- 
product tar is dependent upon the 
nature of the coal feedstock. Sulfur 
concentrations were found to be two to 
three times greater in tar produced 
from lignite than from high volatile 
bituminous coal. This would affect the 
amount of sulfur emissions if the tar is 
to be used as a combustion fuel. 

Nitrogen Species 
1 ) The amount of ammonia produced dur- 

ing coal gasification is dependent upon 
the quantity of steam used, coal 
feedstock moisture content, and the 
time-temperature history of a coal par- 
ticle in the gasifier. Generally, less that 
1 0 mole percent of the coal nitrogen is 
converted to NH 3 in systems designed 
to produce Iow-Btu gas for combustion 
fuel. 

21 The amount of NO x formed during the 
combustion of Iow-Btu gas is a function 
of the NH 3 concentration in the product 
gas and the combustion process 
operating parameters. Past studies 
have indicated that NO x formation 
would be t w o  to three times lower 
when burning Iow-Btu gas compared to 
burning the coal feedstock directly. 

3) There may be significant quantities of 
NH 3 and HCN in the flue gases from 
Iow-Btu combustion processes. The 
current data indicate that up to 50 per- 
cent of the NH 3 in the product gas can 
be emitted in the combustion gases 
while there is no actual data on the 
amount of HCN emitted. 

Organics 
1 ) The liquor used to quench Iow-Btu gas 

will contain significant quantities of 
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2) 

organic compounds consisting primari- 
ly of phenols. Forced evaporation of 
large quantities of spent quench liquor 
will cause a significant quantity of 
organics to be emitted into the at- 
mosphere, 
The ash produced from coal gasifica- 
tion will contain very small quantities of 
organics ( - 20 ppm) while the organics 
in the particulate matter entrained in 
the product gas will be much higher 
( - 400 ppm). 

Trace Elements 
1) Concentrations of Pb, Se, As, and FI 

were highest in the cyclone dust com- 
pared to the ash, quen.ch liquor, and by- 
product tar while the Hg concentration 
was highest in the by-product tar. 

2) The levels of trace elements in the 
quench liquor equaled or exceeded the 
levels tisted in the Federal Water Quali- 
ty Standards for nearly every element. 
The I~rgest deviation was shown by 
selenium at 4 ppm (400 times greater 
than the standard for surface water). 

Particulate Matter 
1) The particulate matter entrained in the 

Iow-Btu gas had different particle size 
distributions, bulk density, and ash 
contents. These physical and chemical 
propeTties seem to be dependent on 
coal type and the gasifier operating 
characteristics. These variations will 
significantly affect the operation of 
cyclones and other collection devices 
used to remove particulate matter from 
the product gas. 

RECOMMMENDATIONS 

The characteristics of certain discharge 
streams should be determined. There are cur- 
rently no data on the composition of the follow- 
ing streams: coal feeder and tar/liquor 
separator vent gases, vapors from the forced 
evaporation of spent quench liquor, and tar 
combustion gases. There are some data on the 
flue gases produced during the combustion of 
Iow-Btu gas; however, the fate of trace con- 

stituents such as HCN in these combustion 
processes has not been determined. The 
organic constituents in the spent quench liquor 
need to be further characterized and leaching 
tests for the ash and cyclone dust need to be 
performed. 

In conjunction with further characterization 
of the multimedia waste streams from ]ow-Btu 
gasification systems, methods to detsrmin8 ths 
health and environmental effects of these 
streams need to be developed. These methods 
will provide the goals for control technology im- 
plementation and d.~velopment along with 
defining technologies necessary to minimize 
worker exposure to hazardous fugitive emis- 
sions from these processes. 
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