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Abstract

There is currently e growing interest in using
low-Btu gas produced from coal as & combus-
tion fuel for industrial boilers, kilns, and fur-
nzces. In light of this, the Environmental Fro-
tection Agency has initiated a comprehensive
assessment program with Radian Corporation
to evesluate the environmental impacts
associated with this growing technology.

The purpose of this peper is to present the
current data on the fate of pollutants from in-
dustriel gasifiers used to produce low-Btu com-
bustion gas from various types of coal. The two
g&asification systems considered in this paper
use atmospheric, fixed-bed, single-stage
gesifiers; one produces a hot gas, the other a
cooled or querniched low-Btu gas.

Data on the fate of sulfur and nitrogen
species, organics, trace elements, and par-
ticulate mattsr are presented. Analyses of
these datz indicate that: a) 81 to 97% of the
cozl sulfur can be converted to H,S and COS in
low-Biu gas produced from high volatile
bituminous cosls and lignite having the lower
sulfur conversion, b) the amount of NO, formed
by combusting low-Btu gas should be lower
than direct-firing of coal; however, there may
be a potential for incomplete combustion of
NH 4 and HCN in the low-Btu gas, c) there are
small amounts of organics in the gasifier ash
and cyclone dust (20 to 380 ppm, respec-
tively); however, quench liguors will contain
high concentrations of organics consisting
primarily of phenols, d) from trace elerment
analysis of the gasifier ash, cyclone dust,
guench water, and by-product tar, the cyclone
dust had the highest amounts of Pb, Se, As,
and Fi while the by-product tar was highest in
Hag, and e) the physical and chemical
characteristics of the particulate matter en-
trained in the low-Btu gas are highly dependent
on coal type and gasifier operating parameters.
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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 (~ 150
Btu/scf) produced 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 & multimedia environmental and con-
trol technology assessment for low/medium-
Biu gasification technology.

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

The purpose of this paper is to present cur-
rent data on the fate of pollutants from in-
dustria! gasifiers producing low-Btu gas. The
two gasification systerns considered in this
paper use atmospheric, fixed-bed, single-stage
gas producers with one sysiem 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 nitrogen species in
low-Btu gasification systems along with the
nature and content of organic compounds,.
trace elements, and particulate matier in the
multimedia discharge streams. Conclusions
that can be drawn from these data and recom-
mendations for further work are also dis-
cussed.

Systemi |

System | for producing low-Btu gas from coal
is illustrated in Figure 1. This system contains
the following 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 gasifier whereit is reacted
with steam and oxygen to produce a hot
(~870°K, 1100°F) low-Biu gas having a
higher hesting value of approdimszisly 150

tu/ecf. The hot gas then enters the cyclone
where entrained particulate matter is removed.
The particulate-fres gas is then combusted.

The discharge streams from this gasification
systern include both gassous emissions-and
solid wastes. The gassous emissions are the
coz! fesder vent and combustion gasses, The
solid wastes are the gasifier ash and the par-
ticulata matter coliected by the cyclone
{cyclone dust).

System i

Figure 2 illustrates Systern Il for producing
low-Btu gas from coal. This gasification system
contains thz sams process modules as Systemn
| with threz additionz! modules: a) a gas
quench, b) a ter/liquor separator, and ¢) a tar
cornbustion procsss. This system also has a
water pollution control module, forced
eveporation, to control the spent quench liguor.

As in Systemn |, coal is reacted with steam
and oxygen to produce a hot, low-Btu gas. The
particulate matter in the gas exiting the gasifier
is rernoved by & hot cyclong. The particulate-
fre= gas is then quenched and cooled to remove
the tars and oils and sent to the gas combustion
process. The ter is separated from the quench
liguor in 2 separetor and sent to the tar combus-
tion process. The quench liguor from the
seperator is then recycled to the gas quenching
process. Any liguor build up in the system is
sent to e force evaporator where volatile liquids
are vaporized and vented to the atmosphere.

The discharge streams from this gasification
systern include gaseous emissions, liguid ef-
fiuents and solid wastes. The gassous emis-
siong are the cosl fesder and tar/liguor
separator vent gases; and the flue gases from
the low-Biu gas and tar combustion processss.
The liquid effluent is the spent quench liguor
while the gasifier ash and cyclone dust are the
scolid wastes.

COAL FEEDSTOCKS

The data presented in this paper were ob-
tzined during the production of low-Btu gas
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from six different coal fesdstocks. The prox-

- imate and ultimate analyses and the higher

heating values for these coals are given in Table
1. These fesdstocks include anthracite-,
bituminous-, and lignite-type coals which are
representative of the various types of coals
which are or will be used to produce low-Btu
gas on a commercial scale.

POLLUTANTS FROM LOW-BTU
GAS PRODUCTION

In this section the fate and characteristics of
the pollutanis from the two gasification
systems producing low-Biu gas from various
cogl fesdstocks are discussed, The fate of coal
sulfur and the concentrations of specific sulfur
species in the low-Btu gas are presented. The
fate of coal nitrogen and specific nitrogen con-
teining 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 liguid and solid waste
streams are presented followed by a discussion
of the physical characteristics of the particulate
matier 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 87 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 dus to the chemical characteristics of

the lignite ash since alkaline ashes will retain
significant amounts of sulfur. This is ex-
emplified by the high-sulfur content (14.2%)
found in the ash from gasifying lignite. This
phenomenom has also been demonstrated in
fluidized-bed combustion tests for lignite.*

‘The actual amounts of sulfur species in the
process and discharge streams from gasifica-
tion systems | and Il are given in Table 3. There
are no data on five of the discharge streams
from these systems: a) the coal fesder vent
gases, b) the tar/liquor separator vent gasss, ¢)
tar combustion gasss, d) low-Biu gas combus-
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Figure 2. System Il —Low-Btu gas production.




TABLE 1 .

COAL FEEDSTDCK ANALYSES FOR FIXED-RED, ATMOSPHERIC GASIFICATION SVSTEMS

i . Medium
High Volatilo High Volatile Volatile
Anthracite A Dituminous £ Dituminous Rituminous Lignite
Proximato
Analysis (wt %)
Moisture a6 5.5 35 23 1.2 7.1 32.1
Ash 8.0 7.1 4.5 5.0 15.7 5.0 16
Volatile Matter 36 308 29.1 36.4 N4 214 29.0
Fixed Carbon 840 56.06 62.9 56.3 4.7 66.5 3.3
Ultimate Analysis
{wt %, dry)
Carbon 26.6 20.0 s - 623 85.2 648
Hydragen - 2.0 5.1 5.0 - 41 47 45
Nitrogen 1.5 - 1.0 15
2. 1
Dxygen 123 166 39 - 5.7 140 17.0
Sulfur 0.8 0.8 0.7 0.6 37 6.7 10
2 Ash 8.3 75 - - e 5.4 11.2
o1 HHY (Btu/lb 11,430 13,405 14,335 13,960 11,315 13,830 7327
as recoived)
Sources:. Refs. 1,2, 3,
TADLE 2

FATE OF COAL SULFUR 1N ATM(]SI’IIEIIIB,
‘FINED-BED, SINGLE-STAGE, LOW-DTU
" GASIFICATION SVSTEMS

Coal Sulfur Coal Typs
- Converted To - - " HYA Dituminous . Lipnite.
H,S (wt %) 95.1 0.4
COS (wt %) 20 3
Tar Sulfur {wt %) 21 33
. Cyclone Dust Sulfur (wt%) 0.7 1.0

Gasifier Ash Solfur-(wt %) _ 0.1 M2
' 100.0 100.0




SULFUR SPECIES IN THE PROCESS AND MULTIMEDIA DISCHARGE

TABLE 3

STREAMS FROM LOW-BTU GASIFICATION SYSTEMS

Cyclone Gasifior
Coal Low-Btu Tar/OR Dust Ash
. Gasification Sulfur Gas Solfur Sutfur Sulfur Salfur
Coal Type System (wt % dry) (ppmv) (wt %) {wt %) (wt %)
Anthracite I 08 H,$ =900 —_ — —
— HVA I 08 H,S = 1634 0.5 0.7 0.01
& Bituminous c0S=60
HVA ]| 0.7 HoS = 1200 05 —_— —
Bituminous
HVC ] 37 HoS = 11,000 1.8 - -
Bituminous
Medium I 0.7 H8=1213 — — —
Volatile coS=50
Bituminous
HVA i 08 —_— 520 ppm* 0.67 250 ppm*
Bituminous
Lignite f 0.9 HoS = 2877 13 20 41
€0S =133
*SSMS Analysis

Sources: Refs. 1,2, 3,




tion gases, and e) the vapors from the forced
evaporetion 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 gassous sulfur species. This amount of
CQS in the product gas will affect the selestion
and design of an acid gas removal process to
remove H4S fram low-Btu gas. The sulfur con-
tent of the tar produced in gasifying lignite was
two to thres times grester than for gasifying
HVA bituminous cogls having similar amounts
of sulfur. This would indicate that the sulfur
emissions from & combustion process using tar
produced from lignite would be significantly
greater than using tar produced from HVA
bituminous cozl having the same emount of
sulfur. There were also higher concentrations
of sulfur in the cyclone dust and ash produced
in gasifying lignite comparad to gasifying HVA
biturninous coals.

Nitrogen Species

In this ssction the formation of gaseous
nitrogen species during coa! gasification and
the subssguent combustion of these com-
ponents is discussed. The two gaseous
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nitrogen species of importance ere ammonia
and hydrogen cyanide. The date, there are
minimal data on the amount of HCN in the pro-
duct low-Biu gas with no data on the amount of
HCN in the following discharge streams: coal
fesder and tarfliquor separator vent gases,
forced evaporator vapors, and combustion
gasss from burning the low-Btu gas. Howsver,
there are data on the concentration of arnmonia
in low-Btu gas along with estimates on the fate

of ammonia during low-Btu gas combustion.
The current data on the formation of NHz and
HCN during the gasification of high and
medium volatile bituminous coals are given in
Table 4. These data indicate that therecanbea
significant variation in the amount of ammonia
formed during the gasification of the same coal
feedstock. These varigtions can probably bs at-
tributed to the following opsrating parameters:
e Amount of stearn used to gasify the

coal

¢ ° Surface moisiure content of the coal

* Time-temperature history of the cosal
particle in the gasifier. .

The first two variables affect the hydrogen
partial pressure inside the gasifier which is
directly proportional to the amount of NHj3

€0AL MITROGEY GOMVERTED TO NH3 AND KIH

Ammonia Rydrogen Gyanids Molar Convession
Coal Consentration Gongentration of Goa) Mitrogen
Nitrogen in Low-Btu Bsas in Low-Btu Bas to Ammonia
. ) {pzmy) Appmr) %)
High Volatile 1.5 109 167 -
A Bituminous
Hich Volatile 1.54 1944 38
A Bituminous 622 12.0
385 5.2
€68 8.0
488 5.3
g58 12
452 6.8
Medium 1.0 113 128 -
Valzatile
Bituminous

Sourcest Refs 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; being approximately 8
percent.

The amount of HCN in the product low-Btu
gas is also significant and deserves special at-
tention when designing low-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 low-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 low-Btu gas has been investigated
with respect to the amount of NH; converted
to NO, 2, These studies indicated that the con-
version of coal nitrogen to NO, in low-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 coal nitrogen is emitted as NO,,.

There are, however, two other aspects to be
considered in assessing the characteristics of
nitrogen species in combustion gases. These
are the amounts of NH3; and HCN not converted
to NO, .. The amount of ammonia emitted in the
combustion process flue gas can be estimated
from Figure 3. For example, if the NH; concen-
tration in the low-Btu gas is 500 ppmv, 54 per-
cent will be converted to NO, while 46 percent
will be emitted as NH3. There are currently no
data on the amount of HCN converted to NO, in
a low-Btu gas combustion process. Therefore,
the quantity of HCN in the combustion gases is
unknown.

Organic Species
The information presented in this section is
primarily concerned with the amount and
characteristics of the organic compounds in the
foliowing process and discharge streams from
low-Btu gasification systems:
e Quench liquor
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® 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 gasification plant represented by
System Il 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? plus an additional ether extraction for
the quench liquor. From the data in Table 5, the
spent quench liguor contains a significant
quantity of organics (~ 4000 mg/l). Since this
liquor is sent to a forced evaporator, there is a
potential for significant vapor emissions.
However, there are no data on the emissions
from this evaporator.

Organic Characteristics - 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-
mentS.

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 AQUEDUS AND
SOLID WASTE DISCHARGE STREAMS FROM
LOW-BTU GASIFICATION SYSTEMS

Discharge Stream Organic Concentration

Spent Quench Liquor 3865 mg/|
Cyclone Dust 381 ppm
Gasifier Ash 18 ppm
Source: Ref. 3.
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& wide rangs of orgenic 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
snzcies is subjzet to doubt, especially for com-
plex mintures. Tharefors, caution must be exer-
cised in interpreting the spectra of these mix-
tures.

Trace Eigmeanis

Grab samples of the ash, cyeclone dust,
guench liguor, 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 Il. The results of these
analyses are presented in Tables 6 through 8. A
summary of the data in these tables is given in
Table 10. From the data in Table 10, the tracs
element concentrations in the byproduct tar are
kigher than the quench liquor except for
selenium and sulfuy,

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

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

TABLE €
TRACE ELEMENTS IM GASIFIER ASH BY $818

ERm prm ppm
Elamsnt wly Elsmant why Elamznt wla
Uranium 53 Niobium 82 Thorium g8
Zirconium 430 Bismuth 0.4 Yiirium 280
Lezd 7 Strontium ME Thallium 05
fubidium 120 Rhenium 0.3 Breming . 12
Tungatan 10 Selenium 20 Tantzlum Z
Arsanic 4 Hafnium 10 Germanium 4
Lutetium 2 Gallium €5 Yiierbivm 12
Zing 2B Thulium i Copper 549
Erbium 8 Nicks! 126 ~ Holmium 11
Cobzht ' 61 Dysprosium 17 Iren MG
Terbium 4 Mangensse €80 Gadolinium 10
Chramium 510 Eurgpium § Vanadium MG
Samzrium 28 Titahivm ‘MG Neodymium - BB
Sczndivm 28 Praseodymivm 42 Caleium MG
Cerium 260 Potassium MG Lanthanum 280
Chloring 23D Barium MG Sulfur 250
Cesium i0 Fhosphorus MG lodine 0.3
Siticon MC Antimony 1 Aluminum MC
Tin 4 Magnesivm MG Indium ST0
Sadium MG Cadmivm 3 Fluorinz =58
Silyer <83 Boron 130 Molybdenum 22
Beryltium ‘ 22 Lithium 10

MC = Major Comnponent

Notz - Any element not listzd - Concentration < 0.2 ppm by wt

Carken, hydrogan, nitrogen & oxygen are excluded from these analyses.

Soures: Raf, 3,




TABLE 7
TRACE ELEMENTS IN CYCLONE DUST BY S$SMS

Element ppm/wt Elsment ppm/wt
Bismuth 2 Arsenic 27
Lead 60 Germanium 5
Mercury*® -0.01 Gallium 130
Terbium S Zinc 85
Gadolinium 2 Copper 130
Europium 1 Nickel 30
Samarium 9 Cobait 16
Neodymium 21 Iron MC
Praseodymium 5 Manganese 120
Cerium 45 Chromium 90
Lanthanum 45 Vanadium 100
Barium 460 Titanium MC
Cesium 1 Scandium 12
Todine 4 Calcium MC
Antimony 8 Potassium MC
Tin 2 Chlorine 120
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 10
Rubidium k] Beryllium 6
Bramine 20 Lithium 21
Selenium 24

*Flameless atomic absorption

MC = Major Component

Note: Any element not listed - concentration < 0.2 ppm by
wt
Carbon, hydrogen, nitrogen and oxygen are excluded
from these analyses.

Source: Ref. 3.
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TABLE 8
TRACE ELEMENTS IN QUENCH LIQUOR BY SSMS

Elomont g Eloment pnfl
Lead 0.04 Gallium 0.006
Morcury 0.007 Zine 0.07
Neodymum <0.01 Copper 0.1
Praseadymium 0.005 Nickel 0.1
Gerium 0.01 Cohalt <0.008
Lanthanum <0.01 Iron 3
Barium 0.1 Manganese 0.03
Cosium 1 Chromium 0.03
lodine 0.5 Vanadium 0.004
Antimany 0.1 Titanium 0.05
Tin - 0.02 Scandium <0.006
Indium Std Calcium me
Cadmium <0.02 Potassium Me
Molybdenum 0.06 Ghlorina 0.3
Xirconium - 0.01 Sulfur mc
Yitrium 0.004 Phosphorus MG
Strontium 0.2 Silicon 7
Rubidium 0.03 Aluminum 1
Bramine 0.2 Magnesium 2
|Selenium 4 ] Sodium Me
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 < 0.004
Carbon, Hydrogen, nitrogen and oxygen are

excluded from these analyzes,

' Source: Ref. 3.

TRACE ELEMENTS IN TAR BY SSMS

TABLE 9

Elomont ppm Element ppm
Load 10 Capper 3
Moreury® 0.12 Nickel 5
Neodymium 0.6 Cobalt** 5
Praseodymium 0.3 Iron 120
Gerium 0.5 Manganase 0.9
Lanthanum 0.6 Chromium 3
Barium 21.0 Vanacium 0.8
Cesium 0.1 Titanium 29
lodine 1 Scandium 0.7
Antimeny 0,8 Caleium 630
Tin 0.9 Potassium 100
Molybdenum 1 Chlorine 6
Zirconjum 0.7 Sulfur 520
Yttrium <0.2 Phosphorus 17
Strontium 10 Silicon 170
Rubidium 0.2 Aluminum 25
Bromine 2 Magnesium 23
Selenium 3 Sodium n
Arsenie 4 Fluorine =22
Germanium 1 Boron 19
Gallium . 8 Beryllium 0.1
Zine 7 Lithium 4

*Flameless atomic absorption

**lleterogeneous
MC = Major Component

Note: Any element not listed - concentration < 0,004 pPpm
Carbon, hydrogen, nitrogen, and oxygen are excluded
from these analyses,

Source: ‘Ref. 3.




TABLE 10

TRACE ELEMENTS IN GRAB SAMPLES BY SSMS

Cyclone
Bottom
Ash Dust Liguor Tar
Uranium 56 —_ - -
Bismuth 0.4 <2 — —_
Lead 7 60 0.04 10
| Mercury NR 0.01 0.007 0.12]
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
[Arsenic 4 27 0.2 4 |
Zing 26 85 0.07 7
Copper 540 130 0.1 3
Nickel 120 30 0.07 5
Chrar ™ m 510 90 0.03 3
vandi: .n MC 100 0.004 0.8
Titanium MC MC 0.05 29
Chlorine 230 720 0.3 6
Sulfur 250 MC MC 520
Fluorine >=h6 =270 = =22
[Boran 130 70 2 19 |
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 ug/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 11. 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 characteristics of the par-
ticulate matter entrained in the low-Btu gas
produced using various coal feedstocks is
presented in Table 12. From these data, the
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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
characteristics 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 particulate
characteristics for the gasification of
bituminous coals varied significantly which in-




TABLE 11

LEVELS OF TRAGE ELEMENTS IN LIGUIDS FRSM THE QUENCH LIGUSRE
AND BY-PRODUCT TAR VERSUS WATER GUALITY STANBARDS

Public
Surfaze Irrigztion Water Liguer

Eizmant Water Water Intake Lafl

Aniimony - - — 0.1

Arsenic 6.05 e 0.1 6.2

Barium 1.0 - - G.1

Beryliom - - ) - . -

Boron i.0 0.75 1.0 20

Cedmium 0.01 0.005 0.01 T <002

Chromivm 0.05 5.0 0.05 a.03

Fluoring — - - 2

Mercury - - 6.002 0.007

Lead 0.05 5.0 0.05 0.04

Mangansss 0.05 2.0 0.00 003

Molyhdenum - 0.005 - 0.08

Nicks! - 0.5 - 6.07
[selznium 0.01 0.05 0.01 4

Vanadium - i0.0 - -

Zing 5.0 5.0 50 0.07

Copoer 1.0 0.2 1.0 G.1

TABLE 12
CHARACTERISTICS OF THE PARTICULATE MATTER ENTRAINED I LOW-BTU GAS
Collestsd by the Gyslone Mot Coliested by the Cyslons Snspended in Tar
Ash » Ash ]
Byerage Conisnt Bulk Puerage Content - Bufk . Bygrage

Coz! Tynz dp () {wt % Density dp () {wt %) Denstty do {1)
Bituminous 170 10.2 0.48 - - - 2-20
8itumingus 85 154 0.53 yiiks 104 @.31 -
Anthracite 200 47.3 0.93 <i* §4.7 - -
Lignitz

70 23.0 - - - — -

*Acalomerated
Soures: Ref 3.
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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 low-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 low-Btu
gas from coal. However, judgments on some of
these discharge 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 {H,S
and COS) is primarily dependent upon
the ash characteristics of the coal
feedstock. For example, the amount of
feedstock sulfur converted to H,S 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 to the total amount of
sulfur species in the low-Btu gas was
not highly dependent upon coal
feedstocks and remained at about

3)

0.04. This may indicate that the
mechanisms for H,S 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
low-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)

2)

3)

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
10 mole percent of the coal nitrogen is
converted to NH; in systems designed
to produce low-Btu gas for combustion
fuel.

The amount of NO, formed during the
combustion of low-Btu gas is a function
of the NH4 concentration in the product
gas and the combustion process
operating parameters. Past studies
have indicated that NO, formation
would be two to three times lower
when burning low-Btu gas compared to
burning the coal feedstock directly.
There may be significant quantities of
NH5; and HCN in the flue gases from
low-Btu combustion processes. The
current data indicate that up to 50 per-
cent of the NH5 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 low-Btu gas

~ will contain significant quantities of




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.

2) The ash produced from coal gasifice-
tion will contain very small quantities of
organice ( ~ 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 Fl
were highest in the cyclone dust com-
pared to the ash, quench 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 listed in the Federal Water Quali-
ty Standards for nearly every element.
The largest deviation was shown by
selenium at 4 ppm (400 timss greater
than the standard for surface water).

Particulate Matiter

1) The particulate matter entrained in the
low-Btu gas had different particle size
distributions, bulk density, and ash
contents. These physical and chemical
properties seemn 10 be dependent on
coal type and the gasifier operating
characteristics. These varigtions 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 comiposition of the follow-
ing streams: coal feeder and tar/liquor
separator vent gases, vapors from the forced
evaporation of spent quénch liguor, and tar
combustion gases. There are some data on the
flue gases produced during the combustion of
low-Btu gas; however, the fate of trace con-
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stituents such as HCN in these combustion
processes has not been determined. The
organic constituents in the spent guench liguor
need to be further characterized and leaching
tests for the ash and cycione dust need to be
performed.

In conjunction with further characterization
of the multimedia waste streams from low-Btu
gasification systems, methods to determine ths
health and environmental efiects of thase
streams need to be developed. These methods
will provide the goals for control technology im-
plementation and desvelopment along with
defining technologies necessary io minimizs
worker exposure io hazardous fugitive emis-
sions from these processes.
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