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Abstract

Pollutants from gasification processes are
being evaluated utilizing a small semibatch
reactor. Emphasis is placed on analyzing the
production of trace contaminants, especially
those presenting potentially pronounced toxic
or carcinogenic hazards. Research is progress-
ing in three phases: (1) Chemical screening
analyses of the scope of pollutants produced;
{2) Evaluation of controlling reactor parameters
to reduce specific compounds; and (3) Reactor
kinetics studies of first-priority pollutants.
Design and construction of the reactor facility
and initial baseline tests have been completed.

INTRODUCTION

Work was begun this year at the Research
Triangle Institute to investigate some particular
poliution problems associated with coal con-
version. The research is funded by the En-
vironmental Protection Agency/RTP. The pro-
gram has recently moved into data accumula-
tion, and the following discussion describes,
for the most part, preparation that has been
made for the experimental and theoretical
research to follow.

With the program still in the early stages,
research goals, as determined in coordination
with EPA, are being continually defined. Major
priorities of this work are, however, clear at
present. Emphasis will be placed upon the
assessment and analysis of trace poliutants
possibly associated with coal conversion proc-
esses which have received little attention in the
past. This includes particularly investigation of
many organic compounds which are associated
with carcinogenic or highly toxic properties.
Other compounds presenting potential hazards
to human health, such as some of the trace
elements, will also be included.
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When full-scale synthetic fuels plants (e.g.,
20,000 tpd of coal) are considered, even trace
constituents may be present in significant
amounts. Such plants are capable of producing
daily (1) more than 15 railroad tank cars of tars
and heavy liquids; (2) byproduct waters direct-
ly downstream from the reactor containing as
much as 340,000 pounds of ammonia, 6,000
pounds of thiocyanates, and 800,000 pounds
of pheno!; and (3) hazardous contaminants in
raw gases, liquids, or solids from the reactor
that can possibly find their way into the en-
vironment or the synthetic fuel product.

The RTI research is primarily concerned with
the nucleus of any coal conversion plant, the
reactor, which receives and evolves most of
the process streams of environmental interest.
While there are certainly other pollution prob-
lems in the gas beneficiation and cleanup
modules of a plant, the reactor is the major
source of compounds going to both product
gases and effluent streams.

As indicated in Figure 1, we are also con-
cerneded with the ash, char, particulates, tars,
and liquids in reactor outputs. These, along
with reactor inputs and product gas, constitute
the major mass flows at the front end of any
coal conversion system. Research in this area
complements (1) other efforts being directed
toward environmental control for coal conver-
sion in the Research Triangle area (discussed in
other papers at this Symposium) and (2) the in-
tensive on-site sampling and analysis, control
options evaluations, and other environmental
assessment and control technology develop-
ment being carried out by prime contractors for
EPA; see Figure 2. RTI findings will be com-
pared with EPA analyses being done on a much
larger scale, e.g., in joint programs with ERDA
or at the Kosovo, Yugoslavia Lurgi gasification
plant.

The research at RT| was prompted by several
needs and interests of the Environmental Pro-
tection Agency:

1. There has been increased emphasis on
investigation of toxic constituents in
the environment which, in many cases,
may be present in relatively low con-
centrations. This emphasis has been
fostered by more extensive and suc-
cessful cancer research and other
related health and medical studies. The
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association of oncogenic activity with
environmental causes is now widely
accepied.

Increased environmental concern in the
nalion has necessarily extended into
new areas of environmental problems.
lmproved chemical analytical tech-
nigues, which have made it possible to
quantify substances at nanogram levels
and parts per trillion concentrations,
have influeniced the increasing list of
potential pollutants. Table 1 lists some
potentially hazardous substances taken
from an investigation of more than 200
subsiances.! These are grouped in
terms of increasing hazard potential
based upon both carcinogenic and tox-
ic effects (it may be noted that some
compounds, such as SO,, are not in-
cluded when considerations of gquan-
tities in the environment are ignored).

EPA recognizes that there are large in-
ferrmation gaps concerning highly toxic
substances associated with coal con-
version. The problems, whether real or
imagined, must be verified, or
eliminated. Certainly, claims of en-
vironmenta! dangers associated with
synthetic fuels which slow the pro-
gress of the industry must be ad-
dressed. A general example of the force
of such claims is a settlement agree-
ment resulting from litigation against
EPA by various environmental
organizations. The agresment sets a
time table for new source performance
standards, efiluent guidelines and
pretreatment controls for a list of more
than 300 specific point source
categories or industries. Commonly
referred to as the Consent Decres,? this
docurnent now has been modified to in-
clude more than 100 substances which
must be addressed for pollutant con-
trol. :

Regulatory and standard setting proc-
esses are encompassing a larger
number -of pollutants. A new source
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performance standard under EPA
review would designate control levels
for suliur species and hydrocarbons in
the areas of coal gasifier lockhoppers,
coal gas purification facilities,
byproduct recovery, gas/lig-
uid separation facilities, and sour water
stripping facilities.® The fairly recent
OSHA standard for hydrocarbon con-
trol in the vicinity of coke ovens
{primarily concerned with carcinogenic
activity) set an important precedent.
This organization has also legally
established threshold limits for about
500 different substances in the
workroom atmosphere.4

Research on coal conversion reactors
and associated toxic substances is con-
sidered an important factor in develop-
ing control technologies in these areas.
Processes for direct burning of product
gases from low Btu gasifiers, followed
only by particulate cleanup, have been
proposed. Both high- and low-Btu con-
version processes often call for com-
bustion of chars and tars for process
heat and steamn. These feedstocks
must be analyzed to insure that in-
cineration will accomplish compleie
destruction of hazardous materials.

The most important control option- to
be observed at the RT! experimental
facility will be that of the reactor itself.
The concept of utilizing the reactor for
poliutant control through parametric
variations is not an original ong, buthas
received little previous development.
The Environmental Protection Agency
is interested in the idea of utilizing
process variations or modification of
process modules in order to effect en-
vironmental control. Where this is
possible, of course, redundance and/or
retrofitting of additional control
systems is avoided. It is at the same
time essential that any variations in
process operation not severely limit
production or result in unfavorable cost
tradeoifs between process variation



TABLE 1
SUBSTANCES RECEIVING TOXIC INDICATORS

X XX XXX
2-ChIoro-2,3-epoxypr_opane N-Nitrosodimethylamine 4-Nitrobiphenyl
Formaldehyde N-Nitrosodiethylamine Dibenzo(a,h)anthracene
Acrolein Ethyleneimine Benzo(a)pyrene
Phthalic acid Diazomethane Alkyl Mercury
Monomethyl hydrazine PCB’s Beryllium
Aminotoluenes ‘ 4,6-Dinitrocresol Arsenic
2-Aminonaphthalene Benz(a)anthracene Arsine
4-Aminobiphenyl Dibenzo(a,i)pyrene Arsenic Trioxide
1-Aminonaphthalene 3-Methylcholanthrene Selenium
N,N’'Dimethylhydrazine Tetramethy! lead Chromium
a-Chlorotoluene Thallium Cadmium
1-Chloro-2-Nitrobenzene Lead Mercury
1-Chloro-4-Nitrobenzene Hydrazine

2,4-Dichlorophenol Phosphorus

2,4,6-Trinitrophenol Phosphine

Anthracene Antimony

Chrysene Antimony Trioxide

Dibenzo(b,def)chysene Ozone

Benzo(b)fluoranthene Cobalt

Pyridine Nickel

Dibenz(a,j)acridine Silver

Dibenz(a,h)acridine Uranium

Dibenz(c,g)Carbozole

Tetraethyl lead

Organotin

Nickeocene

PPAH (Collective)

Lithium

Lithium hydride

Barium

Germanium

Bismuth

Hydrogen sulfide

Tellurium

Vanadium

Nickel carbonyl
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and simply adding control tech-

nologies. '

B. Benszfits may sccrue through operation
of a small and versatile systsm where a
number of system variations can be
assessad inexpensively. The bench-
scale approzch developed is quite flexdi-
ble, allowing changes in the course of
research where indicated to be pro-
fitable. This avoids the difficulties and
expense incurred in .atiempting the
same gpprogch with a pilot- or full-
scale unit and allows rapid response to
rezssessad needs and prior results.

€. Finzally, some facets of this program
marX a continuation of an earlier project
supported by EPA in the area of reac-
tion kinetics associated with coal con-
version.® The main emphasis of this
‘pravious work was on desulfurization
kinstics and involved a nonisotharmal
approach which will be followed up on
a broader scale. This approach holds
some promise and could produce at
least some predictions of probabilities
of formation for compounds of intersst.

RESEARCH APPROACH

The research program is intended to progress
in the three complimentary phases: scresning
studies, parametric contro! evaluations, and
reaction kinstics ressarch.

The first phase of efforts, scresning studies,
will be first associated with broad qualitative
chemical analyses of a large number of com-
pounds produced during gesification reasctions.
‘Attempts will be made to gasify a varisty of
U.S. cosals through & range of reactor condi-
tions, primarily to provide the opportunity for
production of practically any substance which

rnight be associated with gasification. It is.

probable that up to 300 different compounds
will be screened following many of these tests.
Qualitative screening, which will emphasize
detection of the presence of thz higher

‘rmolecular weight organics already mentioned

and particular compounds designated as hav-
ing high toxic potential. The screening will also
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produce relative quantifications for selection of
particular compounds that are présent in gross
enough quantities to warrant further investiga-
tion. Work wili also be concernsd with the
isolation of chemical groups, such as
polynuclear aromatics. - ,

Screening studies will then move into the
quantitation of selected compounds which,
because of their relatively high concentrations
balanced with their health hazard potential, are
specified as important gasification pollutants.
Confidence in this approach will be built
through reproduction of the same substances
under similar conditions while utilizing more
specific and rigorous analysis.

Figures 3a and 3b (Figure 3a is an overlay)
demonstrate one approach for estimating the
amount of sample which must be takeri from
the products or byproducts from the gasifier to
insure that possibly hazardous pollutants have
besn detected at levels which may bs en-
vironmentally significant. Parameters taken in-
to consideration include: i

1. For a full scale plant—average stack
heights, average wind speeds and
weather conditions within the U.S.

" {primarily based on the states with high
coal reserves), plant production (a
20,000 ton/day of coal plant was con-
sidered here), and a maximum concen-
tration for any specific pollutant
calsulated using a dispersion model.

2. For the experimental setup—test dura-
tion, amount of coal input, duration of
the sampling period (variable), and the
percent of product/byproduct stream
‘sampled during the same period
{variable). The latter were multiplied to
form a composite variable. .

3. For the potential poliutants—an
estimated permissible concentration
(variable} has been derived for over
200 potential pollutants from fossil
fuel processes.! Paremeters involved in
the derivation of these permissible con-
centrations (which in this case only in-
cluded EPC's for ambient air consider-

- ing effects on human health) were
threshold limit values, LDgg's and
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Figure 3a. Compounds ordered on basis of EPC and sampling required.
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Figure 3b. Sampling required for proper environmental assessment.



human breathing rates, or in some
‘cases, carcinogenic potential, human
consumption rates, or ecological ef-
fects.

The overlay with Figure 3 shows those
pollutants which fall into a specific sampl-
ing—i.e., sample percent ranges associated
with their particular estimated permissible con-
centrations. These sampling ranges are further
subdivided by the parameters of the experimen-
tal tests that are possible with the RTI synthetic
fuels reaction system.

An important part of both qualitative and
quantitative screening will be the development
of improved analytical techniques for analysis
of coal conversion products and byproducts.
{Developments to date will be discussed in
another paper at this Symposium.)

Throughout testing, quantitative meas-
urements will be made on-site of fixed gases,
sulfur species, and hydrocarbons up to Ce-
These analyses will be made by gas
chromatograph and, at a later date, continuous
gas monitors for the major product gases
associated with gasification.

The second phase of research, concerned
with parametric studies, involves application of

the gasification reactor to the control of poten-
tial pollutants. Parameters to be considered for
investigation include those listed in Table 2. To
these could also be added the parameters of
bed type (fixed, entrained, fluidized) and reac-
tor type (batch, semibatch, plug flow, mixed
flow) which should receive attention as
research progresses. A statistical approach for
optimization of parametric combinations to
minimize the number of tests required while in-
vestigating all possible influences is currently
being undertaken,

Results from parametric testing will be con-
tinuously compared with those from chemical
analyses so that influential variables can be
more extensively assessed as testing pro-
gresses. It is obvious that, uniess the test plan
is directed by previous engineering data , the
number of tests could burgeon to orders of
103-104.

Other researchers® have noted the influence
of different reactor configurations on the pro-
duction of byproducts of possible environmen-
tal significance. Results of this nature are
scarce, however, and extrapolations are dif-
ficult. The literature’-®?.19'! describes some
established effects of the variation of reactor

' ‘ TABLE 2
POSSIBLE REACTOR PARAMETERS

COAL TYPE
GRIND SIZE

GASES
COMPOSITION
FLOW RATE

STEAM

PRETREATMENT

CATALYST
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conditions on major gasification kinetics, Some
examples follow:

Pretreated chars may be several orders of
magnitude less reactive in terms of oxidation
than raw or mildly pretreated coals. The rate of
the endotharmic reaction

C + Hy0 - CO + H,

varies widely for different coals. Char-CO,
gasification and hydrogasification contribute
lititle to coa! conversion in low pressure
steamn/oxygen gasifiers. High temperatures
favor CO production in the exothermic water-
gas shift reaction, while hydrogen is more evi-
dent at lower temperatures. Conversion of coal
sulfur to gaseous species is a rate-limited
phenomenon, and is generally promoted by
conditions that lead to high carbon conversion.
Product distribution through pyrolysis or
volatilization is a strong function of both the
final reaction temperature and the time taken to
reach it. For example, at high heating rates on
the orders of 10,000-50,000° C/s—rates
typically attained in continuous fluidized bed
end entrained bed gasifiers—the yisld of
volatiles at a given temperature and the tar-to-
gas ratio of the product are both higher than at
lower heating rates. Packed beds, larger par-
ticles, and elevated gasifier pressures tend to
diminish yields of tar and augment yields of
char and light hydrocarbon gases during
pyrolysis. Observations indicate that char, in
general, is less reactive than carbon in
nondevolatilized coal in reaction with such
species as steam, oxygen, or hydrogen.

Another factor, which can be particularly im-
portant in an experimental nonproduction
systemn such as the RTi reactor, is that of
nonsteady state conditions. Also, steady-state
production of major gases {CO,, CO, Hy, CHy)
is not an assured indication of a steady output
of trace constituents.

Possible relationships of formation prob-
abilities to process parameters will be further
evelusted in the kinstics phase of the RTI
studies. Some tests in this phase will include:

1. Development of analytical methods,

2. Ascertaining appropriate level of
stratification of pollutants,

3. Conducting experimental nonisother-
mal tests, and
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4. Reduction, tabulation, and analysis of
data and application to pollutant reduc-
tion.

Data obtained through the noniscthermal
measurement technique is applicable to any
chemical reaction. Nonisothermal techniques
are somewhat controversial, and options for
reverting to isotharmal studias will be retained.
In the analysis of coals and coke, nonisother-
mal measurements are advantageous because,
in isothermal studies, the large effect of heating
to a given reaction temperature is controlling
the competing reactions and consequently the
results. For the nonisothermal method, the
reaction rates are to be studied at a
preprogrammed rate of heating of the sofid
samples. : :

Figure 4 depicts the reaction velocity con-
stants for the decomposition of hydrocarbons
and petroleumn fractions associated with
petroleum refining. On this figure is superim-
posed the typical reaction velocity curve as a
function of temperature obtained from some
previous studies utilizing nonisothermal reac-
tion kinetics. It is obvious from this simple ex-
ample that if the reaction velocity can be ob-
tained as a function of temperature, the
operating conditions can -be selected to favor
the desired reactions and to minimize the
undesired ones.

One theoretical procedure for obtaining
changing concentration (for first order kinetics)
as a function of temperature is given in equa-
tions below.

dv

E
—=kylexp ~ —1(V; — V)
dT RT
i1 = X, ~dt=dX -
T
1
dt = 2dT
-4
t"T+C'
- 1 K
T= %=1 -t
v -—koexp(—-—x)dx
Vi -V
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This approach, properly conducted, permits
the simultaneous determination of the sets of
two parameters in the typical Arrhenius expres-
sions for the reaction velocity constants for

Intercept

/

)

\If"\,

In (~1n

slope =

pollutanis of interest. An example of a plotfora
first order test is shown in Figure 5.

Knowledge of the kinetics of formation can
be utilized to suggest changes in the operating
conditions of a synthetic fuels convetsiea
system to minimize pollutant formation. Such
changes can then be confirmed, for example,
on the RTl gasifier. The results from the use of
chermical reaction theories will be related to the
corresponding experimental and chemical
analytical studies.

Although the thermodynamics and kinetics
of coal pyrolysis, gasification and desulfuriza-
tion have received attention, these areas are
still not well defined. Complexitiess of the
materials and the reactions involved make a
unifying theory most elusive. Descriptions of
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0
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Figure 5. First-order test plot.



devolatilization have, for the most part, treated
the combined volatile fractions. This
necessitates such approaches as Gaussian
distribution estimation of the activation
energies, semi-empirical results for determining
rate constants, mean activation energy and
standard deviations, and some rather com-
plicated rate expressions. Devolatilization rate
may be controlled by kinetics or mass and heat
“transfer, and the product distribution is often
provided by coupled effects. Also, reactive
volatile products such as tars may undergo
secondary cracking or polymerization reac-
tions.

For gasification, mechanisms and rates of the
reactions involved have been postulated. Rate
laws of the Langmuir type and also more
simplified forms have been proposed for the
primary carbon/steam mechanism. Van-
Fredersdorff and Elliott” have proposed a
Langmuir-Hinselwood rate law given by equa-
tion

PCO PH,0
k PHaPCOp ~
1 + KpPCO5 + KgPCO

Wen'2 yses a simpler form of the rate law, a
reversible second order expression.

A literature survey has been carried out to ex-
plore these and other efforts describing coal
gasification kinetics, including the reactions
leading to the generation of H,S, CS,, and
COS. While these studies provide some ex-
emplary approaches to solving reaction kinetics
problems, it is recognized that the same ap-
proaches may not be applicable to formations
of trace constituents of interest and that indeed
problems involved in the latter effort may be
much more difficult.

IMPLEMENTATION OF APPROACH

The unique requirements of the program
have demanded extensive additions of hard-
ware, facilities, and analytical equipment. The
opportunity of close coordination with the En-
vironmental Protection Agency and familiarity
through previous programs with the en-
vironmental problems of coal conversion proc-
esses have facilitated progress.
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Attempts have been made initially to avoid as
many problems as possible. initial testing will
investigaie the gasification area of fossil fuels
conversion anly. A simple experimental system
has been devised that is much less complex
than a full-scals plant design yet, hopefully, of-
fers good approximaztion of the reactor opera-
tion of such facilities,

The coal conversion reactor, Figure 6, top-
ped by the tubular coal fead hopper, extends
only approximately nine feet in height. Under
operating conditicns, the reactor is encased in
a vertical furnace which allows preheat of inter-
nal inert gases or reactor wall heating of the
coal bed and gases during reaction.

The reactor operates in a semibatch
mode —i.e., the entire charge of coal to be
gasified is injected into the reactor, and steam,

Figure 6. Gasification reactor.




glong with other gases, is continuously passed
through the bed during a test run. Such an ap-
progch obviously relieves the experimental
work of the complications of continuous coal
fesd and ash/char removal. Consequently a
porous,temperature-resistant ceramic flow
distributor, Figure 7, which supports the coa!
bed in ths reactor itsalf, is situated in the reac-
tor. This allows 2 reasonably homogenous
fixed bed or, on the other hand, a truly fluidized
bed as opposed to many of the suspended or
highly entraining beds associated with many
pilot-scale processss. The flow distributor is
designed to eliminate channeling around the
circurnference and to present @ pressure drop
conducive to optimized fluidization should the
reactor bz operated in this mode.

Coal beds in the reactor are fixed at present.
It is hoped that reasonable results and simula-
tions can be obtainad with fixed bed reaction
since this will eliminate the modeling dif-
ficulties associated with fluidized beds, e.g,,

| SO

—

bubbling. The primary concern is to simulate
the reaction history of coal particles introduced
into gasification reactors, particularly those
phases which might be most closely associated
with the production of contaminants. These
phases include (1) surface evaporstion of
volatiles—probably zerc order, low activation
energy; (2) diffusicnal evaporation of
volatiles—probably first order, low activation
energy; (3) surface cracking—complex order,
high activation energy; and (4) organic sulfur
decomposition and removal—two ranges, first
order, high activation energy. A comparison of
the differences batwesn continuous and batch
feed in terms of coal particle history and reac-
tion analysis is given in Table 3.

While investigating soma of the fundamental
questions associated with the possible produc-
tion of toxic materials in this experimental
gasifier, it is at the same time essential that the
experimental procedures offer a real approx-
imation of gasification processes which exist or
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TABLE 3
COMPARISON OF REACTOR CHARACTERISTICS

BATCH

CONTINUOUS

FEED MATERIAL REQUIRED

ONE REACTOR VOLUME

MANY REACTOR VOLUMES

LENGTH OF RUN

ABOUT 1 REACTOR TIME

MANY REACTION TIMES

BEST APPLICATION

EXPERIMENTATION

PRODUCTION

INDEPENDENT VARIABLE TIME DISTANCE; AND TIME
(CHEMICAL REACTIONS) UNTIL STEADY STATE
TYPICAL RATE EQUATION g—:= KI[T(t)] c(t) Ug——i= K[T{x}]elx)

USUAL MEASUREMENTS

c(t)

catx=o0;x=1L




have been proposed for operation in the United
States. The laboratory gasifier has been design-
ed to cover a wide range of operating condi-
tions to provide some sirmulation of large-scale
gasifiers. Mass ratios of gases or steam to coal
ratios, internal pressures, reactor gas and coal
bed temperatures, bed types, particle sizes,
and other paramsiers can be matched. The
reactor is presently intended to gasify up to
two kilograms of coal (noncaking or pretreated
coals), and operate in pressure ranges from am-
bient to 1,000 psig {(depending upon
temperature) and temperatures to 18950° F.
Nominal testing ranges at present are 200-300
psig, maximum temperatures to 1900° F, and
coal masses of less than one kilogram.

All gas flow and pressure control is maintain-
ed at a single control panel. Steam generation
and steam superheating 1o injection
temnperatures (up to 1500° F} are accomplish-
ed through a series of remotely controlled fur-
nances fed by high-pressure, low-flow meter-
ing pumps.

Temperature conirol w:thm the reactor itself
is accomplished in one of two ways:

1. Controlling the level .of oxygen flow .

and, therefore, combustion within the
coz! bed, and/or

2, Varying current supply to the remotely
controlled vertical furnace and s
separate sirip heater near the top
flange of the reactor.

internal temperatures are measured in the
reactcr in the axial direction during testing. Ver-
tical temperature gradients scheduled for
observations are quite possibly an important
parameter in the generation of particular
gasification contaminants. Provision has been
made for remote control of the three zones of
the vertical furnance utilizing a Datatrack pro-
grammer. This allows graphical inputs describ-
ing a desired temperature prafile to be followed
during test runs. Therefore, during nonisother-
me! kinetic studies, a temperature profile can
be selected to eliminate nonlinearities in the
solutions to proposed rate equations and allow
simplified extrapolation and solution for rate
constants and activation energies.

An operational schematic of the mechanics
of the experimental laboratory gasifier system
is shown in Figure 8.

Product gases from the gasifier pass through
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a series of traps designed to eliminate par-
ticulates, tars, water, and other condensates
before the gases pass to the gas sampling train.
Substances remaining in the traps are analyzed
primarily by GC/mass spectrometry and high
pressure liguid chrematography.

The RTl sampling train in use at present is
shown In Figure 9. Discrete gas samples are
currently being taken for on-site analyses by
gas chromatography of fixed gases (N,, O,
CO, CO,), sulfur species (e.g., H,S, COS), and
hydrocarbons (less than Cg). On-site con-
tinuous gas monitors will be added in the near
future for fixed gases and methane. This is, of
course, most important to assure reasonable
simulations by the laboratory reactor of real
gasification processes. Heavy organics and
other constituents are being adsorbed by XAD,
and Tenax cartridges. The XAD, cartridges are
sufficiently large to allow passage of the entire
product gas stream through them throughout a
test to provide an integrated sample of all con-
taminants, while the Tenax cartridges are
valved to be individually selectable so that
sampling may also be associated with discrete
test times.

The sampling system is presently con-
structed of stainless steel. A glass sampling
system is being planned.

All sampling and analysis areas are contamed
under ventilated hoods. The entire reactor
facility area has been well ventilated to prevent
worker exposure to hazardous contaminants.

Ari on-site signa!l processing unit has been in-
cluded to manage both the large amount of
data from the numerous sensors included inthe
experimental system and that data from on-site
chemical analysis. This unit includes a 64 K
core with compatible disk storage. Rea! time
functioning is included which will allow reactor
and sampling system control, automatic safety
shut-off and on-line analysis during test
periods. Al data will be processed, stored, and
analyzed through this system. The signal proc-
essing unit is backed up by multipoint and
analog strip chart recorders and digital
displays. ’

INITIAL TESTING

Experimental evaluations have just begun us-

v ing the reactor system. A period of pregasifica-



9ge

rY-3

1RANSDUCERS ¥2
1,000 PSIG 3]
I
ASHCAOFT P THERMO-
01,500 PStQ FE  COUPLES
10 PSIG GRADUATION S1 OMEGA
52 TYPE K
©.1,000 PSIG HEISS, CM-19741, § PSIG GRADUATION  §3
ASHCRQFT 01,000 PSIG, 10 PSIG GRADUATION st
a1
TESCOM 441100 n2
"I
TESCOM 28.1727.24 M43 ne
FIKE RUPTURE DISK 450 PSIQ RS FROM PCV -1\
RELIEF VALVE ADJUSTABLE D350 PSIG NUPRO e
TYLAN 01,000 SCCM 0
TYLAN 0.10 LM 3 F3| g {rt
TYLAN 0100 SLM A |nz
e k2| 5 3
¥ Re
o1
a s 38 R
TO DRAIN FURNACE WSS
2 <2 3 PSE-)
(. L el e
Iy
SIGHT aLass E pav-t
. £
34 o
L L FURNACE b
I st
m T8 VENT
&, P
e Ly
LN | Eal
P1-9
STEaN aas

%
H® ®

__9*__

:

-
>
9@ — )
3
pev -1
ACTUATOR Pov-2
3 ]
L, worenn
- et
b W
!
S

\ TO HOPPER BALL VALVE ACTUATOR

Figure 8. Process schematic

FLOW METERS




AA

Tenax
Cartridge
Sampling

Ports

Tenax
Cartridge
Sampling

- Ports

WATER - IN
WATER OUT

Figure 9. Gaseous sampling manifold.




tion testing has included the following:

1. Calibrations of pumps, flow meters,
thermoccuples, pressure transducers,
gas chromatographs, temperature con-
trollers, digital displays, strip chart
recorders, furnace responses, gauges
and metering valves.

2. Heat up tests for steam generation,
reactor internal temperature control,
and particulate, tar and condensate
trap temperature control.

3. Overall system flow tests using inert
gases, and pressurization of all system
modules.

4, Evaluation of radial temperature pro-
files within the reactor at various gas
flow rates and flow distributor posi-
tions.

5. Fluidization tests in a plexiglass ‘‘reac-
tor’” with various coals of different
mesh sizes.

The first reactor tests have been carried out
primarily to ascertain the proper functioning of
the system and the logistics of the sampling
and analysis techniques. To facilitate matters,

a Western Kentucky FMC char, low in volatiles
and free-swelling index, has been used. A first
test took a 175-gram sample of this char to
nearly complete combustion with about 43
grams of ash remaining at the end of the test.
Char-ash analyses are given in Table 4. Both
air/coal and steam/coal mass ratios were near
1:1 to begin with and, air flow was increased at
discrete intervals over the two-hour test.
Temperatures did not exceed 800° C.
Chemical analyses were not done for the prod-
ucts of this test.

A second test included much less complete
reaction of the char, about 67 percent. Some
gross chemical analyses done on the products
of this test indicated lower carbon monoxide
and higher hydrocarbon yields, which would be
expected to be associated with the lower reac-
tion temperatures of this test. Gas production
was still increasing at the end of the sampling
period, indicating that steady state conditions
for gasification were not reached. Results from
these tests remain qualitative, and more de-
tailed assessment remains to be done. One in-
dication from these and other tests is that inter-

TABLE 4
CHAR/ASH ANALYSES

Char Ash
Analyzed For Sample Air Sample AlC
BTU/1b. 11,090 570
Moisture, % 1.0 0.9
Ash, % 19.7 91.0
Volatile Matter, % 7.8 6.9
Fixed Carbon, % 71.5 1.2
Sulfur, % 1.8 0.2
Carbon, % 74 .02 13.82
Hydrogen, % 1.48 0.82
Oxygen, % 1.7 <0.1
FSI <1.0 <1.0
Ash Fusion Temp. 2,600 2,610
Nitrogen (TKN), % 1.3 0.3
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nal reactor temperatures could be reasonably
controlled by varying power input to the sur-
rounding vertical furnace. Therefore, a more re-
cent experiment investigated gasification of a
small amount of char, 175 grams again, in the
absence of combustion.

This last experiment was carried out utilizing
the Detatrack programmer to provide a ramp
function for control of vertical furnace
temperatures. Furnance and reactor
temperatures were initially increased to approx-
imately 700° C before char was injected into
the bed. Steam was continuously passed
through the bed following injection. Steam
flow was supplemented by a carrier gas (N5) to
improve flow and temperature stability of the
injected steam.

It has been demonstrated in all tests that heat
conduction and gas flow convection through
the bed allow reasonably short heat-up times to
increase char bed temperetures to those
originally in the preheated reactor. Increased
flow through the bed has been demonstrated to
shorten this heat-up time. Internal reactor and
coz! bed temperatures were also demonsirated
in the last mentioned test to closely follow the
signa! input for signal temperature control from
the Datatrack program. These results are
shown in a general fashion in Figure 10.

Few problems have been encountered to
dzte in this simple and low risk system design.
Some recognized problems, however, have in-
cluded the difficulty of flow control at very low
rates (for example, less than 1 standard liter
per minute) and high pressures, placement of
the flow distributor within the reactor which
will completely prevent channeling and conse-
quent oxygen breakthroughs, coordination of
metering vaive controls with back pressure
regulation at very low gas flow rates, place-
ment of sufficient thermal insulation in small
spaces where high heat losses are possible,
maintaining upper reactor temperatures to pre-
vent condensation of exit gases before passage
through the proper traps, and maintaining
superheat steam temperatures at very low flow
rates. Most of these problems have been
solved, all or in part.

239

PLANNED RESEARCH

During the final quarter of the first year of
research, several brief tests are planned which
are concerned with improving system con-
trollability as indicated by results from early
gasification tests. Reevaluation of system com-
ponents is also being carried out.

As soon as confidence has been developed in
the capability of the RT! reactor to provide
reasonable simulation of coal gasification
characteristics, a second phase of gasification
testing will be entered. Different coals and
reactor parameters will be used, and extensive
screening evaluations of all products and
byproducts will be carried out. Intentions are at
this time to begin with a representative eastern
coal (e.g., Kentucky, lllinois, or Pittsburgh).
This coal will be of ‘a reasonably large mash size
such as the 10 py 80 char size used to date.

Testing on the eastern coal will be fellowed
by gasification of a western subbituminous
coal such as Montana Rosebud. Again, a large
mesh size will be used. Both coal samples will
be gasified during separate tests at tweo dif-
ferent temperatures. Future comparisons will
be made with real gasification processes.

Further tests will be carried out using smaller
mesh sizes, This will be done first to evaluate
the cecal supply system with these sizes,
secondly to investigate bed flow through or
fluidization problems, and finally to examine
the effects upon pollutant production.

All future plans are dependent upon direc-
tions from the Environmental Protection Agen-
cy. Some likely improvementis wiil include in-
house coal preparation including grinding and
screening and possibly in-house sample
analyses to include proximate, ultimate, and
more intensive analyses. It was mentioned
previously that continuous gas monitors will be
added to give real time assessment of product
gases. A number of safety features and alarms
are planned. Preliminary investigations haves
been begun into utilizing gamma ray detection
for measurement of fixed or fluidized bed levels
within the reactor. Hopefully, in-house
pretreatment of caking coals will be added.
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Some extensions of the research discussed
which seem potentiglly valuable:

1.

Simplified experimental reactions to
provide better correlation with
theoretical analyses, e.g., reaction of
thin cog! wafers to provide a one-
dimensional approximation and the
observation of the action of very small
coal samples in conjunction with ther-
rnogravimetric analysis tied to con-
tinuous mass spectromery.

2. Investigation of byproduct or contami-

nant production following the incinera-

tion of gasifier tars and chars.

3. Continuous coal fesd to the reactor to

evaluate discrepancies produced by
this method with the results obtainsd
during batch operations.

4. Determination of the effects of fluidiza-

It

tion and entrainment on the production
of toxic or other trace constitutents
presenting health hazards.

E. Comparison of contaminants analyzed

for and samples taken from different
regions of the coal conversion reactor.

is hoped that the present and future -

research plans described will begin to produce
somie profitable scientific results in the upcom-
ing year and be made available to those in-
terested in coal conversion. ltis also hoped that
these results will alleviate concern over en-
vironmental problems associated with coal
utilization.

1.

REFERENCES

J, G. Cleland, and G. L. Kingsbury,
Muliimedia Environmental Goals for En-
vironmental Assessment, Research
Triangle Institute. Draft of Environmental
Protection Agency, January 1977,

Settlement Agreement and the U.S.
District Court for the Disrict of Columbia,
Civil Actions No's. 2163-73, 75-0172,
75-1698, 75-1267. Defendents En-
viranrental Protection Agency, plaintifs

241

10.

11.

12.

Natural Resources Defense Council, Inc.;
Environmental Defense Fund, Inc.;
Businessmen for the Public Interest. Inc.;
National Audubon, Inc.; Citizens - - Bet-
ter Environment. Agreement e.zecute 1 on
June-7, 1876.

. J. G. Cieland, “‘Environmental Assess-

ment and Regulation for Coal Conver-
sion,’’ Presented at the Third Annual Con-
ference on Coal Utilization, University of
Pitisburgh, 1977.

U.S. Department of Labor. Occupational
Safety and Health Standards. Toxic and
Hazardous Substances. Title 29, Cods of
Federal Regulations, Part 1810.1000. Air
Contaminants. May 18765.

A. L. Yergey, et al., Gasificaiion of Fossil
Fuels Under Oxidative, Reductive, and

~ Pyrolytic Conditions. Prepared by Scien-

tific Research Instruments for the En-
vironmental Protection Agercy, PB
228-668, EPC-650/2-73-( 42,
December 1973. '

D. V. Nakles, et al., “Influence of Syn-
thane Gasifier Conditions on Eff uent and
Product Gas Production,”” U.3. ERDA
Technical Information Center. Decer \ber
18765.

C. G. vonFredersdorff, and M. A. F'liott,
"*Coal Gasification,”” in Chemistry oi Coal
Utilization, Supplementary Volume, 14 H.
Lowry, ed., Chapter 20, 1963.

8. J. Stinnett, D. P. Harrison, and R. W.

~ Pike, “‘Fue! Gasification, Prediction of

Sulfur Species Distribution by Fres Energy

Mineralization,”” Env. Sci. Technol. &,

441, 1974,

J. Fischer, R. Lo, 8. Nandi, J. Young, and
A. Jonke, ANL-75-77, 1875.

D. B. Anthony, and J. B. Howard, ‘*Coal
Devolatilization and Hydrogasification,”
A.LC.h.E. J. 22, 625, 1976. )
R. L. Zahradnik, and R. A. Glenn, Fuel 50
77, 1871.

C. Y. Wen, ‘“Optimization of Coal
Gasification Processes,”” EPA Report PB

23B-783/95T, April 1972.




