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Sampling, Analysis and Characterization of Effluents from the
Grand Forks Energy Research Center's Slagging Fixed-Bed Gasifier

Leland E. Paulson, Harold H. Schobert, and Robert C. Ellman

Grand Forks Energy Research Center
Grand Forks, North Dakota 58202

INTRODUCTION

The Grand Forks Energy Research Center is operating a slagging fixed-bed coal
gasification pilot plant. The pilot plant was previously operated from 1958 to 1965
to establish operability of the slagging method of ash discharge and to evaluate
process parameters {1, 2). Operation was resumed in April 1976 with the major
objectives being to study the effluents produced in gasification. In this report,
methods currently used at GFERC to sample and analyze effluents are presented and
results are related to gasifier operation.

GFERC GASIFIER

A flowsheet of the GFERC pilot plant is given in Figure 1. Recent publications
(3-6) have discussed the test equipment and procedures in detail. A brief summary
will be provided here.

The test coal is introduced into the gasifier through a lock hopper. As the
coal descends through the shaft, it is heated by the countercurrent flow of hot
gases coming from the reaction zone. Drying, devolatilization, and gasification
occur in distinct zones in the coal bed (7). The coal is reacted with a steam-
oxygen mixture which is injected into the hearth. Gasification occurs at tempera-
tures of 2800-3100° F, completely consuming the coal and leaving only slag. The
molten slag drains continuously into a water quench bath. The gas enters a
recycled Tiquor spray washer where water vapor, tars, oils, and dust are removed.
The accumulating 1iquids are periodically drained into an atmospheric holding tank.
The gas is further cooled, sampled, depressurized, demisted, metered, and flared.
A typical gas composition is 58% CO, 29% H2, 5% CHg, and 7% COz, with small amounts
of C2-C4 hydrocarbons.

COAL TESTED

A1l tests described in this report were performed with Indian Head lignite
obtained from the North American Coal Company mine in Mercer County, ND. The
moisture content of the coal as mined ranged from 35 to 37%. Due to moisture loss
during handling and storage, the moisture content of the coal tested ranged from
23 to 30%. Table 1 shows a typical analysis for as-gasified coal and the range of
observed analyses.

SAMPLING METHODS

Collecting representative and reproducible samples of effluents produced by the
gasifier presents special problems because the system is under pressure and the
streams that are sampled contain a multiphase combination of gas, water and organic
vapors and/or aerosols, and entrained fuel particles. At GFERC several sampling
methods and procedures are being developed to address these problems. These
include; collecting a composite of the total liquor generated during a run,
periodically collecting samples of recycle liquor circulated through the spray
washer system, and by using sampling trains attached to product gas stream.

Figure 1 shows the location of the sampling points.
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Composite samples of tar and water produced during the entire test are collected
from the liquor accumulated in the holding tank after phase separation and weighing.
Component concentrations and quantities of water collected are corrected for system
start-up water.

The recycled condensate liquor is sampled at each coal charge which represents
a timed data period. The mass production rate and concentration of each component
generated are determined by differences in 1iquid analysis and inventory between
samp1ings.

Schematics of three sampling trains are shown in Figure 2. Each of these units
operate slightly above atmospheric pressure and remove condensibles from a side
stream of raw gas produced by the gasifier. Sampler I is a four staged heat
exchanger. Tar is collected in Stage 1 (maintained at 212° F), Stages 2, 3, and 4
cool the gas progressively to 32° F and condense and collect water and 1ight oil.
Gas flow rate to the sampler is less than 1 pct of the total gas produced. The
first stage of sampler II is a cyclone which removes tar. In Stage 2 and 3 water
and o0il are removed by heat exchange which cools the gas to 40° F. This sampling
system will be fully described in a separate publication in the near future.
Sampler III consists of four steel impingers in series immersed in an ice bath. A
fourth system using on-line gas chromatographs to measure mass rates of water and
tar in product gas is under development, and will also be described in a separate
publication.

ANALYTICAL METHODS

The dissolved solids, specific gravity, pH, alkalinity, ammonia, and sulfide
content are determined by wet chemical methods described in the literature (8).
Instrumentation includes a Hach model 16500 reactor for chemical oxygen demand
(COD), a Beckman model 915A total organic carbon (TOC) analyzer, and a Leco model
532 total sulfur analyzer. Organic species are identified using a DuPont 491B mass
spectrometer (MS).

Although a large body of literature exists regarding the preparation,
preservation, and analytical methods for liquor samples, it appears that, at least
to an extent, the effluent generated by each gasifier is unique, requiring slight
modifications to existing analytical procedures. For example, experience at GFERC
has shown that wet chemistry procedures for sulfide and cyanide as reported in the
literature have not given satisfactory precision. The modified analytical
procedures developed at GFERC will be detailed in future publications. A
cooperative program with Carnegie Mellon University is in progress in which the
accuracy and precision of most of the procedures used at GFERC will be studied.

The reproducibility of the procedures for analyzing tar-free liquor is shown
in Table 2. Each test is run on aliquots, treated identically before analysis.
Table 2 shows the replicate values, the average, standard deviation, and coefficient
of variation (9). Coefficient of variation is 10% or less, indicative of good
reproducibility, for all tests except COD, for which the value is 13.6%. The
reproducibility of MS analysis for tar has been reported previously (6).

EFFLUENT PRODUCTION

The mass rates of water, tar, ammonia, and TOC produced during seven gasifi-
cation runs are shown in Table 3. These runs represent a range of operating
pressures from 100 to 400 psi, oxygen rates of 4000 and 6000 scfh, and coal
moisture contents from 22 to 30%. The oxygen/steam molar ratio was 1.0. Mass
rates were separately calculated from data from the composite samples, recycle
liquor samples, and side stream samplers I and II. For each run the composite
consists of a single sample representing the entire run. Depending on run
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organic material, while the remaining fraction consisted of heavier organic
components. If a sample is filtered with a .45 micron millipore filter, most of the
material of mass greater than xylenol will be removed.

Tar Composition

The MS analysis of tar from RA-21 is shown in Table 6. Shown in the table is
the analysis of tars from side stream samplers I, II, and III and from the composite.
Results indicate that the MS analysis of the tars collected in the various samplers
was similar and that the composition of tar does not greatly change during the run.
Additional analytical data of the tars can be found in reference (6).

FUTURE PLANS

The pilot plant facilities are being upgraded with the objective of achieving
5 day continuous operation and the capability of gasifying caking bituminous coal.
If a higher gas offtake temperature occurs in bituminous coal gasification as
expected, revision of sampling methods will be required.

The use of dedicated samplers to collect a specific effluent constituent will
provide improved characterization. For example, future installation of an isokinetic
sampling system incorporating filter and impinger trains will allow collection and
characterization of the dust in the gas stream. Similarly an impinger train
containing an appropriate acidic collector and a preservative will be used for
sampling ammonia.

The development of methods for measuring trace element constituents in gas,
liquor, and tar is an area in which future work is planned. The trace constituents
consist of metallic elements such as mercury, arsenic, and antimony; sulfur compounds
such as carbonyl sulfide, carbon disulfide, and mercaptans; and non-metallics such
as selenium, chlorine, fluorine, and phosphorous. As sample preparation methods are
developed, it will become possible to calculate material balances for the various
trace elements and to determine the fate of those compounds in the gasification
process.

Proper design of downstream gas-1iquor-tar separation and treatment systems
will require knowledge of the physical properties of the effluent streams as well as
their chemical composition. Thus determination of viscosity, density, and other
scalable physical properties represents another area in which work is needed.
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duration, the recycle liquor data is derived from up to seven data periods, each
representing the time interval between coal charges. The data from each side

stream sampler represents up to three samples, each collected over three data periods.

The results are influenced by inaccuracies of analytical procedures, Timitations
in duration of gasifier operatirig time, and difficulties in accounting for system
water inventory during the test period.

A comparison of mass rates calculated for a given run from data for the
composite, recycle, and side stream samples generally shows consistency between
the sampling methods. For example, for run RA-12 the mass rates in 1bs/ton maf
coal gasified range from 988 to 1059 for water, 6.9 to 7.1 for ammonia, 9.4 to
10.4 for TOC, and 70 to 80 for tar.

Replication between tests run at the same conditions is shown by comparing
RA-11 and -12, both run at 200 psi, and by comparing RA-14 and -16, both run at 400
psi. A1l of these tests were run on lignite with moisture that ranged from 24 to
26% and at an oxygen rate of 4000 scfh. The pounds of ammonia produced per ton maf
coal ranged from 6.1 to 7.6 in RA-11 and from 6.9 to 7.7 in RA-12. The pounds of
tar produced per ton maf coal was 70.6 for RA-11 and ranged from 69.6 to 79.4 for
RA-12.

Side stream sampler II was first tested in RA-16. Results obtained using this
system in RA-16, -17, and -21 (all at 400 1bs pressure) are consistent. RA-16 and
-21 were performed at an oxygen rate of 4000 scfh on coal of 23.9 and 30.5 pct
moisture respectively while RA-17 was run at an oxygen rate of 6000 scfh and a coal
moisture of 22.8 pct. Water production rate in 1bs/ton maf coal was 831 and 844
for tests RA-16 and -17, and 913 for the higher moisture coal gasified in RA-21.
Ammonia production rate in 1bs/ton maf coal was 9.8 for RA-16, 8.2 for RA-21, and
9.7 for RA-17. Dissolved organics (TOC) production rate in Tbs/ton maf coal was
8.2, 9.0, and 7.5 for the three tests and tar production on the same basis was 58.1,
52.0, and 55, respectively.

EFFLUENT COMPOSITION

The composition of the effluent generated in the seven gasifier runs previously
described is shown in Table 4. Results are based on composite samples and are
corrected for water introduced in start up and shutdown.

Of special interest is the fact that approximately 3 to 6 pct of the carbon and
27 to 50 pct of the nitrogen from the coal is present in the effluent. The carbon
in the effluents includes carbon particles, dissolved organics and tar. The
nitrogen in the effluent includes ammonia in the liquor and nitrogen in the tar.

The relationship between gasifier operating pressure and ammonia concentration
in the effluent is shown in Figure 3. The results were based on runs RA-11, -12,
-14, -16, and -18 using the four sampling methods previously described. Results
indicate that the ammonia concentration in the liquor increases with pressure.
There appears to be no similar relationship between gasifier operating pressure and
dissolved organic concentration in the liquor.

The aqueous fraction of gas liquor contains a variety of water soluble and
semi-soluble organics. Table 5 shows an MS analysis of the organic material in this
fraction from the composite sample of RA-14. This sample was cleanly skimmed of all
apparent tar, but was not filtered. This sample would be expected to be typical of
the Tiquor in a waste water treatment plant before phenol extraction. The phenolic
grouping (phenol, cresol and xylenol) accounted for approximately 80 pct of the
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Ist STAGE 2nd STAGE 3rd STAGE 4th STAGE
ot 212 °F ot 169 °F of 132 °F of 32 °F
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Figure 2. - Sampling trains used to condense effluents from gas stream.
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Figure 3. - Ammonia concentration in liquor as a function of gasifier
pressure.
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