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The sorption of hydrochloric acid (HCI) by thermally decomposed
sodium bicarbonate (NaHCO;) was Investigated using a fixed-bed
reactor containing sorbent particles dispersed in a bed of spherical
glass beads. The gas flow rate (68° F and 760 mm Hg) was 0.039
cfm (1.1 liter/min) and the bed had a cross-sectional area of 0.0055
sq. ft. (5.1 sq. cm). The Influence of particle diameter (10, 45 and
163 um), temperature (225, 275, 375, 455, and 550° F), superficial
gas velocity (11 and 21 fpm at reactor conditions, 375° F), and inlet
HCI gas concentration (415 ppm and 760 ppm In N, 275 and 455°
F) were studied. Results showed that HCI sorption increased
strongly with increasing temperature but was only weakly depen-
dent on particle diameter, superficial gas velocity, and HCI gas
concentration.

The implementation of regulations regarding the emissions
of hydrochloric acid (HCI) from refuse combustion and haz-
ardous waste incineration has resulted in a need for informa-
tion on HCI control technologies. HCI1 sorption by dry alka-
line sorbents is one possible option. Sodium bicarbonate
(NaHCOj3), which has been used for controlling SO, emis-
sions, could potentially be effective for controlling HCI emis-
sions. This study was conducted using a bench-scale fixed-
bed reactor to obtain data regarding the sorption of HCI by
thermally decomposed NaHCO; as a function of tempera-
ture, particle diameter, superficial gas velocity, and HCI gas
concentration.

Regulatory Aspects of HCI Emissions

Current federal air pollution control regulations require
higher removal efficiencies for HCI than for other pollut-

Implications

The Clean Air Act Amendments bill of 1990, passed by
the U.S. Senate in April 1990, would require EPA to
set source category emission standards for a list of 191
chemicals (including HCI) applicable to sources which
emit 10 or more tons/year. New and existing sources
will require maximum achievable control technology
(MACT). Current federal HCI regulations apply to
sources emitting more than 4.0 Ibs/h (17 tons/year).
Dry scrubbing of emission gases containing HCI using
NaHCO; is a technology which may be considered in
the MACT analysis. This paper presents HCl collec-
tion efficiency graphs useful for the estimation of
NaHCO; needed for the baghouse filter cake sorption
of HCL
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.ants, such as SO, or NOx. State and local regulations are also

becoming commonplace. HCl concentrations in refuse incin-
erator flue gas are commonly in the range of 300 to 1000
ppm, whereas hazardous waste incineration emission con-
centrations range from 200 to 3000 ppm. Hospital incinera-
tors have emissions from 200 to 1500 ppm. At the present
time, the United States EPA regulations! for hazardous
waste incinerators state that HCI removal efficiencies from
exhaust gases must be at least 99 percent if the uncontrolled
HCl emissions are greater than 4.0 Ibs/hr (1.8 kg/hr).! Wash-
ington State issued a regulation in April, 1987 (WAC 173-
434) for solid waste incinerator facilities which limits HC1
emissions to 50 ppm or less (corrected to 7 percent oxygen,
hourly average) or at least 80 percent reduction in HCl emis-
sions.? The Washington State SO; regulation is identical to
the HCl regulation. The apparent reasoning for having iden-
tical SO, and HCI regulations is that if adequate measures
are instituted to control SOy, HC1 will also be controlled. The
Puget Sound Air Pollution Control Agency in the State of
Washington adopted a regulation (Section 9.10 of Reg. I) on
June 9,.1988 that limits HCI emission concentrations to 30
ppm (corrected to 7 percent oxygen, hourly average) for
sources burning 12 tons or more refuse daily or to 100 ppm
HCI for sources burning less than 12 tons daily.? These
regulations illustrate that HCI emissions are coming under
increased scrutiny by regulatory agencies.

Chemistry of Dry Sorption

When dry NaHCOj is injected into a duct containing hot
flue gas, it rapidly decomposes to sodium carbonate
(NaxCOs3) via the reaction:

2NaHCOj; + heat — Na,CO; + H,0 + CO, (1)

Once the NaHCO; sorbent particles are substantially de-
composed to Nay,COs, the sorption inhibiting effects caused
by the diffusion of the gaseous products (CO3 and Hy;0) away
from the sorbent are greatly reduced. In addition, NayCO4
that has been produced by high temperature (>200° F)
decomposition has a greater pore volume, and hence a great-
er surface area, than does the original NaHCOj; or crystalline
NasCO3. Gaseous HCI and NayCOg react as follows:

2HCI + Na,CO;, — 2NaCl + H,0 + CO, @)

Since decomposition is slow at temperatures less than 350°
F, it is possible that gaseous HCI reacts directly with
NaHCOs:

NaHCO, + HCl — NaCl + H,0 + CO, ®3)

The partially reacted sorbent can then be collected using a
baghouse or an electrostatic precipitator where additional
HCI sorption can occur.
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Review of Literature

Gaseous air pollutants such as HCI, HF, and SO, may be
sorbed at different rates by a given sorbent depending on a
number of parameters (activation energy, gas molecules size
relative to sorbent pore size, pore closure or opening due to
differences in the size of the reaction products as compared
to the reactants, etc.). With regard to pore closure caused by
reaction products, theoretical calculations by Dvirka et al.
(1988) predict that the expansion coefficient for NasSO,
produced from SO; and NayCOs is 1.26, and the expansion
coefficient for 2NaCl produced from 2HCI and Na,COj is
1.29.* This suggests that similar pore closure in the sorbent
could occur for both reactions.

Dry sorption of HCI. Uchida et al. (1979) tested the sorp-
tion of 1930 ppm HCI by 274 micron CaCOj; particles in a
differential fixed-bed reactor using a gas flow rate of 5 cm3/
sec at temperatures from 390 to 1650° F.5 Simultaneous
calcination and reaction occurred at temperatures greater
than 750° F. Almost no sorption occurred at 390 or 590° F,
but the reaction rate increased rapidly with further increase
in temperature. The conversion (mol CaCly/mol CaCOs) af-
ter 860 seconds reaction time was 0.09 at 750° F, 0.23 at
1290° F, and 0.32 at 1650° F. The superficial gas velocity
through the sorbent bed was increased from 1 to 2 cm/sec at
an unspecified temperature and no change in the reaction
rate was observed. The reaction rate (mass HCI sorbed per
mass sorbent per second) at 930° F was shown to be directly
proportional to HCl gas concentration in the 510 to 1930
ppm range.

Karlsson et al. (1981) conducted a series of experiments
using a fixed-bed reactor to react Ca(OH); particles (diame-
ter < 90 microns) dispersed in inert sand with 630 ppm HCI
in a nitrogen based simulated flue gas at a superficial gas
velocity of 11.8 fpm.6 The HCI concentration in the reactor
outlet gas was monitored during the 10-20 hour runs to
determine the sorbent conversion at 1 percent break-
through. Karlsson et al. reported that the conversion of
Ca(OH); to CaCl; at 1 percent breakthrough increased from
14 to 28 percent as the temperature was increased from 300°
F to 480° F, and increased to 47 percent by raising the
temperature to 750° F.

Mocek et al. (1983) tested HCI sorption by predecom-
posed NaHCO; particles (250-350 microns) in an integral
fixed-bed reactor at 300° F.” The absolute HCI gas concen-
tration and total gas flow rate were not specified; the values
were presented using dimensionless variables. Nitrogen was
used as the carrier gas. The reactor outlet HCl gas concentra-
tion was monitored at various times during the experiments.
Each experiment was run to a stoichiometric ratio (mol
NaHCO;/mol HCI input) of 1.0 and a graph of fractional
penetration versus the reciprocal of the stoichiometric ratio
was plotted. The reported fractional penetration was 0.05 at
a reciprocal stoichiometric ratio of 0.25. The penetration
increased to 0.65 at a reciprocal stoichiometric ratio of 0.3
and the gradually increased to approximately 0.98 at a stoi-
chiometric ratio of 1.0, giving a final conversion of 0.41.
Reducing the total gas flow rate by approximately a factor of
3resulted in a final conversion of 0.65. An interesting feature
of the data presented by Mocek et al. is the appearance of an
increase of 10 to 20 percent in HC1 collection efficiency at a
reciprocal stoichiometric ratio of 0.3-0.4. This does not ap-
pear to be a measurement error because it is present in
multiple runs and each dip contains multiple data points.

Dry sorption of SO;. The effects of temperature, particle
diameter, and pollutant concentration on SO, sorption by
dry sorbents have been investigated using bench-scale fixed-
bed reactors. Keener and Davis (1984) found NaHCO; un-
dergoing simultaneous decomposition and reaction with SO,
to be most reactive in the 250 to 350° F range with decreas-
ing rate of reaction at higher temperatures.® Using a thermal
gravimetric apparatus, Kimura and Smith (1987) reported
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similar results.? However, Stern 1975 tested predecomposed
nahcolite (70 percent NaHCOQ3, 7 percent Nay,CO3) and ob-
served a maximum rate of reaction at 650° F.10

Sorbent particle diameter has been shown to affect the
SO,-dry sorption process. Stern reported that the rate of
reaction of predecomposed nahcolite with SO increased 125
percent by decreasing the particle diameter from 190 to 90
microns.!® Keener and Davis found that SO, sorption by
simultaneously decomposing NaHCO; had at most a weak
dependence on particle diameter.?

Pollutant concentration also influences the sorption of
SO; by dry sorbents. Stern found that the rate of reaction
(mass SO, sorbed per mass sorbent per time) of SO, with
predecomposed nahcolite at 500° F was directly proportion-
al to SO, concentration.!® Bares et al. (1970) plotted SO,
collection efficiency by predecomposed NaHCO; versus the
reciprocal of the stoichiometric ratio (mol SO, input to the
reactor/mol sorbent) and concluded that collection efficien-
cy was independent of SO, concentration in the 510 to 1300
ppm range.!!

Sorbent dilution in fixed beds. Preventing flue gas chan-
neling through the fixed bed of sorbent particles is necessary
for obtaining good gas-sorbent contact. Karlsson et al. re-
ported that Ca(OH), conversion to CaSOj at 1 percent HCIl
breakthrough became independent of the degree of dilution
of the sorbent with sand in the fixed bed at sand-sorbent
weight ratios greater than 60:1.° Jorgensen and Chang
found, for various sorbents, that the conversion at 1 hour was
independent of the sand dilution ratio for ratios of 20:1 to
80:1.12 ‘

Experimental

. Test Conditions

A series of experiments were conducted by flowing pre-
heated gas, approximately 760 ppm HClin N,, at a flow rate
of 0.039 cfm (1.1 liter/min) measured at 68° F and 760 mm
Hg, through a fixed bed of NaHCOj; particles mixed with
spherical glass beads for a specified time at a constant tem-
perature. The mass of sorbent (0.1 g) and the duration of the
runs (30 minutes) were chosen to give overall stoichiometric
ratios (mol NaHCO;/mol HCI or mol Nay,CO3/mol 2HCI) of
approximately 1.0. The exhaust gas from the reactor was
tested for HCI concentration during four time periods for
each run to determine the HCI collection efficiency achieved
by the sorbent. Five temperatures were investigated (225,
2175, 375, 455, 550° F) as were three particle diameters (10,
45, and 163 um). Two superficial gas velocities (11 and 21
fpm at reactor conditions, 375° F) and two HCI gas concen-
trations at two temperatures (415 ppm and 760 ppm HCI,
275 and 455° F) were also studied.

Sorbent

The sorbent used was commercial reagent grade NaHCO;
supplied by the Church and Dwight Corporation of Prince-
ton, New Jersey. Three particle sizes were sieved from the
bulk sorbent supplied by Church and Dwight and are re-
ferred to as the 10, 45 and 163 micron sorbents. The volume
based size distributions of the 10 and 45 micron NaHCO; are
shown in Figure 1. These distributions were measured by

Church and Dwight using a Leeds/Northrup “Microtrac”

Particle Size Analyzer. The size distribution for the 163
micron NaHCO; was not measured. The purity of the
NaHCOs3, determined from alkalinity assays, was 99.7 per-
cent or greater. The BET surface areas of the 10, 45, and 163
micron NaHCOj; sorbents prior to heating in the fixed-bed
reactor were 0.41, 0.11, and 0.048 m?/g, respectively. All
particle size, assay, and BET surface area analyses were
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Figure 1. NaHCO; particle size distributions after processing in University of
Washington Laboratory.

performed by Church and Dwight. A low temperature BET
surface area analysis procedure was used to prevent thermal
decomposition of the sorbent samples. The amount of water
in the sorbents, found by heating samples for 2 minute inter-
vals at 130° F until a constant weight was obtained, was less
than 0.1 percent.

Apparatus

The apparatus consisted of a heated reactor vessel and a
sampling train as shown in Figure 2. The reactor vessel was a
pyrex glass cylinder 10 inches long by 1 inch I.D. and consist-
ed of three sections connected by ground glass taper joints.
The center section contained a medium sintered glass frit on
which the sorbent was placed. The reactor vessel was placed
in an insulated box heated by a heat gun capable of provid-
ing air heated to 1000° F. In addition, an electrical resistance
heating “rope” was coiled around the glass inlet tube to the
reactor for a distance of 10 inches to preheat the gas stream.
The temperature of the box was controlled to within 5° F of
the desired value. The outer surface of the reactor vessel was
monitored by a thermocouple. A second thermocouple was
located in the gas stream in the outlet tube from the reactor
vessel. This location was chosen to reduce the contact of the
thermocouple with the corrosive HCI gas. The gas sampling
train consisted of six parallel sets of two midget impingers.
The first impinger in each set contained 20 mL of water and
the second contained silica gel. Gas could be directed to the
desired impinger set by means of flow control valves up-
stream of each impinger set.

The gas, approximately 760 ppm HCI in N, was obtained
from Scott Specialty Gases. The steel gas cylinder had been
“conditioned” to reduce the decline in HCl concentration
that occurs with time in unconditioned cylinders. The gas
was certified by Scott to be 843 ppm HCl in Ny. The tank was
not used immediately and after 3 months the HCI gas con-
centration had declined to approximately 760 ppm.This 10
percent decline in concentration is similar to that reported
by Jerigan et al. (1987) in their work with HCI calibration
gases used for testing HCI continuous monitors.13

The gas flow rate was measured by a calibrated inlet rota-
meter, an outlet dry gas meter, and an outlet rotameter. The
inlet pressure was monitored and maintained within 2.5 mm
of Hg of atmospheric and the pressure drop through the
apparatus was approximately 20 mm of Hg. Gas flow was
maintained using a vacuum pump downstream of all flow
and pressure meters.
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Procedure

The sorption experiments were conducted using the fol-
lowing procedure. First, all tubing and the sampling train
were purged with nitrogen gas and the reactor box was
brought to the desired temperature. The weighed sorbent
(NaHCO;), typically 0.090 g, was placed in a cold reactor
vessel together with 5.0 g (0.1 g) of spherical glass beads to
prevent gas channeling through the sorbent bed. The sor-
bent and beads were then stirred to obtain a uniform mix-
ture. The glass beads, composed of Nay0O, Ca0O, and SiO,,
had an average diameter of 150 um and a bulk density of 1.5
g/cc. New glass beads were used for each experiment. The
reactor vessel was then inserted into the heated reactor box
and immediately purged with nitrogen. The purge continued
for 6 to 10 minutes until the reactor vessel obtained the
desired temperature. Next, the gas flow control valves were

‘adjusted so that the gas flowed through the first impinger set

for 6 minutes without passing through the reactor vessel.
This provided an initial measure of the inlet gas HCl concen-
tration for that test run. At the end of this inlet gas HCI
concentration measurement period, the gas was directed to
the reactor vessel and the flow control valves were adjusted
so the outlet gas from the reactor flowed through the second
impinger set.

Experiments of two different durations were conducted:
12 minutes and 30 minutes. For the 12 minute tests, the
second through fifth impinger sets were sequentially operat-
ed for 3 minutes each. For the 30 minute tests, the second
through fifth impinger sets were run sequentially for 4.0, 6.0,
8.0, and 12.0 minutes, respectively. For the specified gas flow
rate, HCI gas concentration, and sorbent mass, the 30 min-
ute tests gave overall stoichiometric ratios (mol NaHCOj;
HCI) of approximately 1.0. At the end of the sorption period,
the gas flow was directed to bypass the reactor vessel and
switched to the sixth impinger set for an additional 4 min-
utes to measure the final inlet HCI concentration. The reac-
tor vessel was isolated during this time by flow control
valves. It was calculated that the mass of HCI gas in the
reactor vessel during this time represented less that 0.5 per-
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Figure 2. Schematic diagram of apparatus.
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cent of the total HCl mass input to the reactor. Following the
second inlet HCl concentration measurement period, the
reactor was purged with nitrogen for two minutes. The reac-
tor vessel was again isolated by flow control valves and
cooled. After cooling, the reactor vessel was removed from
the reactor box for later chemical analysis of the sorbent for
Cl-.

Analysis

The six impinger solutions contained HCl in water. The
HCI1 concentrations were measured by taking the pH of the
solutions using a Corning General Purpose Combination pH
electrode and by titration with 0.01 N NaOH using phen-
olphthalein indicator. Periodically, the impinger solutions
were titrated a second time for C1~ with 0.01 N AgNOs using
K,CrOy as an indicator. The reacted sorbent was washed
from the sintered glass frit in the reactor vessel and titrated
for Cl- with AgNOs. An HCI mass balance calculation was
performed for each run using the HCl mass input rate deter-
mined from the inlet gas HCI concentration measurement
impingers (impinger sets 1 and 6), the HCl mass collected in
the 4 outlet gas HCI concentration measurement impingers
(impinger sets 2-5), and the HC] mass collected on the sin-
tered glass frit. The HC] mass balance discrepancies were
generally less than 5 percent of the total mass input. Fur-
thermore, the discrepancies were random in nature and av-
eraged to —1.6 percent over all of the runs.

Impinger HCI Collection Efficiency

To insure adequate HCI collection efficiencies by the im-
pingers, a modified sampling train consisting of three midget
impingers in series, each containing 20 mL of water, was run
for 14 minutes with an inlet HCI concentration of approxi-
mately 760 ppm at a flow rate of 1.1 liter/minute. Using pH
measurement and NaOH titration, the first impinger was
shown to have an HCI collection efficiency of over 99.7 per-
cent. Using a 5 ppm HCI inlet concentration, the first im-
pinger collection efficiency was 94.0 percent.

HCI Sorption by Glass Beads and Reactor Vessel

The reactor vessel and sintered glass frit were inert with
respect to the gaseous HCI. Tests were conducted at 275 and
455° F in which no sorbent or glass beads were placed in the
reactor vessel. 760 ppm HCl in Ny was flowed through the
reactor for 30 minutes. The reactor and sintered glass frit
were then washed with 100 mL of water and the resulting
solution was titrated for Cl~ using AqNO3. No Cl~ was de-
tected.

The glass beads that were mixed with the sorbent were not
completely inert and had HCI collection efficiencies of 1.0,
2.0, 3.5, and 3.9 percent at temperatures of 275, 375, 455, and
550° F, respectively. These values were determined by test-
ing the glass beads in the reactor for 30 minutes with no
sorbent using 760 ppm HCI in N, at the normal flow rate.
The glass beads were then rinsed with water and the result-
ing solutions analyzed for C1~ by AgNOj titration. The ex-
perimental results have not been corrected to account for
this effect.

NaHCO; Thermal Decomposition and BET Surface Area

The BET surface area and fractions decomposed for 1.7 g
NaHCOs; samples heated at various temperatures were de-
termined. The procedure used to produce these samples was
identical to that used in the experimental runs. The sorbent
was placed in cold reactor vessel and the reactor vessel was
inserted into the preheated reactor box. The reactor vessel
was purged with Nj at 1.1 liter/min for eight minutes. The
N flow was then stopped and the sorbent was heated for an
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additional seven minutes. During this time, the flow control
valves remained open to avoid pressurizing the reactor due
to the release of CO; and H;0 by the sorbent. At the end of
this time period, the reactor was removed from the reactor
box. The sorbent was immediately removed from the reac-
tor, cooled to room temperature, and placed in sealed sample
containers. This process was repeated for different samples
at different temperatures. The temperature-time profiles
during these runs were typified by exponentially increasing
temperatures, asymptotically reaching temperature (+5° F)
after ten minutes and five minutes at the specified tempera-
ture. The BET surface areas for 45 micron NaHCO; decom-
posed at 275, 375, 455, and 550° F are 0.55, 2.60, 2.62, and
2.45 m?/g, respectively. For the 163 micron NaHCOjs at 275,
375, and 455° F, the BET surface areas are 0.52, 2.24, and
3.52 m?%/g, respectively. No explanation is offered for the
exceptionally high surface area of the 163 micron NaHCOj;
decomposed at 455° F. Composite samples of the 45 and 163
micron NaHCO;3; were 30 percent converted to Na,COj3 after
heating at 275° F, 90 percent converted after heating at 375°
F, and greater than 99 percent converted after heating at 455
and 550° F. Thus, at 375, 455, and 550° F, the NaHCOs is
essentially completely converted to NasCO; by the time HCI
is introduced into the reactor vessel. However, at 275° F, the
decomposition is still occurring when HCl is introduced. HCl
could be reacting with NaHCOj3 or NayCOs.

In the following sections, reference will be made to the
“HC1-NaHCOj; reaction” or to “HCl sorption by NaHCO;.”
These terms are meant to imply thermally decomposed
NaHCO; (NaCOs3) for temperaturs of 375° F or greater, and
partially thermally decomposed NaHCO; (a mixture of
NaHCO; and Nay;COs3) at temperatures less than 375° F.

Results

Effect of Temperature

The HCI collection efficiency by the 45 micron NaHCO;3
and the 10 micron NaHCO; at 225° F increased with increas-
ing temperature up to 450° F as shown in Figure 3. No
increase in HCI collection efficiency was observed when the
temperature was increased from 455 to 550° F. Since the
overall stoichiometric ratio for the experiment was approxi-
mately 1.0, 100 percent HCI collection efficiency is theoreti-
cally possible for an entire 30 minute test. Each data point
represents the average HCI collection efficiency as deter-
mined from a given impinger set. Collection efficiency values
are plotted at the mid-point of the time intervals during
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Figure 3. Effect of temperatue on HCI collection efficiency by 45 micron
NaHCO; (10 micron NaHCO3 at 225° F).
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Figure 4. Effect of temperature on conversion of 45 micron NaHCOj3 to NaCl
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which the impinger sets were in use. Different line types and
data point symbols represent tests at different conditions.
The superficial gas velocities in the reactor vessel at 225, 275,
375, 455, and 550° F were 9.0, 9.6, 11.0, 12.0, and 13.2 fpm,
respectively. The reproducibility of the individual data
points was determined from four tests of 45 micron NaHCO4
at 455° F. Results indicate (with 95 percent confidence) that
the true mean is within approximately plus or minus 5 per-
cent of the observed value. While other test conditions may
have a different degree of reproducibility, these tests give a
general indication of the overall error associated with the
testing and analysis process.

Figure 4 presents sorbent conversion (mole NaCl/mole
NaHCOj3) versus time for the same data as shown in Figure 3.
It is interesting to note that at 455° F, the HCI collection
efficiency was greater than 95 percent even when the sorbent
was more than 20 percent converted. Fixed-bed studies of
the sorption of SO, by NaHCO; (both simultaneously de-
composing and predecomposed) have reported maximum
reactivity in the 250-350° F range, with substantially de-
creased reactivity at higher temperatures. The HCI-
NaHCOj; reaction exhibits no such trend.!5-2%

Effect of Particie Diameter

Figure 5 shows that the HCl collection efficiency by
NaHCO; at 275° F increases slightly with increasing particle
diameter. The 10 micron NaHCO; particles were very
“sticky” and difficult to disperse to obtain a uniform glass
bead-sorbent mixture in the fixed bed. This could account
for their slightly lower reactivity and unusual collection effi-
ciency behavior with time. Figure 6 shows that the depen-
dence of HCI collection efficiency on particle diameter at
375° F is very similar in magnitude to that observed at 275°
F. The unusual collection efficiency behavior shown by the
10 micron particles at 275° F is also present at 375° F. Mocek
et al. (1983) found a similar increase in HCI collection effi-
ciency with time when testing predecomposed NaHCO;.
This effect may occur for all particle diameters, but the
longer time intervals for which the impingers are operated
during the 30 minute tests averages the instantaneous col-
lection efficiency too much to detect it. Recall that at 275° F,
the NaHCO3 was simultaneously decomposing during its
reaction with HCI, but at 375 and 455° F, the NaHCO; was
nearly completely decomposed before HCI was introduced
into the reactor vessel. This factor does not appear to influ-
ence the effect of particle diameter on the sorption of HCI.
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Figure 5. Effect of NaHCO; particle diameter on HCI collection efficiency at
275° F.

Effect of Superficlal Gas Velocity

The effect of superficial gas velocity (at reactor condi-
tions) on HCI sorption by 45 micron NaHCOjs at 375° F can
be seen in Figure 7 and 8. Nearly doubling the superficial gas
velocity resulted in a slight decrease in HCI collection effi-
ciency after accounting for the different times required to
reach the same stoichiometric ratio. The experimental runs
to test the effect of superficial gas velocity were conducted
using the same mass of sorbent as in the other tests, but the
flow rate was increased from 1.1 to 2.1 liter/minute mea-
sured at 68° F and 760 mm of Hg. The run length was chosen
as 18 minutes to keep the overall stoichiometric ratio at
approximately 1.0.

The stoichiometric ratio (moles sorbent/moles pollutant
gas) for a semibatch reactor decreases with 1/time from
infinity (x moles of sorbent/0 moles of pollutant gas) at time
0. When x moles of pollutant gas have been made available to
the sorbent, the stoichiometric ratio (x moles sorbent/x
moles pollutant gas) has a value of 1.0. The reciprocal of the
stoichiometric ratio is linear with time and numerically rep-
resents what can be called the maximum potential sorbent
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Figure 8. Effect of NaHCOj; particle diameter on HCI collection efficiency at
375°F.
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Figure 7. Effect of superficial gas velocity on HCI collection efficiency for 45
micron NaHCO; at 375° F.

conversion (for values less than 1.0 at least). In other words,
the maximum potential sorbent conversion is the conversion
the sorbent would obtain if it collected the pollutant with an
efficiency of 100 percent. Plotting collection efficiency ver-
sus maximum potential sorbent conversion allows a compar-
ison to be made of the sorbent collection efficiencies under
different conditions at equal stoichiometric ratios. This plot
is shown in Figure 8 for the 375° F runs.

Effect of HCI Gas Concentration

In Figure 9, the plot of HCI collection efficiency versus
Maximum Potential Sorbent Conversion at 455° F for HCI
gas concentrations of 760 and 402 ppm shows that changes in
the HCI gas concentration appear to have little effect on the
collection efficiency in this concentration range. At 275° F, a
10 percent reduction in collection efficiency resulted from
decreasing the HCl gas concentration from 760 ppm to 428
ppm. This result may have been caused by the release of H,O
and CO; from the NaHCO; decomposing at 275° F, whereas
the NaHCOj3 tested at 455° F was completely decomposed
by the time HCIl was introduced into the reactor vessel. The

experimental runs to test the effect of HCI gas concentration
were conducted using the same mass of sorbent and the same
total gas flow rate as in the other tests, but the 760 ppm HCl
in Ny was diluted approximately 1:1 with N,. The specified
HCl inlet concentration was determined from the total mass
of HCI collected during the experimental run. The run
length was chosen as 60 minutes to keep the overall stoichio-
metric ratio at approximately 1.0.

Conclusions

Laboratory measurements of HCI collection efficiencies in
a fixed bed of NaHCO; particles showed that HCI sorption
increased strongly with increasing temperature in the 225 to
455° F range, but was only weakly dependent on particle
diameter, superficial gas velocity, and HCI gas concentra-
tion. Dry sorption of HCl by NaHCO; has potential as a
feasible emissions control process for hospital, municipal
refuse, and hazardous waste incinerators, although high sor-
bent stoichiometric input rates may be required to obtain
the 99 percent collection efficiencies required for hazardous
waste incinerators. Additional research is warranted to de-
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Figure 9. Effect of HCI gas concentration on HCI collection efficiency by 45
micron NaHCO;.

termine the effects of SO, CO,, and H,O which would be
encountered in a real incinerator flue gas on HCl sorption by
NaHCO:s.
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