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A 500 actual cubic feet gas per minute (acfm) pilot-
scale SO, control study was undertaken to investigate
Slue gas desulfurization (FGD) by dry sodium sorbents
in 400°F (204.5°C) flue gases emitted from a coal fired
boiler with flue gas concentrations between 350 and
2500 ppm SO,. Powdered sodium alkaline reagents
were injected into the hot flue gas downstream of the
air prebeater and the spent reagents were collected
using an electrostatic precipitator. Three different sorb-
ents were used: processed sodium bicarbonate of two
particle sizes; solution mined sodium bicarbonate,
and processed sodium sesquicarbonate. SO, concen-
trations were measured upstream of the reagent injec-
tion, 25-ft (7.62 m) downstream of the injection point,
and downstream of the electrostatic precipitator. SO,
collection efficiencies ranged from 40 to 80% using so-
dium bicarbonate stoichiometric ratios from 0.5 to
3.0. Much of the in-duct SO, removal occurred during
the first second of reagent reaction time, indicating
that the sulfur dioxide-sodium reaction rates may be
Jfaster than bave been measured for fixed bed measure-
ments reported in the literature. © 2007 American Insti-
tute of Chemical Engineers Environ Prog, 26: 263-270, 2007

Keywords: flue gas desulfurization, coal-fired
boiler, particle size measurement

INTRODUCTION
For some applications, dry sodium sorbent injec-
tion for flue gas desulfurization can be a cost effec-
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tive technology as reported by Muzio & Offen [1] and
Offen et al. [2]. For retro-fit purposes, it would be
beneficial if dry sodium injection systems could be
used on boilers equipped with electrostatic precipita-
tors (ESP) because many existing boilers use ESP for
the control of particle emissions. It has been assumed
that a fabric filter system is necessary to achieve high
SO, removal efficiencies due to the enhanced contact
between the boiler exhaust gases and reagent par-
ticles that occurs at the filter cake. A dry sodium
powder injection system using an ESP particle collec-
tor depends mainly on the SO, reactions that occur
while the sorbent particles are suspended in the flue
gas.

Reactions between NaHCOj3; and SO, have previ-
ously been reported by Keener & Davis [3].

2NaHCO;(s) + SOz(g) — NazSOs(s) + 2CO»(g)
+H,O(g) D

Furthermore, sodium bicarbonate is known to ther-
mally decompose according to the following equa-
tion:

2NaHCOj3(s) — Na,COs5(s) + H,O(g) + COx(g) @)
with the reaction reportedly beginning at tempera-
tures near 100°F and occurring spontaneously at tem-

peratures above 500°F. Sulfation of Na,CO3 occurs at
a relatively slower and less effective rate:
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Figure 1. 500 acfm pilot-scale test facility.
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N32C03 (S) + SOZ (g) — N32803 (S) + COZ (g) (5)
Genco & Rosenberg [4] postulated that the sulfite
product Na,SO3 in Eqgs. 1 and 3 is further oxidized as
follows:

Na,SO;(s) + 1/2 Oz(g) — NaySO4(s) 4
Keener & Davis [3] demonstrated in a fixed bed reac-
tor that reaction 1 was the dominant NaHCO3; decom-
position mechanism at temperatures below 450°F. As
the temperature increased beyond 450°F, reaction 2
reportedly becomes the primary decomposition path-
way. This results in a reduced SO, removal efficiency.
In addition, Davis & Keener [5] reported that porosity
changes occur in the particles during thermal decom-
position of NaHCO5; and suggested that particles ther-
mally produced by reaction 2 have larger void spaces
than that of the parent NaHCOs5.

Previous pilot scale studies of dry sodium alkaline
injection have focused on the use of baghouse filters
as the primary gas-particle contactor as reported by
Liu & Chaffee [6] and Veazy & Kielmeyer [7]. In some
of these studies the SO, removal was measured
downstream of the baghouse providing no informa-
tion with respect to SO, removal from the alkaline
particles suspended in the flue duct. Liu & Chaffee [6]
reported in-duct SO, removal of 12-42% upstream of
a filter baghouse. Muzio & Sonnichsen [8] reported
29% in-duct SO, removal by nahcolite upstream of a
filter baghouse and Davis & Keener [5] measured 87%
by sodium bicarbonate. Garding & Svedberg [9, 10]
reported data on SO, removal in the ductwork
upstream of a pilot-scale dry sodium injection FGD
system that used a filter baghouse particle collector.
They concluded that much of the SO, removal
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occurred while the injected sodium bicarbonate par-
ticles were suspended in the gas stream. Ness & Selle
[11] reported in-duct SO, collection efficiencies up to
61% using a pilot-scale dry sodium injection sys-
tem equipped with an ESP located at the Grand
Forks Energy Technology Center. These studies sug-
gested that acceptable SO, removal might be
achieved in a dry sodium injection system without a
baghouse filter. A pilot-scale study was conducted
at the University of Washington power plant to meas-
ure the effectiveness of retro-fitting a dry flue gas
desulfurization process to an emission control sys-
tem currently employing an ESP for particulate re-
moval. Commercially available sodium-based alkaline
materials with various surface areas were used as
sorbents.

EXPERIMENTAL METHODS
Pilot Plant Test Facility

Coal Fired Boiler

A flow diagram of the pilot plant test facility is
shown in Figure 1. The pilot plant was designed to
treat a nominal 500 acfm sidestream from a Riley
Stoker pulverized coal fired boiler. The boiler had a
rated steam capacity of 100,000 lbs steam/h (45,359
kg/h). The coal had an average sulfur content of
0.57%. Stack gas compositions typically contained 8%
CO,, 4% O,, and 7% H,O vapor with a flyash loading
of about 0.7 grain/sdef (1.6 g/m?). SO, emission
concentrations ranged from 350 to 500 ppm. Flue gas
for the pilot plant was extracted downstream of the
air preheater at an average temperature of 405°F
(207.2°0).
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Reactor Duct Section

Pulverized sodium sorbents were injected into the
flue gas in a thermally insulated, 20-in. (50.8 cm) diam-
eter, 20-ft (7.92 m) long vertical duct test section. Test
ports were spaced along the reactor section to allow
injection of sorbents at various distances upstream of
the ESP to provide variable in-duct residence times.
Also the effect of in-duct sorbent particle residence
time was studied by injecting the sorbents at the top of
the reactor section and extracting gas and sorbent sam-
ples from various points along the vertical reactor duct
section. At the nominal 500 acfm (14.2 m*/min) system
gas flowrate, the linear gas velocity inside the reactor
section was 3.8 ft/s (1.16 m/s) and Reynolds number
was 19,700. Maximum sorbent particle residence time
upstream of the ESP was 7.1 s based on the measured
flue gas volumetric flowrate. The gas flowrate was con-
trolled by: (1) a damper valve at the test duct gas inlet
and (2) a control valve downstream of the ESP and
upstream of the induced draft fan. The gas flow was
measured during each test run using a pitot tube tra-
verse at test duct inlet.

Electrostatic Precipitator

The ESP was a thermally insulated, single lane,
parallel plate type unit with 12-in. (30.5 cm) plate to
plate spacing, 51-in. (125.9 cm) plate height, and 72-
in. (1829 cm) plate length, resulting in a nominal
specific collection area of 100 ft*/1000 acfm [0.328 m?*/
(m® min)l. At a 500 acfm (14.2 m®/min) flowrate, the
gas velocity between the collection plates was 2.0 ft/s
(0.61 m/s) with a gas residence time of 3.1 s
(excluding the inlet plenum). The ESP was powered
by a Universal Voltronics Corp. DC power supply
rated up to 45 KV, for a maximum electric field
strength of 2.9 KV/cm between the charging elec-
trode and collection plates. The collection plates
were manually rapped to remove the collected dust.

Sorbent Feed System

The sorbent particle feeder used rotating brushes
to force the powdered sorbent particles through 1/8-
in. (0.32 cm) mesh screen from the feed hopper to a
discharge hopper. The vacuum of about 4 in. (10.2
cm) of H,O inside the test duct assisted the flow of
the sorbent from the discharge hopper into the verti-
cal reactor duct. The controlled sorbent feed rate was
in the 5-100 g/min (0.66-13.23 Ib/h) range. The sor-
bent feed rate was measured by weighing the amount
injected per time before and after each test run. At
the nominal 500 acfm gas flowrate, the injected sor-
bent concentrations ranged from 0.25 to 5.0 grains/
sdcf (0.57-11.44 g/m?). The sorbent feed air flowrate
was about 5 acfm (0.14 m’/min) or 1% of the total
flue gas flowrate.

Flue Gas Sampling Methods

Sampling Apparatus

The flue gas sampling system measured the SO,
concentrations at three locations: one upstream and
two downstream of the sorbent feeder. The flyash
and active sorbent in the flue gas were separated
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from the gas stream by an in-stack University of
Washington Mark 5 cascade impactor which is
described in an EPRI report by Pilat et al. [12]. The
cascade impactors separated the partially reacted sor-
bent particles from the SO, laden sampled gas and
further reduced the SO, removal from the flue gas
(compared with the use of in-stack filters which
would pass the sampled gas through the sorbent filter
cake). The particle-free sampled gases were cooled
and dried by passing through cold, concentrated rea-
gent grade sulfuric acid in an ice bath. The in-stack
impactors were cleaned and the sulfuric acid bath
replaced after each run.

Tests were conducted to confirm that after 30 min
of continuous sampling, neither the sorbents col-
lected by the cascade impactors or the sulfuric acid
cooling solution caused significant artifact SO, re-
moval. After 30 min the collected sorbents in the
impactor and condensed water in the concentrated
sulfuric acid cooling solution resulted in less than 4
and 7% removal of the gas phase SO,, respectively.
Because the test run sampling was operated less than
10 min per test run, it appeared that the SO, removal
by the sampling apparatus was less than 5%.

Continuous analyzers were used to measure SO,
and O, content in the sampled gas. The SO, was
measured using a Thermo Electron Corp. Model 40
pulsed fluorescent analyzer. The oxygen concentra-
tions were measured using either a Taylor Instru-
ments paramagnetic analyzer or a Teledyne fuel cell
analyzer. To account for air leakage into the pilot
plant, the SO, concentrations measured at each gas
sampling point were adjusted to a reference O, con-
centration. Air leakage accounted for less than 2% of
the total gas flowrate.

Sampling Procedure

The SO, concentrations at the two sampling loca-
tions downstream of the sorbent feeder were meas-
ured by cycling between the inlet gas sampling loca-
tion and the two downstream locations. A test series
was performed by measuring the SO, concentrations
at a set of preselected sorbent feed rates. For each
test run the system was stabilized for ~5 min while
the inlet SO, and O, concentrations were measured.
Then, the continuous monitors were switched to
either of the two downstream sampling locations and
the system was operated for an additional 10 min
while the concentrations at both locations were
recorded onto a strip chart recorder. The sorbent
feed rates were measured by collecting a sorbent
feed sample over a known time period. The normal-
ized sorbent stoichiometric ratio (NSR, expressed as
mole Na,/mole SO,) for each test run was then calcu-
lated using the measured sorbent feed rate, inlet SO,
concentration, and flue gas flow rate.

F SO, V.
NSR = ——275 3)
Q CSOZ

where F is the sorbent feed rate (mole Na/min), SO,
is the SO, molecular weight, Q is the flue gas flow-
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Table 1. Sodium sorbent properties.

Small
Small Large solution Small processed

processed processed mined sesquicarbonate
Supplier Church Dwight Church Dwight IRI FMC Corp
BET surface area (m?/g) 0.41 0.22 0.41 0.43
MicroTrac MMD (pum) 11.2 28.3 10.4 10.1
MicroTrac G 1.6 1.9 2.7 1.6
Impactor MMD (pm) 443
Impactor G 3.3
Microscope MMD (pm) 6 15 11
Microscope Gg 1.9 1.7 2.0

rate (dry standard cubic meters/minute), Vy the stand-
ard gas molar volume (m® gas/g-mole) and Cso, is
the mole fraction of SO, in the inlet flue gas.

Sodium-Based Sorbents

Four different sodium-based sorbents were used in
this study: small-particle processed sodium bicar-
bonate (NaHCO3); large-particle processed sodium
bicarbonate; small-particle solution mined sodium bi-
carbonate; and small-particle processed sodium ses-
quicarbonate (NaHCO3 - Na,CO; — 2H,O). Physical
properties of the four sorbents are shown in Tablel.
Each sorbent was delivered by the supplier in pulver-
ized form. The “processed” sorbents were produced
by chemically modifying mined soda ash (Na,COs3),
forming large crystals of NaHCO5. These large crystals
were then pulverized to the desired particle size. The
“solution mined” NaHCOj3 was produced by using a
liquid solution to mine natural nahcolite ore (70% so-
dium bicarbonate, remainder inerts). Sodium bicar-
bonate, dissolved in the mining solution, was recrys-
tallized into particles of desired size. The solution
mined NaHCOj particles consisted of short rods with
length/diameter ratios between 2/1 and 3/1 and the
“processed” NaHCOj; particles were more uniformly
cubic in shape.

The particle size distributions of the sorbents were
measured using three techniques. First, samples of
each of the four sorbents were analyzed by the
Church and Dwight Company, using a Leeds/
Northrup Microtrac size analyzer which counted the
size distribution of particles suspended in a liquid
solvent. Second, in-stack particle size distributions of
the small Church and Dwight sodium bicarbonate
were measured using a University of Washington
Mark 5 cascade impactor. Third, samples of three of
the injected sorbents were collected from inside the
duct on greased microscope slides and inspected
under an optical microscope to observe the particles
and manually count and measure the particle size dis-
tribution.

As shown in Table 1 the “small-particle” sorbents
(processed and solution mined bicarbonate and proc-
essed sesquicarbonate) were of comparable surface
area. The MicroTrac size analyzer measured particle
mass median diameters (MMD) ranged from 10.1 to
11.2 pm with a geometric standard deviations og4

266 October 2007

from 1.6 to 2.7. The “large-particle sorbent” (proc-
essed sodium bicarbonate) had an MMD of 28.3 um
and a geometric standard deviation of 1.9.

The small-particle “processed sodium bicarbonate”
sorbent MMD was measured at 44.3 pm with the in-
stack cascade impactor and this MMD was consider-
ably larger than the particle diameters measured with
either the MicroTrac analyzer or with optical micro-
scope. This MMD difference was probably due to the
agglomeration of the smaller particles into clumps
(the impactor measured the aerodynamic instack
diameters of the particles). The cascade impactor may
have measured some of these clumps as single par-
ticles, increasing the MMD and geometric standard
deviation. The Microtrac analyzer, however, counted
each sorbent particle (suspended in a liquid) sepa-
rately. It is uncertain if, or how, the presence of sor-
bent clumps affected the SO, removal. The particle
clumps appeared loosely agglomerated, suggesting
that gas phase mass transfer to individual particles
may not have been significantly hindered.

EXPERIMENTAL RESULTS AND DISCUSSION

A comparison between the SO, removal efficiency
of processed sodium bicarbonate and sodium sesqui-
carbonate in Figure 2 shows that the small processed
NaHCO5; (MMD = 11.2 pm) had the highest collec-
tion efficiency. Percent SO, removal by each sorbent
is shown as a function of normalized stoichiometric
ratio (NSR), with units of mole Na, per mole inlet
SO,. The inlet gas temperature was 400-410°F
(204.5-210°C) and patrticle residence time upstream
of the ESP was ~2.5 s. The curves through the meas-
ured data points in Figures 2-5 are best fits to the
equation

SO, Removal (%) = m log (Stoichiometric Ratio) + b
(©)

To provide 50% removal, the NaHCO; required a sor-
bent NSR of 1.0 gmole Na,/gmole SO,, while sodium
sesquicarbonate required nearly 2.5 times that stoichi-
ometric ratio. These results agree with those of previ-
ous researchers Muzio & Sonnichsen [8] and Carson
[13] who reported NaHCO; achieved better SO, re-
moval efficiencies than either sodium carbonate or

Environmental Progress (Vol.26, No.3) DOI 10.1002/ep
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Figure 2. Comparison of SO, removal rates between
11-um diameter sodium bicarbonate and 10-pum
sodium sesquicarbonate at flue gas temperatures
400-410°F; SO, concentrations 450-500 ppm; and
2.5 s in-duct residence time.
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Figure 3. Comparison of SO, removal rates between
11 pm “processed” sodium bicarbonate and 10 pm
“solution mined” sodium bicarbonate at flue gas
temperatures 400—410°F; inlet SO, concentrations
320-350 ppm; and 5 s in-duct residence time.

sodium sesquicarbonate for dry sodium sorbent injec-
tion in pilot-scale and full-scale filter baghouse sys-
tems. Furthermore, Keener & Davis [3] and Stern [14]
reported similar results using bench scale thin-bed
reactors. This trend was also observed by Shah &
Teixeira [15] who conducted similar studies on the re-
moval of SO, and NOy. Sodium bicarbonate, nahco-
lite, and trona, a sodium sesquicarbonate containing
ore, were used as the dry absorbent in a 600 scfm
(17 m®/min) baghouse removal system.
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Figure 5. Effect of inlet SO, concentration on removal
efficiency at flue gas temperatures 400-410°F and
2.5 s in-duct residence time.

Figure 3 shows that the processed NaHCO; and
solution-mined NaHCOj achieved similar SO, re-
moval efficiencies when tested using a 5.0-5.5 s in-
duct sorbent aerosol particle residence time. The two
sodium bicarbonate types have similar particle sizes
and surface areas, as shown in Table 1, and appear
to differ only in their particle geometry’s. With both
bicarbonate types having similar SO, removal effi-
ciencies it appears that the particle shape (rod shaped
versus cubic) had little effect.
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Sorbent Utilization

As is shown in Figures 2 and 3, the sodium sor-
bent utilization for all the sorbents tested was less
than 100%. Sorbent utilization, which is defined as
the ratio of fractional SO, removal to NSR, can be
used to describe a removal system’s approach to
maximum performance.

Fraction SO, Removal

Sorbent Utilization = - — - -
Normalized Stoichiometric Ratio

@)

To obtain 50% SO, removal in 450-500 ppm flue gas,
the 11-pm sodium bicarbonate had to be injected at
an NSR of 1.0, resulting in a sorbent utilization of 0.5
as shown in Figure 2. This indicates that 50% of the
available sodium bicarbonate reacted with SO,. For a
similar 50% SO, removal, the 10-um sodium sesqui-
carbonate required an NSR of 2.5, resulting in a sor-
bent utilization of 0.20. Our measured relationship of
the SO, removal efficiency to NSR is in general agree-
ment with the model predictions reported by Wu
et al. [16].

Reinjection of Collected Spent Sorbents

It was apparent that 100% sorbent utilization was
not approached by either sorbent regardless of the
NSR increase. Therefore, in an attempt to increase
sorbent utilization, the spent sodium bicarbonate sor-
bent, collected by the ESP, was recycled. Initially the
removal efficiency was ~50% with the system operat-
ing at 350-ppm SO, inlet concentration and 2.5-s resi-
dence time upstream of the ESP. No attempt was
made to separate the spent sorbent from the flyash.
At an injection rate corresponding to an unreacted
sorbent NSR of ~0.6, the measured SO, removal was
3.8%. At a higher injection rate, corresponding to an
unreacted sorbent NSR of 1.5 and a sorbent concen-
tration of 5 grain/dscf (11.4 gm/m?), the SO, removal
efficiency increased to 8.0%. Based on these low SO,
removal efficiencies, it appeared that the reinjection
of dry collected spent sorbent is not a feasible
approach for improving sorbent utilization. Our data
suggested that a significant portion of the recycled
sorbent was unreacted at the time of reinjection. It
has been reported by Howatson et al. [17] and Borg-
wart et al. [18] that a passivation layer, or “ashlayer”
of reaction products form on the outer surface of the
sorbent particle. This ashlayer impedes diffusion of
SO, to the unreacted sorbent interface, thereby
reducing the SO,-removal capability of the reinjected
sorbents. This also has been reported by Klingspor
[19] who examined the effect of grinding the sorbent
material prior to recycle. It was reported that the SO,
sorption removal capacity of unaltered recycled ab-
sorbent was minimal. However, grinding the sorption
material prior to recycle resulted in the sorption effi-
ciency approaching initial values. Jiang et al [20] used
a bench scale circulating fluidized bed combustor
and they reported an increased SO,-removal effi-
ciency with increased NaHCOj3 sorbent recycle ratio.
Fresh sorbent, fed at an NSR of 1.0, was combined
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with spent sorbent in ratios up to 240. SO, removal
at this recycle ratio was greater than 90%, without
any subsequent grinding of the recycled sorbent. This
enhancement could be due to greater residence times
and the lower temperature of 300°F (148.9°C) slow-
ing the NaHCO; thermal decomposition reaction
shown in Eq. 2.

Influence of Particle Size

Figure 4 shows that the smaller 11 pm MMD
NaHCOj particles provided a higher SO, removal effi-
ciency than the larger 28 pm MMD NaHCOj particles.
Both sorbent sizes were tested at in-duct residence
times of 5.0-5.5 s upstream of the ESP. To obtain a
50% SO, removal, the required NSR for the 28-pm di-
ameter particles was ~1.6 times that required for the
smaller 11-um diameter particles. This general trend
of increased SO, removal efficiency with smaller par-
ticles agrees with the higher BET particle surface
areas for the smaller particles, reported in Table 1.
Similar results have been previously reported for
measurements at filter baghouses and fixed thin-bed
reactors and the modeling results reported by Wu
et al. (2004).

Effect of Inlet SO, Concentration

As is shown in Figure 5, the inlet SO, concentra-
tion had little effect on the SO, removal efficiency of
the small 11 pm MMD NaHCOj particles. Five test se-
ries were run using 11 pm MMD NaHCOj particles
and flue gas spiked with pure SO, up to concentra-
tions of 2600 ppm. The flue gas temperature was
400—-410°F (204.5-210.0°C). The apparent insensitivity
to the inlet SO, concentration suggests that the same
reaction rate limiting steps were dominant throughout
this 300-2600 ppm concentration range and that no
gas phase diffusion limitations were present. Our
results agree with the pilot-scale filter baghouse SO,
removal by injection of pulverized nahcolite ore
reported by Davis et al. [21] where it was concluded
that the inlet SO, concentration had no effect on its
removal efficiency. However, a study examining the
removal efficiency of a bench-scale thin-bed of nah-
colite performed by Stern [14] suggested a depend-
ence on SO, concentration. Stern’s bench scale stud-
ies concluded that SO, removal efficiencies increased
with increasing inlet SO, concentrations. Fellows &
Pilat [22] reported that gaseous HCI concentrations in
the 400-700 ppm had little effect on the HCI removal
efficiencies at 455°F (235°C) measured with a lab-
scale sodium bicarbonate fixed-bed reactor. Wu et al.
[16] reported theoretical model predictions of higher
SO, removal efficiencies with higher inlet SO, in the
200-3000 ppm SO, concentration range at 260°F
(127°0).

Effect of ESP Operation on SO, Removal

As is shown in Table2, decreasing the ESP corona
voltage caused a slight increase in the SO,-removal
efficiency. Under normal ESP operating conditions,
the corona voltage was at 2.6 KV/cm. Decreasing the
corona voltage probably decreased the ESP particle

Environmental Progress (Vol.26, No.3) DOI 10.1002/ep



Table 2. Effect of ESP corona voltage on SO, removal.

Corona

Duct residence Stoichiometric voltage SO, removal SO, removal
time (s) ratio (KV/cm) ESP inlet ESP outlet
2.5 1.0 2.6 25 40

2.5 1.0 1.3 45

2.5 1.0 0 45

5 1.5 2.6 75 80

5 1.0 2.6 52

5 1.0 1.3 60

5 1.0 0 63

11-um diameter NaHCO3 at 400°F, 350 ppm SO..
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Figure 6. Effect of in-duct residence time on SO, re-
moval efficiency at 400-410°F flue gas temperature
and 350-380 inlet SO, concentration.

collection efficiency, thereby providing a longer gas-
particle contact time inside the ESP.

Table 2 shows that the SO, removal across the ESP
for the two upstream residence times of 1.0 and 2.5 s
were 25 and 40%, respectively at an NaHCOj stoichi-
ometric ratio of 1.0. Using a higher stoichiometric ra-
tio of about 1.5 and an upstream residence time of
5 s, the upstream and downstream SO,-removal effi-
ciencies were 75 and 80%, respectively. The relative
increase in SO, removal across the ESP appeared to
depend on the extent of SO, removal (SO, reaction
with the sorbent) upstream of the ESP. As is shown in
Figure 06, if the sorbent residence time upstream of
the ESP is short (less than 1.5 s), then the SO, sorp-
tion can continue during the time the sorbent
particles are suspended inside the ESP. With longer
sorption particle residence times upstream of the ESP
(greater than 5 s), most of the SO, sorption had al-
ready occurred and little additional SO, was collected
inside the ESP.

Environmental Progress (Vol.26, No.3) DOI 10.1002/ep

Effect of In-Duct Particle Residence Time

The reaction rate of SO, with the 11-um MMD
NaHCOj5 sorbent particles was obtained by measuring
the SO, concentration at several locations down-
stream of the sorbent particles injection point corre-
sponding to 1.4- to 5.3-s residence times. The SO,
removal efficiencies as a function of duct residence
time are shown in Figure 6 for stoichiometric ratios
of low (0.5-0.60) and high (1.5-1.7) magnitudes. The
curve through the data points are logarithmic. The
sorbent particles appeared to react quickly at these
residence times and much of the SO, removal
occurred within the first 2 s of particle injection. For
a NSR of about 1.5, the SO, removal after 1.5 s was
greater than 55%. After 2.5 s, the removal was greater
than 65%. The rate of removal leveled-off at higher
residence times, i.e. 75% at 5.3 s. Our 400°F (204.5°C)
measurements showed significant SO,-removal effi-
ciencies (35-70%) within the 3-s duct residence time.
Our in-duct measured SO, removal efficiencies do
not agree with the model predictions reported by Wu
et al. [16]. They reported small SO, concentration
changes (less than 5%) for a 1-s sorbent particle duct
residence time at a gas velocity of 15 m/s (49.2 ft/s),
particle diameter of 5-10 pm, and temperatures in the
120-210°C range (248-410°F).

NaHCO3-SO, Reaction Rate

The measured in-duct SO, removal rates shown in
Figure 6 indicate that the initial NaHCO3-SO, reaction
rates between the aerosol particles and the SO,
appeared to be faster than have been previously
reported.

CONCLUSIONS
The results of our pilot plant study have provided

the following conclusions:

1. With 300400°F flue gas containing 350-500 ppm
SO, significant SO, removal in the 40-80% range
was achieved by injecting sodium bicarbonate par-
ticles directly into the gas stream upstream of an ESP.

2. Sodium bicarbonate provided better SO, collection
than did sodium sesquicarbonate. At a stoichio-
metric ratio of 1.0 with sodium bicarbonate the
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SO, collection efficiency was 50% compared with
only 25-30% for sodium sesquicarbonate.

3. The SO, collection efficiency was greater for the
smaller 11-uym diameter particles than for the
larger 28-um diameter NaHCOj5 particles.

4. Most of the SO, transformation to sulfite occurred
in the test duct before the particles were removed
by the ESP.
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