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1 ABSTRACT

Approach temperature has long been known as a critical parameter in the effective operation
of dry scrubbing systems. Using an approach temperature that is too high limits the efficiency
of the lime in SOz capture, while using one that is too low can lead to downstream corrosion of
internal components and ductwork. But due to the difficult conditions present between the
reactor vessel and the baghouse, finding an effective, reliable measurement of approach
temperature has been elusive.

Additionally, newer research into the actual condensation of acid gas into a liquid state
suggests that the “dewpoint” may be much higher than initially thought. The Ei4200 Dewpoint
Monitor, with detection sensitivity 1-2 orders of magnitude better than its predecessor, can
provide a tangible, in-situ, measurement of the onset of condensation.

This paper will explore the latest ideas in acid gas “dewpoint”, explain the high-sensitivity
process measurement used in the Ei4200, and then provide a case history of the direct
application of this device to the in-situ measurement and identification of Approach
Temperature in a Spray Dry Absorber.
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2 DEWPOINT BACKGROUND

Approach temperature has long been known as a critical parameter in the effective
operation of dry scrubbing systems. When the term “approach temperature” is used, it is
actually a reference to the Approach to Adiabatic Saturation Temperature, or AAST. This
value is very difficult to measure and practically impossible to measure for use in a real-time
control system.

In the paper, “Analytic Study on Approach to Adiabatic Saturation Temperature and the
Control Scheme for the Amount of Water Sprayed” (3 the authors draw an excellent
correlation between the AAST and the Acid Dewpoint Temperature (ADT), which is far
easier and more reliable to measure.

The balance of this discussion will focus on the definition of acid dewpoint and its real-time
measurement using the Ohio Lumex Ei4200.

2.1 Dewpoint vs. Condensation Temperature

Historically, this instrument, along with its predecessors from Breen and earlier from Land
Instrument, looked for an “equilibrium dewpoint.” This definition of dewpoint can be found
in many research papers, but essentially, it is the temperature at which the gas achieves
100% saturation of the vapor in question. With this definition in mind, the Breen
Instrument referred to two gas parameters. The first, “dewpoint”, represented equilibrium
between vapor condensing from the gas onto the cell and liquid evaporating from the cell
into the gas. The second, “formation temperature,” represented the temperature at which
some level of condensation was first detected on the cell.

Multiple field trials, including Breen probes and various wet chemistry analytical
techniques, provided support for the “equilibrium dewpoint” approach as the detected
concentrations fit well into widely accepted formulas linking SO3 concentration, H20
concentration, and projected dewpoint. Breen primarily utilized the Verhoff-Banchero
formulas for the calculation of SO3 from measured dewpoint.

However, more recent work documented by Li, et.al, 1) in 2019 and follow-on work by Zuo
et. al, (3 in 2020 suggest that better instrumentation methods available today show that the
true “dewpoint” of vapor in a gas is the temperature at which that gas just begins to
condense.

Both papers reference a “state diagram” (1.2) that supports the notion that historical methods
of predicting dewpoint utilized the concentration/temperature associated with the highest
rate of condensation rather than the initial temperature. Based on the data developed from
site trials with the Ei4200, Ohio Lumex believes that the definition of “dewpoint” as the
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temperature where condensation first manifests itself is key when looking at in-duct
deposits and further duct/equipment corrosion.
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2.2 Determination of SO3 Concentration

Y. Li, et al

100

90

Fraction (%)

0 T T

\\\YJ’/ 6?,

| Aerosol state g
— - -

Validation curve

40 60 80

Fig. 4. State diagram for revealing the fate evolution of HSO, in flue gas from

T T T T T T T T
100 120 140 160 180 200 220 240 260

Temperature (°C)

the initial condition of 80 ppm H2S04, 4.26% H.0 vapor, and 260 °C.

Figure 1 - Proposed H:SO, State Diagram

Historically, one of the uses of this type of
instrument was to determine the
concentration of sulfuric acid vapor in the
ductwork of coal-fired power-generating
stations. The Ei4200 is equipped with an
internal algorithm to calculate this
concentration using the Verhoff-Banchero
formula and either a measured value for
water vapor concentration or an assigned
value. This measurement will have some
meaning in applications with lower SO3
values and higher water vapor values. It is
not intended for application within
sulfuric acid generating facilities where

the SO3 value is extremely high, and the moisture content is, by design, extremely low.

Understanding that the traditional relationships between SOs3, water vapor, and dewpoint
are limited to these low-S0O3 applications and further accepting the state diagram in section
3-1 as a foundation, any specific dewpoint identified by the Ohio Lumex Ei4200 does not
lend itself directly to accurate SO3 dewpoint calculations.

However, we are learning that second-order calculations can be made using the rate of
change of the delta current vs sensor temperature curve. That curve as developed from
Ei4200 data, has exactly the same shape as the curve shown in Figure 2 below.
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This curve was best explained by Li, et.al, (2). In
that explanation, they identify the central portion
of the curve as being the condition where the
rate of change of vapor conversion to liquid is the
highest, and that this portion of the conversion
curve corresponds quite nicely to the data
required by most of the traditional methods for
equating SO3 with dewpoint.

Figure 2 — Correlation of Rate of Change with Dewpoint

More work is required to automate this second-order calculation.
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2.3 Ei4200 Basic Operational Approach

The fundamental detection process of the Ei4200
involves condensing vapor into liquid on a glass
sensor. This sensor is equipped with two
electrodes embedded in the surface, as shown in
Figure 3.

The Ei4200 detects the presence of condensed
acid vapor by executing a continuous series of
operating “cycles.” Each cycle operates as shown
in the sequence below:

Figure 3 — View of the Ei4200 Sensor

Figure 4 — Basic Operating Protocol

The temperature of the
Sensor is reduced from
high to low by means of
cooling air on the inside of
the cell (blue dashed
arrow)

Two Electrodes, embedded
in the sensor surface, look
for current flow using
condensed acid vapor as
the conductive path (green
dashed arrow)

As the temperature drops,
there will come a point
where vapor condenses
and current is detected

| Sensor Temperature
Delta Current

Condensation Temperature <\
Peak e

Delta Current Setpoint - \\"

5. Then the cooling air

is limited, the
condensate
evaporates, the
sensor temperature
increases until it
reaches “start”
temperature and the
process repeats

When the current
exceeds a preset
threshold (Delta
Current Limit), the
Peak Temperature is
recorded as “Dew

Point”

However, as detailed in the emphasized circle at the bottom of the graphic, the “dewpoint” is
a function of the “delta current setpoint.” This setpoint defines the amount of current
required to record the presence of condensate on the surface. In practice, the lower the
“Delta Current Setpoint”, the higher the “dewpoint” temperature reported. Also, in practice,
the smaller the Delta Current Limit setting, the more susceptible the instrument becomes to
transients and noise spikes that can, and do, create false “dewpoint” reports.

For optimum performance, the Ei4200 delta current setpoint should be set at a level that is
high enough to minimize transient detections yet small enough to minimize overall acid
condensation on the platinum electrodes. This is a site-specific setting that can only be
determined through experimentation by the site Subject Matter Expert.
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3 PERFORMANCE AND DATA ANALYSIS

3.1 Installation Photos

Below are several photographs taken of the control box, interconnection hose/cables, and
the instrument itself mounted in the center of three ports:

Figure 5 - Portable Control Cabinet

The Ei4200 Control box is shown to
the left mounted inside a Pelican case
for ease of transport.

The Wi-Fi cellular router is seen
mounted on the cover of the control.
This Wi-Fi connection allows for real-
time remote monitoring, adjustment,
and data retrieval.

Figure 6 - Interconnection Cable Routing

4-inch test ports were available on the
horizontal duct run between the SDA and the
;7" baghouse.

H‘

1 For ease of routing, the interconnection cable
and air hoses were routed from the control
cabinet, under the edge of the penthouse wall
lagging, and down to the measurement probe.

Cables/hoses are shown in the yellow oval,
and the probe location in the orange oval.
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Figure 7 - Measurement Probe Position

This picture shows the probe mounted in the
port to the left. Its insertion depth is
approximately 4-5 feet.

3.2 Time-based Data Analysis

The graph below shows the time-based plot of the data taken during the demonstration
period covering December 18, 2025, through January 18, 2026. As can be seen, there were
several areas where viable data was lost due to communication between the probe and the
controller. This data loss was traced to a firmware configuration issue related to a minimum
low temperature value. When cold weather took over the plant, the cold temperature
caused a data overflow, which knocked out communication. This has been identified and
corrected, and will be implemented on the test system when it is returned to our shop.

Ei4200 — SDA Trial
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Figure 10 — Time-based data plot

Other than that, the unit ran without issue.
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To facilitate a better understanding of the available data, an “index” plot was created, where
the data was sorted by increasing date/time, and each row was assigned an “index” value.

This allows the removal of the non-viable data gaps. That date-index graph is below:
Ei4200 — SDA Trial

5-minute Time Index Plot
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Figure 11 — Time-index based data plot

Looking at this data visually and focusing on the thin red trace between data points 4,000
and 8,000 (this represents a stable instrument configuration), it is clear that the measured
value of “dewpoint” moves generally between 175 and 185°F while the reactor outlet
temperature is held at a very stable value of 265°F. Remember that the reported “dewpoint”
is actually the kinetic dewpoint of the gas based on the configuration of the instrument at a
defined “delta current limit”. To gain a better understanding of the actual onset temperature
where sulfuric acid vapor can begin to condense, we need to look deeper at the dynamics of
the sensor temperature-delta current relationship.

3.3 Sensor Temperature - Delta Current Curve

Below is the temperature-current curve for this site at the conditions present on
10/18/2025 at roughly 12:35 PM, as well as generalized data taken from many operations,
over multiple days, at specified delta current limits. By inspection of the data, this seemed to
be a generally representative data period.
® Dewpoint vs Delta Limit Single Cycle Data
——Log. (Dewpoint vs Delta Limit) ——Log. (Single Cycle Data)

240
y =-14.39In(x) + 151.12 y = -14.54In(x) + 144.04

2 _ 2 _
220 R?=0.9738 R? = 0.9402

Approach Temperature Projection
Blue 0.01] 217  |calculation

200

Green 0.01‘ 211 |Ca|cu|ation

180

160

140

Condensation Temperature (F)

120

100
o 0.5 1 1.5 2 2.5

Delta Current Limit

Figure 12 — Current-temperature Curve
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As can be seen from the trendline formulas, these are standard natural log relationships.
The blue one represents data taken from a single operating cycle of the instrument, while
the green one applies average reported dewpoints taken at specific delta current limits over
the last 5 days of the trial. These curves provide a mechanism for projecting the onset of
condensation at very minute levels. We have chosen the minimum detection limit of the
instrument (0.01 pA) for the application of the data.

Applying the minimum detectable delta current of 0.01 pA generates a projected onset of
condensation, or initial dewpoint, of 211F based on the single cycle derivation and 217°F
based on the broader data derivation. Both of these values are still well below the average
reactor vessel outlet temperature.

To be clear, this temp/current curve is representative of one set of:
e Acid Gas (S0Oz) loading
e Hydrated Lime Feed Rate
e Cooling Water Feed Rate

Several additional tests should be run at controlled conditions to get a better sense of the
variability of the overall dewpoint/current curve with changes in each variable.

3.4 Dewpoint vs. SOz Load, Water and Hydrate Sensitivity

As mentioned above, the overall onset dewpoint, or approach temperature, is impacted by
SOz load, hydrated lime feed and cooling water feed rate. While not comprehensive, due in
large part to the shortness of the demonstration (4 weeks) and the undefined nature of the
expected results, this information does shed some light on the impact of each variable on the
dewpoint.

3.4.1 Identification of SOz Loading Increments

The curve below was developed in an attempt to identify any patterns that follow dewpoint
as a result of the daily variation in load between overnight conditions and daytime
conditions. To do this, a second index was developed based on increasing the slurry feed
and looking at the outlet temperature response.

Comparison of SDA, Dewpoint, Slurry Feed Slurry Feed SDA Outlet Temp
and Total Water Feed, 0.1 uA Delta limit —Log. (Slurry Feed) Log. (SDA Outlet Temp)
10/18/2025 - 1/6/2026
50 260
45 259
40 . 258

<—— LowerLoad | HigherLoad —»

35 257

30 = e = = S - 256

1
25 : 255
1
20 : 254
15 Over this period the SDA outlet temp cycled daily with higher combustion gas at night 8

and more dilution air during the daytime. Higher temperature should correlate with = ***
5 higher SO2 loading (Note: 256 F is the rough median temperature) 251

Dewpoint (F)

10

Total Water (GPM), Total Slurry (GPM)

[ 1000 2000 3000 4000 5000 6000
Observation (sorted by Increasing Slurry Feed)
Figure 12 — SDA Tout vs Slurry feed
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[t is pretty clear that there is a close linkage between reactor outlet gas temperature, slurry
feed, and daily variations in process throughput. It appears from the above data that a
scrubber inlet temperature of 256°F represents a midpoint and can be used as a
demarcation point between process conditions.

3.4.2 Comparison of Variables on Dewpoint

[t is well established that the effectiveness of the SDA system improves as the differential
between the outlet temperature and the approach temperature is minimized. The following
curve was developed to explore any relationship that might exist, driving preferential
performance of the hydrated lime versus additional water in improving dewpoint. It uses
slurry feed as a reference, as it was developed in the prior section that slurry feed closely
tracks outlet temperature, which seems to track with the daily exchange in operating
conditions.

Comparison of SDA Dewpoint, Slurry Feed Slurry Feed Total(VIVater i
.. 4200 Dewpoint —Log. (Slurry Fee:
and Total Water Feed, 0.1 uA Delta limit — Lo, (Total Watef) Log. {4200 Dewpoiith
10/18/2025 - 1/6/2026

. /18/2025 - 1/6/
80 l\ 184
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70 — i > duiss L2 € ccy S 183

182
60

181
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180
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40
179
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20 177
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10 176

0 1000 2000 3000 4000 5000 6000
Observation (sorted by Increasing Slurry Feed)

Figure 13 — Dewpoint vs Total water and Slurry

While it is clear that the dewpoint of the SDA outlet gas increases with slurry feed, it is not
clear whether that is due to the increase in plant loading or due to the reduction in total
water applied to the system.

Looking at the differential between the existing outlet gas temperature setpoint and adding
more water, it suggests that additional water would both lower the dewpoint and lower the
gas temperature, making the hydrate more effective.

Unfortunately, plant operations advises that any reduction in outlet gas temperature due to

increased water usage has the secondary effect of creating a sticky ash that does not handle
well in the system.
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4 CONCLUSIONS & NEXT STEPS

First, heartfelt thanks to both plant and corporate staff for their super help in making the
project successful. While there were a couple of breaks in data collection, on the whole, the
plant was incredibly supportive of this effort, and the solid data derived from that effort is
valuable.

1. We are very happy to report that the instrument operated without any trouble
during the test period. The sensor remained clean, and the data made good sense.

2. As mentioned in the narrative, the actual “dewpoint” reported by the instrument
reflects the attainment of a certain level of material on the sensor suitable to allow
for current through that material layer to exceed a user-defined setpoint. The higher
the setpoint, the more material must condense, and the lower the temperature
necessary to influence that condensation.

3. To identify the actual saturation temperature, the instrument must report a finding
based on an increasingly small amount of material. As is common with many
instruments, the greater the level of sensitivity desired, the greater the possibility of
false detection, noise, and nuisance readings. So, there is a practical limit to how
sensitive the instrument can be and still remain reliable.

4. Fortunately, it has been found that there is a performance curve that is generated
each cycle of operation. If the shape and formula of that curve can be identified, then
the temperature at which condensate will form based on a minimum detection level
of condensate can be projected.

5. Based on the conditions present during the single cycle analysis (12:35 PM on
10/18), an Onset Dewpoint of 211°F which compared favorably with a projection of
217°F using a formula based on multiple days' worth of data. Both Onset Dewpoints
were projected based on the performance curves applied to a minimum detection
level of 0.01 pA. Both projections are comfortably below the current SDA outlet
temperature of 265°F.

6. It was also noted that the actual measured dewpoint at any instant is a function of
the SO2 Load, the water usage rate, and the hydrate feed rate. It is suggested that
additional testing, based on allowing one of these variables to float while the other
two are controlled at a fixed value, would yield valuable data on the variability of the
generic performance curve and how to better influence the reaction vessel outlet
dewpoint, and by extension, the most efficient utilization of lime.

In their paper, “Removal of SOz from Flue Gas using a New Semidry Flue Gas Desulfurization
Process with a Powder-Particle Spouted Bed” ), the authors provide good supporting detail
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as to the improvement that can be realized by running a dry FGD process closer to the acid
dewpoint.

The following chart, taken from that paper, allows some level of quantification.

S0, removal efficiency [%] or sorbent
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For example, the case study here is
running conservatively at roughly
50°F /28K separation between reactor
outlet temperature and project onset
dewpoint (265°F /403K vs.
215°F/375K)

This graph suggests that a change of
10K, from 28K to 18K, would result in
an improvement in hydrate utilization
of 15% and a potential improvement in
SO2 removal of 20%.

Whether the reduction in reactor outlet gas temperature comes from added water usage or
added upstream heat recovery, there is a significant benefit to bringing the reactor outlet
temperature much closer to the measured acid onset dewpoint.
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