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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 hydrated lime in SO2 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 circulating dry scrubber. 
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2 DEWPOINT BACKGROUND 

 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 Dewpoint Monitor. 

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 where 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, H2O 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, 
(2) 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 temperature at 
which 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 
 

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 SO3, water vapor, and dewpoint are 
limited to these low-SO3 applications and further accepting the state diagram in section 2 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 Delta Current vs the sensor temperature curve. That curve, as developed from Ei4200 data, 
has exactly the same shape as the curve shown in Figure 2 below.  

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. 
 
 
 
 

More work is required to automate this second-order calculation. 
 
 

Figure 1 – Proposed H2SO4 State Diagram  

Figure 2 – Correlation of Rate of Change with Dewpoint  
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2.3 Ei4200 Basic Operational Approach 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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. 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. 
 

Figure 3 – View of the Ei4200 Sensor  

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 4 – Basic Operating Protocol  
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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 – 4 Inch Mounting Port 
 
A 4” test port was installed by the plant 
at the top of the duct connecting the 
reactor vessel and the baghouse. 
 
For full understanding of gas 
distribution impacts, several ports 
should be installed in the measurement 
plane. Time constraints limited this 
location to a single point 
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3.2 Time-Based Data Analysis 
 
The graph below shows the time-based plot of the data taken during the demonstration period. 
As can be seen there were several areas where viable data was lost due to loss of electrical 
power to the unit (someone unplugged the extension cord) and loss of process cooling air 
(someone turned the supply air off). For all demonstrations, it is important that all plant 
personnel understand the presence, and importance of these electrical and air connections. 
 
 
 
 
 
To allow better understanding of the data that was available, an “index” plot was created where 
the available data was sorted by increasing date/time, but each row of data was assigned and 
“index” value. This allows removal of the non-viable data gaps. That Date-Index graph is below: 
 
 
 
 
 
 
 

Figure 7 – Duct View at Mounting Location 
 
This picture is provided to show the relative 
width and depth of the ductwork where the 
measurement probe was placed.  
 
The duct is roughly 6 feet wide and 10 feet in 
depth. 
 

Approx 6’ in width 

Approx 10’ in depth 

Figure 8 – Time Based Data Plot  
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Looking at this data visually, and focusing on the thin red trace, it is clear that the measured 
value of “dewpoint” is roughly just above 200F while the reactor outlet temperature is held at a 
very constant value of 250F. 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 
 
The data for the following curve can be derived from analysis of the average reported dewpoint 
compared to specific Delta Current limit settings over extended operating periods. Interestingly, 
though, we have found that the curve defining the relationship between Sensor Temperature 
and instantaneous current on the cell, for any specific cycle, provides very nearly the identical 
curve. 
 
Below is the temperature-current curve for this site at the conditions present on 10/12/2025 at 
6:35 AM. By inspection of the data, this seemed to be a generally representative data period. 
 
 
 
 
 
 
 
 

Figure 9 – Time Indexed Data Plot  
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As can be seen from the blue trendline formula, this is a standard natural log relationship. 
Applying the minimum detectable Delta Current of 0.01 µA generates a projected onset of 
condensation, or initial dewpoint, of 269F. 
 
The amount of physical material that may condense at this temperature or below is minimal. 
However, over time, it suggests that there may be some evidence of downstream corrosion at 
this site. 
 
To be clear, this temperature current curve is representative for one set of: 
 

• Acid gas (SO2) loading 

• Hydrated lime feed rate 

• Cooling water feed rate 
 
Several additional tests should be run under controlled conditions to get a better sense of the 
variability of the overall dewpoint/current curve. 
 

3.4 Dewpoint vs. SO2 Load, Water and Hydrate Sensitivity 
 
As mentioned above, the overall onset dewpoint, or Approach Temperature, is impacted by SO2 
load, hydrated lime feed, and cooling water feed rate. While not comprehensive, due in large 
part to the shortness of the demonstration (3 weeks) and the undefined nature of the expected 
results, this information does shed some light on the impact of each variable on the dewpoint. 
 
 

Figure 10 – C/T Sensitivity Curve  
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3.4.1 Identification of SO2 Loading Increments 
 
The following curve is the same information as the original curves in Section 5.2 but identifies 
only the SO2 load value as provided by plant operations. As can be seen we have identified seven 
(7) total increments for load. Increment 0 identified those values associated with transitional 
movement from one load point to another. The incremental “buckets” for the other values are 
identified in the table on the chart. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If those data points are accumulated by increment and replotted by increasing SO2 Load Code, 
the results can be seen in the following graph. For information’s sake, the total number of data 
points in each “bucket” is shown on the embedded table as well. 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 11 – SO2 Load Groupings  

Figure 12 – SO2 Load by SO2 Load Code  
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3.4.2 Comparison of Variables on Dewpoint 
 
The following graph adds the variables to the load plot by SO2 load code.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Of note in this graph: 
 

• Load codes are represented by successive increments of light green lines 

• Load code 1 should generally be ignored as it represents minimum SO2 loading and has 
minimal dewpoints. Load codes 2 – 6 represent actual active loads witnessed during the 
demonstration periods. 

• During load code 2, we can assume that the SO2 load is constant, and it appears that the 
hydrate feed is generally consistent. What can be seen is that with the other two 
variables constant, an increase in water feed over the period resulted in a downward 
trend in dewpoint. While not accurately measured, it appears that the water climbs 
roughly 10 GPM over the duration of the code (or roughly 20% of its base value). Over 
that same period, the measured dewpoint dropped from 200F to a value of 180F. 

• Load code 3 presents an interesting data move. While the higher load code indicates a 
higher SO2 load, the average water used compared to Code 2 dropped materially. It can 
be argued that the water usage, though, as well as the dewpoint, are essentially the 
same as those values at the beginning of code 2. However, the hydrate usage on average 
appears to be reduced as well. 

• For the next two load codes (4-5), the water usage rate appears constant as the load 
increases.  Given that hydrate usage appears, on average, to be steady, the increase in 
dewpoint seems to be the result of higher SO2 loading. 

• The final Load group, code 6, is difficult to analyze as the load increases, the hydrate 
usage decreases and the water usage rate decreases. The net of this is an increase in 
dewpoint over the load group.  

Figure 13 – Comparative Data Plot by SO2 Load Code  
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4 CONCLUSIONS & NEXT STEPS    

 
 

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 AAST, 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 (6:35 AM on 10/12) an 
Onset Dewpoint of 269F was projected based on the performance curve applied to a 
minimum detection level of 0.01 uA 
 

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 hydrated lime. 
 

7. In their paper, “Removal of SO2 from Flue Gas using a New Semidry Flue Gas 
Desulfurization Process with a Powder-Particle Spouted Bed” (4), the authors provide 
good supporting detail as to the improvement that can be realized by running a dry FGD 
process closer to the Acid Dewpoint. 
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