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A B S T R A C T

Wet flue gas desulfurization (WFGD) is a commonly utilized desulfurization technique. A major application of
WFGD can be found in the coal-fired power plant, with up to 90% share of its market. Despite the fact that
WFGD has been well developed and proven, its negative effects persist, e.g., entrainment pollution stemming
from slurry droplet emission. In this study, we demonstrate in situ monitoring of flue gas slurry droplet
emission in the coal-fired power unit using a self-made instrument based on digital holography, named the
holographic slurry droplet monitor (HSDM), and gain insight into the key characteristics of slurry droplet
emission through further statistics. HSDM exhibits superior accuracy in the respect of mass concentration,
compared with conventionally accepted Mg2+ tracer method, and the maximum bias of the two is 5.61%. The
application of HSDM in the real scenario of a 1000 MW coal-fired power unit is performed. After that, real-
time slurry droplet measurement data is analyzed, revealing the key characteristics of slurry droplets, including
size distribution and mass concentration, as well as factors associated with emission. Overall, high accuracy,
real-time availability with a response time of 10 min, and multi-info acquisition in both size distribution and
mass concentration make HSDM a remarkable alternative to the conventional method, enabling it to play a
critical role in slurry droplet emission measurement.
1. Introduction

Wet flue gas desulfurization (WFGD) with the advantages of high
desulfurization efficiency, well proven, and low operating cost, holds
an important role among desulfurization technology. Thousands of
boiler-involved industries deploy WFGD facilities in China. The SO2 is
removed by the absorption of limestone slurry and turns to sulphate
that is further extracted and dewatered from the absorbent as gypsum.
A major application of WFGD can be found in coal-fired power plant,
with up to 90% share of its market, where the combustion of coal
releases large amounts of sulfur oxides and the removal of SO2 is an
essential link of flue gas purification process. SO2 emission is under
strict control and its standards are well established over the world. The
WFGD has been constantly improved in the past decades of engineering
applications, giving the status quo that it is quite mature and reliable.
Apart from the discussion of economic input and output, the impact of
WFGD on particulate matter emission of flue gas is of great concern.
In the WFGD process, as illustrated in Fig. 1, the upward flowing hot
flue gas encounters the spraying downward slurry. Therefore, massive
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slurry droplets are released into flue gas and change the emission char-
acteristics of particulate matter (PM). Extensive literature has reported
on the influence of the WFGD on flue gas pollution emission, covering
fine PM emission to ions emission, and so on. It has been found that
the WFGD contributes to PM removal. Compared with the inlet flue gas
of WFGD, over 50% PM was filtered when the flue gas was processed
by WFGD, and the combination of WFGD and precipitator can achieve
better removal efficiency up to 90% [1–3].

However, because of the entrainment of slurry droplets, the PM
removal ability of WFGD is actually overestimated [1]. Slurry droplets
entrainment has a distinct impact on PM emission characteristics.
Unlike water vapor in flue gas, slurry droplets carry solid components
and soluble salts. The weight percentage of solid components in slurry
droplets is about 10% to 25% even higher, which mainly consists of
limestone that comes from the WFGD process. Both solid components
and soluble salts are released after liquid droplets evaporate or settle,
leading to severe re-entrainment pollution. Though mist eliminator
can remove slurry droplets, it is underperformance in removing slurry
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Fig. 1. Schematic of WFGD unit. The upward flowing hot flue gas encounters the spraying downward slurry, thereby carrying massive sensible slurry droplets.
droplets with a size less than 30 μm. And slurry droplets removal
efficiency is under 20% ∼ 30% when droplet size is below 15 μm[4,5].
As a consequence of that, the released gypsum crystal particle and fine
unreacted limestone particle raise PM2.5 and PM10 emission level [3,6].
The impact of WFGD on PM emission has been investigated by the
experimental study on PM emission monitoring and PM component
analysis [7–10], the numerical simulation on PM movement and col-
lision [11,12]. Yet few studies focus on slurry droplets characterization
and most of them are numerical simulations [5,13,14]. Nevertheless,
investigations into slurry droplets in real scenarios from a quantitative
perspective still lack enough attention and effort.

Slurry droplets in flue gas with the features of small size (0∼30 μm),
low number density (10∼20 per cm3) and impurities are difficult to
be characterized by many advanced optical methods that based on
light scattering concept. For the reason that most of the light scat-
tering methods are in response to a single-point or flat ROI, which
lacks productivity in the situation of low number density, e.g., phase
Doppler anemometry (PDA) [15,16], interferometric particle imaging
(IPI) [17–19]. Apart from that, the impurities inside slurry droplets
change the refractive index and leave it an unknown parameter that
is a key to inverse the real diameter of slurry droplets from the
light scattering signal. The PDA has been used to measure slurry
droplets in laboratory-level desulfurization setup [20,21], while the
limitations of the PDA are obvious, e.g., single-point detection only,
not suitable for droplets containing impurities. Flue gas sampling is
regarded as the standard approach to obtaining slurry droplets in flue
gas. Slurry droplet mass concentration can be calculated by Mg2+

tracer method [22,23]. However, the diameter and number density of
slurry droplets are unavailable in sampling methods, whereas these
two fundamental parameters are closely related to PM emission and
also key to understanding the effectiveness of mist eliminators. As
underlying technology for this study, digital holography may give a
chance to overcome these deficiencies. In contrast to the light scattering
methods, the holography can be conducted with the underpinning
of the diffraction theory [24–26]. It cares less about the refractive
index of target. More importantly, it is a three-dimension measurement
method that has a large view of field and a depth of field, which
makes it easy to cover more targets in one single shot. The typical
2

applications of digital holography in spray measurement have achieved
not only droplet size characterization, but contour, velocity, and spatial
distribution analysis [27,28]. Similar applications can also be found in
combustion diagnosis [29,30], microflow measurement [31,32], and so
on, for both regular and irregular, homogeneous and non-homogeneous
targets.

In this study, we demonstrate an in situ measurement of slurry
droplets in flue gas by a self-made instrument based on digital hologra-
phy, named holographic slurry droplet monitor (HSDM). Starting with
the introduction of HSDM, the image resolution, algorithm workflow,
and data statistics principles are presented. Then, the application of
HSDM in the real scenario of a 1000 MW coal-fired power unit is
performed. After that, real-time slurry droplet measurement data is
analyzed, revealing the key characteristics of slurry droplets, including
size distribution and mass concentration, as well as factors associated
with emission.

2. Holographic slurry droplet monitor

2.1. Design

The HSDM adapts the in-line holography optical configuration so
that the light source and recording device are placed on each side
of the analysis zone, which is easy-to-use and robust, guaranteeing
the stability of the HSDM in real situations. The HSDM consists of
a recording arm, a light source arm, an extension arm, and a flange
for fixation usage, as shown in Fig. 2. The recording arm and light
source arm are connected by two stainless connectors, and the gap
in the middle of the two connectors serves as the analysis zone for
measurement, which has a width of 30 mm and a height of 60 mm. The
extension arm and the flange in tail are used for mounting. In the in-
line optical configuration, a continuous laser beam with a wavelength
of 532 nm is first filtered by a pinhole spatial filter, then it is collimated
into a columnar beam with a diameter of 12 mm. A telecentric lens and
camera are fixed downstream of the laser path to record the holograms
of slurry droplets. The camera resolution is 2448 × 2048, and the pixel
size is 3.45 μm. The camera exposure time is set at 1 μs to suppress
trail shadow induced by droplet movement. The telecentric lens has a
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Fig. 2. Schematic of HSDM and in-line holography optical configuration inside. It consists of recording arm, light source arm, extension arm and a flange for fixation usage. The
recording arm and light source arm carry recording device and light source, respectively, and the zone in the middle of the two serves as the measurement region.
Table 1
Key indicators of HSDM.

Item Description

Effective measurement volume 4.2 × 3.5 × 20 mm3

Effective droplet size range 1.72 ∼ 103 μm
Effective concentration range 0 ∼ 104 mg∕Nm3

Response time less than 10 min
Housing temperature during operation 0 ∼ 60 ◦C
Humidity during operation 0 ∼ 100%, relative

40 mm working distance and a magnification of 2×, thus the equivalent
pixel size is 1.72 μm. Overall, the effective analysis zone volume of the
HSDM can be up to 4.2 × 3.5 × 20 mm3 (see Table 1).

2.2. Resolution investigation

The resolution value represents the smallest distance between two
objects that can be registered by an optical system, and it is often
specified in line pairs per millimeter (lp/mm). The equivalent pixel
value of the established optical system of HSDM is 1.72 μm. In other
words, the resolution is up to 290 lp/mm in theory. But the real
resolution is normally less than the value that the equivalent pixel
defines. In this study, the resolution is specified through a 1951 USAF
resolution test target. As illustrated in Fig. 3, the x-coordinate value
refers to the distance from the focal plane to the investigated plane
in the DOF direction. The maximum resolution value is available at
the focal plane, which has a value of 203 lp/mm, meaning that the
distinguishable smallest distance between two objects is 2.46 μm, and
the resolution decreases with distance.

The analysis volume is defined as the product of the cross-section
area and the length of DOF, and the cross-section area is already fixed
according to the camera sensor size. The choice of DOF length decides
the analysis volume. Thus, there is a trade-off between the analysis
volume and the smallest object size. Since the weight of a slurry droplet
is the cube of its diameter as well as its volume, the bigger slurry
droplets make up the main part of the concentration. Therefore, it
is reasonable to neglect small droplets. In this study, this is decided
by slurry droplet size distribution feature, and the diameter threshold
is considered to be 5 μm. Thus, the DOF value is set at 20 mm, in
which the resolution is approximately 114 lp/mm, or alternatively, a
distinguishable smallest distance of 4.38 μm.
3

Fig. 3. Resolution of the optical configuration of HSDM at different DOF. Notice that
the images after 0 mm are their holographic reconstruction results at the corresponding
locations.

2.3. Algorithm workflow

Fig. 4 gives the algorithm workflow of the HSDM. The result at a
given point in time is defined as the accumulation of a certain number
of images results during that time period.

For the purpose of improving holographic processing speed, YOLOv5
[33], a fast and robust object detection machine learning algorithm,
is adapted to pre-identify the hologram patterns of each image. Since
the number density of slurry droplets is extremely low, it is frequently
encountered that each image contains information from only a few or
no droplets. Thus, handling of the whole image is unnecessary and
time wasting. After pre-identification through the YOLOv5 algorithm,
the valid regions that contain hologram patterns are intercepted out
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of the original image, and basically they are the holograms of a
single droplet, followed by other processes. This treatment increases
overall processing speed by a factor of 7 to 9. Another advantage of
this treatment is that single-target hologram facilitates autofocusing
process, allowing the use of simple and fast processing algorithm, in
which the gray scale gradient variance methods [34] is adopted here.
Hologram reconstruction procedure is based on the wavelet method,
which can be found in the previous studies [35,36].

Assuming that 𝑁 images are picked, each image is de-backgrounded
nd then followed with YOLOv5 object detection operation to get 𝐾

valid regions.
Following that, the valid regions are subjected to regular holo-

graphic processing procedures, including reconstruction, autofocusing,
and information extraction. The size distribution of slurry droplets can
be quantified by the number share of slurry droplets in a different
diameter zone. The mass concentration of slurry droplets is calculated
using the formula
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[

∑𝑁
1
∑𝑀

1
4
3𝜋

(𝐷𝑁,𝑀
2

)3
]

⋅ 𝜌𝑤

𝑁 ⋅𝑀 ⋅ 𝑥 ⋅ 𝑦 ⋅ 𝑧
⋅
1
𝜂
⋅

1
1 − 𝐶x

,
(1)

where the 𝐶 is the slurry droplets concentration. The 𝑁 is the number
of images to be used for each calculation. The 𝑀 is the total droplet
number in the 𝑁 th image. The 𝐷𝑁,𝑀 is the diameter of the 𝑀 th droplet
in the 𝑁 th image. The 𝜌𝑤 is the liquid density which is taken as
000 kg/m3 in the calculation. The 𝑥, 𝑦 and 𝑧 represent the width,

height, and the length of the cutoff DOF of the ROI volume, respec-
tively. The gas volume is adjusted to the volume under the condition
of dry, 6% O2 content, and standard temperature and pressure (STP),
which is embodied in the correction factor 𝜂. The 𝐶x is the percentage
of solid content of slurry droplets.

2.4. Data validity analysis

The HSDM has a large measurement volume, yet it can only cover a
few droplets in one single shot, for the reason that the number density
of slurry droplets in flue gas is quite low, as mentioned above. The
result of a point of time is based on the analysis result of the slurry
droplets holographic images that are captured around the point of time.
Lack of enough slurry droplet samples will inevitably leads to random
results. Thus, the accumulation of multiple-image results will be nec-
essary to acquire sufficient samples and eliminate the randomness of
analysis. Meanwhile, it should be paid attention that excessive analysis
will add time cost which is bad for real-time performance. To this end,
a straightforward way is to investigate the variations in accumulative
average values when the number of involved images increases, includ-
ing the variations of size distribution and average concentration. The
following study was carried out to specify the number of images used
in each round.

For the size distribution feature, as illustrated in Fig. 5(a), there are
eight diameter zones, with an interval of 5 μm, and each bar consists of
the slurry droplets number shares at each diameter zone. Thus, the sum
of the eight zones’ share is 100%. In this study, the number of images
gradually increases from 20 to 220 with an interval of 10. As revealed
in Fig. 5(a), when there are enough images involved in the calculation,
the number shares of each diameter zone tend to be invariable, in which
the number of images is estimated to be larger than 140. Likewise,
for the same case, Fig. 5(b) shows the mass concentration variation.
It remains largely unchanged when the number of images exceeds 140,
which can be told by the relative deviation of mass concentration.

A close examination was conducted on 25 cases with their relative
deviation, the average relative deviation, and the standard deviation
(SD) of relative deviation analyzed, as shown in Fig. 6. There are 25
sets of data for each situation that correspond to a certain number of
images. The sampling distribution of the relative deviation value of the
4

25 cases is symmetrical, and the averages of their relative deviations are
Fig. 4. Algorithm workflow of HSDM. Assuming that 𝑁 images are picked out, each
image is first de-backgrounded, then followed with the YOLOv5 object detection
operation to get 𝐾 valid regions. After that, the valid regions are then subjected to
regular holographic processing procedures.

approximately equal to 0 for all situations, which indicates the samples
are well represented with negligible sampling error. In Fig. 6(a), the
diameter zone of 10 to 15 μm is listed out for analysis on the grounds
that this zone basically reflects the overall evolution trend of the size
distribution. The relative deviation is defined as the relative value
change between the former and later situation. With the number of
images exceeding 120, the relative deviations are mostly distributed
in the narrow region of −5% to 5%, and the SD of relative deviation
is also less than 5%. These fact gives a conclusion that the analysis
on 120 images could yield a reasonable result on size distribution.
Similarly, the mass concentration feature of the same 25 cases is being
investigated. As illustrated in Fig. 6(b), the SD of relative deviation
decreases from 5% downwards at the point when the number of images
is equal to 140. Thus, 140 images will be sufficient to provide a stable
statistical figure on mass concentration with acceptable randomness in
most of the cases.

From the above two aspects, the accumulation of results from 140
images can serve as a reasonable result in terms of the size distribution
and mass concentration. Adding more images will result in a value vari-
ation of 4% and 5% for the size distribution and mass concentration,
respectively, and these levels of variation are well acceptable.

3. Accuracy validation

The accuracy validation of HSDM is conducted in the field testing
of a 1000 MW coal-fired power unit, by comparing slurry droplets
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Fig. 5. Result of a certain point in time. (a) The variation in size distribution when the number of joined images increases. Eight diameter zones are divided, with an interval of
5 μm. Each bar represents the size distribution that consists of the number share percentage of each diameter zone. (b) The variation in concentration when the number of images
increases. The relative deviation is the value variation between the former and the latter.
Fig. 6. Results of 25 cases. (a) The relative deviation, average of relative deviation, and the SD of relative deviation of the size zone of 10 to 15 μm, when the number of images
increases. (b) The relative deviation, average of relative deviation, and the SD of relative deviation of concentration, when the number of images increases.
Table 2
Comparison of slurry droplets concentration measurement result by Mg2+ tracer method and HSDM.

No. 𝐶Mg,0
(mg/L)

𝐶x
(%)

𝜂 𝑉g
(Nm3)

𝐶Mg,s
(mg/L)

𝐶1
(mg/Nm3)

𝐶2
(mg/Nm3)

Bias
(%)

1 1253.788 26.01 0.841 0.673 0.396 31.709 33.487 5.61
2 1253.788 26.01 0.841 0.673 0.321 25.666 26.533 3.38
3 1314.138 19.36 0.775 0.673 0.439 27.337 28.402 3.90
4 1314.138 19.36 0.775 0.775 0.416 25.817 24.562 −4.86
concentration obtained by the HSDM and the Mg2+ tracer method in
the same time period. The test location was picked at the outlet of the
WFGD tower. The Mg2+ tracer method consists of two steps that are
flue gas sampling and Mg2+ concentration analysis. For the first step,
a mist droplet trap is utilized to sample slurry droplets. Fig. 7 gives
the schematic of the flue gas sampling operation. In addition to slurry
droplets, the condensate water will also be collected inevitably during
the sampling step. Therefore, a calibration step is necessary to infer
the real slurry droplet content. The most acceptable criteria is based
on Mg2+ for the reason that the Mg2+ concentration is relative stable
5

within the WFGD. The slurry droplets and WFGD slurry have same
Mg2+ concentration, thus this factor can be used to exclude the content
of condensate water. Eq. (2) gives the slurry droplet mass concentration
calculation formula.

𝐶 =
𝐶Mg,s ⋅ 𝑉s,l ⋅ 103

𝐶Mg,0 ⋅ 𝑉s,g ⋅ 𝜂 ⋅
(

1 − 𝐶x
) . (2)

The 𝐶 is the slurry droplet mass concentration. The 𝐶Mg,s is the Mg2+

concentration of the liquid sample. The 𝑉s,l is the analytical volume of
the liquid sample, including slurry droplets and condensate water. The
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Fig. 7. Schematic of on-site testing area, the installation of HSDM on flue, and the flue gas sampling operation to collect slurry droplets for Mg2+ tracer analysis. WEPS: Wet
electrostatic precipitator.
𝑉s,g is the sampled flue gas volume, and it was adjusted to the volume
under the condition of dry, 6% O2 content, and standard temperature
and pressure (STP), which is embodied in the correction factor 𝜂.
The 𝐶Mg,0 is the Mg2+ concentration of WFGD slurry. The 𝐶x is the
percentage of solid content in the WFGD slurry. Liquid density is taken
as 1000 kg/m3 in the calculation.

In the validation work, flue gas was pumped out of flue, with
a sampling flow rate of 20 L/min and a collecting time of 40 min
for each round. The slurry droplets were first captured by the slurry
droplet trap. Then the flue gas flowed through the condensation bottle,
allowing the second collection of leaking slurry droplet particularly
the small size droplets. The total slurry droplet content was the sum
of the two, and they were flushed together for Mg2+ concentration
analysis purpose. The WFGD slurry was collected separately which
were directly sampled from the WFGD tower. The high performance
liquid chromatography (HPLC, Agilent Infinity 1260 II) and inductively
coupled plasma mass spectrometry (ICP-MS, Agilent Technologies 7800
ICP-MS) were applied to analyze the Mg2+ concentration of the slurry
droplets sample and WFGD slurry. Four comparisons were performed
for accuracy validation here, as illustrated in Table 2. The 𝐶1 and
𝐶2 refers to the measurement results of Mg2+ tracer methods and
HSDM, respectively. The biases of the two vary from −4.86% to 5.61%.
Compared with the widely accepted 10% bias in industrial situations,
this level of bias confirms the reliability of HSDM.

4. Slurry droplet features

4.1. Slurry droplet hologram

Fig. 8 shows a typical hologram recorded by HSDM, which has been
de-backgrounded. As can be seen, the slurry droplet hologram is easily
identifiable without too much interference, which benefits from the
robust in-line optical configuration and solid structural design. After
pre-identification, reconstruction, and autofocusing operation, the two-
dimensional contours of the slurry droplets can be restored from the
hologram. There are 5 slurry droplets with a diameter of 12 μm to
16 μm. The number density of slurry droplets in flue gas is extremely
low. Despite the large measurement volume of HSDM, it can only
capture 3 to 10 droplets in a single shot on average. It is obvious that
their holographic patterns account for a very small area of the whole
image. Therefore, the pre-identification operation by the YOLOv5 ob-
ject detection algorithm is very helpful to get rid of data redundancy
and improve processing speed. In addition to that, it allows the separate
processing of each target that has a different image grayscale level,
which will facilitate the size extraction process. The five slurry droplets
6

Fig. 8. Typical hologram recorded by HSDM, and reconstruction results of the five
marked areas that correspond to five slurry droplets.

in Fig. 8 have different degrees of clarity that essentially because their
image grayscale values are not the same. Therefore, different grayscale
thresholds will be used to extract targets.

4.2. Slurry droplet size distribution

The size distribution of slurry droplets plays a fundamental role in
PM emission for the reason that different droplet sizes result in different
levels of sedimentation and other physicochemical reactions.

An overview of statistics data obtained under different flue gas
conditions and system operating conditions is performed here, as illus-
trated in Fig. 9. As can be seen, the size distribution has single-peaked
characteristic, and the peak falls in the range of 5 μm to 10 μm. Most of
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Fig. 9. Slurry droplets size distribution. A total of 32,000 slurry droplets are included
ere.

Fig. 10. Slurry droplets size distribution at different load.

he slurry droplets have a diameter of 5 μm to 15 μm, which accounts for
0 to 75% of the total. In addition, the slurry droplets with diameters
f over 30 μm amount to as little as 5% of the share. Generally, the
ize distribution feature clearly reflects the removal performance of the
liminator for slurry droplets in flue gas, and it is consistent with the
xisting investigations into eliminator. The eliminator has an effective
emoval ability for slurry droplets over 30 μm, yet it underperforms for
hose below 20 μm. It should be mentioned that the number share of
he diameter range of 0 μm to 5 μm is actually unrepresentative due

to the fact that the HSDM limited by its effective resolution is poor at
this level of metric. Moreover, there is no significant change in size
distribution when the unit load changes, as shown in Fig. 10.
7

c

4.3. Slurry droplet concentration

Slurry droplet emission is basically quantified by its mass concen-
tration according to official regulation, and the established emission
standard in China is 75 mg/m3. As shown in Fig. 11, the real-time slurry
droplet mass concentration from 7-day monitoring data, as well as flue
gas velocity and SO2 emission in the same time period, is disclosed here.
The 10-minute curve of slurry droplet mass concentration is directly ac-
quired from HSDM, which is set to deliver data every 10 min, while the
60-minute curve comes from the average of that hour. Flue gas velocity
is calculated through total flue gas volume and the cross-sectional area
of the absorber tower. It should be noted that the operation conditions
of the WFGD system keep largely unchanged during this time period.
There are two recycle pumps running with constant output power,
meaning that the absorber slurry supply remains unchanged. Although
the operating differential pressure between the inlet and outlet of the
eliminator is affected by the unit load, it remains largely stable at 30
to 150 Pa and the eliminator is performing well.

The slurry droplet mass concentration of the current 1000 MW coal-
fired unit swings between 5 and 60 mg/m3 and exceeds 75 mg/m3

only in rare cases, meeting the Chinese national emission standards.
In terms of general trends, the slurry mass concentration varies up and
down with the flue gas velocity, especially at the point when the latter
changes dramatically, as illustrated in Fig. 11. Concretely, it is consid-
ered as a result of the fact that absorber slurry inside WFGD is atomized
into small droplets and maintained in adequate condition. Droplets of
sizes ranging from 0 to 30 μm have good features of following flue gas.
In the presence of ample atomized slurry droplets, the higher the flue
gas velocity, the better the ability of flue gas to entrain slurry droplets.
For the current 1000 MW coal-fired unit, at the flue gas velocity of
1 m/s to 3.5 m/s, the effect of the flue gas entrainment outweighs
the effect of flue gas dilution capacity. Therefore, there is a positive
correlation between slurry mass concentration and flue gas velocity.

In addition, the volume of flushing water used during the mist
eliminator cleaning operation is recorded. The data given in Fig. 11
shows that it has negligible effect on slurry droplet emission due to
the flushing water volume being significantly smaller than the absorber
slurry release during WFGD operation.

With a removal effect of up to 99.5%, SO2 emission has been main-
ained at a pretty low level, and its variations may fail to reflect any
orrelations related to slurry droplet emission. However, at the moment
hen the flue gas velocity changes dramatically, it still follows the

rend, with SO2 emission showing a positive correlation with the flue
as velocity, as shown in Fig. 11. In fact, SO2 removal effect benefits
rom low flue gas velocity, which creates a long residual time for the
esulfurization reaction inside WFGD. Since slurry droplet emission are
easured at the outlet of the WFGD, there is less connection between

O2 emission and slurry droplet emission.

. Conclusion

The purpose of this study is to demonstrate a self-made instrument,
amed the holographic slurry droplet monitor (HSDM), that can be
sed to in situ measure the size distribution and mass concentration of
lurry droplets in flue gas. Following that, the data analysis of HSDM
n a real scenario of a 1000 MW coal-fired power unit is performed.

HSDM uses an in-line holography optical configuration with a large
easurement volume of 4.2 × 3.5 × 20 mm3. Meanwhile, the data
rocessing procedures adopting machine learning algorithm greatly
liminates data redundancy and enhances overall processing speed by
factor of 7 to 9, enabling it to deliver result at a point in time
ithin 10 min and ensuring its fast analysis capability even with large
easurement volume. In the comparison with traditionally accepted
g2+ tracer method, HSDM shows high accuracy in the respect of mass
oncentration, and the maximal bias of the two is 5.61%.
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Fig. 11. 7 days of real-time hourly slurry droplets mass concentration, flue gas velocity, and SO2 emission monitoring data. The concentration has been adjusted to the condition
of dry, 6% O2 content, and STP. Flushing refers to the mist eliminator flushing water volume in ton per hour.
The application of HSDM in the real scenario of a 1000 MW coal-
fired power unit is performed, revealing the key characteristics of slurry
droplets, including size distribution and mass concentration. The size
distribution of slurry droplets is found to be unimodal, with over 70%
falling in the diameter range of 5 μm to 15 μm. According to 7-day
real-time slurry droplet emission monitoring data, the slurry droplet
mass concentration swings between 5 and 60 mg/m3, fulfilling Chinese
national emission requirements. There is a distinct positive correlation
between slurry droplet mass concentration and flue gas velocity. a
higher flue gas velocity will increase slurry droplet emission at a flue
gas velocity in the range of 1 m/s to 3.5 m/s.

Overall, high accuracy, real-time availability with a response time
of 10 min, and multi-info acquisition in both size distribution and mass
concentration make HSDM a remarkable alternative to the traditional
method for the effective detection and quantitative investigation of
slurry droplet emission.
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