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Abstract

Repeated particle-particle and particle-wall collisions and frictions lead to the
generation and accumulation of electrostatic charges in the gas-solid fluidized beds
Variations of electrostatic signals are a rich source of information on particle motions
and charging, which have rarely been explored and interpreted. To gain a more
comprehensive understanding of the induced electrostatic signals in the fluidized beds
an array of arc-shaped induced electrostatic sensors were attached to the outer wall of
a fluidized bed. Combined with cross-correlation method, induced electrostatic
voltage signals and correlation velocity of particles were measured simultaneously. It
was found that electrostatic charges accumulation restrained the particle motions
while the average correlation velocity of particles increased with the amount of
injecting liquid antistatic agent. Based on the aredgé$ induced electrostatic signals,
the particle correlation velocity, and the particles chaog®ass ratio under different
charging levels, a predictive model of the average particles ctargass ratio was
established. Compared with the results obtained from Faraday cup, the estimated
results showed a relative error no more than 40%. Simultaneous measurement of
particle correlation velocity and particles chatgenass ratio were complemented by
arc-shaped induced electrostatic sensors array combined with cross-correlation
method.

Keywords:. Induced electrostatic voltage; correlation velocity; particle chirgeass

ratio; liquid antistatic agent



1. Introduction

Gas-solid fluidized beds are widely applied in humerous industrial processes,
such as coal combustion and gasification, drying, olefin polymerization and so on.
The bubble flow created by injecting gas via a perforated or porous distributor leads
to vigorous motions and circulations of solid particles inside the fluidized beds [1,2]
As a result, generation of electrostatic charge in dielectric particles is almost
unavoidable due to repeated patrticle-particle and particle-wall contacts and frictions
[3-5]. The generation and variation of electrostatic charge signals are significantly
affected by particle motions in the fluidized bef9] In turn, electrostatic charge
accumulation also has a great effect on bubble and particle motions [5,10-13]
Although the measurement of particles chameass ratio on fluidized particles can
assist online process monitoring and control of electrostatic charging levels inside the
fluidized bed, reliable, accurate and low-cost method is lacking.

So far, two general methods have been mainly used to measure electrostatic
charges in the fluidized beds, namely, the collision electrostatic probe and Faraday
cup. Collision electrostatic probes can be used to the online monitoring of
electrostatic voltage, potential or current in the fluidized beds [14-16], which indicates
the charging levels relatively. Although the collision probes could complement the
online measurement of electrostatic voltage or current, it cannot give the particle
chargeto-mass ratios directly and has rarely been employed for measuring particles
chargeto-mass ratios in the fluidized beds. He et al. [17-19] made the first attempt to
use dual-material or dual-tip collision probes to measure particles doangess
ratio and bubble velocity simultaneously. However, collision probes are intrusive and
interfere with the flow to a certain extent. Induced electrostatic sensors are
non-intrusive and widely applied in dilute pneumatic conveying pipes for particle

velocity and concentration measurement. The dynamic induced electrostatic signals



are affected by particle charging and particle motions [20,21]. If information on
particles chargée-mass ratio and particle velocity could be interpreted and decoupled
from induced electrostatic signals, a new and non-intrusive method to simultaneously
measure these two parameters can be established and the online measurement of
particles chargée-mass ratio can be fulfilled.

Electrostatic sensors array combined with cross-correlation method has been
widely and successfully used to measure particle velocity in dilute pneumatic
conveying systems [22-25]. Its application has also expanded to characterize the
intensity of particle movements in the fluidized beds [26]. Therefore, information on
particle motions can be obtained from electrostatic signals. Yan et al.[22] found that
the electrostatic current detected by ring-shaped induced electrostatic sensors was
proportional to particle charge density and particle velocity, and the proportion
coefficient was related to the size of the pipe and the spatial position of the particle.
Chen et al. [27,28] developed a charge induction and transfer model based on the
electrostatic signals registered by a ball probe when a single bubble passed the probe
in a fluidized bed. Based on the model proposed by Chen et al., He et al.[18,29]
regressed the relationship among the induced part of electrostatic signals, particle
chargeto-mass ratio and bubble velocity, as shown in Eq. (1),

g = —O.lﬁqmubl'1 (1)
where |,g represents the induced electrostatic current, stands for particles
chargeto-mass ratio, andpurepresents bubble rise velocity. Based on Eg. (1), the
particles chargée-mass ratio could be estimated and the relative error of the
prediction results was within 40%.

From the previous work, it can be inferred that a relationship similar to Eq. (1)
existed among the induced electrostatic signals, the bubble or particle velocity, and
the particles charg®-mass ratio. Induced electrostatic signals and particle
correlation velocity can be obtained by induced electrostatic sensors array, and

particles chargés-mass ratio can be measured by Faraday cup. Our previous research
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has demonstrated that injection of a trace of liquid antistatic agent (LAA) can adjust
the electrostatic charges to various levels [11,12]. Therefore, LAA injection was
conducted in this work to measure the induced electrostatic signals, the particle
correlation velocity, and the particles chatgenass ratio under different charging
levels.

By installing arc-shaped induced electrostatic sensors array around the outer wall
of the fluidized bed, this work investigated the effect of electrostatic charges
accumulation on particle motions, especially correlation velocity of particles, by
injecting various contents of LAA into the fluidized bed. Based on the induced
electrostatic signals, the particle correlation velocity, and the particles dbargess
ratio under different charging levels, a predictive model of the average particles
chargeto-mass ratio was established to complement the online measurement of
particles chargée-mass ratio. The estimated results were compared with those from

Faraday cup to demonstrate the reliability and accuracy of the predictive model.

2. Experimental apparatus and methods

Figure 1 shows the schematic diagram of the experimental apparatus, which
consists of fluidization system and measurement system. The fluidized bed is made of
a transparent Plexiglas column with an inner diameter of 140 mm and a height of
1000 mm. The thickness of the Plexiglas column is 5 mm. The expanded section at
the top has a height of 300 mm and a width of 250 mm. An iron perforated distributor
is installed at the bottom of the column with 226 holes and an open area ratio 2.6%,
along with a gas mixing chamber. Compressed air pre-dried to a relative humidity of
8-15% and within the temperature range of 20:25%s used as the fluidizing gas.

The measurement system is composed of electrostatic sensors, electrostatic
signal amplification circuits, a data acquisition card (National Instruments, USB-6212)
and a computer. The arc-shaped electrostatic sews@de of copper with a width of

6 mm and a thickness of 2 mm. The central angle of the sensor is 60 degree. Th



arc-shaped electrodes were tightly wrapped on the outer wall of the fluidized bed. In
each set of the electrodes, the distance between the two adjacent electrodes was 25
mm, as shown in Figure 2.

When charged particles come across the sensitivity zone of electrodes, induced
electrostatic charges on the electrodes are affected and electrostatic current is
generated, which is transformed, filtered and amplified to electrostatic voltage signal
by signal amplification circuit. Grounded metal boxes were installed outsale th
electrodes and circuit boards in order to eliminate external electrical interference and
enhance the signéb-noise ratio. Electrostatic voltage signals from all the electrodes
were recorded in a computer through the data acquisition card. The sampling time
period was 200 s. The sampling frequency was determined by the maximum patrticle
velocity, distance between adjacent sensors, and the tolerance of standard deviations
of the transit time. In this work, the sampling frequency selected was HQ0By
calculating the transit time between electrostatic voltage signals from the adjacent
sensors, correlation velocity of particle clouds was obtained [26] and could be used to
compare the intensity of particle motions under different electrostatic charge levels.
The Faraday cup electrometer (Monroe Electronics, NanoCoulomb Meter 284) was
used to measure the average chaog®ass ratio of charged particles. The sampling
ports were set at 90 and 230 mm above the distributor, as shown in Figure 2. The
charged particles from sampling port went directly into the Faraday cup due to the
pressure difference between inside and outside of the fluidized bed. Considering the
possible influence of sampling process on measurements, all experimental runs were
repeated at least three times to ensure the reproducibility of the results.

The fluidized particles used in the experiments were linear low density
polyethylene (LLDPE) particles and polypropylene (PP) particles, supplied by a
branch company of Sinopec. Specific physical properties of the particles and
operating parameters are indicated in Table 1. The particle size distribution of the

polyethylene patrticles is shown in Figure 3. The minimum fluidization velocify (u
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was determined by the conventional pressure drop method [30]. The fluidized bed
was operated in the bubbling flow regime in the superficial gas velocity (u) range
covered in thee experiments. The static height of the bed was kept at 265 mm when
different types of particles were used.

In order to investigate thelectrostatic effects on particle motions, LAA was
injected into the fluidized bed through an injection position close to the distributor to
control the electrostatic level. The LAA used in this work was Atthd63, which
was the same with our previous work [11, 12]. The mass ratio of LAA was calculated
on the basis of the weight of particles, as displayed in Tables 2 and 3, respectively.

The work in this paper consists of two parts. The first part focused on the effect
of electrostatic charges on particle motions, especially on the correlation velocity of
particle clouds. In this part, the same excess velocityufu,;) was used for Geldart
B and D patrticles, but different contents of LAA were injected into the fluidized bed
to control the electrostatic charges to various levels. Correlation velocities under
different electrostatic levels were measured and compared.

Since the electrostatic charge signals measured in the fluidized bed contains
dynamic information on both particle motions and particle charging. Based on the
correlation velocity measured under different charging levels, the second part
established an online measuring method of average ctargass ratio of Geldart B
particles. The average particle chatganass ratios were measured by this online
method and offline Faraday cup under different superficial gas velocities to

demonstrate the reliability of this method.
3. Resultsand discussions
3.1 Electrostatic effect on correlation velocity of particle clouds

When particles were charged to a saturate level after fluidization for over 30 min,
induced electrostatic voltage signals on the electrostatic sensors were recorded

simultaneously for 200 s. Figure 4(a) shows the variation of induced electrostatic
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voltage signals with time measured by the sensor at H=180 mm at an excess gas
velocity of 0.35 m/s. The corresponding power spectral density (PSD) of electrostatic
voltage is displayed in Figure 4(b), which is mainly located in the frequency range of
0-5Hz. When a trace of LAA was injected into the fluidized bed, electrostatic voltage
decreased remarkably and then reached a new level of equilibrium after nearly 10 min,
as shown in Figure 5.

Figure 6 further shows the axial profiles of average positive electrostatic voltage
under different contents of LAA for both Geldart D and B particles. It can be
indicated that with the increase of LAA contents, the average positive electrostatic
voltage decreased, which means that the average fluctuating amplitude of electrostatic
voltage signals became smaller. For Geldart D particles, the average positive
electrostatic voltage decreased by nearly 70% when the mass ratio of LAA was 50
ppm. However, for Geldart B particles, the average positive electrostatic voltage only
decreased by 24% at the same LAA content. When LAA content increased to 125
ppm, the average electrostatic voltage of Geldart B particles reduced by 70%. This
implied that for fluidized particles of different Geldart types, the effect of LAA to
reduce the electrostatic charge was distinct. Since LAA has good conductivity for its
hydrophilic group (-OH), the surface charge dissipation rate of fluidized particles
accelerated after injection of LAA and the fluctuating amplitude of induced
electrostatic voltage decreased [11]. Therefore, the surface properties of charged
particles would determine the effect of LAA to a certain extent. In this work, the
average diameter of PP particles was larger and the degree of sphericity was better
than LLDPE particles, which was beneficial to the uniform distribution of LAA on
particle surfaces. Consequently, LAA was more effective to PP particles.

Although the decrease of the average positive electrostatic voltage indicated the
reduction of electrostatic charges of fluidized patrticles, the fluctuation of induced
electrostatic voltage was affected by both electrostatic charge and velocity of particles.

Therefore, to illustrate the change of electrostatic charge level more directly, Figure 7
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displays the variations of particle changemass ratios by Faraday cup with the
increasing content of LAA. It was demonstrated that the average dioanggess
ratios of both Geldart D and B particles decreased with the increase of LAA content
and finally reached nearly zero.

After the effective control of electrostatic charge by LAA injection, correlation
velocity of particle clouds could be compared under different electrostatic levels.
Before calculating the correlation velocity, correlation coefficient between the
upstream and downstream electrostatic voltage signals sheufatolided first.

Figure 8 shows the two related induced electrostatic voltage signals measured by
upstream and downstream sensors and the corresponding cross-relation function. It is
seen that the variations of upstream and downstream induced electrostatic voltage
signals were similar. Conclusions can also be drawn from Figure 8(b) where
correlation coefficient reached the maximum value of 0.932 with a time intgroél

0.0625 s. In this work, the upstream and downstream induced electrostatic signals
were highly similar when the maximum correlation coefficient was greater than 0.6.
Figure 9 presents the maximum correlation coefficients with time and the calculated
correlation velocity. The average value of maximum correlation coefficients for the
induced electrostatic signals was 0.8691. The correlation velocity fluctuated between
0.3342 m/s and 0.6523 m/s. The average value of it was 0.451 m/s as present in Table
4.

In order to investigate whether the electrostatic charge level would affect the
correlation coefficient between the upstream and downstream electrostatic voltage
signals, the average maximum correlation coefficients under different LAA contents
for Geldart D particles at two axial heights, as shown in Figure 10. The heights
H=102.5 mm and H =217.5 mm represented for the first two pairs of electrostatic
sensors above the distributor, respectively. It can be found in Figure 10 that the
average maximum correlation coefficient remained almost unchanged with increasing

LAA content, which means that the correlation velocity calculation are not be affected
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by electrostatic charge levels and could be used to characterize the intensity of particle
motions.

Figure 11 indicated variations of average correlation velocity of particle eloud
with LAA content at two axial heights. For both Geldart D and B particles, the
average correlation velocity increased with increasing LAA content. This implied that
electrostatic charges accumulation in the fluidized bed restrained particle motions
which was also verified in our previous work [12]. Compared to average correlation
velocity when particles were fresh or almost uncharged, the average correlation
velocity decreased by 26% and 50%, for Geldart D and B particles when particles
were charged to a saturate level, which gives a quantitative indication of the
electrostatic effect on particle motions.

Table 4 further displays the average correlation velocities of Geldart D and B
particles with and without electrostatic charges under two excess gas velocities. It was
demonstrated that electrostatic charge accumulation reduced the intensity of particle
motions and the average correlation velocity of particles. Figure 12 further shows the
normalized probability distributions of correlation velocities of Geldart D particles at
two axial heights. With the decrease of electrostatic level, the distribution broadened
and the correlation velocity corresponding to the peak of the distribution increased. In
a word, the average correlation velocity and the normalized probability distribution of
correlation velocities both indicated that electrostatic charges accumulation inhibited
particle movements inside the fluidized bed.

The reduction of the intensity of particle motions due to electrostatic charge
accumulation can be explained by the following two aspects. Firstly, in our
experimental system, particles were mainly negatively charged and the repulsion force
between particles dominated, which leads to the separation of particles and the
increase of the void fraction in emulsion phase [11]. As a result, the average size of
bubbles shrank and the rise velocity of bubbles decreased. Secondly, when particles

are charged, the minimum fluidization velocity becomes greater than that of
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uncharged particles [32]. As the superficial gas velocity remains unchanged, the
volume of gas to form bubbles (4su decreased and the average size of bubbles
reduced. Since rising bubbles are the driving force of particle motions, the intensity of

particle motions was inhibited.
3.2 Online measurement of particle charge-to-massratio

Based on previous research [33], it can be inferred that the relation among
induced electrostatic voltage, particle charg@ass ratio and particle velocity could
be illustrated by Eq. §2

Vig =Keve-ay, 2)

where Vjq represents the average positive induced electrostatic voltage. 8fands
for the average correlation velocity of charged particles (m/g)isagthe average
particles chargés-mass ratio(C/kg), and K is the proportion factor which is related
to the meter factor (K) of correlation velocity [22], the amplification factor of the
electrostatic circuit and the particle concentration distribution, etc. Eg. (3) can be

obtained by natural logarithm processing of E{, (2
InV,, =alnv,+bin|q,|+In K, 3)

Since @, could be negative in the experimental system, the absolute valye of g
was used in Eq. (3) in the regression process. In Section 3.1, the average positive
electrostatic voltage, the average correlation velocity and the average particles
chargeto-mass ratio have been obtained under different charging levels. Data
displayed in Table 5 was used to regress the coefficients in Eq. (3) by the least square
method.

Based on the data shown in Table 5, Eq. (4) was regressed to indicate how the
average correlation velocity and the average particles chaugess ratio affected

the induced electrostatic voltage. The R-squared of the regression was 0.959.

0.485

Vg = O.41/i‘1|q

i (4)

.
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From Eq. (4), it can be inferred that the induced electrostatic voltage signals were
more sensitive to the variation of particle velocity, which was in accordance with the
experimental results above. For example, when fresh particles were fluidized for a
short time, the electrostatic charges accumulation on particles was not obvious, and
the particle velocity was relatively great since it had not been affected by charges
accumulation. During this period, only evident electrostatic voltage signals could be
detected. Besides, when enough LAA was injected into the fluidized bed to control
the average particles chargemass ratio to nearly zero, the particle motions were
vigorous and the average correlation velocity of particle clouds reached maximum. At
this time, the electrostatic voltage signals could also be measured and used for
cross-correlation calculationOn the basis of Eg. (4), the average particles
chargeto-mass ratio can be calculated by measuring induced electrostatic voltage
signals and the average correlation velocity of particle clouds.

Figure 13 compares the average particles chiargeass ratios obtained by Eq.

(4) and offline Faraday cup sampling methib@an be found that at two axial heights,

the average particles chargemass ratios estimated by Eqg. (4) showed the same
variation tendency as thoseeasured by Faraday cup with increasing gas velocity.
When the excess gas velocity was 0.3 m/s or 0.4 m/s, the relative error of estimated
values was within 10% compared with results from Faraday cup. When the excess gas
velocity was 0.2 m/s or 0.5 m/s, the relative error increased but still remained no more
than 40%. It could be found that when the excess gas velocity was close to the excess
velocity shown in Table 5, the accuracy of the estimated results was better. When the
gas velocity was far away from the basic data used for model regression, the accuracy
of the estimation reduced, but still showed the same trend with that of Faraday cup.
This means that although the prediction model of particle chargess ratio was
regressed based on the data obtained under a certain gas velocity, it can be applied to
the estimation of gin the fluidized bedwithin a range of gas velocities.

The distinction between the results from Eg. (3) and Faraday cup could be

12



caused by the following reasons. Firstly, during the regression and estimation process,
Ke was supposed to be a constant under various gas velocities. Howeuvan Be
affected by the particle velocity and concentration distributions, which were not
concerned in this work. Since, Khould be different under various gas velocities, this
may cause an error of the estimated results. Secondly, the sampling process of
Faraday cup method would affect the charges carried by particles to a certain extent,
which brought in an error to the measured results by Faraday cup. Besides, sampled
particles measured by Faraday cup were mainly from the region near the wall of the
fluidized bed. While for the electrostatic voltage signals measured by arc-shaped
sensors, they were affected by all the charged particles in the cross section of the
fluidized bed. For these two methods, the measured particles came from different
local regions of the fluidized bed. As a result, a discrepancy existed between the
results from these two methods.

Since both the induced electrostatic voltage signals and the correlation velocity
of particles come from the arc-shaped induced electrostatic sensors array combined
with cross-correlation method, an online method to measure particles thangss
ratios has been established based on the arc-shaped induced electrostatic sensors array
in the gas-solid fluidized bed. The predictive model in this work can be applied to the
estimation of average particles chatgeanass ratios in the bubbling regime with PE

particles and Plexiglas fluidized bed.

4. Conclusions

This work investigated the effect of electrostatic charges accumulation on
particle motions by injecting a trace of LAA to the fluidized bed. A predictive model
of particles chargés-mass ratio was established to complement the online
measurement of particles chargemass ratios by arc-shaped induced electrostatic
sensors array.

It was found that the change of electrostatic charge level had nearly no effect on

13



the correlation between the upstream and downstream electrostatic voltage signals.
This ensured that the correlation velocity of particles could be used to characterize the
intensity of particle motions whether the particles were charged to a saturate level or
not.

With the increase of LAA content, the average correlation velocities of Geldart D
and B patrticles increased and the normalized probability distribution of correlation
velocities broadened. When the excess gas velocity was 0.35 m/s and particles were
charged to a saturate level, the average correlation velocities of Geldart D and B
particles decreased by 26% and 50%, respectively, compared with those the results
when the particles were nearly uncharged. It was demonstrated that electrostatic
charges accumulation would restrain particle motions inside the fluidized bed.

Based on the induced electrostatic voltage signals, the average correlation
velocities of particles and the average particles chargeass ratios under different
electrostatic charge levels, a predictive model was established to estimate the average
particles chargée-mass ratios in the fluidized beds. The estimated results showed the
same tendency as the results measured by Faraday cup with the increase of gas
velocity. The relative error was no more than 40%. Therefore, it is promising that the
average particles charge-mass ratio and correlation velocity could be measured
simultaneously online by arc-shaped induced electrostatic sensors array in the

gas-solid fluidized bed.

Notations

a constant in the predictive model of average particles chargess ratio, dimensionless
b constant in the predictive model of average particles chargess ratio, dimensionless
H axial distance from the distributor, mm

K meter factor of correlation velocity, dimensionless

Ke constant in the predictive model of average particles chargess ratio

Om average particles charg@mass ratiopC/kg
u superficial gas velocity, m/s

Ue excess gas velocity, m/s

14



Umni minimum fluidization velocitym/s
Vind average of positive induced electrostatic voltage, V

Ve average correlation velocity of particle clouds, m/s
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Figure 1. Schematic diagram of the experimental apparatus.

Figure 2. Layout of arehaped electrostatic sensors’ installation and positions for
particles sampling and LAA injection.

Figure 3. Particle size distribution of linear low density polyethylene (LLDPE)
particles.

Figure 4. Induced electrostatic voltage signals variation with time and the

corresponding PSD.

Figure 5. Variation of induced electrostatic voltage with time after injection of LAA
(ue=0.35 m/s, H=180 mm, Geldart D particles).

Figure 6. Variations of axial profiles of average positive induced electrostatic voltage
with LAA contents (¢=0.35 m/s). (a) Geldart D particles, (b) Geldart B particles

Figure 7. Variations of average chatgemass ratios of particles with LAA contents
(ue=0.35 m/s). (a) Geldart D particles, (b) Geldart B particles

Figure 8. Induced electrostatic voltage signals from upstream and downstream sensors
and the corresponding cross-correlation functiax@B5 m/s, Geldart D patrticles,
H=217.5 mm, LAA contents 25 ppm). (a) Induced electrostatic voltage with time, (b)
Cross-correlation function

Figure 9. Cross-correlation coefficients of electrostatic voltage signals from upstream
and downstream sensors and their corresponding correlation velocitiesstum/s,
Geldart D particles, H=217.5 mm, LAA contents 25 ppm). (a) Cross-correlation
coefficient, (b) Correlation velocities of particle cloud

Figure 10. Variations of average cross-correlation coefficient for upstream and
downstream electrostatic voltage signals with LAA contents0(85 m/s, Geldart D
particles)

Figure 11. Variations of average correlation velocity at two axial heights with LAA
content (¢=0.35 m/s). (a) Geldart D particles, (b) Geldart B particles

Figure 12. Variations of normalized probability density distributions of average
correlation velocities with LAA contents at two axial heightg=Qu35 m/s). (a)
H=102.5 mm, (b) H=217.5 mm

Figure 13. Comparisons of average particle chéwgeass ratios obtained by Eq. (3)
and Faraday cup under different excess gas velocities (Geldart B particles). (a)
H=102.5 mm, (b) H=217.5 mm
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Table 1. Physical properties of particles and specific operating parameters in this work.

. Density _ Geldart
Materials 3 Diameter (mm) Umf (M/S) u (m/s)
(kg/m’) type [31]
LLDPE 918 0.45-0.90 B 0.20 0.35,0.4,0.5,0.55,0.6,0.
PP 900 ~1.85 D 0.55 0.7,0.8,0.9,1.0

Table 2. LAA injection content for LLDPE particles (1.5 kg).

Mass ratio (ppm) 25 50 75 125 225
Volume (mL) 0.045 0.090 0.135 0.225 0.405

Table 3. LAA injection content for PP particles (2.0 kg).

Mass ratio (ppm) 25 50 75 100
Volume (mL) 0.060 0.120 0.180 0.240

Table 4. Average correlation velocities of particle clouds under different excess gas velocities with

and without electrostatic charges at two axial heights.

V. of Geldart D particles (m/s. v, of Geldart B particles (m/s]

Position Ue (M/S)
Charged Uncharged Charged Uncharged
H=217.5 mm 0.15 0.356 0.534 0.406 0.565
H=102.5 mm 0.15 0.206 0.382 0.277 0.451
H=217.5 mm 0.35 0.451 0.598 0.474 0.855
H=102.5 mm 0.35 0.365 0.500 0.377 0.846

Table 5. Data for coefficients regression of Geldart B particles.

LAA content H=102.5 mm H=217.5 mm
(ppm) Ving (V) Ve (M/S)  Om (C/KG)  Ving (V) Ve (M/S) O (uC/kq)
0 0.2016 0.378 -3.107 0.4651 0.474 -5.899
25 0.2371 0.398 -2.196 0.4180 0.520 -3.907
50 0.2409 0.427 -1.944 0.3928 0.617 -2.507
125 0.2094 0.645 -1.303 0.2024 0.730 -0.2834
225 0.04919 0.846 0.02580 0.03969 0.855 0.0098
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Highlights:
* Induced electrostatic signals and particle correlation velocity were measured.
* Electrostatic charges accumulation restrained the particle motions.

* A mathematical model was established to predict the particles dloanggss ratio.
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