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Study on the Ultralow Cold-side Electrostatic Precipitation for Synergistic Removal of
PM; 5 and SO; by the Population Balance Model
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ABSTRACT: In this paper, the population balance model
(PBM), including sub-models of nucleation of condensable
matters and coagulation of fine particulates, was firstly
established to elucidate the mechanisms of SO; condensation
on PM, s surface and their coagulation in a low-temperature
economizer before an electrostatic precipitator (ESP). Then, we
incorporated the particle charging model, the migration
velocity formula and the sedimentation model into the PBM
framework to predict the migration/removal of particulates in
the ESP. By combing them, a computational method for
predicting the collection efficiency of PM,s and SO; of this
ultralow cold-side ESP was constructed. The method was
validated with experimental data from an ESPs with and
without low-temperature economizer in a coal-fired power
plants. The results show that, with the low-temperature
economizer, the temperature of flue gas decreases from 149 C
to 98 °C at ESP inlet. About 78.3% of SO;/H,SO, from flue gas
condenses and deposits onto the particles, in which 42.2%
deposits on PM;, 72.7% deposits on PM, s and 91.3% deposits
on PM,, respectively. Therefore, the mass emissions of PM, s
and SO; are 11.4 mg/m’ and 5.8 mg/m’, which are lower than

conventional ESP by 73% and 76.6%, respectively.

KEY WORDS: cold-side electrostatic precipitator; population

balance model; condensable particle; coagulation; nucleation
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Tab.1 Major parameters of the ESP with or

without the low-temperature economizer

Jrs TiH Erecyif] Bigja

1 ESP Ui/ C 149 110 98

2 ESP #ECUEASR/(m*/h) 3001772 2724456 2639128
3 ESP #E LA E(gm®) 1193 11.93 11.93
4 ESP HEEABKE/(mg/m®)  68.09 — 22.38
5 LTE JHS A5 i)/ 0 0.425 0.425.
6 ESP A1/ (m/s) 0.978 0.888 0.860
7 R R % 99.43 — 99.74
8 SO; BEBRELH /% — — 71.78

K2 RS DMRNEREH
Tab.2 Component analysis of fly ash and
the permittivity of each component

% /% AU
SiO, 44.38 4.5
AlOs 38.06 9.3
Fe, 04 3.97 4.5
CaO 5.19 11.8
MgO 0.64 9.7
Na,O 0.04 1.5
K,O 0.28 1
SO; 2.74 70
TiO, 1.76 86
HLH AR 6.78.

AR 3 gy TN R A B 45 R )T Rinia
T5H
#3 BEBRLBLEMRTMETEH

Tab. 3 Structure size and operating parameters of ESP

iy KA/ IFi 1%
gH mm

S A5 B I (] /s R/ L/
[Bfi/mm 149°C 140°C 98°C mA  kV

1 6270 400 6.41 6.55 729 7203 66
2 4500 450 4.60 4.70 523 960x2 66
3 4500 450 4.60 4.70 523 960x2 66
4 4500 450 4.60 4.70 523 960x2 66
5 4400 450 4.50 4.60 512 960x2 80

3 LRMIHE

3.1 AEMESH
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Tab.4 Comparison of the experimental and numerical

data of particle concentration at ESP outlet

5iH BB (mg/m?) SO; AR /%
149°C 98°C 98°C
WA 68.1 22.4 71.8
VAN 64.9 224 76.5
i 22 4.6 0.2 6.6
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H DR 2R BE R SO5 BRI
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Fig.2 Comparison of the numerical and measured value

of grade mass concentration of particles at ESP outlet
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Fig. 4 Volume and its ratio of
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Fig. 6 Effect of the LTE on the particle

concentration at various stage of ESP
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Tab.5 Effect of the LTE on the particle concentration

at various stage of ESP mg/m’
ESP P TG R
TiH
A : - = i} T

SO; 24.8 24.8 24.8 24.8 248 248

b PM, 1059.2 450.6 344.4 2256 1143 279
';E PM,s  2071.6  1094.4  849.5 5783  249.7 435
i PM,o 5629.9 26053 2029.6 1126.5 3755 649

PMi; 119295 27299 2070.6 11272 3755 649

SO3 24.8 14.7 12.9 10.4 7.3 5.8

% PM, 939.5 453.4 346.0 206.3 67.4 6.2
fi; PM, s 1821.0 923.2 702.4 405.3 98.5 11.4
%)g PM;, 4920.6  1876.6 14226 6765 161.8 224

PM,x  12011.0 1966.0 14394  677.0 161.8 224
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i I A R B 2 8% % R LI Y OB 2R BRSO

3726 Ex BodlL TR % R 40 %
A il g =g Vg T A —Hidg g =g g T
N T . : r r 100 'I/1<&1E€9Hla{r'k%%% : : . .///‘
i */}
10° £ a
10% ¢
A 1L o R
gb 10 149°C W 40C o :34_
g NN -m- SO 248 5.8 ¥
= | MEGRAAE e pM, 279 62 &
2 10° ‘ :PM;_S 35 114 Lﬁ
® . ' —¥—PM,, 649 224 &
10tk k- -k- PM,, 649 224 B
10°f oo A
10° £
_____ . e
10" e 98'C oo - 0 fa==" 4 . . . 7 Mo .
. (AR R i . . AFT Al —ly by =il b
ANH AR — g iy =g s s

H7 (ERASEMBRLBNENTIN

Fig.7 Effect of the LTE on the collection efficiency of ESP
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Tab. 6 Effect of the LTE on the collection efficiency at

various stages of ESP %
E| —ily iy =Wy U bl BRCE
SO; 0 0 0 0 0 0

PM; 57.46 10.03 1122 10.50 8.15 97.36
PMps  47.17 11.82  13.09 1586 9.95 97.90
PMj 53.72 10.23 16.04 1334 5.52 98.85
PM,o 77.12 5.53 7.91 6.30 2.60 99.46

SO3 40.80 7.20 10.18 1244 594  76.56
% PM, 57.82 9.99 13.00 1293 5.69  99.42
pit PM,s 5578 10.58 1423 1470 435 99.63
é‘g‘ PM;o 66.76 8.04 13.21 9.12 2.47 99.60
PM:  83.52 4.41 6.39 432 1.17 99.81
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The ultralow cold-side electrostatic precipitation
(ESP) is widely used during the ultralow emission
implementation of coal-fired power plants. At the present
stage, the empirical models and CFD method play an
important role in predicting the collection efficiency of
ESP. However, it is still a major challenge to accurately
evaluate the removal efficiency of polydispersed fly ash
particles by the empirical models and CFD method due
to the complex particle transport process inside the ESP.
In addition, the nucleation and condensation of
S0,/H,SO, at ultralow temperature make it more
difficult to predict the mass emissions of PM, s and SOs.

To resolve the problem, the population balance
model (PBM), including sub-models of nucleation of
condensable matters and coagulation of fine particulates,
is firstly established to elucidate the mechanisms of SO,
condensation on PM, s surface and their coagulation in a
low-temperature economizer before an ESP. Then, we
incorporate the particle charging model, the migration
velocity formula and the sedimentation model into the
PBM framework to predict the migration/removal of
particulates in the ESP. By combing them, a
computational method for predicting the collection
efficiency of PM,s and SO; of this ultralow cold-side
ESP is constructed.

In this paper, the model is used to numerically
investigate the mechanism of collaborative removal of
PM, 5 and SO; for an industrial-scale ultralow cold-side
ESP in a coal-fired power plant. The computational
results are validated by comparing with the experimental
data obtained from the third party test and the field test
of Tsinghua University. As shown in Tab. 1, the deviation
between computational value and experimental data of
the total particulate mass emissions at 149°C and 98°C
are 4.6% and 0.2%, respectively. The deviation of SO;
collection efficiency is 6.6%. In addition, the deviations
of mass emissions of PM;, PM, 5 and PM;, are 17.8%,
7.3% and 11.6%, respectively. Thus, it can be concluded

Tab.1 Comparison of the experimental and numerical data of

particle concentration at ESP outlet
total particulate mass SO; collection

Items emissions/(mg/m°) efficiency/%
149°C 98°C 98°C
Experimental 68.1 224 71.8
numerical 64.9 22.4 76.5
deviation 4.6 0.2 6.6

that this model is capable of predicting the collection
efficiency and the mass emissions of PM, s and SO; for
the ultralow cold-side ESP.

As shown in Fig. 1, with the low-temperature
economizer, the temperature of flue gas decreases from
149°C to 98°C at the ESP inlet. About 78.3% of
S0,/H,SO, from flue gas condenses and deposits onto
the particles, in which 42.2% deposits on PM;, 72.7%
deposits on PM,s and 91.3% deposits on PMy
respectively. Therefore, the mass emissions of PM, 5 and
S0; are 11.4 mg/m® and 5.8 mg/m®, which are lower than
conventional ESP by 73% and 76.6%, respectively. The
results show a good performance of collaborative
removal of PM,s and SO; in the ultralow cold-side
electrostatic precipitation.
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various stage of ESP



