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Operational Characteristics of a Dry Electrostatic Precipitator for
Removal of Particles from Oxy Fuel Combustion
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Abstract: In a test duct with closed configuration, particle removal performance of an edge-plate type electrostatic
precipitator (ESP) was evaluated at a high flow rate in CO, rich environments by changing gap distances between
collection plates, concentrations of CO,, particle sizes, types of electrodes, and types of power supplies. At the
same experimental conditions, collection efficiency of particles with the mean particle size, 300 nm, decreased as
the gap distance and CO, concentration increased because of low electrostatic force and low discharged current. In
addition, as the particle size increased, the efficiency increased because of high charging rate of the large particles.
With the electrode type which has higher surface area of a discharging plate and with the power supply which
applied 25 kHz-pulsed DC voltages, the removal efficiency was high even in rich CO, condition due to high
electrostatic force at the same power consumption.
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Table 2 Physical and chemical informations about
the Lab ash in the study

Sour Hoppers in ESPs installed in
ouree Hadong coal-fired power plant
ngﬁeff Pulverized coal boiler
Resistivity 10"~10"Q-cm
Chemical Si0, (48%) ALO; (28%),
compositions Ca0O (10%), Fe;O3 (5%) etc
Morphology Spherical, Porous
Size 02 ~10 pm
distribution (Number based)

Data acquisition system

!
[ Oe] EEET® H.vpower supply
]

Particle sizer

CO,, O, analysis system »

Glass fiber filter
(HEPA grade)

Electrical heater

| —
o [[]
@

Particle supply

Temperature
monitori

e
control system €0, Bomb(99.9%) with

mass flow controller

Fig. 2 Experimental setup for the evaluation of the
particle removal performance of ESP
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IR-200, Total Engineering, Korea)2 2 ZA|7F T
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Fig. 3 Applied voltage versus corona current curves
with three types of discharge electrodes (900
CMH, CO; 70%/ O, 7%, 120 C, 0.7 m/s)

& A7N[AGA AR Ths 2EE BARE
s B I = R A B o B B =l i
gatel AlF kg 120T7HA Thdskglon], AE
HE 63t 2% BUHY AAE dAste] 1714

AA&A] AASHA FAH =S

o)

E Bkl NS e =
1 AT Alolol]l m2U WS dod|r] 95
FHul A7F Ak/AF7F 100 kv/70 mASl DC L%t
HFAYZX] (Conventional H.V., NWL Pacific, USA)E
A71-ARGA] Adekiol AAsS )

3. Algl 2 3 nE

3135 4 wN3 45 o)

Fig. 32 Alg#% 900 CMH, &% 120C, #%
0.7 mv/s, A7 F 74 300 mm 24 CO, E 0,
T 242 70 % D 7% 4wl ES SRl u)
£ IZ2Y A/AFIAE e 17k A
/AFE 8 QA Z 2T (Digital Oscilloscope,

DL 1720, Yokogawa, Japan)2] 1000:1 LA X2 H
W=l Adstal, A71HREA] FA Tl A oL

A7FHStA B W =rol vl8] Z=2Y HAF7F
el 3, co 49 HAdzE vt
Aot @ U ASZTF MR =4 JERd)
Fio RS oA FRo] BIFaL A5t
7] wiol x| =7t 45 R Y B
oA o] A AT W EIFEL,

AZE ¢ ATz Af7E A

o

o M rf X e & xS
fu

2P 58 o ¥ Hir ot 12 2
r

oL

o

Jy
M g

(iE
RN

£

0!

AN
oo
™
ol
ol
ol

100

80

60 .

40 —

# Corona Electrode A-300mm
O Corona Electrode B-300mm
@ Corona Electrode C-300mm

Collection Efficiency (%)
.
u}
o

20

100 150 200 250 300 350
Power Consumption (W)

4 Collection efficiency with three types of electrodes,
as a function of power consumption (900
CMH, CO; 70%/ O, 7%, 120 C, 0.7 m/s)

Fig.

- Electrode B-300mm
[+ Electrode B-200mm

Current (mA)
N

20 30
Applied Voltage (kV)

40 50

Fig. 5 Applied voltage versus corona current curves
with different distance between collection
plates (CO, 70%/ Ox 7%, 120 C, 0.7 m/s)

ol

Aom B WS vl %S Zo® et

Fig. 45 7] 900 CMH ZZ14 Co, 2
SV 2 0%, 7% 4
Zen]dEel] W 03 pum
£ UeRlar St 3% 9%
S A0S A, EHa80]
WRAAFRZE Aoz vhgol
= YERd o]

Ao B

fr

@

[}
=

8 of
2
4
O\
f
> g
i) ﬁjj
W ol
T
%
P o

o

UHE

H 4

)

z e

o5
)
J4 et

ol X

i
k)
e
;ld

273}

r ko
o2
2
Ju

o%
2
i

ﬁX]L-‘%O]

0%
3

2 ot
=

R

© e R

3
ol
=
N
)
o

Y ofN

[
Eh
¥



o

100
- O
S 80 5] . *
g .
9 *
2 60
2 ]
E *
§ 40
=
[*]
Q2
g 5 « Corona Electrode B-300mm
[ Corona Electrode B-200mm
0
0 50 100 150 200 250 300

Power Consumption (W)

Fig. 6 Collection efficiency with different distance
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Fig. 7 Applied voltage versus corona current curves
with different face velocity at front area of
ESP (CO; 70%/ O, 7%, 120 C, gap 200
mm)
120 C 274 co, 2 0, F%=7F M2 70 %, %
oA o [ A wE AR AWHAFIAS
UERRAT. 2Rl ef gho] X Ao FE5

= 5 7AYol mEY AF7E Eon F
o Q7RSS HXE kA0l 300 mmd W] 48 kV
7HA Q7FE AT A o] FE45 WS

H = ] pu
o] 7+Ae] Aol whagsly] wjio] 7HHo] F
obAgE H7|Fo] FAs S Y W 717 o)
SETE A M7I7E FElA7] wiEel =&
Aks Qteld et 237 AR et
Fig. 6 A3 74498 3z} Au|dge g &
A EH S-S eI 7HE0] S5 AV
o] M7l 2 ZI2Y HAF7F =7] utel] B3 A
F %Y AdTIgo] Frtete] xR aso] FHdl 80%

oA Sk e I Aol 300 mmY

=)
fz
Kv)
12
£
S
-0,
0%
fel
o o
f
o
o,
o
of
o
oL
2
)

Ak i HE QA AAE AN ANPAFA 24 54 31

100
2 80
> n =
[0} = .
[ = [ ]
S 60 -
E .
w
s P
3
= = 0.7 m/s
o L
3§ e 1.1 mis
0
0 50 100 150 200 250 300

Power Consumption (W)
Fig. 8 Collection efficiency with different face velocity
at front area of ESP, as a function of power
consumption (CO, 70%/ O, 7%, 120 C, gap

200 mm)
3
| | +CO: 0% 0. 21% pal
+CO. 50% 0. 10% P-"
6 [ CO: 70%0: 7% | ;
z o
E S
7
T4 e
o ;r?/
5 Jhig
o W
2 ot
[ 3
0
0 10 20 30 40 50 60

Applied Voltage (kV)

Fig. 9 Applied voltage versus corona current curves
with different gas composition in test duct
(900 CMH, 0.7 m/s, 120 C)

B

<= YERAY. 4l

3.4 CO, ¥ 0, =Mof e Hs"7t
Fig. 9% HX % 214 200 mm, % 120 C ,
4 0.7 m/s 27X €O, 2 0, FZ2Y A



&
o
&
AN
ok
o
o
to
o
1

100
g ¥ E
> - - °
o 60 -
= o o
s
w
S 40 "
- I
8 ¢ CO: 0% /02 21%
° 20 0CO. 50% /0. 10%
o ®CO, 70%/ 02 7%
0
0 50 100 150 200 250 300

Power Consumption (W)
Fig. 10 Collection efficiency with different gas composition
in test duct, as a function of power consumption
(900 CMH, 0.7 m/s, 120 C)

2.0E+09

~+-KCL 1%(SMPS)
-o-KCL 1%(OPC)

I
RN

Diameter (pm)

(a) KCl1

AN
L\
S

0.0E+00 \ ; —

0.1 1 10
Diameter (pm)

(b) Fly ash
Size distribution of particles used for the
performance test of ESP : (a) KCl, (b) Fly
ash

1.5E+09

1.0E+09

5.0E+08

Number Concentration (#/m3)

0.0E+00
0.01

1.2E+09

-o-Fly Ash (OPC)

9.0E+08

Number Concentration (#/m?)

Fig. 11

H]

UH

¥, ARy S o2 o+1 9]%8
o CO, =7}

FZV AF7 A
, CO, &&=7F 27]-%“’1] U’%‘E’ Ton mobility ¥
ko]l 3 A3}, Ton mobility’} CO 5=t 57}
Akt o]9F 2 dlo = I Fig.
w7} 2ol Co; FI} L4 B

o

N2

(e

__J}NJEFQL'_&

st=
I

1001 %

S
=
Q
o
2
K
&
s
s 40
2
3 -
i +31 KV/3mA
20 7 537 kv/4mA
47 kV/5mA
0 ‘ ; ‘ ; .
0 0.1 0.2 0.3 0.4 05 0.6 07
Diameter (um)
(a) KCl
100
3 80
> o
k1 =
5 60 ‘/
£
i} 27 kV/3 mA
_S - =32kV4AmA | |
g 35 kV/4.5 mA
2 -8 36 kV/5 mA
[=]
O 20
0 : 3
0.0 05 1.0 15 20 25 3.0
Diameter (um)
(b) Fly ash

Fig. 12 Collection efficiency with different types of
particles, as a function of particle diameter
: (a) KCl, (b) Fly ash

| Z23h7] Wil o, 70%Y wWe] A7
A7) B2 ga; FE0] CO, 50 % & ujol] vlah oF
G, CO, 0% & wo] Hl&f 5 ~ 10% 7}

T
%
&
&
o
5
a
f
(=]
=
8
-z
4 ™
o
38
o
=

mo| o, 58

FA WA EE
1=
RUN

Fig. 12 (a2} (b= e 9444
FHas HskE Yeddd 7 SR 23 BT
01 ~ 03 pm =27] ¥ ol 7H

)

wotom, 0.1 um ofste]l 27]99 B 03 um



o
[
B>
re
B
=
i
EO

2 °
o
T Lo
O,
fr
N
2 o2
2 e
o o
e
g
inss
e
e
% X
< o
-1 ﬂ-tto
wy o
I o
ofy

il

3
7Fetu, 71414 ©]-& % (mechanical mobility)
A A7 AeeE Sk wiEel, o
A Ggo] THHEE 0.1 ~ 03um 7]
PAk sbdo]l 7h ofHaL, olw s £

71 ek

1

fole 18
O 2 N oo ofy o

N o
o 2

>

™ i
re

oo
F
e %
B
o,
off
o,
N
>,
[~
i)
-
o
ol
&2
2

e
N
By
=2
>
)
N
iy
e
o
i
>
o

=
o

ne o PN
30 (o A My X

o

N
N
i<
%0
@
H

(o3
o
)
1o
me
rlo
o
rhu
tlo

UM

A 7v4 200 mm, &%= 120 C , §%

~~

=
Y
p

2
i
rlo

Q
)
£ 9
Sh
™
o
2
L)
o
o

A7NRAA7] WE 53 07 mis, =% 120 C
oA CO, E 0, F=7F Z+2F 70 %, %Y

 7F4 0] 300 mmolA 200 mmO.E FolA
5% ol XA Eo| 53l
ZFA 200 mm, &% 120 C %
s T 70 %, 7% 4 oW
WE F<20] 1.1 m/solA] 0.7 m/isE
, AEEo] 5 ~ 10% o S7tst

(98]
~—~

o L

o F
fol
o

o
o
™

o = o

N2
g

™ X M
a
[\S)
>{’

>,
S
o o O
s

3@ ol A oo mN N~

b

7h Al vls dAs] =
IR RS A s B ) I 1 b b e
HAAE AAT A5 7]
A3k Corona power/gas volume =710l A]
fréEe oY 2 s 144
W37l dedt Aow dokEn

o
o < 2 iy
( IO _1[5
2 g
= olo
4z w2 Q
ooz &
ra off
N
™
™
O:-

o m i BN o
SRS

o 2ol

i

X

I
ol

12 AAE A A7AAZA £A4 E

33

ox

2 A7 ANAAR <luA A9 1A
Agdrel ATl Agow sasgon, ol 7
Ate EFgh

=23

(1) Buhre, B.J.P., Elliott, L.K., Sheng, C.D., Gupta,
R.P. and Wall, T. F., 2005, "Oxy-Fuel Combustion
Technology for Coal-Fired Power Generation,"
Process in Energy and Combustion Science, Vol.
31, pp. 283~307.

(2) Suriyawong, A., Hogan CJ. Jr, Jiang, J. and Biswas,
P, 2008, "Charged Fraction and Electrostatic
Collection of Ultrafine and Submicron Particles
Formed During O,-CO, Coal Combustion," Fuel, Vol.
87, pp. 673~682.

(3) Ahn, J., Kim, YJ. and Choi, K.S., 2007,
"Oxy-Fuel Combustion Boiler for CO, Capture: 50
kW Class Model Test and Numerical Simulation,"
KSME, Fall Annual Conference, pp. 519~524.

(4) Kim, HJ., Choi, W.Y., Bae, S.H.,, Hong, J.G. and
Shin, H.D., 2008, "A Study on Oxy-Fuel Combustion
System with Multi-Jet Burner-Numerical Simulation
with PDF Combustion Model," Trans. of the KSME
(B), Vol. 32, No. 7, pp. 54~512.

(5) Park, HJ., 1992, "Experience of Electrostatic
Precipitator Application at Fossil Power Plant," Journal
of air-conditioning and refrigerating engineers of
Korea, Vol. 21, No. 1, pp. 40~47.

(6) Sheng, C., Li, Y., Liu, X,, Yao, H. and Xu, M,,
2007, "Ash Particle Formation During 02/CO2
Combustion of Pulverized Coals," Fuel Processing
Technology, Vol. 88, pp. 1021~1028.

(7) Mikoviny, T., Kocan, M., Matejcik, S., Mason,
NJ. and Skalny, J.D., 2004, "Experimental Study of
Negative Corona Discharge in Pure Carbon Dioxide
and Its Mixtures with Oxygen," Journal of physics
D: Applied physics, Vol. 37, pp. 64~73.

(8) Zhuang, Y. and Biswas, P., 2001, "Submicrometer
Particle Formation and Control in a Bench-Scale
Pulverized Coal Combustor," Energy & Fuels, Vol.
15, pp. 510~516.



34

i

A5t

M
ok

(9) Turner, JH., Lawless, P.A., Yamamoto, T., Coy,
D.W.,, Greiner, G.P., Mckenna, J.D. and Vatavuk,
WM., 1992, Electrostatic precipitators. in Buonicore,
A. J. and Davis, W.T.(Eds), Air pollution Engineering
Manual, Air and Waste Management Association, New
York, pp. 89~113.

(10) Hinds, W.C., 1999, Aerosol Technology, Awiley-

Hro .09 .

=~

7% - 147 - 43

Interscience Publication, New York, pp. 316~345.

(11)  White, H.J., 1963, Industrial Electrostatic
Precipitation, Addison-Wesley Publication, Portland,
pp. 331~333.

(12) Oglesby, S. and Nichols, G.B., 1978, Electrostatic
Precipitation, Marcel dekker, INC., New York, pp.
97~104.



