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The Improvement of Collection Efficiency of Electrostatic Precipitator
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Abstract : This paper demonstrates the effects of dust electrical resistivity on electrostatic precipitability. The effects of
gas temperature, velocity and humidity on the collection efficiency were considered by used of coal fly ashes from
fluidized bed combustion boiler. The experiments for collection efficiency were carried out in the pilot plant. The ashes
which have non-spherical geometry and high electrical resistivity were used. Electrical resistivity is an important property
for the collection efficiency in the electrostatic precipitators. Fly ash resistivity as a function of temperature up 350°C and
water concentration(up to 15%) has been experimentally investigated using the resistivity test equipment consisted of the
movable electrode, dust cup, and furnace. As the resistivity of fly ash in the operating temperature(150C) of an
electrostatic precipitator was measured higher than 10100 - cm, flue gas conditioning in the electrostatic precipitator to

reduce the resistivity of fly ash is required.
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Fig. 1. Schematic diagram of dust resistivity measuring
apparatus
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Fig. 2. Shape and dimensions of measuring electrodes
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Table 1. Test condiions of dust electric resistivity
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Table 2. Electrostatic precipitator description

Type Wire - Plate

Plate Height 1.33m

Plate Length 6.12 m/field

Plate Spacing 400 mm

Number of Gas Passages 1

Number of Field 2

Number of Electric Sections 2

Nominal Flow Rate 15.96~79.8 ni/min
Total SCA 2448~1224
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Tabile 3. Electrical spedification of elecirostatic precipitator

Secondary Voltage 105 KV
Secondary Current 200 mA
Electric Strength 5.25 KV/em
Current Density 62.9 nNend
VarioPulse Frquency 83.8 ms
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. Ash Feeding System 8. Opacimeter

Gos Conditioning System 9. Fan
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Fig. 3. Schematic diagram of pilot electrostatic precipitator
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Table 4. Chemical composition of fly ash for test (dry base)

Species WT% Species WT%
Si0, 36.98 \%
AbLO 469 Ni
Fe:Os 1548 Pb
Ca0 24.31 Cr 0.1
MgO 1.54 ol
1
K0 0.84 C 8.73
Na,0 0.67 S 339
TiO; 3.17
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Fig. 5.

28

Particle Diameter, um
(a) Cumulative

o 1'0 1;)0
Diameter (um)
(b) Differential
Size distribution of coal fly ash from fluidized bed
coal combustion

Fig. 7014 B uls}h o] Blo) ujAsh gk 9
2] @abo] Youkx] = 10°Q - en 74 oI TS
gelstgon, wepy $Egge] 2ol nAEA
< AASE 9 228 ARl o & 9k Fig
6ol Bxlo] 150~200T2) BN HIAE ghe)
HAnAg Jehin 98 o 4 ok 224 2}
o mEjmol uAE kel Hux LEE FAS
2 1 ol3te] exEAME HAE e F2 £
2o} g Bo] wHA B3, 11 ol kel LEH
NE HlAg gro] 27} Folol o8 BAS T
A gl AABE) @A) QR F2
279 FHQE] F8 W57t Do pAs] A

10

10"

1 ol!

x—t
- -

Resistivity (Q-cm)

10’1

GXXD: H,0 = 1%
CEIXO: H,0 = 10%

1010
50 100 150 200 250 300 350 400

Temperature (°C)
Fig. 6. Effects of temperature and humidity varation on
dust resistivity
1.0E+92
]
1 e
1
] ]
Fo
31.054111
] [
g ]
u_l *
1
J
)
1.0E+10 T T T T T T T T
o 4 8 12 18

Gas humidity, vol. %
Fig. 7. Effects of humidity on dust resistivity

Joumnad of the KIS, Vol. 17, No. 4, 2002



HE 2ro] Jge YA molsjelr 2=t
SOl el Aok wolA Q]
R gZow <3 Wi AREI} FrhHo
147114 HW?‘O] Yol Aol IAHF X0l
o] slolx ulAg gho] BolF L & & AeH, ol
= 2o xR BAp s el 7]
g} diREe] Ar] P79 AR EE 150T
Arolnz I ¥ Neds B39 HjAF o
150ColA 10°Q -cm B} 2 31 8] A3 Fly ash2
A A71RRAA gde Aoz FJ Zgo) At
2 $e7t ok gEgd B A7 A2 RE 1 4
Ag Bl AL s 72 Hell 8L 393
o A7 MHee P4 F Johe FEL A

gurzon @71 Hz7AM e shd ERL 22
Wt dete AG-AF EATLAE B &
otk Agk- AF BTN S A E HrEe
WAzl 32, ARG 4, A7) T A
AA 243 712 fF &9 £1 %E, 7ha A,
LE 9 4, ZAH Yol AR & B2 A
5o) vk 7k §% 9 YAEE A7AYL &
7o) Jge FE d vAF AR Ba B2 v
7} S5 E AFE 22N Fig 88 vk &
o] £B3F Wzl g AY-AF SH4FHE U
ERdIth 7k So) SR 0~5%%0 Aol
A BAZe] Ao Qe dA #H<t o
AollME Age] Sk flal AR 353 F7F
s RE B or ol 2ejA & 210 1 &
Jed FAT GAde @Al dojury. 7pA o)

SR8 eo] 15% o] 4 ZAfol= Aol F7hshel
oiel AFE HEstd gutelA F71ee YERIRL

__4

2 rl

o webd The O RGPl AkAF SR
o o 2 g vAE AE B 5 Ak ol ¥
pel @Sk AdM ks BAAG BA HlA

go] Wslr] wjgelth

Fig 0% 7lse] S¥arol 71 aaol mAlE
Ags ekl FEFE] FUHE] wel Fx
Fgo] /MME A& U YT dl ol FETH
Z7Veto g 27ke) AxAde] sdEo] #3719 HlH
go] 7+4% Asjolw HpHom gl %A
20 Au)ate] A Aol 1 wlAF
B9 njAge] Aojuld oz darts ol A
Heko] RS FF8 79 nAF ge 35
), wEk 2x9) & A(cohesive property)S H3}A|
AX e golatA T Wik opE} Au)ikE

AlglobEatsix], M7 M, 200244

H=0vol%
80— . 45w
12 o H=15wl%

99.99

@ H=0%FG
W 5% P
A H=15% //
O H=owEn //”‘
9.9 Z) : ?5: /A/ A
/'/ ,///
3% ©0.90 — ‘/A/ 7
& 9060 — A
§ I / /,//f
99.60 — 7
3 P aglee e
S %5 / T
8 .0
%0 ) //@/‘/i
97.00 - el 4//—/""
96.00 ~ lcal -
95.00 —
90,00 — T
20 40 &0 80 100
SCA, s/m
Fig. 9. Effects of gas humidity on collection efficiency (H=gas
humidity)
a1 33k ol Mgt meb HA 7

2 32} 1
=7 23 Gae Aue PAgeRA 4d
3= }

.

5% A8 daRA] ks 239 vjAF
Aol 744 AA Y-S BAE AR 22 W F7
shaknl B97] 25 AofstuA 1%71 A &%
o] AE S HEH IAFE B8 g 2
AZE YAk

) B 257} 150~200C o)t A= Lx7}
71875 A g Fristd o), o] 2% 9

29



QFRZL HEE, oY

el Ais 257t /M5 v 3k Bassl
om o}g 319 AT EAdo] v A FH= o
A =7y o) o] Ml A4 Eold e ¢ 5
AT

2) 7k GEghero] Frigtel wel B wiAg
of zkastglen olg Qlate A deet U1 &
go] /A=At

3) = 24F Mgk A B vAg 248 9
3+ 7k 24 o Hi(gas conditioning agents)E 4] T3}
“Hatomizing water)Z AeEig £ 9iglon] Bz
H) A o] ATt o} Aujake ATl F
g MANA A B=ry Srbsol 44y
s HAE 7

A & B Aye ey x4 15
ey FEAYAGASELAT AR A7
v] 1) 23t AJQUTL(FHAME. : R12-2002-053-
02003-0)

o]

n2s

1) White, H. J, “Chemical and Physical Particle
Conductivity Factors in Electrostatic Precipitation”,
Chemical Engineering Progress, Vol. 52, No. 6, pp.
244-248, 1956.

2) Flagan, R. C. and Seinfeld, J. H.,, “Fundamentals of
Air Pollution Engineering”, Prentice Hall, 1988.

3) Sabert, O. J. and Nichols, G. B., “Electrostatic
Precipitation”, MARCEL DEKKER, INC., 1978.

30

4) Japanese Industrial Standard, “Measuring Methods
for Dust Resistivity (with paralle] electrodes)”, JIS
B 9915.

5) Bellagamba, B., Liberti G., Riboldi, E., and
Malagnini, G., “Engineering Aspects of a Pilot
ESP Programme”, Proc. of the 3rd Int. Conf. on
Electrostatic Precipitation, 1987.

6) Korean Industrial Standards, “Chemical Analysis of
Fire Brick”, KS L 3120.

7) Lamb, A. N, “Variations in the Performance of
Electrostatic Precipitators Collecting Fly Ash from
Large Boilers”, Proc. of the 2nd Int. Con. on
Electrostatic Precipitation, 1984.

8) Bickelhaupt, R. E. and Sparks, L. E., “Fly Ash
Resistivity Prediction Improvement with Emphasis
on Sulfur Trioxide”, Southen Research Inst.,
Birmingham, AL, PB86-178126, 1986.

9) Cooperman, G., “A New Current - Voltage

Relation for Duct Precipitators Valid for Low

and High Current Densities”, IEEE Transations

on Industry Applications, Vol. IA-17, No. 2,

1981.

Paulson, C. A. J. and Potter, E. C., “The Pilot

Scale Approach to Assessing the Performance of

Full - Scale  Electrostatic  Precipitators”, 8 th

Australian Chem. Eng. Conf, Melbourne,

Austrailia, August 24~27, pp. 75~79, 1980,

11) Potter, E. C, “Electrostatic  Precipitation
Technology : A Different Viewpoint”, Air Pollution
Control Association, Vol. 28, pp. 40~46, 1978.

10

~—

Joumnd of the KIS, Val. 17, No. 4, 2002



