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Abstract — In this study, the effect of chemical additives on the reduction of fine particles was identified in 9.2 MW,
commercial scale circulating fluidized bed boiler firing bituminous coal. Futhermore, a simple and effective method of
fine particle collection has been developed to collect the fine particles of the boiler during fossil fuel combustion.
Chemical additives were used to reduce particles below 10 PM in the flue gas, and borax solution was used as a
chemical additive. In order to identify the particle behavior of PM 10 or less among the collected fine particles, it was
analyzed through particle size analyzer and SEM analysis. The Borax solution tends to absorb molten mineral in the flue
gas and make fine particles grow. As a result, it was analyzed that particles smaller than 10 pm were reduced by using
borax solution.
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Fig. 1. Schematic diagram of the 9.2 MW_ CFBC boiler.
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o] B Al A AAatE = AE O] 2151 484 °C, 49> 60 kg/em?
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Table 1°] B2 &4 FA thdte] Jeb At} Borax
solution AHE-5HA] 94918 73$-9} borax solutionS A3t 74-9-2]
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Table 201 92 MW, 2] 4415 =81-55 B2 AMEE &=
FAge] ATENS LPEM?JE} FATHE Toe] Ashx] ool A
Aakst A gto|th, oA Avs B fAgke] sk
6.88%, FHE0] 31.57%, I EAT | 52.83%, RFAEHO 2 3]370] 8.72%
olt}. f-aAgke] AL aEL 6,120 keal/kg, 1A S 7,100
keal/kg® 2 F-AA8 Sl 1539 Ago|t},

Table 1. CFBC operation condition

RS AR - g8 AR

No  Boraxsolution Borax solution

ltem additive  1200:1%  800:1
Load, % 85 87.5 87.5
Mixing Ratio of Fuel & Additive =~ None 1200:1 800:1
Bed Temp. °C 880 880 880
Freeboard Temp. °C 812 820 818
Cyclone Temp. °C 863 8387 899
0,, % 5.1 43 4.2
Dust Conc. mg’m 26 19 1.9
T™MS
NOX, ppm 67 55 42
SO,, ppm 52 38 32

Fuel : Borax solution = 1200:1, 800:1*

o

Table 2. Physical properties of fuel

Item Unit Bituminous coal
Proximate Analysis (as received)
Moisture % 6.88
Ash % 8.72
Volatile % 31.57
Fixed Carbon % 52.83
Ultimate Analysis (dry basis)
Carbon % 76.53
Hydrogen % 4.30
Nitrogen % 1.87
Sulfur % 0.33
Ash % 9.36
Oxygen % 7.61
Heating Value
Lower heating value keal/kg 6,120
Higher heating value kcal/kg 7,100

Table 3. Borax solution compositions

Ingredients Compositions, wt.%
Boron compound (Na,B,0,10H,0) 12.5
Peroxide 2.1
Magnesium compound 10.5
Propylene compound 5.0
H,0 59.9
etc. 10

2-2. H7H|

2 A2 HI7MAIR AFE-$ borax solution 12.5 wt.%2] Na,
B,0,10H,0, oxygen supply agent$} solvent (peroxide, magnesium
compound, propylene compound, water) = 7-J = W, “3g o]l g
EF)ellA A Z3F 21| Table 31| borax solution®] 7]#-5E/3-8 1}
ERIQITH20]. DHEA] © 2 boraxs <5 Al A4 2 AFEE 1L
Rom, & Al AlglE AA L] FA 07 ANk 0 7 ARE-E| I Qlrt.
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Fig. 2. Location of borax solution injection.

Korean Chem. Eng. Res., Vol. 57, No. 4, August, 2019



<3 5= RdelolA AJEF A4 A] Borax Solution®] 92 ¥j7}AZ w]AAA] A 7to)] w)2)= J 8k 495

Compressed Air
(Line Cleaning)

e

Cyclone-convection pass duct
‘ Water
Drop

Vent

Filter Kit

Flowmeter

Vacuum pump

%] ahetol 91413 conveyors} ¢1AISI] FHELE S
Ao FHaE] flste] o]FE = conveyorZt Zs5ha,

[e) 1
Q= Awke] o borax solution®] FASR= H 0 7 ¥
[e)

o 1z
ol ofy M

719 3| Al (ashyE AED ] YAT71E A8k o, v
it AtolEE Tk Ol 7 AtolollA] fly ashE 2255t
A ERE ot

Fig. 30l Alo| &8 T3} g g i Alolol| A dAE EAshk=
e RAEE YeRITH17]. A8-ZREA v YAE =48t
7] %t =5 ARehE 31 ojE o] W] wiiel] AaiteE
AAE S8t Q4T FH =F F s vAgA 248 w5
WA ARSI vlAIIAF 27 3782 Fig. 39 YERA wheb
20| stainless-steel tube (diameter: 12.7 mm)E Al |E-&7} thixd
G- Ato] ] HECL] 7]E Q4 FAF f1X|e] A3 $ofl HE |
F2 ok 150 mm AT vAdAF 2 AYHER AL )
25 FYa Hed ol FYES ©F 0.1 MPaolH, o] &
== -2 ©F 80 L/mino|th. AL 315 Eall 4wzt
29 EVdElE Hzsta, filter kitol] F2E LEAS T HY
H= Aanrks LEE ERISe] ATt 8] s ERIE
T 7 Hrt A7 tar AR o' FYE A =9 filter kit
U &5 ©F 270420 °CE A8k ek = HEE ek A
22712~7F 855 ] thimble filter7} -2 5= 7] Wit §5715
MR8l SEGE AASATE A4 7k vAIYARE BRksk
E215) A ®laz o] n]HIQIAR= thimble filter (No. 86R, ADVANTEC)®]|
EREA Ak # Ao AREg v A YA} E L filter?] pore

sizet= 9F 0.2 pm©| ™, X3 F5(0.3 pm DOPY%)S 99%0| T}, ¢7]
A DOP%= £17 25 mm x A% 90 mm2] AlF-& AHESHL JIS Z
8901(A A &-2A 9 A& Ahell 31, 0.3 um ZBA S E S
2H= 227 71 5 Liming] 71802 Fket 492 2
HEES gttt of filters ARE-E = Q= # 3L 2= 500°C
ot} vl 30i 1HA 0.2 FEIE wAlste] AIQIAE 2AYsIgl e,
30 o XFHZE v AYAE 2R A5l HEol] 2 w|
AIYALZ Q181 sttt Aste] 13- 5ze) §-517) g e
T 3, FE7F 48 S 5 Q7] whitell #H A ] mAldAr 25
AIRRE 30i0 = A%ste] FasIgiTt. ol AldE Fall 30k B4t
A&A 0 2 mAYRE HFHEZE Fste] 25 sk A} oF 5.0~
7.0 g9] HIAIIA Y T HE ERIEI3IT

ZAE v M IAE convection ovenollA] 105 °CAllA] 24413 A
ZAA ZZE AR W] S B AATE Sl Y57
(Microtac 83500, USA)ollA] 2 BFZ =743}o] PM 100]3}2]
ARt Ass BEBIGITh 2 QA7 E E40] 7Fss HA =
AFO|ZE 0.75 pmo] Tt =4S 22 2700 MES 53] 4
sto] FgkS AT st g nAYAle] 1 WstE
#H23817] 918l SEM(Scanning Electron Microscope, Nova NanoSEM
450, FEDE 2-8-315ich. vAIdAke] 248 Ahz7do] g
ol MER st om, 7k 7ol sl A% 3 L= o 7
oJt}.

3. 80 3 o

Fig. 4(@)°ll H7HAI& AH8-8HA] 95> %713} borax solution=
1200:1, 800:12 £ A9 Alo]2E Tz} o AdR A}
ool A AT v YA YEREES YERAS 01, Fig. 4(b)el
ff ok B2 230 A IARe] Y T PM 10015k XS
VHERASICE. Fig. 4(o)°ll 217154717191 2494 fly ashe] QEREE
e, Fig. 4(d)°ll 918} 2 $Ix]elA 244 A2 Y=
HX F PM 100]8e] B25 LERRSIT Fig. 42)%} (05 54,
borax solutions Aol ule} 2} x| oA MZE st ¢lx}e] ¢l

Korean Chem. Eng. Res., Vol. 57, No. 4, August, 2019



496 ulA)E -

(a) 100

F—__-7
7,7
80 ~
S
R
51
&
o
2
5]
S 40
£
=3
&)
20 ~ ..
No additive
ANttt Borax solution 1200:1
// — — —  Borax solution 800:1
0

Particle size (um)

1 10 100 1000

(c) 100
—  Noadditive —
—————— Borax solution 1200:1 47
— — —  Borax solution 800:1
80
S
£ 601
g
B=
o
2
k]
S 40 A
g
=
o]
20 A
0 T

Particle size (um)

100 1000

(b) *
No additive
—————— Borax solution 1200:1
— — —  Borax solution 800:1
40
S
5 301
g
=
L
=
S
S 20 A
£
=1
@]
10 A
0

Particle size (um)

(d) 50
No additive
—————— Borax solution 1200:1
== = —  Borax solution 800:1
40
S
£ 30
g
=
o
2
S
= 20 A
£
=
&
10 4
0

Particle size (um)

Fig. 4. Size distribution of the collected fine particles according to the use of chemicals : (a) between cyclone outlet and convection pass inlet
under 1,000 pm, (b) between cyclone outlet and convection pass inlet under 10 pm, (c) in the electric precipitator under 1,000 pm, and

(d) in the electric precipitator under 10 pm.
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Table 4. Result of fine particle analysis

3] e 2210l 2.5 pm o138t Y7t EAEE 0] Qle-E e el
el H7HAE F4 AF, 2.5 um ©]3F YAt
20159052 BRI 5 AU Borax®] Fl@o] AnFAF of
1 800:1% ZF7kgtel whzt PM 10 ©]3ke] Q1#} 7449
HPOo Aoz gl F O R VERITh Lee 59 A
19} 22 @do] AE oM, Aarts F F71H

et
47
30,
o
=
re
kit

>
ko
o

Condition Distinction Mean dia. (um) Minimum dia. (um)  Ratio of under 2.5 um (%)  Ratio of under 10 um (%)
. Fine P.“ 19.42 1.499 5.28 42.07
No additive E. P ash’ 3591 1783 247 2398
Borax solution 1200:1 Fine P. 39.66 2.121 0.83 21.07
E.P. ash 48.01 2.121 0.63 14.97
Borax solution 8001 Fine P. 2723 2.522 0.19 18.76
E.P. ash 44.06 2.522 0.16 14.77

“Fine P.: Fine Particle (between cyclone outlet and convection pass inlet). “E. P. ash: Electric Precipitator.
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Table 5. Portion of fine particle (under 2.5 pm and 10 pm) after borax solution (1200:1 and 800:1) used

Condition Distinction Increasing ratio of Mean dia. (%)  Reduction ratio of 2.5 um (%) Reduction ratio of 10 pm (%)
. ] Fine. P“ 104.2 84.3 49.9

Borax solution 1200:1 EP ash 337 745 176
. ] Fine. P. 40.2 96.4 554

Borax solution 800:1 E.P.ash 227 93.5 384

“Fine P.: Fine Particle (between cyclone outlet and convection pass inlet). ’E.P. ash: Electric Precipitator
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Fig. 7. Na, K, S and Cl contents of fine particles collected in (a)
between cyclone outlet and convection pass inlet, and (b) the
electric precipitator.
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Fig. 8. SEM (scanning electron microscopy) images of fine particle sampled: (a) at convection pass inlet in the absence of chemical addition, (b) at
electric precipitator in the absence of chemical addition, (c) at convection pass inlet after borax solution was injected, and (d) at elec-

tric precipitator after borax solution was injected.
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