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Abstract — Oxy-combustion with a circulating fluidized bed (Oxy-CFBC) technology has been paid attention to cope
with the climate change and fuel supply problem. In addition, Oxy-CFBC technology as one of the methods for carbon
dioxide capture is an eco-friendly that can reduce air pollutants, such as SO,, NO and CO through a flue gas recircula-
tion process. The newly developed 100 kW, pilot-scale Oxy-CFBC system used for this research has been continuously
utilizing to investigate oxy-combustion characteristics for various fuels, coals and biomasses to verify the possibility of
fuel diversification. The anthracite is known as a low reactivity fuel due to a lot of fixed carbon and ash. Therefore, this
study aims not only to improve combustion efficiency of an anthracite, but also to capture carbon dioxide. As a result,
compared to air-combustion of sub-bituminous coal, oxy-combustion of anthracite could improve 2% combustion effi-
ciency and emissions of SO,, CO and NO were reduced 15%, 60% and 99%, respectively. In addition, stable operating
of Oxy-CFBC could capture above 94 vol.% CO,.
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100 kW,, 5 228055 Al 2Elo] A Foleh 221201

LA B

e 38 EoA A4 WAL gutA o7 n|REE A
(pulverized coal combustion, PCC)$} =8H--55 A4 (circulating
fluidized bed combustion, CFBC) 7]%&©] A-4-% 1 Q) T} u| &
A4 o] o3E5 A4l RS B 2P /13 A8 44
A28z (thermal NO,) A7, 42 Ulell A 2] 5] 4] (limestone)
Tl 213t Bal(de-SOx) B Al AR &go] ks Amrpist
(fuel flexibility)o]TH1]. 53], <355 Oﬁ\_ioﬂ/\i 3)Esleo)
B2 A7 914 A, 900 °C ©]3ke] Bl A W 2L EZ Q151
3]+ 8- (ash melting) 2! &7 (slagging) + A ZF-E] 7] &k A
AR 5-88P, FA 8k (anthracite) 2} 2> 1 ¥ sheko] 1S
AR A A, AR ellA 2 21 A FAIEe) &8l nliEg el

Hlal] AAE8S =Y 5 ATH2). ol Aoz Qs =g
F5 1Ayt Z7kska 9o, 2016 715 A AIAl 90 GW, 3l
FE= 3,0007] 0S| w8 ET HAE 7 dde-Fo] HaL gl
o] Z 300 MW, 7 & ZMEE 1007] o]/ Folth3].

S sl AHgeH: ARt T2 S oy w
O A% elel et glom Bk Ao EAlshs TRk
QU Nhg o] e ol 19} A A] W ulgo] Amsrhs Ao

A &gH A Fshar gle A olth4]. shARE, vlel 57} od A
OPE ot gl H AR EEAE 4H 52 sh el <]

=

g2 g A7k S-S S Al wlg- Fesita

J&‘?lr%dr AR Wb o)) tial A= 53l 200 MW, TR
= Hdefoll- FAgk-solid refused fuel(SRF)[4] == F-Agt-<]
H5[& Eadshe A7 39 vhs AR A7 S 5
TFARES 0] 8% ake IDJWL; 55 2142(Oxy-CFBC) 53¢l

i3k A= FulelA AR 7R REE vt ok

A4~ 4~ (Oxy-combustion) 7]&-2 o]Aksleka 3] 1l A%
(CCS; carbon capture and storage) /1% & A1/ ¥ g-&o°] 7
=2 y)go|wA] 71 | o) x%ﬁ_o] 7V 7R Hrpit
AUTH6-9]. o1& 8t =44 7] 7oA NyF=2l€ 0,9
Aeghe w717k E Eete] *Pﬁ}xﬂ(ﬂ% - CO,+0,)% o] &5t
o|Z 1&j oF 79 dry vol.% = N7} £3HE F7]A4 w717k~
o} &l SakaAs T A= Ny7F AR el 2] = o] vijEao]
79% 7V ZH A 115529 CO,E o] Fo7 w77k A7) uijEE o]
CO, A% 4 o] g-o] golal|xIth10]. =gt AFSAIZ O, +N, thAl
0,+CO,7} T} == Z710]7] wiZ-ol| thermal NOx 2! prompt NOx

Table 1. Properties of coals
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2-1. U= I RISA

2 ATl ARE RS TUEA, AaEY, BAFEY
A= T Table 19 ERASICE oo} g @hal F_lgtke] 1557
I A] P, gk, B, wha, o4 Bl ARRSE S o
oA w9 kel 21S SRIEHg o v Tk &8 Bt
ol S ekaL, W ARSI} 5 IR SRR Qls)
AflEdso] ol et & 218 AT 5 U S

P13l AHEE ARES *J%é I F 10 mm o] ae] Y& A

G313t Fig. 12 ofo 3w, roleh 4l Tr%AH YEREE et
ilom, Barqles 747# 518 mm, 3.195 mm, 0.348 mmo|t}.

2-2. Oxy-CFBC A|AE
2 A7-2] Oxy-CFBC A28l 7H2FE+= Fig, 20 VRIS =

Proximate analysis (wt.%, ar) Sub-bituminous coal Anthracite
Moisture 26.2 13.4
Volatile matter 36.9 32
Fixed carbon 35.1 65.6
Ash 1.8 17.8
Ultimate analysis (wt.%, daf)
Carbon 74.0 92.1
Hydrogen 5.0 22
Oxygen 19.9 34
Nitrogen 1.0 1.5
Sulfur 0.1 0.8
Lower heating value (kcal/kg) 4,481 5,400
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Fig. 1. Particle size distribution (PSD) of coals and silica sand.
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7194 W A AL0] =2 AT F71L Table 201 YFERS]
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2% Z700A T dFo] B o)f AR AA Ak 9]
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Fig. 2. Schematic diagram of a pilot-scale oxy-CFBC system.
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Table 2. Main operating conditions
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Operating mode Air combustion Oxy combustion
Fuel Sub-bituminous coal Anthracite
Operating time (h) 4.0 3.0
Average riser temperature (°C) 750 847
Fuel feeding rate (kg/h) 12.6 14.7
Thermal input (kW) 65.6 92.7
O, concentration in oxidant (vol.%) 20.9 28.2
Primary oxidant (m°/h) 85.5 90.2
Secondary oxidant (m’/h) 7.2 72
Loop-seal oxidant (m*/h) 7.2 72
Superficial velocity (m/s) 5.5 6.0
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Fig. 3. Operating pressure profile on the riser height.
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Fig. 4. Operating temperature profile on the riser height.
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Fig. 5. Overall CO, and O, concentrations in flue gas.

= IROIA 96.1 vol.%, GCOlA 94.7 vol %= o] 22 H| &%
s AR F7] o] AY Atk A& HofFar gl

oM E vi7 17k AR 7)ES o)) wlEel
d W3l 2 A 0 & AlskA) o] 2Adol ek v HIth
ulebd A7) AFsld Fatas A fAE F UdEE A

a7k 2498 QRS A7 LAk 7140 Skt

Q,
H

o=
H AFME AATEAY 2dNst LS dotiy] Sl x5
A7 E o] 838l ofd A '/ 3714 Al A4 COo,
2= 0.45 vol.%, 24 Al 0.96 vol,% o]t Hl3l,
AR AE A A7k €O, EFAAE 0.18 vol.%
Jetol ujg)] 3] Ao o] HPeS & 9
3hto] A3 1A eI B FAeke] g 54

H

W2 ofel g Rhe] Hl3) ATk 24 Wkt

K2
N

)

o & r
o

o
hf)

]_

_l
b3

oz

498

tlo

i3
4L
e}

lo T 3 b
o >
._g rlr

4

33, LIV |*Y=E HE 54

Fig. 62 FGC $-llA 34k t)7] 2.9 E3(S0,, NO, CO)E2
AN HE FEE HoFTh 37194 TRt 3 o] viu
Ca’g¥-0] Bl WA 12 ol HEN(Ca/S ratio=5.06)2] EAIA ol2he} 2
2 27T &3 HES- 0 & Q18] SO, TRt e 10 ppmlE W2 5
S By}

Ca0 + SO, + 120, — CaSO, (1)

LARK(Ca/S ratio=1.75)2]
mo 2 AEE Sk

3 slefo) ol A wte] onf) = =2
S22 TR S0, FEE B
CO &1 SO9k HISR’E A= Holar
Tleke] EAo 7 Bobdddir) o

0, 9to] vk 2710 2 27} &8} yhgo| ka2 A
7} zolal H o7 gebEitt Ik CO, H9to] L Hakad
AofM = ol 2F 22 Boudouard W3- 23l CO7} A =
7114l B3l CO 527} tha S57F81TH20,28-31].

C + CO, <> 2CO + 160.5 klJ/mol @)

R
o
y

i
st
oft
s
Hir
flo

Korean Chem. Eng. Res., Vol. 57, No. 3, June, 2019

% - Nguyen Hoang Khoi - ©]A|7
Air combustion [Transition Oxy combustion
Sub-bituminous coal |Alr to Oxy| Anthracite coal
400 6000

300

200

SO, & NO concentration (ppm)
CO concentration (ppm)

100 4
o

140

120

Flue gas flow rate (Nm?*/h)
g 8 B8
L 1 1

&
o
1

(%3
(=}
1

0+

Air

Oxy

Fig. 7. Comparison of flue gas flow rates in air and oxy combustion.
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Hj&<Fo] SO, 15%, CO 60%, NO 99% °]/d A== AS 1o
Frh olefst Avk= 7|7k Al B0l oI5 4% Eaoh A
TRl # % Qleh ¥ Auhe FEe nlaE 919 W, e e
FEEA ke Atoln, A2rkno] SR AAZ 98] $En
(FGOY 7V A2, Sl 913 S0,7k H4 2k ofel
el 371904 9 Relel £k ol S Focrk
FHUCE FAS AR AGHA MmN 2AksAZ A 2}
o712 G FAE] 80% ol AZHEE AL 71E ATl Bl
k- Qich20).

3-4. 9IASE

Ara &2 Eebddlel ot A4, = cost
unburned carbon)®] A eFoll o]l A HTH33]. © =
Aol A= mAE Y 3| 9 7|7k & _‘l 153)‘31% Aras
of 233Gt ol st 71 ol SASt ArE <
207 Y lErH34].

Table 3. Combustion efficiency in accordance with heat loss terms
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A 2, (lower heating value)©|T.

237] Al &) AHEE A4RES Table 39 YERAIT <
o] AR Ad s TEE 97.6%E ol FE ¥ 0l v8) 2%
A% P A R FAvke] A9 o} ko) nls|
Aekas} slAfel] o] gk dEAo] Ao o7 wokFele Bt
Hj7)7k2e) St dEslo) A TAEHASS B 5 Ak ol
AR 372 S 2 RolFal QLo M7 |7k Aledt 3
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sokstn FGCE AHE-3H4] 94 wet-FGR 3742 **% +, 4
S 700l 1) A0 2 RAYE L} el THE A4 A

Operating mode (Fuel) Air combustion (Sub-bituminous) ~ Oxy combustion (Anthracite)
Combustion efficiency (%) 95.6 97.6
Heat loss (MJ/h) 0.27 2.68
UBC m,,,, (kg/h) 0.58 3.03
X 0.016 0.03
H, MJ/kg) 29.5 29.5
Heat loss (MJ/h) 0.13 3.54
Ash t,;, (kg/h) 0.23 3.03
C, (kl/kg'K) 1.09 1.09
Tp(K) 511.15 1073.15
Heat loss (MJ/h) 0.73 0.41
co i (Nm*/h) 137 18
Yeo 0.000460 0.001937
H,, (MJ/Nm?) 11.58 11.58
Heat loss (MJ/h) 9.32 1.49
i (Nm*/h) 137 18
Fxhaust gas C, . (kI/kmol K) 3047 36.77
T-T, (K) 50 50
Thermal input [MJ/h] 236 334
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