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LNG Combustion Characteristics of Oxygen Carrier Particles for

Chemical-Looping Combustor

Ho-Jung Ryu™ - Dal-Hee Bae" - Gyoung-Tae Jin"

ABSTRACT

LNG combustion characteristics of oxygen carrier particles were investigated in a

batch type bubbling fluidized bed reactor.

Three particles, NiO/bentonite, NiO/NiALQO,,

Cox0Oy/CoAlQs, were used as oxygen carrier particles and LNG and air were used as

reactants for reduction and oxidation, respectively.
and high CO; selectivity were achieved for all three particles.

In the reducer, high gas conversion
In the oxidizer, NOx was

not detected. The results of exhaust gas analysis showed that inherent CO; separation
and NOx-free combustion are possible in the LNG fueled chemical-looping combustion
system with NiO/bentonite, NiO/NiAlOs and Co,0,/CoAlL Q4 particles.

Key Words @ Chemical-Looping Combustor, CO; separation, NOx, LNG
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Direct combustion :

CHs + 203 — COz + 2H0 (1)
Oxidation :

4M + 202 — 4MO (2)
Reduction :

CHy + MO — COz + 2H:0 + 4M (3
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Fig. 1 Concept of chemical-looping combustion.
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Fig. 2 Schematic of batch
fluidized bed reactor.

type bubbling

Table 1. Summary of experiment conditions
NiO/bentonite
Particles NiO/NiAlz04
Cox0y/CoAl:04
Particle size range{um] 106 - 212
Metal oxide content [wt.%] 60
Temperature [C] 900

Inert gas (for purge)

N2 (2//min)

Reduction

Reactant

Oxidation

LNG (0.2!/min)
+ Nz (1.8//min)

Air (2[/min)

Table 2. Composition of LNG

Components Content [vol. %]
CH,4 88.4857
CoHs 6.8617
CsHg 2.9631
i-C4Hio 0.6991
n-C4Hio 0.7222
i-CsHiz 0.0337
n-CsHi2 0.0089
No 0.2256

3. 43 2 nz

Fig. 39+ dlEH o2 NiO/NiAlOs YArel of
3 A WA B3 AN A3uke
B¢ Al W E uErAle FER3E HER
3ol #EYwrge A9 uhgr] R 2 LNG
b FUAHEE Q) e JAdRY AXES
AstEe g)ukgol g3 CO:¢ #3717 A
dech. 2ol yebhd uwpel go] AJzhe] g
o ma CO:9 F=7F S7Hs & 44 &g
et on Eurggl #4484 YEA @
gtk COx%F COY Mg vwsdd CoY
TEE7F 01%2 YElY LNGY dlFEo] d4
gt CO2 AEEE ¢ + AT EF CHy
7 AEEA @ Ao v Fo] F¢HE LNG7}
BF Hgutgol &) A48 AE U £ Q)
ATk AshgoME 4(2)eh Zo] FYutgo
s F&£o2 @d ALTAYA A B
A3Ee Fe2 AEHY o] BAAA FIF
g9 Aav axdg. aged vebd v
Zo] #gYurgo A &Azke] 6002 7HAE Aa
7t AEEHA gl A2 FAJQAV g RE BE
AER A3tE FQ 600% o)FRE AAFE
7t Al Fobste S JeRddn. kg
F<¢ NOx(NO, NO; N:O)= HAEHA gsioh
AnHoz R WH Fg-4t3 #EE 5 2
AgzdeA 7149 AFAze] LNGY ¢34
29 AtEiukgo] AP AL HAY 4 UNe
o 7lAA8E3 CO; A¥=Es 32 NOx 24
o] glon, £244 T o &S
g 4 Uit

Fig. 491 Al 712 AAaFgYte] s i
B Wsle] g2 Fgdut3oire sAAgE @
32 Jehz gt AAdgge 49 A4
7t FolA #Yurge] 98 CO, =& COR
Aed F=E ek 2@ YeEld uig
Zo|l A YAt BT dis], BE WHEZFoA
99.7% ol4e 7AAEE S ey ey, 103
7hA 9] RHEZ4zo] et HAAHELE vwIAE
NiO/bentonite 92} 99.82%, NiO/NiALOs U=



A 318 KOSCO SYMPOSIUM =& (2005 % 4D

145

99.99%, Cox0,/CoAl0s YA+ 99.96%F EHU|
NiO/NiALOs Y4A7F & AALEC 6ls) Z1A4
& Z9o A $T AEE et @9
HHERl: w3le] wE A A HIAES
AHEH, NiO/NIALO, YA= vHE34 F7]9
HE 7RSS Wiyt A9 ol dAHE MHT
£ HAsE ¥, NiO/bentonite Y2bE 714 A
@& ol = BEg Vel gl o,
Cox0y/CoALOs AR A folle ALFoddday
Aol ta A HE AL vehigich

n
(=3

T H T H T

NiO/NiALQ, 1st reduction

-
(%]
T
1

Gas concentration [%)
o o

o 10 " 300
25 ) i i T ¥ H T T
NiO/NIALO, 1st oxidation

Gas concentration (%]

0
0 200 400 600

800 1000
Time [sec)

1200 1400 1600 1800

Fig. 3 Typical trends of each component
during reduction and oxidation.

Gas conversion [%)]
8
<
i

5k —8— NiQObentonite  _
v NGNALO,
-8~ Co,0/CoAL0,
8.0 1 1 i ] 14 i L
1 2 3 4 5 6 7 8 9 10
Nurmber of cycles [

Fig. 4 Gas conversion as a function of the
number of cycles.

Fig. 5olE A 7}3 A2 T4 YA is) 98
4 dslo]l 2 SYgwgdAe CO, d¥x
(selectivity)®] ¥3l& yelz Qo CO; AH
ZeWEHE A & £E50E AN A F
g CO7b AAlels ¥ € R, o) glo] #8845
RGBT PRE CO2 AfEY CO B Hy
A4 B9 Fibgo] A2 A& Jeidd, 219
of viERt dle} o] A Yt BFo did, RE
HEE gl X 96% oldel CO; MHEE e
Ron, 108712e] wEZFo dgt HF CO;
ME=E vwstd  NiO/bentonite YA 97.20%,
NiO/NiALOs YA 98.96%, CoxO,/CoAlOs YA}
9843% & YEl  NiO/NiALOs YA7F 2 ¢
AEo] v CO; AEE Z2HAMNE 248 7
#L uelich 8 gEgs W gs
CO; A8z $34gE& 47 EH, NiO/bentonite
garel A B35t Fohgke) wE COop A
gerh gi FrsteE b NiO/NiALO,,
Cox(0y/CoAlOs YAHY] 7 $ol= WEBSI F
7hghe] mel AaFodAte] Aol vl AHE S
t A%E Jelggch 23" 7| EX AR
43 BT dAE] fid gunts F¢ £
(Ha7} w25 ¢gton CO, o9 HEL
25 COZ vielwel

~— -1 H T ¥ ¥ H
Vo Bew W Yy
L U SR
o8 - o -
Rty >
g 9
Py .
s %
3
@
]
g4l 4
8
~e— NiOfbentonite
92} v NONALO,
—&~ C0,0,/CoA0,
o0 I I ] 1 ] L 1 i

1t 2z 3 4 & 6 7 8 8 10
Number of cycles [-]
Fig. 5 COz selectivity as a function of the
number of cycles.

Fig. 6ol A 7= AtATAUAAte] disf wx
B4 Wele] mE AsiekgolA e NO, NO; 2
N:OS] W¥stE Jepdlz gtk el Yehd
utel Zro] NiO/bentonite, NiO/NiALOs Y=g
ASols RE WHESSo dl3d] NO, NO, ¥
N:O7F #48kx] @t @3 Cos0y/CoAlOq
A2 A N:OF #A48A ggkert NO9 A
¢ BHEdsT He v o ey F NEYS
7t 7l wel Zadgon, NOo A% ¢
Ippm AE7} @4t shAg 103 wE3



146 A 318 KOSCO SYMPOSIUM &=E3(2005Q 5 & 7))

o g PFF=E nAE NO 107, NO:
093 ppm22 ¢ 2L FEE UET 2
FHoZ 71Ee] Wgg o] & A3-gd BE
2448 ¢ 50kWth S8y 7tadir) 458
3 IR Z LNGE °] 88 3-89 i
AHAME A T/ A2TAdA 254 o
8 NOx7t A9 sEsHA &5& #AUE +
Kt

.

X2

1o T T T T T T T T
E
Sgl —e— NiObentonite
= v NONALD,
5
S og -8~ CaO/Co0,
£ N\
BN
8 4F \ -
g \
o
8 N

2} N i
Q \
z B

1 2 3 4 § 6 7 8 9 10

o [ B H A R
£
8 sl ~&— NiQbentonite |
= .y NIONIALO,
=6 -8- Co0/Ca0, -
€
8 af .
c
8
g )
zZ ¢--w-—-B—-F-—-f--B. 0 a_ o _a

bbb &

1 2 3 4 5 6 7 8 9 10

e R B B R R
€
gl —o— NiQhentorite |
c -y NONALD,
£ st _a- Co,0/CoL0, ]
€
8 4t 4
<3
8
O 2r 4
o
= JW

0 J

-

2 3 4 5 6 7 8 9 10
Number of oydles [-)

Fig. 6 NO, NO;, N2O concentrations versus the
number of cycles.

4. 4

MAE@Y stadar]s) dArtads AZ
@A 71E ATl o3 ALY A TR 42T
AYRE o &3t 28 F¥F WeINA 24
e A2E4E 34 2 ANSRT BT
AR gzt NAARE, CO, NYE,

NOx W&o, #2484 59 ¥ug q4Rs &
A2 n@FsHHes A48 A& A8 1037
A #gY-Ashg g wEEe £YPsHd. A
F29 AATAYR 2T W& UL oA
99.7% ol ZlAREEE eI 96% ]
49 CO; AY=E Jeo] AdArt2dse #
S E CO9 FAW YHEMN 5T E Y
st =8 S FLMH Fo By
ol g AL gdsIden Ashigoli
NOx¥E 4 ppm ©}8 2 #H& 5o} NOx-free G4
7t Aed AE At A FFHY AT
gzl 5o di&] 108739 WHEZ4 ¥
g AFAsie ZA deidA ggey JAA
8% CO, Y5 NOx HHEEAH 2 £
2 138 NiO/NiALO: YAt 73 £& 4
T Jehaad.

Z 7|
€ 97 ¥8ed7E 712AEF yA
D FA - ALNEMNEAY Y @z F
FHAAFUTG. A8 ALl FA=HUd

dagd

(1} Ryu, H. 1 “COz-NOx free

chemical-looping  combustion  technology”,
KOSEN  report, http//www kosen2l.org
(2003).

[2] Hatanaka, T, Matsuda, S. and H. Hatano,
"A  New-Concept Gas-Solid Combustion
System MERIT for High Combustion
Efficiency and Low Emissions”, Proceedings
of the Thirty Second IECEC, vol 1,
944-~948(1997).

[3] IEA Greenhouse Gas R&D Programme
Report, "Greenhouse Gas Emissions from
Power  Stations”, (2000), available on
http://www.ieagreen.org.uk/srlp.htm.

[4] IEA Greenhouse Gas R&D Programme

Report, "Carbon Dioxide Capture from the
Power Stations”, (2000), available on
http://www.ieagreen.org.uk/sr2p.htm.

[5] Wolf, J, Anheden, M. and Yan, ],

"Performance Analysis of Combined Cycles
with Chemical Looping Combustion for CO:
Capture”, Proceedings of 18th Pittsburg Coal
Conference, December 3-7, newcastle, NSW,



A 318 KOSCO SYMPOSIUM =8 (20054 % 27)) 147

Australia, session 23, CD-ROM(2001).

[6] Ishida, M. and Jin, H., "A New Advanced
Power-Generation System Using
Chemical-Looping Combustion”, Energy,
19(4), 415-422(1994).

[7]1 Ishida, M., Zheng, D. and T. Akehata,
"Evaluation of a Chemical-Looping
Combustion Power-Generation System by
Graphical Exergy Analysis”, Energy-The Int.
Journal, 12, 147-154(1987).

[8] Ishida, M. and Jin, H., “A New Advanced

Power-Generation System Using
Chemical-Looping Combustion”, Energy,
19(4), 415-422(1994).

{91 Ahheden, M. and Svedberg, G,
"Chemical-Looping Combustion in

Combination with Integrated Coal
Gasification”, IECEC’ 96, 31st Intersociety
Energy Conversion Engineering Conference,
Washington, DC, USA, vol. 4,
2045-2050(1996).

(10] Ahheden, M. and Svedberg, G., "Exergy
Analysis of Chemical-Looping Combustion
Systems”, Energy Convers. Mgmt., 39(16-18),
1967~-1980(1998).

(11] Jin, H. and Ishida, M., “A Novel Gas
Turbine Cycle with Hydrogen-Fueled
Chemical-Looping Combustion”, Int. J of
Hydrogen Energy, 25, 1209-1215(2000).

(121 Wolf, ], Anheden, M. and Yan, J.,
"Performance Analysis of Combined Cycles
with Chemical Looping Combustion for CO2
Capture”, Proceedings of 18th Pittsburg Coal
Conference, December 3-7, newcastle, NSW,
Australia, session 23, CD-ROM(2001).

[13] Copeland, R. ]., Alptekin, G., Cesario, M.,
Gebhard, S., Gershanovich, Y., "A Novel CO;
Separation System”, Proceedings of the First
National Conference on Carbon Sequestration,
Washington, DC, DOE/NETL (2001).

[14] Ryu, H. J. and Jin, G. T. "Conceptual
Design of 50kW thermal Chemical-Looping
Combustor and Analysis of Variables”,
Energy Engg., 12(4), 289-301(2003).

[15] Ryu, H. J, Jin, G. T., Lim, N. Y. and Bae,
S. Y., "Reaction Characteristics of Five Kinds
of Oxygen Carrier Particles for
Chemical-Looping Combustor”, Trans. of the
Korean Hydrogen Energy Society, 14(1),
24-34 (2003).

[16] Ryu, H. ], Bae, D. H. and Jin, G. T,

"Reaction Characteristics of Oxygen Carrier
Particle in a Pressurized Fluidized Bed
Chemical-Looping Combustor”, Theories and
Applications of Chem. Eng., KIChE, 8(1),
1101-1104(2002).



