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Combustion Characteristics of Natural Gas and Syngas Using Mass
Produced Oxygen Carrier Particle in a 0.5 MWth Chemical Looping
Combustion System
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TCorresponding author :
hjryu@kier.re.kr Abstract >> Batch type reduction-oxidation tests were performed to compare

feccived 4 Feb 2021 combustion characteristic of mass produced particle (NO16-R4) for syngas from

RE\?EZZ o ie[)urigyy ool glycerin with natural gas in a 0.5 MWth chemical looping combustion system.

Accepted 12 April, 2021 Integration between the gasifier and the 0.5 MWth chemical looping combustor
was successful. The measured fuel conversion and the CO5 selectivity for syngas
were higher than those of natural gas because the oxygen demand for complete
combustion of syngas was lower than that of natural gas. For all fuels, CO> se-
lectivity decreased as the fuel flow rate increased from 180 to 300 NI/min.
Therefore continuous solid circulation and feeding the oxidized oxygen carrier
particle to the fuel reactor is prerequisite to ensure high CO, selectivity.

Key words : Chemical looping combustion(#| 0| 224 A A), Oxygen carrier(MAH
CHQI X}y, Batch test(3| 241 A %), Natural gas(M 1 7tA), Syngas(HAd 7t A)
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Fig. 2. Microscopic image of N016-R4 particle

Table 1. Summary of particle characteristics

Properties Partele LA
Main component NiO (70 wt.%)
Particle size range (um) 34-248
Average particle size (um) 105.0
Bulk density (kg/m” 2,017
Geldart’s claffification Group B
Supplier KEPCO RI

H3R2H H2E 2021 48



257 - =M -

2.2 0.5 MWth 71} 7HO|HRE HAAAH

Fig. 30]= 2 o170 AR&E 0.5 MWth & 79t
A

o
NECE

Ana+=3 v = @ 7} HEo] m3)

= UEhHIEE AR AJARE 314553 (transport

bed) 27oflA = 5]% Z7)8k27)(air reactor), 3
71898 7)ol A w]AkE Q]

ALo| E-E(air reactor cyclone) 76k
oA 2HE IS driSTI= HTwm: A}
32 A)(upper loop seal), 7]3Z-3-52(bubbling bed)
oA 2E= AFHES-7(fuel reactor), A4
AE AERES7|2RE 37N 7|2 A
= 3 FzA(lower loop seal), A A28 4L
S(start-up) I A WSS D] Y5t 5]
whg7] ey W ARvgY] dl97] Sz T4
of Slth. HA Al 38, TefolA] 2 4 9
52 al7] 9 yis st AReien ofn
L SUS304E ARSI 7t ukey] QRE nes)
Ak 3719ES7]19] S AL 0.3 m, AR
0.25 mo|y F7|H¥H27| u} O ZHE] =0] 2.0 m*H

g 2.5 m7px o] bolA] Aol WS ES s19la

o WNoHr 2
fr o A —{H.I

N
ol

<

Airreactor
cyclone

Air
reactor

Upper
loop seal

Fuel reactor

Lower
loop seal

Fuel reactor
preheater

Airreactor
preheater

Fig. 3. Three dimensional view of 0.5 MWth chemical looping
combustion system
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Table 2. Typical composition of natural gas

Component Content (vol. %)

CHas Methane 91.31
C,Hs Ethane 5.48
C;sHg Propane 2.03
i-C4Hio i-butane 0.46
n-CsHyo n-butane 0.51
i-CsHin i-pentane 0.02
n-CsHy, n-pentane 0.01
N Nitrogen 0.18
CO, Carbon dioxide 0.00

Total 100.00
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Table 3. Input flow rae and average gas concentration during
integration between gasifier and chemical looping combus-
tion (CLC) system

. Ist 2nd 3rd
Trial . . . . . .
integration | integration | integration
Flow rate to
CLC system 240 300 180
(NI/min)
Component Concentration (vol. %)
H» 38.47 39.19 39.70
(60) 30.30 31.26 31.22
CO; 27.17 25.60 25.54
CHy 3.76 3.73 3.54
H,S' 20 50 120

"Measured by gas detector tube
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