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Introduction

. Chemical-Looping Combustor

N, (O
2(0) Turbine o,

Turbine j,@: -~ Oxidation Reaction :
o« O, e exothermic, 800-1300°C
o [ —e® . 1
e . M?—-0,? MO
. . 2
°, . » Reduction Reaction :
° . . endothermic, 400-800°C
% .' CH,?4MO? CO,?2H,0?4M
b coen M : metal, MO : metal oxide
Reduction

Fluidization Research Center ‘;:



Traditional LNG combustor
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Advantages of CLC

60%0
(LHV ), CO, (0.33kg-CO,/kWh)
= carrier
(flame) thermal NOx
( )
=« (0,/CO, combustor)
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CO, :
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Purpose of this study

= Chemical-looping combustor

= Chemical-looping combustor carrier
(recipe)

p carrier -
( , , scale-up
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Preparation of oxygen carrier particles

Ni powder Bentonite
(>99%) (Al 0O, 4Si0O, H,0)

| Mixing |

Distilled water

Ni+Bentonite Paste Nickel Bentonite
v
Drying (105°C 24 hr) Ni/Bentonite NiO/Bentonite
y |
Calcination .
(900°C 6hr, Air) Particle B
Crushing Crushing v
v v Particle C :
Sieving Sieving
v v -
EDAX analysis XRD analysis Particle D
v v
Mercury porosity analysis Mercury porosity analysis ,
v v Particle E :
Ni/Bentonite particle NiO/Bentonite particle
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Particles characteristics

= Ni/Bentonite particle

Particle density Bulk density

[o/cm’] [o/cm’]
ParticdeB  21.64 68.1 2.6545 0.8469
ParticleC  37.92 68.2 2.9623 0.9406
ParticdeD  51.86 775 5.1969 1.1704
ParticleE ~ 74.00 795 7.3739 1.5149

= NiIO/Bentonite particle
NiO Porogty Particle densty Bulk densty

wt. % [%] [o/cm’] [o/cm?’]
PartidleB  26.01 71.37 3.5619 1.0199
PartideC  43.74 7125 3.6288 1.0433
PartileD  57.82 64.54 3.5892 1.2729
PartidleE  78.36 58.99 3.7309 1.5302
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Experimental apparatus

TGA 2950

Balancg | Balance chamber Temperature range . 25-1000 OC
_burge | Heating rate range : 0.1-100°C/min
Gas flow rate : 100 ml/min <
Air Weight range :
Tare 0.17g-100mg or 1?g-1000mg
pan L
Furnacs TC
CH ~Purge | Sample
" Q ’ platform
Sample Vent
pan
@
N
2 Personal || TSI? dzjgo .
Computer Interface
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1 Experimental method and variables
..I Reaction DE AN Oxidation Reduction

of bentonite

Particles Pure Bentonite Ni / Bentonite NiO / Bentonite

M ethod Non-isother mal | sother mal | sother mal

Inert gas N, N,
Reacting gas Alr Alr CH,

99 (100 ml/min) (100 ml/min) (5.04%, 100mI/min)

Heating rate 10, 20

[°C/min] (Non-isothermal)

Ni or NiO . .

. ParticleB, C, D, E ParticleB, C, D, E
Temperature 850, 900, 950, 1000 | ©°0: 700, 750, 800,
°C] (I sother mal) e

(Isother mal)
Parlt:',)cr'ﬁ]s' ze 80, 128, 181, 284 80, 128, 181, 284
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Results : Dehydration of bentonite
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Results : Oxidation reaction

T T T T T T T T 1 1
10 | s
10 - 900°C isothermal .
08
oo 08 4 =
[ c
2 S
o D o6k
() o O
= 06 4 2
S S
- - Temperature
g S 04r o ¢}
T 04r Particle B § 850 C
3 —=— Particle C < —8— 900 °C
—s— Particle D | © ,L —s— 950°C
2 —e— Particle E - . —— 0
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* Reaction rate :
Ni : >D>C>B

> 950 > 900 > 850 °C

Ni powder
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Results : Reaction kinetics

~

n-th order . .
reaction rate equation Activation energy :E
dx 20x 2
q  Kazxy’ 5232 InA2nina?x) ? £2
’ 2dt 2 RT
dx 2 E 2
— ? Aexp?? —A1? X)"
dt ? RT? Reaction order : n
[ reaction rate constant | |n3%37 In A? E ? n|n(1’) X)
: Arrhenius equation 7dt 5 : : T : :

2 E?
k? Aexp?? —?
? RT?
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Results : Oxidation reaction kinetics

-4 I 6 i
Reaction temperaure
e 850°C v
°© 900°C
v 950°C
v 1000 °C
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Slope = -E/R Slope = n
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W Results : Oxidation

“
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» Effect of particle size on reaction rate :
- dx/dt proportional to d, 0313

@

reaction kinetics
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Results : Reduction reaction

Reduction Conversion [-]
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Results : Reduction reaction
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Results : Reduction reaction kinetics

36 I S I e —
Temperature
38 ] —e— 700 °C A
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E =13.1 Kcal/mol n=0.491 (0.5th-order reaction)
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Results : Reduction reaction kinetics
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~ Conclusions
| |
"I
Oxidation Reduction
Ni or NiO content Particle E>D >C >B Particle D >E > C >B
o Show maximum
T t
emperature 1000 > 950 > 900 > 850 °C o 70 o BOERE
Particle diameter 80>128>181>2847m  80>128>181> 284 ’m
Reaction order 1 0.5
Activation enerqy 35.3 Kcal/mol 13.1 Kcal/mol
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Batch Fluidized bed gas combustor
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Batch Fluidized bed gas combustor
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Batch Fluidized bed gas combustor
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