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Post- combustion Pre- combustion

Syngas cleanup CLC (>20 species)

CO2 sorp. capacity:  >6 wt% CO2 sorp. Capacity: >10 wt%

S sorp. capacity: >10 wt% O transfer capacity: >12 wt%

Solid Sorbent Development in KEPRI
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Co- work with KIER

0.05- 0.25 MW CLC  
process

0.025- 0.5 MW CO2

capture  process

Oxygen Carrier

CO2 sorbent
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Ni- Based Oxygen Carrier

É High reactivity with both NG & Syngas

É High oxygen transfer capacity

É Stable performance during cyclic redox 

É High mechanical strength 



Challenges in Ni - based Oxygen Carrier

DecreaseIncrease

¶Preparation cost

PCalcination temp.

PMaterials cost

¶OC Make- up

PAttrition loss

PNon- spherical shape

¶Mechanical
strength (AI <10%)

¶Conversion to
CO2 and H2O

¶Effective O.T.C. 
(oxygen  transfer capacity)

¶Long term durability



Morphology (SEM]

OC- P10 OC- P5 OC- P0
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Attrition Index (ASTM D5757- 95)
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Standard fluidized - bed test method 
for determination of attrition and 
abrasion of powdered catalysts
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Physical Properties

1. Particle Size ( ) : 37 1˾38  (>95 wt%) APS ( ) : 90 (1000 oC) > 80 (1100 oC) > 75 (1300 oC) 

2. Tap density  (g/cc) : 1.5 (1000 oC) < 1.87 (1100 oC) < 2.35 (1300 oC) 

APS(ASTM E- 11] Tap density (ASTM D4168- 88)



OC-P10
OC-P5

OC-P0

P
o

ro
s

it
y
 /
 %

0

20

40

60

80

100

OC calcined at 1000 
o
C

OC calcined at 1100 
o
C

OC calcined at 1300 
o
C

OC-P10
OC-P5

OC-P0
S

p
e

c
if

ic
 s

u
rf

a
c

e
 a

re
a

 (
B

E
T

) 
/ 
(m

2
/g

)
0

5

10

15

20

25

30

OC calcined at 1000 
o
C

OC calcined at 1100 
o
C

OC calcined at 1300 
o
C

Physical Properties

1. Porosity : 50 6˾5%

2. BET  (m2/g ) : 17 (1000 oC), 8˾ 9 (1100 oC),  2.2 (1300 oC)

Specific surface area (BET)Porosity (Hg intrusion method)
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High porosity ( 50- 65%) by mostly macropore

1. Pore volume:  > 85% by macropore 

2. Specific surface area:  most surface area by mesopore and macropore

Physical properties / Pore structure

OC calcined at 1100 oC



ÅFuel Reactor (FR) : CH4 10%/CO2, H2 10%/Ar

ÅAir Reactor   (AR) : Air           

Experimental Apparatus / TGA

Balance purge gas: N 2

N2

Oxi. gas: Air

Computer

4-Port Valve

Vent

E/B

Vent

Red. gas: CH4, H2, syngas

CO2

N2
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1. Higher calcination temp. effect: 

Pstronger interaction & reduction 

temp. zone shift to a higher temp. 

2.  Reduced calcination temp. effect:

Preduction of the interaction  

P Increase of the amount of oxygen     

transferable at a lower temp. zone

3. PB addition effect : minor

Interaction between NiO and 
supports

Reactivity / TPR



Reactivity / Oxygen transfer capacity

1. oxygen transfer capacity (O.T.C)

>12 wt%  (oxygen utilization >85%)

2. OC P0 < OC- P5 < OC- P10:

3. Effect of calcination temp. increase

decrease of O.T.C 

4. Stable O.T.C. during cyclic redox tests

Oxygen transfer capacity (950 oC)
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Air reactor (950 oC)

1. FRreaction time: 95% completion around 1 min (1100 & 1300 oC calcination) 

2. AR reaction time: 95% completion around 0.5 min (1100 oC cal.) and 1 min (1300 oC cal.)

99% completion within 1 min (1100 oC cal.) and 2 min (1300 oC cal.)

Reactivity / Mass based conversion 

Fuel reactor (950 oC)



Summary & Future works

É Spray- dried OC prepared with 70 wt% NiO 

PExcellent physical properties suitable for fluidized - bed process

PHigh mechanical strength (AI: <20 %) stronger than FCC catalyst

PReduction of the calcination temp. required to obtain sufficient

mechanical strength down to 1000 oC 

PHigh porosity (>50%) mostly by macropore

PHigh oxygen transfer capacity (>12 wt%, O utilization >85%)

PFuture works: AI <10% at a low calcination temp. (1000 - 1100 oC)


