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Chemical Looping Combustion Concept
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An oxygen carrier transporting oxygen
to fuel (air is not mixed up with fuel)

CO, is not diluted with N, of flue gas
Reduced NO, problems

Sequestration ready CO, & no
additional energy penalty for the
separation

High degree of CO, capture (above
99%)

Net plant efficiencies of 52% or above*
*Ishida M.et al., 1987
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Commonly used oxygen carriers
The most promising oxygen carriers for CL

NiO<= Ni

+ Highest reactivity with CH,

+ 21 mass % free oxygen

- Only 99-99.5% CH, utilization
- Cost and health issues

CuO <= Cu,0<—Cu

+ High reactivity with

+ 20 mass % free oxygen
+ Exothermic reaction with CH,
- Low melting point about 1085 °C

CH,

Mn;0 — MNO

+ Highest reactivity with CO/H,
+ Low cost
- 7 mass % free oxygen

Fe,O; < Fe;0,

+ Very low cost
- Poor reactivity with

- Only 3 mass % free oxygen

CH,

Mixed metal oxides
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Objectives

Preparation of Fe,O; — MnO,, Supported on ZrO, and Sepiolite
Reactivity of the oxygen carriers

Conduct multi cycle CLC tests in atmospheric TGA with oxygen
carriers utilizing simulated synthesis gas with & without H,S

Effect of H,S impurities on stability and on oxygen transport
capacity

Conduct multi cycle CLC tests in a bench scale flow reactor at
low pressure (10 psi) at 800 C

Investigation of phase composition with XRD

Investigations of melting behavior, real density, particle size
distribution
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Experimental work at ICHPW and NETL

ICHPW, Poland

NETL, USA

Synthesis

XRD for fresh samples : SIEMENS
D5000

TG analysis: Netzsch STA 409 PC
Luxx-GC-MS- for H,

Attrition behavior and density
study

Melting behavior: oven PR
25/1750/PIE

. Particle size distribution

C.

TG-MS analysis: TA Model 2050:
reactivity study, simulated
synthesis gas with & without H,S.
Effect of H,S impurities on
stability and on oxygen transport
capacity

Multi - cycle CLC tests in a
packed bed reactor at low
pressure (10 psi) at 800 C

XRD phase composition for
reduced samples: PanAnalytical
X'pert Pro
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Five cycle TGA experiments

Thermogravmetric Temperature: 800 C
Oxygen carrier Particle size:
<200 pm
Reduction: simulated synthesis gas:
thermocouple - (CO 36%, H, 27%, CO, 12%,
I He 25%)
Fumase - (CO 38%, H, 30.8%, CO,
S Mitrogen Purge 13%,
outet el 1L u He 17.8%, H,S 4000 ppm)
%’ Oxidation: Air
Sm( Reactive Gas Purge: Nitrogen
Pan u Reaction Gas flow Rates: 45 cc/min
~ Duration:

- Reduction: 120 minutes
- Oxidation: 90 minutes
- Purge: 15 minutes
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Fe,O; — MnO, Supported on ZrO,/Sepiolite:
Five Cycle TGA at 800°C

80%Fe 0., 20%Mn0. 20% Sepiolie 80%Fe D, 20%MN0),, 20% Zr0,
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All oxygen carriers showed stable performance during the 5-cycle test at 800 °C,
No change in the weight loss/gain after 5-cycle test
Complete reduction/oxidation was observed
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Rate calculations from TGA data

Fractional Reduction (X) = (M, 4 - M)/(My, 4 - M.q)
Fractional Oxidation (X) = (M - M, 4)/(M,, 4 - M,cq)
M = Instantaneous weight

M
M

oxd = Weight of completely oxidized sample

«q — Weight of completely reduced sample

Obtain a polynomial regression equation by best fitting the data of
fractional reduction/oxidation with time

Differentiate the polynomial regression equation at different X to get

global rates (dX/dt) of reactions.
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TGA Data of
60% Fe,03, 20% MnO, Oxides
Supported on ZrO,/Sepiolite
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Support has a significant effect on fractional reduction.
Reduction appeared to be faster with ZrO, but oxidation appeared to be similar.
Oxidation reaction is much faster than reduction for all oxygen carriers
ichp
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Rate vs Fractional Conversion of
60% Fe,0,, 20% MnO, Oxides
Supported on ZrO,/Sepiolite
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In the beginning global reaction rate is very high, then decreases with
increasing the fractional conversion

Rate is better with ZrO2 support than that with Sepiolite
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Effect of H,S Impurities

—+—60% Fep03, 20% MnOo, 20% ZrOy, syn-gas
—o— 60% FepO3, 20% MnOp, 20% ZrOy syn-gas with HoS
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Excellent regeneration and repeatability
w & w/o H,S!

Capacities of Fe,O; — MnO,
are stable in CLC system with
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Effect of H,S Impurities
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Low Pressure (10 psi) Bench Scale Flow
Reactor Data
Temp.: 800 C, Space velocity: 600 hr-1

Stable reactivity in 3 cycles

Oxygen from oxygen carrier was fully
consumed

H, fully combusted

CO was combusted
Ichp
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XRD of 60% Fe,0,;, 20% MnO,, 20% ZrO,
after Multi-cycle Test

Stable crystalline phase

No additional phases formed

No sulfide or sulfite impurities were observed
Complete regeneration after multi-cycle tests
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Physical - chemical parameters of OC

Oxygen Carrier

BET m?/g d [g/cm?]

Fe,O5 - MNO, / Sepiolite | 1.307 0.026 | 4.28

Fe203 = Mn02 / Zr02

0.771 0.029 | 5.25

Fe203 = Mn02 /A|203

1.094 0.035 | 4.86

FAN

Oxygen Carrier d (0.9) [um]
Fe,O; - MnO,, / Sepiolite 202.2
Fe203 = MnOZ / ZrOZ 6664
Fe203 = Mn02 /A|203 1313
ichp
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Comparison of Results, Recommendations

Sample Oxygen Performance | Reaction Rate Cost Reactor test

transport | during 5 with syn-gas w/o

capacity |cycle testw/o | g w H,S

& w H,S
60% Fe,O,, Great! Very good, Fast, No effect | Very .
20% MnO,, stable due to H,S low
20% Sep.
60% Fe,O,, Great! Very good No effect due to | Very Stable
20% MnO,, ~19 wt % H,S low H, & CO
20% Zr0O, fully
combusted

Four distinct reaction steps observed during reaction with syngas containig H,S
The reduction and regeneration capacities of the samples were not affected

by H,S during 5 cycle CLC test
Rates of reduction in the presence of H,S were higher

Excellent oxygen carriers for CLC!
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