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Objective

Extract kinetic parameters from experimental test data 

using Thermo-gravimetric Analysis (TGA) and Mass 

spectrometry (MS) on selected metal oxygen carrier 

(Cu-based and Fe-based/Bentonite) developed at the 

National Energy Technology Laboratory (NETL).

Thermo-gravimetric Analysis (TGA)
–Used to record the change in mass of  ~40 mg samples 

over- time

Mass spectrometry (MS) 

-Used to determining the elemental composition of a sample or molecule

http://en.wikipedia.org/wiki/Molecule
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Typical mass and temperature measurement  for 

CuO/bentonite particle  and 100% CH4 for reduction 

and air for oxidation reactions
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Eight different rate equations 

were indentified and examined, 

including shrinking core model 

(diffusion and reaction control), 

linear, parabolic and cubic rate 

laws, first and second order 

global reaction rate, and Jonson-

Mehl-Avarmi (JMA) rate, to fit the 

TGA experimental data for CuO-

bentonite/methane reduction 

reaction. None of the models 

gave satisfactory results over the 

range of 750-900 oC with the 

exception of JMA equation.
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Rate Analysis (Cu-base Reduction)
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n~kinetic exponent which depends on the 

mechanism of growth and the dimensionality of 
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Rate Analysis (Cu-base Oxidation)
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Reduction kinetics test
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Rate Analysis (Cu-base Oxidation)
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Rate Analysis (Cu-base Oxidation)
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Rate Analysis (Cu-base Oxidation)
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Fuel Reactor Analysis 

For reaction   aA(g) +bB(s)=cR(g)+dS(s)

4 2 24 4 2CH CuO Cu CO H O

Gas phase mass transport
4CH

g

dm
aR

dy

Where “a” is contact area between solid and gas per 

unit volume of bed
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p

a
d

Solid phase mass transport
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oxyr o s oA
A

s s CuO
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Summary

Completed kinetics rate CuO/bentonite sorbent{1}

-Rate of reaction increases as temperature increased.

Analyzed kinetics rate Fe-based/bentonite sorbent
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Objective

To characterize a solid supported amine CO2 sorbent (Amine/Bentonite , 

and PEI/Silica) developed at the National Energy Technology Laboratory 

(NETL).

- Investigate the kinetics of the CO2 uptake from 

experimental data using thermo-gravimetric analyzer (TGA) 

and volumetric adsorption apparatus on selected solid 

supported amine.

Thermo-gravimetric Analysis (TGA)
–Used to record the change in mass of  ~60 mg samples of 

(amine/bentonite) over time

Volumetric Adsorption Apparatus- equilibrium absorption 
- Pressure measurements before and after the exposure of the sample

chamber to CO2
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Reaction of CO2 + Amine (R1R2NH),

Formation of zwitterion;

1 1

1

,

1 2 2 1 2 ( )
K k

k
R R NH CO R R NH COO zwitterion

Proton removal step of the zwitterion by amine;

2 2

2

,

1 2 1 2 1 2 1 2 2( )
K k

k
R R NH COO R R NH R R NCOO carbamate R R NH

(1)

(2) 

Combining Eqs (1) and (2) resulted;

3 1 2

1 2

1 2

1 2 2 1 2 2 1 22
K K K

k k

k k

R R NH CO R R NH R R NCOO

(3)

(R1=CH2CH2OH=C2H4OH)  R2=H for MEA, R2=R1 for DEA
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Reaction of CO2 + Amine (R1R2NH),

2 , 1 2 1 2 1[ ][ ] [ ]CO zwitr k CO R R NH k Z

2

1 2 2 2

1

1 1 2 1 2

1
e

CO

R R NH CO CO
r

k

k k k R R NH

1

1 1 2 1 2

1

1

[ ]

appk
k

k k k R R NH

2 1 2 2 2CO app e
r k R R NH CO CO

kapp=apparent rate coefficient for the reaction 

between CO2 and amine (m3/kmol.s)

Overall reaction rate    (kmole/m3.s)
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Effect of reaction temperature on 

Amine/bentonite particle and CO2

reaction
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Volumetric Adsorption data- Adsorption Equilibrium
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1
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a~scale parameter

b~shape parameter

Weibull distribution function

Experimental data:PEI/silica, 196C (TGA)

Effect of reaction temperature on PEI/silica particle with CO2 reaction

Rate of reaction decreases as temperature 

increased.

Typical temperature and mass measurements 

during TGA experiment (10%CO2, 40 oC)
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Summary

Completed kinetics rate Amine/bentonite sorbent (1, 2)

-Rate of reaction increases as temperature increased.

Completed kinetics rate PEI/silica sorbent (3)

-Rate of reaction appear to be faster at lower temperatures (apparent negative 

activation energy)
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