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The CaO conversion (also for the CaO conversion in the fast
reaction stage) will increase with temperature increasing
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1. Introduction

V. Nikulshina, M.E. Galvez, A. Steinfeld.
Chemical Engineering Journal, 129

0.04 =
o (2007) 75-83

: . | s
1" regime 2™ regime /

; Experimentally measured extent of

& . 315°c | the carbonation of CaO as a function
20 //{/ 000 ‘ b of time for the isothermal runs in the
.= 350°c | range 300—450°C with synthetic air
containing 500 ppm CO..

0.01 f

100

time [min]

Even for low CO, concentration such as 500 ppm CO, in air, the effect of
temperature on the carbonation reaction is similar, i.e., CaO conversion

increases with temperature increasing.
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Addition of steam will enhance significantly the CaO conversion.
Steam promotes carbonation through enhancement of solid state diffusion in

the product layer. But for the enhancement in fast reaction staie?
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1. Introduction .
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For CaO sulphation reaction, the temperature effect is also similar, i.e.,
CaO conversion increases with temperature increasing, especially for

the first fast reaction stage.
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1. Introduction - Summary
=

The effect of temperature on the gas-solid non-catalytic reaction is a
classical topic. The effect of reaction temperature on the gas-solid
reaction rate can be understood according to collision theory or
activated complex theory. However, the mechanistic implications of
the effect of temperature on the solid conversion extent are less well
known and quite complex.

Why the solid conversion extent (in the fast reaction
stage) increases with the temperature increasing?

Why the addition of steam can enhance the solid
conversion?



2. The effect of temperature on the carbonation
reaction of CaO with CO,
S .
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2. The effect of temperature on the carbonation
reaction of CaO with CO,
S
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(1) External diffusion, hot important; (2) pore diffusion \(/7/M ., 1.1 times

(3) Product layer diffusion® pe jg calculated with experimental data at 618°C
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_-' 2. Temperature effect on the carbonation - Summary
"
Temperature increasing will lead to
(1) reaction rate constant increasing;

(2) pore diffusion coefficient increasing;
(3) product layer diffusion coefficient increasing.

When the reaction goes into product layer diffusion
controlled stage, all these factor together are not enough
to make the carbonation reaction happens fast again.

What mechanism will make this phenomenon happen?

Following three experiments will try to answer this question.
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3- Mgo + 502 + 0-502 — MgSO4

AFM image of the single crystal MgO
surface after exposing at 750°C for
20 min in pure N,

AFM image of a fresh single crystal
MgO surface

MgO single crystal is still smooth and uniform without
changing after it exposed at high temperature
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- 3- Mgo + 502 + 0-502 — MgSO4

750°C
AFM images of single crystal MgO surfaces reacting with 200 ppm of SO, and 5
vol% O, with the rest of pure N, for 10 min with different sulfation temperature

(1) Product is island shape, (2) not uniformly distribute on
the surface, and (3) product size increases with temperature
Increasing, more fresh surface available
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.l.. 3- Mgo + SOz + 0.502 — MgSO4
'

The sulfur element on the island is much higher than that
obtained in its surrounding, which indicated that the

island is MgSO,
T .



3- Mgo + 502 + 0-502 — MgSO4
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The MgO sulfation behaviour is similar to that of CaO
sulfation and carbonation, so above conclusion is assumed
here to be suitable for the case of CaO with CO..
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m = 4. The effect of temperature on CaCO, surface

. morﬁholo“ in hiPh CO, concentration atmosphere
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m CO,concentration: 91vol. % with N, as the balance.
= Room temperature22°C/Min ; temperatures from 500°C to 700°C.
m Reaction time: 30 min.
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m = 4. The effect of temperature on CaCO, surface

morﬁholo“ in hiPh CO, concentration atmosphere

Morphological changes can be neglected.

AFM images of the CaCO, surfaces under 91vol.%
CO, concentration for 30 min. N, as balance.
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m = 4. The effect of temperature on CaCO, surface

. morﬁholo“ in hiﬂh CO, concentration atmosphere
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AFM image of the CaCO, surface under 91vol.% CO,

concentration for 30 min. N, as balance.
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" " Summary for above three experiments
" M
(1)Product is island shape, not uniformly distribute on the

surface, and product size increases with temperature
Increasing, more fresh surface available

(2)The morphological changes of the CaCO, surface while
there is no change in conversion may be the movement
of CaCO; molecules or ions (CO,%, Ca?*) from one site
to another to form islands and change the morphology,
I.e., surface diffusion.

(3)Steam addition or temperature increasing accelerate

the formation of larger size of product islands through
enhancing the surface diffusion rate , more fresh

surface available
_'-



Conversion

5. Conclusion
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