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ABSTRACT

Calcium Oxide which has high sorption capacity for carbon dioxide and
therefore has been used as a sorbent for carbon dioxide. In this study the
effect of inclusion of nano calcium oxide in beds of micro-sized calcium
oxideisstudied. Nano cal cium oxide of average pore size of 1200nmismixed
with micro-sized calcium oxide (20 um) and the mixture of calcium oxide was
reacted with carbon dioxide at 30°C (near ambient temperature). It was ob-
served that the rates of reaction decreased when particle size was reduced
frommicro to nano. It was also observed that the micro particleshad asteep
drop inthe rate with concentration of Carbon dioxide which could be attrib-
uted to surface reactionsin micro particlesthuslimiting approach of carbon
dioxidetointerior pores. Theratesof absorption of 33.33% and 66.7% nano
mixes were observed to be lower than 100% nano packingswhich could be
attributed tofilling up of micro pores of the micro-particle packings by nano
particles requiring carbon dioxide to penetrate by diffusion through nano
pores. These compositions were observed to represent approximately the
voidage fraction (42%) of the micro-sized calcium carbonateindicating low
effectiveness factors and involvement of Knudsen diffusional effects.
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INTRODUCTION

Calcium oxides (CaO) is an appropriate carbon
dioxide(CO,) sorbent sinceit fulfilled anumiber of prop-
ertieslikehigh sorption capacity (higher than 6 mol/kg
of sorbent), longlife-time, fast sorption/ desorptionki-
neticsand good mechanical strengthtY.

Carbonation reaction of cal cium oxide by carbon
dioxideisakind of non-catalytic gas solid reaction(?.
Thekinetics of the CaO + CO, reaction are explained

by agas-solid reaction model, in which thereaction
rates are controlled by gas masstransfer through the
porous Ca0, the CO,-Ca0 surfaceinteractions, and
the diffusion of CO, through calcium carbonate
(CaCO,). It can berepresented by chemical reaction
shown below:

CaO (s) +CO, (g) » CaCO, (9). @
However, inthe presence of moisturethefollowingre-
actiontendto occur.

CaO +H,0— Ca(OH), )
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Reaction (2) isusually followed by aspontaneous car-
bonation of cacium hydroxide suspension.
Ca(OH),+CO,~ CaCO,+H,0. ©)

The succession of process CO, + CaO solidisil-
lustrated in Figure 1.
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Figurel: lllustration of reation and rateof reation of CO,
with CaO

During theinitia reaction phasesurfaceof Ca0O, a
very short kineticaly-controlled carbonation occurs(first
stage) followed by amixed regimewhichiscontrol by
thekineticsand CO, diffusion through the carbonate
layer. Whenthe carbonatelayer reechesacritica thick-
ness, thefilling of thevoidsisfinished. Thecarbonation
isentering second stage. Thisnew scaleof diffusonis
responsiblefor thedrastic decrease of therate of car-
bonation(**.,

Fast surface chemical reaction stage

Initially, the CO, reactswith the surface of the CaO
solidtoyield athinfilmof CaCO, coating the calcium
oxidenano-crystallites. Theinitid fast regimeof CO,
consumption could correspond to surfacereaction and
gasmasstransfer. Duringtheinitia reaction stege, the
Ca0 carbonationratewasvery highowingtorelaively
low resstanceof CO, diffusonthrough variousporesin
porous Ca0 (easy bility of the CaO reaction sur-
facefor CO,) and sufficient reaction surfacesavailable
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to the reacting gas CO,. The fast stage of reactionis
controlled by the CO,-CaO surfaceinteractionand the
diffusion of CO, through thepporous network of CaO™.
Duringthisstage, thereactionisconcern only thefilling of
thesmdl poresinthegraing?3. Thetrangitionfromfirst
stageto second stlage occurswhenthevolumeavailable
inthesmall poresisfilled by the CaCO,,

Slow diffusion control stage

Following theinitid stage, acompact layer of prod-
uct CaCO, isformed and devel oped ontheouter region
of aCa0 particle. The gas hasto diffuse though this
CaCQ, codting toreact the CaO inthe crystallitesinte-
rior. Theraeof reaction will decreasedueto thegrowth
of acompact layer of CaCO, astime progresses. Dur-
ing thisstage, thereactionis controlled by CO, diffuse
through the product onthe surface of CaOP!. Thisdiffu-
sion control leadsto decreasing reactionratesastime
progresses. Thereaction will stopped when most of the
poreshad beenfilled with alayer of product withacer-
tain thicknessor the outer surface of thegrainshad re-
acted andtheinterna poreshadfilled®. Duringthisstage,
thefactorsthat determinethekineticsof CaCO, forma-
tionare: (i) CO, pressure; (i) temperature of the Ca0;
(iii) grainsizeof Ca0; (iv) thicknessof the CaCO .

EXPERIMENTAL

Materials

Thechemical/raw materid susedin thisexperiment
includenano sized calcium oxide(Ca0) in powder form
which has an average particles size of 100nm of 99%
purity (Aldrich). Micro-szed ca cium oxide(CaO) pow-
der with an average particle size of 20 um was pre-
pared by cal cining precipitated cal cium carbonate of
99+% purity (Acros organics) until the weight loss
achieved stoi chiometric proportions. Calcinationwas
carried outinafurnace at 600°C for 5 hours. The mix-
ture of gaswith 50% carbon dioxide and 50% nitrogen
gaswas used asreactant gas.

Experiment

Nano size CaO and micro-sized size CaO were
mixed accordingto thedesired compostion asindicated
bel ow. Thecomposition of the powder mixture selected
were 100%, 66.67%, 33.33% and 0% nano size CaO
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powder by weight. Themixturewaswel | mixed and placed
inathereactor enclosedinavertica furnace. Theex-
periment was conducted at room temperature (30°C).
Initially gas with 50% CO, and 50% N, was used for
purging thereactor to replacethe gasinsidethereactor
with CO, and N, After purging out thegasimpuritiesin
thereactor, the pressure of reactor wasincreaseto 1.8
bar by flowinginthe gaswith composition of 50% CO,
and 50% N, and leak testswere carried out. The pres-
suredrop wasrecorded every 5-10 minutes.

RESULTSAND DISCUSSION

Figure 2 showsrates of absorption of carbon diox-
ideonthemixturesof cdcdumoxide. Nearly dl thecurves
showed anincresse of theratewithincrease of concen-
tration of carbon dioxide. Therates of absorption for
100% nano calcium oxide were observed to be higher
than the 0% and 33.3% and 66.7% of nano Ca0 mixes
for agiven concentration of carbon dioxide. Thedrop of
reaction rate with increase of nano content could be at-
tributed to theeffect of porefilling by nano particlesin
bedsof micromaterial tereby needingincreased control
by diffuson duetovoidfilling.. Thevoidfraction of beds
comprising of the 100% commercid (micro sized par-
ticles) and 100% nano s zed bed were measured to be
40t042% .Thebedswith 33%to 67% compositions of
nano particlesleadtothevoidfractionsof 0.15t0 0.2
indicating filling of voidsof themicro sized bed thereby
requiring porediffusi on attributing to the reduction of
absorptionrate. It could aso be observed that themicro
sized calcium oxidea onehad afaster dropinreaction
rate. SEM investigationsof the surface of themicro par-
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Figure2: Absorption rateof CO, from gasvs. concentration
(30°C)
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F|gure3 Sem|mageofthesurfaceofamlco—part|cleafter
reation

ticlesreved ed amodification of the surface structure of
themicro particles(Figure 3) indicating aposs bility of
surface coverageby CaCO, layersthereby retarding the
reaction. Thelower ratesof absorption of 33.33 % nano
cacium oxidefilled micro particle bed could bedueto
the existenceof Knudsen typeof diffusoninnano pores
of thenano packings.
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