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ABSTRACT

Mussel shell has been calcined on high temperature. Its main components
calcium carbonate decomposed into CO, andCal cium oxide. Calcium oxide
is superbase catalyst for the transesterification reaction. By means of
differential thermal balance, the decomposition characteristics of mussel
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shell have been studied. And of electron microscope, TEM shows grain
morphology characteristicsof cal cination at different cal cining temperature.
Organic has decomposed during 287°C-458°C. Decomposition of calcium
carbonate starts from 600°C to 800°C, when it was balance. By use of
orthogonal analysis, the main influence factors of specific surface area
have been optimized. The optimal process parametersare 950°C cal cination
temperature, 120um initial diameter and 1 hour holding time.
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INTRODUCTION

In recent years, the market scale of pearl jewelry
promoted the rapid devel opment of mussel farming.
Annua productionof musse shdl over onemilliontons,
mostly of them were discarded as wastes in mussel
farming areato cause seriouspollution of thelocal weter
environment. Soitisurgent to solvethe environmental
problems. Themain component of mussd ind uded more
than 95% CaCQO3, asmall number of shellshormone
(organic matter and trace e ements) and asmall amount
of K, Na, Zn, Sr, Fe, Mg etc. Furthermore, the Mussel
shell containsno Sulfurt™. By firing mussd shell, higher
degreeof alkali reactive solid super basecalcium oxide
has been obtai ned, which can be used directly to the
catalytic bio-diesel production. The decomposition
product of themussel shell containsasmall amount of

zinc oxideand strontium oxidewhich canimprovethe
activity of caciumoxideakai?. Thismethod not only
madetheabandoned mussdl shell into treasurebut dso
played theroleof the Environmenta Protection. Sothe
preparation of highly active cal cium oxide has broad
application prospectsfrom mussel shell®,

Thedecisivefactor of the cataytic activity of solid
calcium oxideas super base catayst is specific surface
area. Thesizeof mussel shell specific surfaceareais
closdly related to the production process, including the
particle size of the raw materials, the calcined
temperature and the keeping time*® (upto acertain
temperature after thethermostat time). Currently, the
research of shell is focused on the desulfurization
performance, the microstructure and thermodynamic
properties’, etc.

Inthis paper, by meansof € ectron microscopy, the
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change of CALCINATED surface areacan be scanned
under thedifferent temperatures. Thequdity and thermd
stability of river mussel shells can be learned by
differential thermal balance. Theoptimal production
conditionsof catalyst can be received by orthogonal
experiment method.

MATERIALSAND METHODS

Five age living mussels in Nanyang Ap River
Reservoir were sel ected asthe obj ect of study. Firstly,
impurities meat on the mussel shell surface must be
stripped away and be washed with tap water, then
sediment and other impurities attached to the surface
wereremoved through sted brush. Secondly, themussd
shell soaked for two hours with 0.01% sodium
hypochlorite solution then washed it with tap water and
steel brush®®, then soaked for 0.5 hours with 0.5%
Hydrochloric acid. At last, the shell has been washed
four timeswith ditilled water to remove avariety of
organic and inorganicimpuritieson thesurface. Ina
constant temperature oven for 105°C drying for one
hour, crushed sieved 60 mesh, 80 mesh, 100 mesh and
120 mesh were obtai ned by particlediameter of about
250pm, 180pm, 150pum, 120pum the alternate
sample?,

Therma decomposition principleof mussd shdll is
following,
caco, i A €ao +€o, @

Thetransent andysscurvesof DTAand TGwhen
mussel shell decomposed based ondifferentia therma
balance LCT-2B. 20mg different s ze shell powder was
taken asthermd andys ssamples. Parametershavebeen
set samplinginterva as1000ms, uniform temperature
as5°C per minute, and the final temperature is set to
1100°C. Because calcium oxide can be poisoned easily
by carbon dioxideand water vapor intheair, thereactor
should becarried out under the protection of nitrogen.
Mechanism of calcium oxide being poisoned is
following:

Ca0O+CO, [ CaCO;

« } @
CaO +H,0T Ca(OH),

Shell powder treated with aluminacruciblein a
mufflefurnaceas 10°C per minute uniform temperature
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to 800°C, 950°C, 1000°C or 1100°C(constant
calcined temperature). Hitachi S-3400N-a°C  type
scanning €l ectron mi croscopy was used to observethe
morphology of the calcined product of different
temperature. Specific surface area of product was
measured by low temperature nitrogen adsorption
method (BET)®. Absorbed-bateused nitrogen, relative
pressure is set to 0.15MPa temperature was set at
180°C (nitrogen liquefaction point is -195°C), thus
chemical adsorption can be avoided under low
temperature.

Determination of thespecific surfaceareagenerated
by BET (It wasdiscovered by three scientists Brunauer,
Emmett and Teller.).

Specificsurfaceareareferstothetota surfacearea
per gram of powder, particul ate lattice outer surface
area and crystal lattice empty cavity surface area
superimposed, namely Low-temperature adsorption.
Thetheoretical basiswasrulesthat gaswas absorbed
inthesurfaceporosity of particles. Under conditions of
constant temperature and equilibrium state, the solid
surface hasacertain amount of adsorption of acertain
pressuregas. The gas pressure determinesthe amount
of adsorbed.

Thismethodiscurrently recogni zed asthe standard
method for the measurement of solid surfacearea. The
measurement principleisthat physica adsorptionwould
occur inthe surface of the materia (graininterior and
the surface of the external through hole) at low
temperatures. The physical adsorption is based on
multilayer approach, thefirst layer isnot yet saturated
adsorption to produce a second layer on which the
adsorption. They may produce asecond layer onthe
thirdlayer adsorption, theadsorption equilibrium sability
layersadsorption reached equilibrium a thesametime.
The measurement of gas adsorption pressureand the
adsorption volumecan be cal cul ated, and so the specific
surfacearea. |sotherm equationisformula(3):

P/ F, €1

1
x P/ B, +
0 ©)
Vi€ e

V(1-P/Ry)
Where v isVolumeof gasadsorption (unitismilliliter),
v,, iIsSMonolayer saturation adsorption capacity, pisthe
adsorption pressure/Pa p,isthe adsorption saturated

vapor pressure/ Paand c isthecoefficient.
Herelet
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Pa‘rPO
Vy=— - X =P/ PO
V(1-P/E)
c-1 1
d=—— B=
V€ Vm€

According to the experimental measurements,
drawingthecurveof y-ax +B.

Sothevaueof V_wasobtained. Thesurfacearea
can be obtained by formula(4)

4.36xy
Sg= = m @

RESULTSANDANALYSIS

Decomposition char acteristicsand mor phology of
the mussel

Figure 1 DAT and TG curves shows the mussel
shell decomposition process, intherange of 287°C to
458°C, accompanied by a strong exothermic peak and
with weightlessnessweight lossrate of 4.1%, which
presumably because of the decomposition of organic
matter and rel ease heat. Therewasonedight weaken
exothermic peak intherange of 383°C to 458°C of the
calcium carbonate crystal phase transition from
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Figurel: Thermal analysisspectraof mussel shell
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aragonite calcite phase caused by the endothermic
weakening of therolein theexothermic decomposition
of organic matter. Calcium carbonate decomposition
occurs when the temperature rose during 600°C to
800°C, and at the same time, rapid weight loss and
more endothermic phenomenon accounted that mussel
shell main ingredients generated Calcium oxideand
CO..

As weight loss rate is known that mussel shell
containsabout 94.875% of the calcium carbonate. The
sample of decomposition was dissolved with 1%
hydrochloric acid and was titrated with 5% sodium
carbonate solution, then dried in addition. Cal cul ated
production wasthat mussel shell containsabout 94.68%
of calcium carbonate. When the cal cined temperature
reached 900°C, TG curve does not change, the
decomposition of calcium carbonatereached equilibrium
(almost completely decomposition). With continue
hesting, another period of endothermic generated when
lattice defect of calcium oxide gradually reduced. At
1100°C, calcium oxide turned into molten sintering as
Figure2-D asshown. The TEM imageshowninFigure
2 for thesample, the product was calcined at different
temperaturesto 120 mesh particle Sszemussal product
particlesgradudly refined asthetemperatureincreased.

Powder diffractometer was used to verify the
composition of the calcined product. Copper wasused
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Figure 2 : Scanning electron image of mussel shell
calcinationsat different temperature
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asthemedium. Detecting resultswereshownin Figure
3. Strong diffraction peak was coincident to that of
cadcdumoxide. It can beseenfromthediffraction pattern
of the calcined product that calcium carbonate
disappeared. Those weak peaksat 100, 102 and 110
represented zinc oxide.

Specific surfaceareaof orthogonal design

The specific surface area of the catalyst particles
determinestheefficiency of heterogeneous catalytic.
Therefore, the orthogonal design method of calcined
product was chosento study themain factorsaffecting
the specific surfacearea. Pulverized particle diameter

TABLE 1: Factorsand levelsof specificsurfaceare

levels Dlz;lernelter temperature/°C  Holding time/h
A B C
1 120 800 0.5
2 150 950 1
3 180 1000 15
4 250 1100 2

TABLE 2: Orthogonal analysisof calcined product.

No Factors Aver age Speci fzic surface
A B C area/m/g

1 1 1 1 31.2
2 1 2 2 425
3 1 3 3 51.9
4 1 4 4 36.5
5 2 1 2 275
6 2 2 1 385
7 2 3 4 36.9
8 2 4 3 29.3
9 3 1 3 30.3
10 3 2 4 43.3
11 3 3 1 374
2 3 4 2 40.1
13 4 1 4 311
14 4 2 3 33.2
15 4 3 2 34.3
6 4 4 1 275
Ky 405 30.0 347

Ky 378 37.8 365

Ks 331 417 358

K4 315 334 359

R 90 117 17
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R (A), theca cined temperature 6 (B) and the holding
time t(C), each with four levels of each factor, and
average value thereof. Factors and levels shows as
TABLE 1.

Accordancewith therequirementsof theorthogona
design, gtrict test arranged in acombination of factors,
theexperimental program and test resultsareshownin
TABLE 2.

Ascanbeseenfromtheandysisresults, thecacined
temperatureisthemost important factor on the contrast
surfaceareg, theinitial crushing particlesizeismore
and the holding timeisimportant yet. The calcium
carbonate decomposes is a reversible reaction, the
higher the temperature, the faster and thorough
decomposition, sotheparticleisrefined morerapidly.
Therewascertain | attice distortion among the grains of
calciumoxide. Asthetemperature continuestorise, the
| atti ce atomsrecongtruction reduced thegap among each
other, thereby reducing the specific surfacearea of the
product. So when the temperature was at 1000 °C,
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Figure3: XRD patter n of calcined product
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the product particlesreach nanometer level, closeto
50nm. Decomposition of the cal cium carbonate was
from outsidetoinside, so the smaller the particlethe
more easily was decomposed and it can easily reach
the balance decomposition. Holding time played a
certain role on the lattice reconstruction of
decomposition products, whiletheir impactisrelative
minor comparing to the calcined temperature.

Figure 3 is a response curve of a orthogonal
analysis. Specific surfaceareareached maximumonly
when theoriginal particle sizewas 120um, calcining
temperature 1000 °C and holding time was one hour.
Therefore, from TABLE 2 and Figure 4, the best
process of largest specific surfaceareawas B3A1C2.
Calcined mussel in accordance with this condition,
obtained heterogeneous catalytic 42.53m2 /g, and a
higher rate of transesterification obtained whenit was
gppliedtotheproduction of bio-diesdl. Soit fully meets
the requirements of catal ytic superbase catalysts.

CONCLUSION

(1) Thedifferentia thermd anaysisof themusse shell
discovereditsthermal decomposition rule, which
two s gnificant changeshave occurred in uniform
during the heating process. From the DAT and
TG curveof mussel shell, the decomposition of
organic and cal cium carbonate have generated
withthelossof shell weight. Calcium carbonate
content can be calculated about 94.68%. DAT
curve becomes|ess steep when the temperature
roseto 800°C, while calcium carbonate is almost
compl etely decomposed.

(2) TEM image showsthat asmall amount of mussel
decomposed when thetemperature was at 600°C.
As the calcined temperature raised, the
calcinations become smaller and smaller. The
product gradually molten sintering when the
temperatureisat 1100°C.

(3) By orthogonal experimental design, calcined
temperature wasthe most important factorsin the
three factors. The initial particles followed by
holding time certain. Production conditions of the
calcined temperature 950°C, the initial particle size
120um and the holding time one hour were perfect
toobtain theoptimum surfaceareacf cacinations.
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