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Abstract

CaO particles of less hat 1 um diameter were coated with a thermal swing in a
fluidized bed with DMSO-SCCO; as the solvent system, and Chitosan as the biopolymer
coating. The encapsulation experiments were performed in a pressure range of 110-120
bars and a temperature range of 41-50°C (314-323 °K). TEM results confirmed average
coating thickness of 25-100 nm, while AFM showed particle roughness of 2-3 nm for the
encapsulated samples.

Introduction

Chitosan has proven to be an excellent partner in tissue engineering, and CaCOg3
and Chitosan are actually used to make bone scaffolds by separate; having this
biopolymer as an encapsulant could improve the regeneration process.

Calcium oxide (CaO), it is a white, caustic and alkaline crystalline solid
commonly known as burnt lime, lime or quicklime; is a widely used chemical compound,
can be used as a softener and pH regulator for water treatment, fertilizer, etc. On the food
and pharmaceutical industry this chemical is used on the manufacture of antacid, dairy
basic drinks, food complement, cheese, condensed milk, powder milk, cereals, pasta,
protein products, and animal nutrition products, etc.

On this present work calcium oxide was used since is available in a wide particle
size range (less than one micron to 250 microns), low cost, non soluble in DMSO or
SCCOg, non porous and well characterized; all this properties made reasonable to use it
as part of a new encapsulation method in development.

Encapsulation of CaO

The encapsulation experiments were performed in a pressure range of 110-120
bars and a temperature range of 41-50°C (314-323 °K), using different contact periods
(Table 1). When the encapsulating mix is covering the particles, all the conditions were
kept constant in order to achieve a better coverage, followed by a temperature increase,
which causes chitosan precipitation. The temperature is not reduced to avoid re-
dissolution of the chitosan and subsequently the DMSO is extracted.

The encapsulation cell was preloaded with the solid sample to be encapsulated
and sealed. Then the heating bath was activated six hours before the experiment will be
running to guarantee stable temperature inside and outside the cell. The carbon dioxide
was charged to the system using a continuous pump which kept it at 0 °C, liquid phase,
while pumped into the system, at continuous flow rate, the system pressure was
controlled with a backpressure regulator. After leaving the pump, the CO, was pre-heated
in order to reach supercritical conditions inside the encapsulation vessel.

Once the system reached the required operation conditions (T and P) and the
particles were fluidized, the coating solution, a DMSO-Chitosan mix, was pumped into
the system by the HPLC pump, and the supercritical ternary system (Chitosan-DMSO-



CO,) stays in contact with the solid particles for at least 30 minutes. The system is
considered stable when the temperature difference registered at the inlet and outlet of the
encapsulation cell in no more than 1 °C. After this adsorption period the cell temperature
was increased at constant pressure, causing the coating material to precipitate over the
solid particles. The temperature was kept invariable to avoid re-dissolution of the
polymer, and the carbon dioxide flow is increased for the DMSO to leave the
encapsulation vessel with the carbon dioxide.

Table 1. Coating Experiments Chitosan-DMSO-CaO

Core Contact Thickness*
Material P (bar) | T(C) Time (min) (um)

Ca0 111.0 |48.6 | Low pressure (12h) 0.0254
CaO 110.0 |43.0 20 | No coating
CaO 1180 |[41.0 15 | No coating
Ca0 119.0 |41.9 50 0.0528
Ca0 119.8 | 44.8 45 0.1420
Ca0 1200 |50.0 20 | No coating

*This is an average value, since for each experiment 8-24 samples were collected.

One of the analyses performed in order to estimate the particles size before and
after the encapsulation process and the coating thickness for a representative number of
particles was a Scanning Electron Microscopy (SEM). This SEM system (Hitachi 800)
has features that takes pictures of a group of particles, count the number of particles in
the picture and estimated the diameter for each of them. Therefore pictures of the samples
were taken before and after the coating, with particle populations in the order of
hundreds, establishing a particle size distribution for coated and uncoated TiO,. The
average result is presented on Table 2, and Figures 1 and 2 show the particle size
distribution.

Table 2. Average Particle Size from SEM Analysis.

Particle # Measurements | DOaverage (LM)
Coated CaO 477 0.20
Uncoated CaO 806 0.25

The results obtained from the particle size distribution do not show too much
difference on the particle before and after processing, this could indicate that the coating
thickness is on the nanometer order. Another factor that have to be considered is that the
SEM picture of the processed samples can involve encapsulated, non-encapsulated and
polymer particles, meaning that these analysis give us broad results, but a precise particle
size and coating thickness will be obtained through a TEM picture of the particles.
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Figure 1. Particle Size Distribution for Uncoated CaO (806 data points).
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Figure 2. Particle Size Distribution for Encapsulated CaO (477 data points).

TEM analysis of the processed TiO, samples confirms the fact that the particles
were encapsulated, determining the shape of the encapsulated particles and the coating

thickness, as presented in Figure 3.
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Figure 3. TEM CaO particles coated with chitosan.

Using a set of several pictures taken for each of the samples, the average
information about particle size and coating thickness were obtained and presented on
Table 3. Where D, (external diameter), D; (internal diameter) where calculated from
measurements done with the digital TEM.

Table 3. TEM thickness measurements for encapsulated CaO particles.

Thickness P T Contact

Do (um) | Di (um) (um) | (bar) | (°C) | Time (min)

1.0077 | 0.7237 0.1420 | 120| 45 45
0.2314 | 0.1257 0.0528 | 109 | 42 50
0.1481 | 0.0973 0.0254 | 111 | 49 30*

*The system chitosan-DMSO-CaO was kept at room conditionsfor 12h with constant stirring before
pressurization for 30 min.

Once demonstrated with TEM results that the particles were coated and an
average coating thickness was estimated, AFM (atomic force microscope) analysis were
performed to study the morphology of the coating. AFM showed particle roughness of 2-
3 nm for the encapsulated sample and 35 nm or higher for uncoated ones.



