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Abstract 

A new arrangement of supercritical assisted atomization (SAA) was proposed to allow the 
processing of thermolabile compounds. A vacuum system was arranged to the traditional 
SAA apparatus to reduce the pressure in the precipitation vessel and to allow the evaporation 
of the solvent at lower temperatures than the traditional ones.  
Polyethylene glycol (PEG, Mw=10000) is a very interesting polymer that can be used as 
carrier for drugs, proteins and vitamins. Indeed, it is biodegradable and freely soluble in 
water, ethanol and other organic solvents, but its processability is difficult because of the low 
glass transition and melting temperatures. In this work, SAA operated at reduced precipitation 
pressure was used to produce microparticles of PEG. The operating conditions used were 
40°C and 68 bar in the saturator, 20°C and 0.7 bar in the drying vessel. 
Lipophilic vitamin, α-tocopherol, was coprecipitated with PEG. The aim was to improve 
stability, during shelf storage, and bioavailability of the vitamin. Different percentages of 
vitamin (5% and 10%) were loaded in PEG and spherical particles, with a mean diameter 
between 1 and 2 µm, were obtained, with a high encapsulation efficiency. Calorimetric 
analysis revealed that the microparticles obtained by SAA were crystalline.  

Introduction 

PEG is widely used in pharmaceutical industry to improve the pharmacokinetics of 
therapeutic agents [1]. PEG is water soluble, nonionic, non antigenic and non immunogenic. 
Added to a particle, it becomes an effective protector to inhibit the deactivation of a bioactive 
compound [2]. It is also used to prepare solid dispersions of poor water soluble drugs. In these 
solid dispersions the particle size of the drug is reduced, wettability and dispersability are 
enhanced [3]. Despite its interesting properties, PEG is very difficult to be processed; indeed, 
it has a very low glass transition temperature (-30°C) and a low melting point (63°C); 
therefore, the micronization process may induce the partial softens of the particles.  
α-Tocopherol acetate (α-TCP) is a lipophilic vitamin. It is an antioxidant and prevents 
cardiovascular diseases and cancer. However, the use of α-TCP is limited because this 
compound is thermolabile and suffers the presence of light and oxygen, and losses its stability 
if dispersed in water because hydrolysis processes take place. To avoid these problems 
encapsulation of this vitamin or graft to succinate PEG have been proposed [14]. In addition 
α-TCP does not dissolve in water and surfactants are added in the formulation to enhance 
bioavailability [4-5].  



Emulsion evaporation has been proposed to encapsulate lipophilic vitamins into 
biodegradable polymers, such as poly(lactic-co-glycolic)acid (PLGA) [6] or inorganic 
compounds, as silica [7]. Supercritical emulsion extraction has been proposed as an 
enhancement of emulsion evaporation to reduce the organic solvent residue and to increase 
the encapsulation efficiency [8]. However PEG can be used only as surfactant in these 
processes, since it is hydrophilic and lipophilic at the same time [9,10]. Spray Freeze Drying 
has been proposed to produce particles of PEG for drug delivery device [10]. This process is 
time consuming and a lyophilization, as post-process, is required to remove the solvent.  
To limit the use of organic solvent and reduce the processing time, supercritical fluids based 
processes have been proposed. For example, rapid expansion from a supercritical solution 
with a nonsolvent (RESS-N) was used to prepare microcapsules in which PEG, or other 
biodegradable polymers, were used as carrier [11-12]. Supercritical antisolvent precipitation 
was also proposed to produce microparticles of PEG and carotene, a lipophilic vitamin [13]. 
All the techniques, mentioned above, do not allow an efficient micronization of PEG in terms 
of morphology, dimensions and processing times.  
To overcome these limitations SAA at reduced pressure has been proposed to produce 
microspheres of PEG and α-TCP. This technique allows to operate at conditions that do not 
induce the degradation of vitamin and the softening of the polymer. The final formulation has 
the aim of protecting the vitamin during its storage and of enhancing its bioavailability. 

Materials 

CO2 (99.9%, SON, Naples, Italy), nitrogen (N2, 99.9%, SOL, Milan, Italy), acetone (99.5%, 
Panreac), methanol (99.9%, Carlo Erba), acetonitrile (99.9%, Carlo Erba), ethanol (99.9%, 
Aldrich Chemical Co.), polyethylene glycol (PEG, Mw:10000, Aldrich Chemical Co.), α-
tocopherol acetate semisynthetic (α-TCP, Aldrich Chemical Co.) were used as received. 

Method 

The new configuration of SAA plant consists of two high-pressure pumps delivering the 
liquid solution and liquid CO2 to the saturator. The saturator is a high pressure vessel (I.V. 50 
cm3) loaded with stainless steel perforated saddles which assure a large contact surface 
between liquid solution and CO2. The solution obtained in the saturator is sprayed through a 
thin wall (80 µm diameter) injection nozzle into the precipitator (I.V. 3 dm3). A controlled 
flow of N2 was sent to the precipitator to assist liquid droplets evaporation. A stainless steel 
filter, located at the bottom of the precipitator, allows the powder collection and the gaseous 
stream flow out. Downstream the precipitator, a condenser separates the liquid stream from 
the inert gas and a vacuum pump allows to reduce the pressure in the precipitator. 
Morphological characteristic of PEG loaded α-TCP particles were analyzed by Field Emission 
Scanning Electron Microscope (FESEM). Particle size and particle size distribution were 
investigated using dynamic laser scattering (DLS) (Zetasizer); the analysis were performed 
using acetone to disperse the particles.  
Thermograms of powder samples were obtained using a differential scanning calorimeter 
(DSC). The samples (±5 mg) were accurately weighed, crimped in an aluminium pan and 
heated from to 25 to 100°C at 5°C/min, under a nitrogen purge of 50 mL/min.  
Vitamin loading was investigated by dissolving 5 mg of powder in 2.5 mL (5% α-TCP) and 5 
mL (10% α-TCP ) of methanol, and vitamin concentration were monitored at 292 nm in a 



HPLC system, using methanol/acetonitrile (25/75 v/v) as eluent in a Spherisorb ODS-2 
column at a flow rate of 1.5 ml/min.  
The stability to hydrolysis of the vitamin in water medium was investigated dissolving the 
powder produced by SAA in water. 1 mL of the resulted solution was eluted in ethanol (50/50 
v/v) and the concentration of the vitamin was measured using HPLC analysis as previously 
discussed.  

Results 

SAA process is based on the solubilization of SC-CO2 into the liquid solution. The vapor-
liquid equilibrium (VLE) between SC-CO2 and acetone [17] (Figure 2) gives some indications 
about the proper conditions that have to be used in the saturator.  
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Figure 1 VLE of the system CO2-acetone, at 40°C, adapted from Sato et al [17]. 

The complete solubilization of SC-CO2 in acetone is obtained when the operative conditions 
at the saturator are located on the left of the two phase region.  
All the experiments were performed setting a gas to liquid ratio (GLR) between 3.5 and 4, 
corresponding to a CO2 molar fraction of 0.8-0.85. The other conditions used in the saturator 
were: pressure between 68 and 100 bar; temperature at 40°C, to enhance the solubility of PEG 
in acetone; concentration of PEG in acetone of about 20 mg/mL. The conditions set in the 
precipitator were 20°C and 0.7 bar. 
The first tests were performed on PEG and white powder was collected on the filter, whereas 
no materials were found in the saturator at the end of the experiment. An example of PEG 
microparticles is reported in Figure 1.  
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Figure 2 PEG microparticles obtained by SAA.  
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Figure 4 PEG loaded 10% (w) of α-TCP microparticles obtained by SAA.  

 
Figure 3 shows that adding 5% of α-TCP the produced particles had not a stable structure, 
indeed some particles collapsed. Instead the particles obtained increasing the content of α-
TCP to 10% had a more stable structure (see Figure 4) and quasi-spherical particles were 
obtained. 
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Figure 5 Cumulative volumetric particle size distribution of the particles produced using SAA. Comparison 
between the particles loaded with different percentage of α-TCP. 

Figure 5 shows the particle size distribution related to the particles produced using SAA. The 
particles have a mean diameter ranged between 0.8 and 1.3 µm. The presence of a larger 
percentage of α-TCP induced an increasing of particle dimensions. 
DSC analysis gave some information about the solid state of the particles produced. Figure 6 
shows a comparison between the thermograms related to the raw materials and the 
thermograms related to the particles produced by SAA process. The thermograms related to 
the unprocessed PEG shows the double melting behavior of the polymer, due to the presence 
of imperfect crystals that melt at different temperatures [16]. The thermograms related to the 



particles produced by SAA had only the peak at 62°C, corresponding to the more stable 
crystals structure.  
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Figure 6 Thermograms: comparison among the analysis performed on the powder produced by SAA-RP and the 
raw materials, PEG and α-TCP untreated.  

The analysis performed using HPLC showed that the α-TCP, that was solubilized in the initial 
solution, was completely loaded in the polymer matrix. The measured loading was close to 
theoretical one [15].  
Finally the stability to hydrolysis of the vitamin in water medium was investigated using 
HPLC (Table 1). The vitamin retained at least 67% of its stability when loaded in PEG 
matrix.  
 

Time, min Stability %  

8 81.56 

9 78.26 

10 67.54 

70 67.48 

1 day 67.5 

Table 1 Stability to hydrolysis, in water medium, of the vitamin in SAA formulation. The percentage was related 
to the content of vitamin loaded in polymer matrix.  

Conclusion 

The SAA process was successfully performed for the micronization of PEG and α-TCP 
loaded with PEG. The obtained particles had a regular morphology and vitamin preserved its 
stability when dissolved in water medium. 
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