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Abstract 
This paper tried to develop the optimum procedure for microencapsulating water soluble solid 
powder with the thermal responsible material by the melting dispersion cooling method. Sodium 
hydrogen carbonate was adopted as a water soluble solid powder instead of microencapsulating 
carbon dioxide gas. The shell material was composed of olefin wax and α-tocopherol. In the expe-
riment, the concentration of oil soluble surfactant and the water soluble surfactant species were 
changed. Sodium hydrogen carbonate was treated in the aqueous solution dissolving the water 
soluble surfactant to form the finer sodium hydrogen carbonate powder and to increase the con-
tent. The microencapsulation efficiency could be increased with the concentration of oil soluble 
surfactant and considerably increased by treating sodium hydrogen carbonate with the water so-
luble surfactant. Sodium hydrogen carbonate was protected well from environmental water. The 
microcapsules showed the thermal responsibility to generate carbon dioxide. 
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1. Introduction 
As the microcapsules which can contain the core materials such as gas, liquid and solid have the various func-
tions, many kinds of microcapsules have been prepared and applied in the various fields such as latent heat sto-
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rage, cosmetics, food, drugs, paintings, adhesives, textile, and electric materials [1]-[3]. The important functions 
of microcapsules are to protect the core materials from environment for a long time, to optionally release the 
core materials according to stimuli, to modify the surface of core material and to change the core materials such 
as liquid and gas to the particulate core materials [1]-[3]. The microcapsules with these functions can be pre-
pared by selecting the core and the shell materials with the desired chemical and physicochemical properties and 
by developing the microencapsulation procedure. In general, in order to microencapsulate the water soluble core 
materials, the hydrophobic shell materials are used to increase the content and to protect the core from water or 
moisture by the help of oil soluble surfactant [4]-[7]. Also, the non aqueous solvents as the continuous phase 
have been sometimes used to prevent the core from leaking way during the microencapsulating process [8] [9]. 
Meanwhile, on applying the microcapsules to food, cosmetics, drugs and textile, the nontoxic materials have to 
be used as the shell material. For example, the chemical preparation methods using polymezable monomers such 
styrene and acryl monomer cannot be used. In this case, the physicochemical preparation methods and the 
chemical methods using the nontoxic materials may be recommended [10] [11]. 

It is well known that it is very hard to microencapsulate the gaseous materials and perfectly prevent them 
from leaking for a long time. In this case, it may be effective to microencapsulate solid powders generating the 
desired gas instead of microencapsulating gas. Namely, if solid powder could be microencapsulated with some 
stimuli responsible shell materials, gas could be generated by breaking the shell due to suitable stimuli and by 
dissolving solid powder into the some solvent. Thus, as solid powder can be relatively easily microencapsulated 
and protected stably for a long time, the desired gas may be generated as occasion demands. However, it is ne-
cessary to newly develop the microencapsulation procedure in order to stably microencapsulate solid powder 
and to protect solid powder from environment according to the physicochemical properties of solid powder spe-
cies. 

Taking these things described above into consideration, we tried to microencapsulate sodium hydrogen car-
bonate as a water soluble solid powder instead of microencapsulating carbon dioxide gas. 

Sodium hydrogen carbonate is dissolved well in the acid solution, generated carbon dioxide and changed from 
the acid solution to the alkaline solution. If sodium hydrogen carbonate powder could be stably microencapsu-
lated with the thermal responsible shell material, carbon dioxide gas with a few physicological effects [12] [13] 
could be generated by breaking down the microcapsules due to heating and by contacting solid powder with the 
optimum aqueous solution. If the microcapsules thus prepared were used in the cosmetic materials such as the 
face cream and the basic skin care powder, carbon dioxide gas could be supplied to the face. 

In the case of preparing the microcapsules containing the water soluble solid powders as sodium hydrogen 
carbonate, it may be desirable that the hydrophobic shell materials are used and yet the microencapsulation pro-
cedure with the shorter processing time is applied. 

In this study, it was tried to microencapsulate sodium hydrogen carbonate with the hydrophobic shell material 
by using the melting dispersion cooling method in the oil-in-water emulsion. The purposes of this study are to 
develop the optimum preparation conditions for preparing the microcapsules, to characterize the microcapsules 
and to investigate whether carbon dioxide gas could be generated by breaking the microcapsules due to heating 
or not. 

2. Experimental 
2.1. Materials 
Materials used to prepare the microcapsules were as follows. The shell material was olefin wax (CPAO: Ide-
mitsu Kosan, Co., Ltd., Japan) with the melting point of 40˚C. The additives added to modify the shell material 
were α-tocopherol (VE) and the oil soluble surfactant. Sodium hydrogen carbonate (SHC) was adopted as the 
model water soluble solid powder. The oil soluble surfactant was polygricerine polyricinorate (Poem PR-300) 
and the water soluble surfactants were decaglycerin monolaurate (J-0021) and diglycerin monolaurate (DL-100). 
Glycerin was used as the continuous phase instead of water. The chemicals stated above were from Wako Pure 
chemicals Co., Ltd., Tokyo, Japan. 

2.2. Preparation of Microcapsules 
Figure 1 shows the flow chart for preparing the thermal responsible microcapsules containing SHC. Prior to the  
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Figure 1. Flow chart for preparing microcapsules and schematic diagram of 
experimental apparatus.                                                       

 
microencapsulation, SHC was treated by the following method. Namely, SHC was dissolved once in distilled 
water dissolving the water soluble surfactant. Then, the aqueous solution of SHC was added into olefin wax 
dissolving the oil soluble surfactant and α-tocopherol and then, stirred with the six bladed turbine impeller of 5.0 
cm diameter to form the (W/O) dispersion. 

After this operation, the water phase of the (W/O) dispersion was removed under reduced pressure and 45˚C 
to form the (S/O) dispersion. The finer solid powder could be formed by this operation and stabilized with the 
water soluble surfactant. The (S/O) dispersion was added into the continuous phase and stirred with the six 
bladed turbine impeller of 5.0 cm diameter to form the (S/O)/W dispersion. The procedure stated just above was 
performed at 45˚C. Then, the (S/O)/W dispersion was cooled down to room temperature in order to solidify the 
olefin wax and to prepare the microcapsules. 

In this fundamental experiment, the concentration of oil soluble surfactant and the water soluble surfactant 
species were changed. The experimental conditions used in this experiment are shown in Table 1, in which the 
experimental conditions and those parameters were determined by considering the results in previous studies 
[4]-[6]. Also, the dispersion ratios such as in the (S/O) dispersion, the (W/O) dispersion and (S/O/W) dispersion 
were determined in order to keep the dispersion stable by refering the results [4]-[6]. 

2.3. Characterization 
2.3.1. Thermal Responsibility 
Thermal responsibility of microcapsules was measured by differential scanning calorimetry (DSC; Shimazu Co., 
Ltd., DSC-50, Kyoto, Japan) and by observing the change in the color of dye aqueous solution due to carbon 
dioxide generated on the basis of dissolution of SHC in the solution. 

2.3.2. Mean Diameter of Microcapsules 
The mean diameters of microcapsules were measured by particle size analyzer (SALD-3000; Shimazu Co., 
Ltd.). 

2.3.3. Observation of Microcapsules 
The microcapsules were observed by scanning electron microscope (SEM) (VE-9800, Keyence Corp. Osaka, 
Japan) and optical microscope (BH-2; OLYMPUS Co., Ltd., Tokyo, Japan). 

2.3.4. Microencapsulation Efficiency 
The microencapsulation efficiency(R) was estimated by Equation (1). 

( ) weight of microencapsulated solid powderR % 100
weight of solid powder in feed

= ×                      (1) 
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Table 1. Experimental conditions.                                                                                

(S/O) dispersion  

Solid powder (SHC) 2.0 g 

Olefin wax (CPAO) 4.0 g 

α-tocopherol (VE) 4.0 g 

Surfactant Poem PR-300 

Continuous phase  

Glycerin 100 g 

Surfactant J-0021, DL-100 

Preparation of dispersion  

Impeller speed 600 rpm 

Time 5 min 

Temperature 45˚C 

Operating conditions  

Conc. of oil soluble surfactant Co = 1.0, 3.0, 5.0, 7.0, 10 wt% 

Conc. of water soluble surfactant CW = 0, 0.1, 0.5 wt% 

 
Here, the weight of microencapsulated solid powder was measured from the change in weight obtained by 

TGA (DTG-50/50H; Shimazu Co., Ltd.). 

3. Results and Discussion 
3.1. Effect of Concentration of Oil Soluble Surfactant on Thermal Responsibility of Shell 

Material 
In order to form the stable (S/O) dispersion and the stable (S/O)/W dispersion, the oil soluble surfactant of the 
higher concentration was dissolved in the shell material solution. So, it may be possible that the thermal respon-
sibility of shell material is affected. 

Figure 2 shows the effect of the concentration of oil soluble surfactant on the thermal responsibility of shell 
material. Here, the melting start temperature (Tm) and the melting peak temperature (Tp) were measured by DSC 
as an index of thermal responsibility of microcapsule shell. The melting start temperature (Tm) and the melting 
peak temperature (Tp) were not almost affected even by changing the concentration (Co) of oil soluble surfactant 
from 0 to 10 wt%. From this result, it was confirmed that the thermal responsibility of shell material could be 
kept in spite of addition of oil soluble surfactant. 

3.2. Effect of Concentration of Oil Soluble Surfactant on Microcapsulation Efficiency and 
Mean Diameter 

Figure 3 shows the dependences of the microencapsulation efficiency (R) and the mean diameter (dp) of micro-
capsules on the concentration of oil soluble surfactant (Co). The mean diameters and the microencapsulation ef-
ficiency increased from 100 µm and 24% at Co = 0 wt% to 220 µm and 52% at Co = 10 wt%, respectively. In 
general, it is well known that the higher the viscosity of dispersed phase becomes, the larger the diameters of 
dispersed droplets become because of increase in viscous force against destructive force acted on the droplet. 
Namely, when the viscous force due to the viscosity of dispersed phase becomes larger than the destructive 
force acted on the droplet due to turbulent energy, the droplets are not broken easily and the diameters of drop-
lets become larger in the turbulent field [14]. As the viscosity (µd) of dispersed oil phase increased by addition 
of the oil soluble surfactant as shown in Figure 4, the mean diameters of dispersed droplets, as a result, the mean 
diameters of the microcapsules may increase. It is well known that increasing the diameters of microcapsules 
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Figure 2. Effect of concentration of oil soluble surfactant on 
thermal responsibility (Tm, Tp).                                            

 

 
Figure 3. Dependences of mean diameters of microcapsules 
and the microencapsulation efficiency on concentration of oil 
soluble surfactant.                                        

 

 
Figure 4. Dependences of viscosity of oil phase and the sedi-
mentation velocity on concentration of oil soluble surfactant.           

 
contributes to increasing the microencapsulation efficiency. Also, the solid powder in the oil phase can be stabi-
lized by increasing the viscosity of oil phase as shown in Figure 4, because the sedimentation velocity (L) of a 
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solid powder particle is decreased with the viscosity of oil phase. Here, the sedimentation velocity (L) is esti-
mated by the Stokes sedimentation velocity equation defined as the following Equation (2). 

( )p p c cL D g 18ρ ρ µ= −                                   (2) 

where Dp, ρp, ρc, g, μc are the particle diameter, the particle density, the continuous phase density, gravitational 
acceleration and the continuous phase viscosity, respectively. 

As a result, the microencapsulation efficiency could be increased with the concentration of oil soluble surfac-
tant. 

3.3. Effect of Treation of Solid Powder 
As the microencapsulation efficiency is low as shown in Figure 3, SHC was treated in order to increase the 
content. 

Figure 5 shows the effect of water soluble surfactant species on the mean sizes (ds) and standard deviation (σ) 
of the diameter distribution of SHC treated by changing the concentration (CW) of water soluble surfactant in the 
inner water phase. From these figures, it was found that SHC treated by DL-100 become smaller and more uni-
form than those treated by J-0021. Also, SHC treated by DL-100 become considerably smaller than untreated 
SHC as shown in Figure 6, where the untreated powder means SHC as received. 

Figure 7 shows the dependences of the mean diameters (dp) of microcapsules and the sedimentation velocity 
(L) of SHC in the oil phase (Co = 0 wt%) on the concentration (CW) of water soluble surfactants. 

From these figures, it was found that the mean diameters of microcapsules were kept almost constant (dp = 
100 µm) even by changing the concentrations of the water soluble surfactants. As the water soluble surfactant 
may absorb preferentially on the interface between the inner water and the oil phase because of larger interfacial 
area, the interfacial tension between the continuous phase and the oil phase may not be affected. Accordingly, 
the diameters of oil droplet, as a result, the diameters of the microcapsules may be kept content. Also, the sedi-
mentation velocities (L) were smaller than 10 µm/s. Especially, the sedimentation velocities of SHC treated by 
DL-100 were considerably smaller compared with those (L = 80 - 170 µm/s) for untreated SHC as shown in 
Figure 4. Furthermore, the stability of SHC treated may be considered due to the wrapping stabilizing effect due 
to the hydrophilic group of molecule of water soluble surfactant in the oil droplets [15]-[17]. 

Figure 8 shows the dependence of microencapsulation efficiency (R) on the concentration of water soluble 
 

  
Figure 5. Effect of concentration of water soluble surfactant species on mean 
diameters and standard deviation of SHC.                                          

 

 
Figure 6. SEM photographs of SHC with and without treation.                                   
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Co = 0 wt% 

Figure 7. Dependences of mean diameters of microcapsules and the sedi-
mentation velocity on concentration of water soluble surfactant species.              

 

 
Figure 8. Dependence of microencapsulation efficiency on concentration of 
water soluble surfactant species.                                                

 
surfactant together with the results for the untreated SHC. The microencapsulation efficiency could be consi-
derably increased by the treation of SHC, especially from 79% to 90% by the treation with DL-100. 

By the way, the mean diameters of microcapsules, the microencapsulation efficiency and the sedimentation 
velocities at Co = 10 wt% for the untreated SHC were 220 µm, 52.0%, 80 µm/s as shown in Figure 3 and Fig-
ure 4, respectively. 

3.4. Thermal Responsibility of Microcapsules and Carbon Dioxide Generation 
Figure 9 shows the results observing the thermal responsibility of microcapsules and carbon dioxide generation. 
The microcapsules slightly melted at 36˚C as shown in Figure 9(a). The color of the dye aqueous solution at pH 
1.7 and 4.0 was orange at 30˚C comparing the color of each pH aqueous solution, because the microcapsules 
were not melted and SHC was not released as yet. However, the color changed from orange at 30˚C to blue at 
36˚C and 40˚C. This means that the microcapsules were melted in the acid solution at 36˚C and 40˚C, released 
SHC and generated carbon dioxide to change the dye aqueous solution to the alkaline solution. 

From these results, it was confirmed that the microcapsules showed the thermal responsibility and could gen-
erate carbon dioxide. 

The microencapsulation procedure developed in this study may be applied to microencapsulate the various 
water soluble solid powders generating the desired gas instead of microencapsulating directly the gaseous core 
materials. 

4. Conclusions 
The microcapsules containing sodium hydrogen carbonate were prepared with olefin wax by using the melting 
dispersion cooling method instead of microencapsulating directly carbon dioxide. The following fundamental 
results were obtained. 
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Figure 9. Thermal responsibility of microcapsules and carbon 
dioxide generation.                                                   

 
1) The mean diameters and the microencapsulation efficiency of microcapsules increased with the concentra-

tion of oil soluble surfactant. 
2) The microencapsulation efficiency could be considerably increased by dissolving sodium hydrogen carbo-

nate together with the water soluble surfactant in inner water and by making solid powder smaller. 
3) The microcapsules were melted and broken at the temperature higher than 36˚C, released sodium hydrogen 

carbonate and generated carbon dioxide. 
4) It may be expected that the microencapsulation procedure developed in this study could be applied to mi-

croencapsulate solid powder instead of microencapsulating directly the gaseous core materials with applicability 
to cosmetic materials. 
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