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Abstract: 

In this study, an eatable water bubbles of sodium alginate (calcium chloride) were 

prepared by adding calcium chloride (CaCl2) with different weight ratios (1, 3, 5 and 
7) % to sodium alginate (NaAlg). The prepared  bubbles consist of two layers: water 

as the inner layer and outer layer is the gel. Physical tests carried out on the water 

include PH, density,  total alkalinity, as well as there are some other tests done for 

the gel include : biodegradability by soil burial test , morphological by scanning 

electron microscopy and atomic force microscopy (AFM) , in addition to thermal 

properties tested by differential scanning calorimetry (DSC). Results prove that the 

standard water properties were saved after packaging, which is between the ranges 

of water drinking properties. All samples degraded after standard short time by burial 

in the soil. Also, addition of CaCl2 to the NaAlg decreasing the thermal transition 

points according to the results of DSC. While, the surface become smoother and with 

less cavities and voids as shown by the results of Atomic force microscopy. The 
results of Scanning electron microscopy proved that the overall structure of the 

bubbles were compact, well cross-linked, without noticeable defect, a basic one-

phase microstructure, flat and smooth. The 5wt % cross-linker is optimum ratio 

according to the results of physical tests carried out on water.                                                                               

Keywords: Water Bubbles, Packaging, Eatable Bubbles, Sodium Alginate, 

Biodegradable film                                                                                                                                      

 

                                                        

I. INTRODUCTION 

     Day by day, the global demand of plastic is 

rapidly increasing. Mostly, plastics are non-

biodegradable or few are degradable but in a very 

slow rate [1]. Currently, the packaging sector is a 

major consumer in the most industries. Plastic 

packaging is being increasingly used in medical 

products and healthcare as well as in the beverages 

and packaged foods, but the use of plastic has 

disadvantage that becomes a major source of waste 

and pollution after use [2].                                                                                                                                     

     Burning plastics is also one of the available 

solutions to reduce pollution but usually produces 

some noxious gases like furans and dioxins, which 

are dangerous greenhouse gases and play an 

important role in ozone layer depletion [3]. 

     Biodegradable packing is very important for a 

cleaner environment free from wastes of packaging 

materials. In recent years, natural polymers have 

been developed for the packaging and reduce the 

detrimental pollution [4].                                                                                   

    On the other hand, the composites materials 

derived from bio based raw material represent 

important sources for biodegradable water 

packaging [5].                                                                          

   Alginates is an important materials for 

biodegradable packaging, and is a type of  a linear 

polysaccharide of (1–4)-linked b-D-glucose a-L-

mailto:hanajawad21@yahoo.com2
mailto:Asmaarh3@gmail.com3
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guluronate units, which fabricated by different 

types of plants [6].  

     Cellulose is  another material from plant origin 

used for producing biodegradable films for 

packaging, and is a linear polysaccharide of 

glucose residues put together via beta - 1,4 

linkages. It is produced by verity types of plants 

[7].                                                               

     Albeit, alginate based composites used for 

biodegradable packaging numerously, have desired 

mechanical properties, such as a high strength for 

improvement the mechanical properties of 

packaging film [8].  

    Cell wall of brown algae is the common sources 

for producing the alginate, also the alginate is 

extracted from seaweed for many purposes [9]. 

     In 2014, Sirivio, J.A. et al., synthesized 

packaging materials by using alginate, cellulose 

and calcium cations (Ca+2) as cross-linker. Results 

showed that the addition of micro and nano 

cellulose as reinforcement enhanced the 

mechanical properties of the alginate films 

significantly [10].                                                                                                                     

 

II. Experimental part : 

2.1 Materials and Methods  

     Sodium Alginate  as was purchased from HI 

Media laboratories Pvt. Ltd.,  Dindori,  Nashik,  

India. White to yellow granular powder, has good 

water solubility.  

     Calcium Chloride (CaCl2) with Molecular 

weight 110.98 g / mol. was purchased from Indian  

Company., Dindori,  Nashik,  India.  

 

2.2"Preparation of Sodium Alginate  Eatable 

Water Balls 

   The edible water balls were prepared by   

spheirfication method  by immersing sodium 

alginate solution in a water bath of calcium 

chloride. 

1- An appropriate amounts of sodium alginate 

powder ( 1 g) were added to 125 ml of water 

with continuous manual mixing for 15 min 

in room temperature to prepare sodium 

alginate solutions (solution 1). 

2-  Leave the solution for 30 min to remove 

any bubbles may generated during mixing. 

3- Calcium chloride solution was prepared 

according to the following procedure: 

A. Grinding the calcium chloride 

molecules to powder. 

B.  An appropriate amounts of calcium 

chloride powder (1g, 3g,  5g, 7g) were 

dissolved in 500 ml  water to prepare 

calcium chloride solution (solution 2). 

4.  Drop solution 1 into solution 2 with a 

curved spoon and move the mixture for 5 

min  to activate the reaction and condense 

the sodium alginate into the form of a 

bubble.  

5. Transfer the bubble formed by slotted 

spoon to bowl containing pure water to stop 

reaction and to remove of excess chloride. 

 

2.3 Measurements  

     3-D morphology AFM  images tested by Nano 

Scope IIIA Multi Mode AFM instrument.  

Differential scanning  Calorimetric  type  

SH1MADZ-4 DSC-60 used for thermal analysis of  

the samples. On the other hand, biodegradable test 

of alginate  thin film  was performed according to 

changing in weight loss  percentage before  and 

after burial  in soil, eq.1  was used for calculating 

the weight loss percentage of samples as follows :                                   

 Weight loss % ={ (Wb _Wa ) / Wb×100} …(1) 

Where Wb : weight before placement in soil; 

Wa = weight after taken out and cleaned. 

pH  was tested  according to ASTM D1293. 

Volume density of water performed by using  high 

precision density tester,  type GP-120 S, due to 

ASTM D-792 .   

 

III. RESULTS AND DISCUSSION  

3.1 Characteristics of  Water  

     Fig 1. a-b , displaying water  properties after & 

before packaging,  a. view water density before & 
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after of packaging, b. the pH of water before and 

after of packaging. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.a-b Density and pH of water respectively 

 

     From fig 1.a-b, the stability of  water properties (pH and density ) can be noticed after packaging process. 

This suggest that no reaction has occurred between the water and packaging film materials [11].                                                                                                

     Fig 2. show the alkalinity of water before and 

after of packaging. It is clear that the values of total 

alkalinity are within the acceptable range (80-120 

ppm) of drinking water specifications. In addition, 

the values of alkalinity decrease with increasing 

CaCl2 concentration. This is confirmed by the 

results of  PH where the values of PH increased 

with increasing concentration of CaCl2 [11-12].                                                                         

 
Fig. 2. Total Alkanet of all samples 
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Fig. 1.a Density of water before & after 

packaging packaging 

 

Figure1.b pH of water before & after  packaging   
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3.2 Characterization of Alginate Cover Fig 3a-b. Show the 3D morphological pictures of 

biodegradable covering of water bubbles.     

 
Figure 3.a NaAlg                                  Figure 3.b bubbles 

Fig. 3. AFM pictures of water babul cover 

 

     The results obtained from AFM test for NaAlg / 

bubbles (fig 3.a) showed that the core roughness 

depth (Sk) decreases by  64.18 % (from 55 to 19.7 

nm) and the core fluid retention (Sci) decreased by 

2.6 % (from 1.53 to 1.49). These surface changes 

enhance the surface bearing ability (Sbi) by 48.7 % 

due to increasing of the surface bearing index ( 

from 1to 1.95) [13].                                                                                                                                   

 

Fig 4 a-b  Show the SEM images of  

biodegradable covering of water bubbles: 

 

 

 

 

 

 

 

                                

 

 

(a) NaAlg                                            (b) bubbles 

Fig. 4. SEM images of biodegradable covering of water bubbles 

 

The morphology of the bubbles was analyzed by 

SEM. SEM images for NaAlg  and bubbles (fig 4 a 

and 4. B  respectively) show that the overall 

structure of the bubbles is compact, well cross-

linked, without noticeable defect, a basic one-phase 

microstructure, flat and smooth. This is due to 

addition of CaCl2 cross-linker to the sodium 

alginate solution entails the alignment of the G-

blocks and the calcium ions are bound between the 

two chains like eggs in an egg box [14]. This is 

consistent with Ye, Z. et al., where prepared 

sustainable and natural film as a biodegradable 

alternative to conventional polyethylene films for 

packaging application by using sodium alginate, 

carrageenan and CaCl2 as cross-linker. SEM 

pictures appeared that the location of alginate at the 

outside surface because it further hydrophilic than 

carrageenan. The general structure of the film is a 

single phase microstructure [13].                                                                                                                  
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Fig 5 a. b show the DSC curves of pure sodium 

alginate and 5g CaCl2 (cross-link ratio) eatable 

babbles water under N2.The dehydration was 

evidenced by an endothermic peak close to 100°C, 

attributed to the water release. Then the 

decomposition of the biopolymer takes place 

represented by an exothermic peak at 240-260°C 

due to pyrolysis reaction, depending on the heating 

rate. Finally the decomposition of the carbonaceous 

material occurred above 300 °C [14].  

                                                                                                                      

 
Fig. 5.a pure sodium alginate 

 
Figure 5.b 5g CaCl2 (cross-link ratio) eatable water babbles. 

Fig 6  show the biodegradable behavior via the soil burial test : 

   

 

 

 

 

 

 

 

 

 

 

Fig. 6.  Biodegradable behavior of water bubbles cover by soil burial test    
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     Fig 6 presents weight loss as a function of  

biodegradation time and the presented photos of the 

studied sample before and during the test. Note that 

weight loss shows an approximately linear relation 

with degradation time and it was observed that the 

rate of degradation increased with increasing time. 

The weight started to decrease after 2 days of burial 

at a rate 9.09 % and it decreases gradually as the 

time increases with visible changes in the form 

compared to the initial state and after 8 days 

average weight decrease is 100%. As the 

microorganism attacks, the eatable water babuls 

lose their structural integrity. Certainly, the results 

obtained show that the eatable water bubbles will 

not cause any harmful ecological effect. In other 

words, the eatable water bubbles are completely 

biodegradable [15]. This is different with Solak, A. 

O. and Dyankova, S. M., where manufactured 

composite films from sodium alginate and high 

methoxyl pectin for packaging, coating of foods 

and pharmaceutical products purpose. Results 

showed that the films degraded to 80 days in the 

soil [16]. 

 

IV. CONCLUSIONS  

   The results obtained from this search suggest that 

the eatable water bubbles can  be easily prepared 

by an available sources like sodium alginate and 

calcium chloride, the water can maintain its 

properties after covering via prepared alginate 

cover, which can degrade after short time by burial 

in soil. The bubbles are compact, well cross-linked 

and without noticeable defect by SEM 

characterization. The Results of  AFM confirmed a 

decrease in surface roughness after adding of CaCl2 

and enhance the surface bearing ability. The best 

ratio of CaCl2 was at 5wt% according to the results 

of physical tests carried out on water.              
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