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ABSTRACT 

In this article, We choose silver alginate (Ag-alg) to form the responsive wall material, 

the uniform smart chloride ions responsive capsules are successfully fabricated, the 

size distribution is narrow and the average diameters is around 2.5mm. Optical 

microscopy (OM) is adopted to characterize the capsules. 

 

1. INTRODUCTION 

Microencapsulation as an increasing important technique has been widespread 

applied in many fields, such as self-healing materials [1-3], drug delivery[4], food 

preservation[5], phase change materials [6] and fragrance release[7]. 

Encapsulation technology is a promising candidate for self-healing materials, it can 

heal some cracks which are difficult to repair due to inaccessibility and the cost is 

very low. It is believed that this technology will play an important role in automatic 

healing field. It is well known steel of reinforcement in concrete is prone to be induced 

corrosion by chloride ions, the direct solution is to mix corrosion inhibitor into 

concrete structure, unfortunately, during the fabrication process of concrete, much of 

them will lost. It is a feasible method to embed capsules encapsulated to solve the 

problem, many literature have reported capsules broken by mechanical strength. 

However, when cracks appear, it is difficult to make sure all capsules will be broken 

for the wall materials and the interface between capsules and matrix properties, so 

the healing efficiency will be not high. Furthermore, chloride ions can spread through 



many nano-channels existed in the concrete matrix without significant cracks, when 

the steel has been corroded, the capsules may still not start to work. So it is 

necessary to fabricate a kind of capsule which is responsive to chloride ions , to the 

best of our knowledge, there is no paper to report relative research. 

 

2. MATERIALS AND METHODS 

2.1 Materials 

Sodium alginate was purchased from Qing Dao Hai Zhilin chemical corporation 

(viscosity, 100mpa·s). AgNO3 (Aladdin-reagent, Shanghai, China) is the solid agent. 

NaCl (Tianjin Chemical Plant, China) is the trigger agent. Methyl methacrylate 

(Aladdin-reagent, Shanghai, China) is the oil core.  Sodium dodecyl benzene 

sulfonate (Tianjin Chemical Plant, China) is the emulsifier. All materials are analytical 

pure. 

 

2.2 Preparation of microcapsules 

1.5wt% alginate solution emulsified with methyl methacrylate (MMA) and sodium 

dodecyl benzene sulfonate (SDBS), MMA is the oil core, SDBS is surfactant, we use 

a syringe to squeeze the emulsion out drop by drop into solid bath - 1 mol·L-1 AgNO3. 

After 10h, and then to filter the solution to obtain the capsules, washed with 

deionized water for several times. 

 
3. RESULTS AND DISCUSSION  

 
 

Fig.1 Schematic of Ag-alginate capsules encapsulated oil cores. 



 
A range of methods have utilized to fabricate alginate capsules including microfluid[8], 

internal gelation[9] and orifice solid bath. In this work, Ag-alginate capsules are 

fabricated by orifice solid bath method (Figure 1)[10]. This approach is a facile 

synthesis and low cost technique. We just need to mix core materials with sodium 

alginate solution, in addition to encapsulating aqueous substances. if the core 

materials are oil, surfactant is needed, after stirring, a syringe is used to extract the 

emulsion, and then squeeze the emulsion out drop by drop, the droplets will form 

capsules gelled by AgNO3 solution, the Ag-alginate capsules with oil cores are 

fabricated. 

Figure 2a shows the images of the Ag-alginate capsules. Figure 2b illustrates the 

magnified microscopic image of Ag-alginate capsules. The average size of capsules 

is around 2.5mm. When the Ag-alginate capsules were added several drops of NaCl 

3.5wt% (the concentration of NaCl in seawater) aqueous solution, the capsules were 

collapsed entirely in around 1 minute (Fig. 2c). 

 

 
Fig. 2 (a) Ag-alg capsules, (b) Optical image of Ag-alg capsules, (c) disintegrated Ag-

alginate capsule when exposed to chloride ions  

 
4. CONCLUSION 

In summary, we have successfully fabricated smart chloride ions responsive 

capsules, the size distribution is narrow and the average diameter is around 2.5mm.   

We also proved the capsules can be responsive to chloride ions, the capsules were 

added with 3.5wt% NaCl solution, and the capsules collapsed entirely after about 2 

minutes.  
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