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Abstract. Geopolymer possess many excellent properties such as high compressive and bond 

strength, long term durability, better acid resistance and also known as a “Sustainable 

Material” due to its low carbon emission and low energy consumption. Thus, it is a good 

opportunity to develop and explore not only for cement and concrete but also as geopolymeric 

repair materials. This reviews showed that good bonding properties between geopolymeric 

repair material and concrete substrate is important in order to acquire an enhanced resistance 

against penetration of harmful substances and avoiding respalling of the repair material by 

understanding the bonding behaviour. Bond strength depends to the properties of the repair 

materials itself and also the surface preparations of concrete substrate. 

 

 

1. Introduction  

Bonding strength is the major requirement of any successful repair material [1–3]. Thus, bond strength 

is one of the most important properties as concrete repair materials. Several studies have shown that 

the bond that exists between the repair material and concrete substrate is generally very weak in most 

of the repaired structures [4,5]. Several test methods such as pull off, splitting, flexural, and slant shear 

test have been proposed to evaluate the bond strength between repair materials and concrete substrate 

[6–8]. Thus, recent investigations in the field of geopolymers reveal a third category of mortars with 

high potential to be used in the field of concrete patch repair and slant shear test normally is used to 

study the bonding performance of repair material. Investigation on the utilization of high calcium fly 

ash geopolymer mortars containing OPC for use as repair material has been investigate and shows the 

strong bond at the interface zone.  

 

The high calcium fly ash geopolymer mortar mixture not only gave sufficient high shear bond strength 

but also can be cured at room temperature because of the calcium in the system [9–13]. Thus, 

geopolymer becomes more practical for concrete repair and rehabilitation. The investigations have 

already been conducted in geopolymer field especially based on fly ash however, most of the 
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researchers covered the mixture development phase. Thus, it is a good opportunity to use some of their 

mixture formulation to develop this potential material as a new repair material. Therefore, the bonding 

mechanism between repair material and concrete substrate is reviewed in order to identify the factors 

that could improve the bond strength between geopolymer repair material and substrate. 

 

2. Reaction Mechanism at Interfacial Transition Zone 

Bond strength requires an understanding of chemical reaction between the concrete substrate and 

repair materials. Geopolymer repair material which is able to transform and hardened rapidly at low 

temperatures through geopolymerization process able to cure at ambient temperature [6–8], to be an 

alternative to epoxy resins for structural retrofitting [4], high adhesion strengths even at early ages [9], 

and the cheapest solution for repair and rehabilitation [7,8]. Geopolymer is formed using precursors 

containing alumina (Al2O3) and silica (SiO2) such as fly ash (FA) [17], kaolin [18], granulated blast 

furnace slag (GBFS) [19], and palm oil fuel ash (POFA) [20] activated with alkali solutions. The 

Al2O3 and SiO2 in the precursor will dissolve and form a three-dimensional amorphous aluminosilicate 

network [21].  

 

                 

 

 

Calcium hydroxide or portlandite, which is available at the Ordinary Portland Cement (OPC) substrate 

surface, provides positive ion Ca++ and this positive ion is required for the geopolymerization process. 

Theoretically, the Ca++ will balance the negative charge of Al3+ ions in geopolymer thus, promoting to 

the bond strength between geopolymer repair material and substrate. Thus, interfacial transition zone 

through Scanning Electron Microstructure (SEM) shows that geopolymer made from Tungsten Mine 

 Figure 1. Schematic representation of the chemical bond at interface. 

 

However, the sialate network of geopolymer which composed of tetrahedral anions [SiO4]4- and 

[AlO4]5- need positive ions such as Na+, K+, Li+, Ca++, Na+, Ba++, NH4+, H3O+ to compensate the 

electric charge of Al3+ in tetrahedral coordination as shown in Figure 1. When geopolymer is patch 

against the spalled of the reinforced concrete structure made from Ordinary Portland Cement (OPC), 

geopolymer is chemically bond to substrate due to the reaction products at the interface transition zone 

between OPC substrate [12,13]. 
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Waste Mud (TMWM) is chemically bond to the concrete substrate as shown in Figure 2. Moreover, 

the increase in Ca++ ion balanced the negative charge of Al3+ ions, which leading to a dense interface 

zone is shown in Figure 3. Therefore, the microstructure images give clear picture in order to evaluate 

the bond strengths of geopolymer repair materials. Geopolymer made with TMWM and fly ash are 

good candidates as an alternative bonding material for repair works. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. SEM micrographs of interfacial transition zone 

between geopolymer and substrate [8]. 

substrate and TMWM geopolymeric binder [8] 
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Figure 3. SEM micrographs of interfacial transition zone between concrete 

substrate (PCC) and geopolymeric binder (GPM) or repair material (RM) [9]. 

 

 

The microstructures image of these geopolymer (GPM), concrete substrate (PCC) and interface could 

be identified from unreacted fly ash, agglomeration of OPC and small line crossing along the 

interfacial, respectively. The negatively charged Al and tetrahedrally coordinated Al (III) atoms inside 

the network are charge-balanced by alkali metal cations such as Na+ or K+ (from alkaline activator) 

and Ca++ (from Portland cement grains react with water). Thus, geopolymer which is rich in Si4+ and 
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Al3+ ions can react with Ca(OH)2 at the surface of substrate leading to bonding strength development 

at the contact zone. 

3. Substrate Surface Treatment 

Surface treatment or surface roughness is an important parameter to put into consideration in order to 

enhance the bond strength between repair material and concrete substrate as shown in Figure 4 such as 

sand blasting, wire brushing, drill holes, acid etching, against metallic formwork, and grooves. The 

surface of the concrete structure or damaged concrete surface area is treated by increasing the 

roughness surface and it is believed that it wills courage the bond strength between an old concrete 

and repair material [3]. Recently, many researchers tried different types of surface roughness and 

identify the best method in terms of practicality and strength [11,19]. This is because the bond strength 

depends not only on the characteristics of the repair material but also on the surface roughness of 

concrete substrate.  

 

Sand blasting  Wire brushing Drill holes 

Acid Etching 
Against metallic 

formwork 
Grooves  

 

Figure 4. Different surface preparation of the concrete substrate. 

 

Bond strength between the repair materials and substrate depends on the surface treatment of the 

substrate, as the surface treatment increases the bond strength increases [24]. Geopolymer possess 

very high bond strength however, some researchers believed that it is not affected by increasing the 

surface roughness of the concrete substrate [8]. The surface substrate that is rich in calcium hydroxide 

but lack exposed course aggregates which could contribute to improve bond strength due to silica 
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dissolution from the aggregate surface. However, it is believed that surface treatment will have a 

significant impact to the bonding between repair material and concrete substrate although, the calcium 

hydroxide is reduced at the interface but this required for further analysis. 

 

4. Conclusion 

As conclusion, previous researchers proved that geopolymer can be used as repair materials and bond 

strength between repair materials and substrate is important to meet the requirement and effectiveness 

of the repair works. Therefore, the recommendation is to study the possibility of using the geopolymer 

as a repair material for a long term durability. Since one of the most critical factors affecting excellent 

repair material is the bond strength between a repair material and an existing concrete, a 

comprehensive analysis and study is required to understand the reaction and bond mechanism between 

geopolymer and concrete substrate. 
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