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Abstract 
 

Worldwide, the environmentally repair materials with decreased carbon 

footprints were vital in the industry of construction. Slow deterioration related 

to concrete which contain large quantities of Portland cement was 

unavoidable, and requiring replacement or repair. A lot of repair materials 

involving resinous mortars, polymer modified cementitious mortar, 

cementitious mortars, and so on, were used for rectifying the issue. Also, 

cement free geopolymer mortar that is prepared from waste materials with 

elevated contents of alkaline activator solution and silicate aluminum emerge 

as prominent repair materials. In addition, geopolymer binders were required 

since it is generating approximately 70-80% less CO2 from ordinary Portland  

cement .  

 

Keywords: Geopolymer , Repair materials , Workability , Superplasticizer , 

Dry shrinkage 

 

        1 Introduction 
 

The major utilized construction binder materials in the world is cement. 

The production of cement is emitting large CO2 amounts and consuming  
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considerable energy amounts. One CO2 ton is released in atmosphere via 

producing one tom of PC. About 6% of all emissions are caused by the 

global cement industries. Also, it is assumed that finding an alternate material 

to PC is considered to be about to happen. A few studies indicated that the 

emissions of CO2 might be increasing by 50% in comparison to current 

scope. Thus, the effect of producing cement on environment is considered as 

one of the considerable challenges to the industries of concrete in future. 

Thus, there is a necessity in finding new mortar and concrete materials for 

replacing conventional Portland cement, that was environmentally 

demanding, however providing efficient material for building, thus the 

requirement for other binder materials is vital, such binder material is referred 

to as ''Geopolymer''. 

In 1978, Davidovits (French Professor) came up with the name 

―Geopolymer‖ for representing broad range of materials specified via 

inorganic molecules’ networks (Geo-polymer Institute 2010) [1,2&3]. Also, 

geo-polymers are depending upon thermally-activated natural types of 

materials such as the Metakaolinite or industrial through products such slag 

or fly ash for providing a source for Al and Si, such Si and Al were dissolved 

in an alkaline activating solution and after that they underwent 

polymerization to Molecular chains and producing a binder. 

In Curtin University, Australia, a Professor B.V. Rangan (2008) 

indicated that ―the process of polymerization includes considerably fast 

chemical reactions within alkaline conditions on Si-Al minerals which lead 

to 3-D polymeric chain as well as ring structures.‖[4]. Furthermore, the 

geopolymer’s ultimate structure is largely based on the Si to Al ratio (Si: Al), 

with materials that are majorly utilized in transportation infrastructures and 

generally have Si: Al in range of (2-3.5) [5&6]. 

Fly ash reaction with aqueous solution which contain NaOH and 

Na2SiO3 in their mass ratio, lead to a material with 3D polymeric chain as 

well as ring structure containing Si-O-Al-O bonds [7]. Figure 1 shows a 

schematic diagram related to geopolymer’s formation. 
 

 
 

Figure 1 Schematic diagram of Geopolymer  formation. [7] 
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2 Literature Survey 
 

The compressive strength related to geopolymer concrete as well as 

mortar was extremely high in comparison to OPC mortar and concrete, it 

shows extremely increased early strength, while the compressive strength 

regarding geo-polymer mortar and concrete was approximately 1.5 times 

more compared to that of compressive strength with OPC mortar and 

concrete, for comparable mix. Likewise, it shows excellent workability as of 

OPC mortar and concrete. Geopolymer mortar and concrete is vital in 

aggressive environment; it was indicated via Karacoc (2015) that the 

geopolymer concrete is offering advantages as a construction material within 

sulphate attack [8]. 

Geopolymer mortar and concrete has good resistance to the chemical 

attacks and showing potential in using aggressive environments in which the 

durability related to Portland cement concrete might be an issue. Particularly, 

this is appropriate in the aggressive environment with increased Co2 or 

sulphate- rich soils. Comparably, in high acidic conditions, the geo-polymer 

concrete is of a better acid resistance and might be adequate for applications 

like mining, a few industries of manufacturing and sewer systems. Currently, 

the commercial geo-polymer sewer pipes are majorly utilized. Present study 

at Curtin University of Technology examined the durability regarding precast 

box culverts that is produced from a geo-polymer concrete that has been 

subjected to extremely aggressive environments with wet dry cycling in the 

soils that are rich with sulphate. 

The bond properties that are related to reinforcing bar in the geo-polymer 

concrete were examined and specified for being better or similar to Portland 

cement concrete [9&10]. Also, the mechanical characteristics provided via 

geopolymer suggesting its applications in structural applications were useful. 

In short-term, there was major possibility to use geo-polymer concrete 

applications in bridges, like precast structural elements and decks, along with 

structural retrofits with the use of geopolymer fiber composites. Furthermore, 

the technology of geopolymers was developed in the precast applications 

because of its fairly simplicity to handle sensitive materials (for instance, high 

alkali activating solutions) and requirement for controlled high temperature 

curing environments needed for various present geopolymers, while other 

possible near term applications were precast pavers & slabs for bricks, 

paving, and pre-cast pipes. 

 

2.1 Geopolymer Mortars as Repair Materials 

        2.1.1 Alkali Activator Solution 
The majority of studies indicated that alkaline activator has been a mix of 

the NaOH in flakes with purity of 98% purity, and Na2SiO3. Typically,  
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Na2SiO3 solution has been specified via its SiO2 to Na2O weight ratio 

between 2 and 3.75, in which a value over 2.85 is signifying neutral solution 

[11]. 

A few studies utilized commercial K2O3Si solution with K2O of 15.8 

wt%, SiO2 of 24.2 wt% and H2O of 60 wt% (SiO2 to K2O of 2.4 molar 

ratio), K2O3Si flakes with purity of 85% purity and tap water [12] for 

preparing GPM. With regard to such mix, the solid was a powder form 

regarding the sources of the alumina-silicate with adequate proportions that 

are related to high reactive silica plus alumina, whereas the liquid was 

extremely concentrated solution of the alkaline. 

 

2.2 Fresh Geopolymer Mortar 
 

Currently, the GPM workability as repair materials has been studied. A 

study conducted by Husein etal [13], examined the impact of MK on setting 

time and workability of the GBFS-based GPM. Also, the setting time and 

workability of prepared GPM have been considerably improved via 

increasing the MK content in matrix. In addition, a study conducted by Phoo- 

ngernkham et al [14], have observed the impact of NaOH and CaO to silicate 

ratio on GPM workability. In the presented work, the molarity values is 

varying to 6M, 10M, as well as 14M. For a purpose of studying the effect of 

the ratio of the CaO to silicate, FA (class C) has been substituted via OPC 

with 0, 5, 10, as well as 15%. Increasing the molarity of NaOH might be 

increasing the initial and final setting time, the impact of content of calcium 

on setting time regarding GPM has been estimated. It is identified that 

increasing the OPC percentage replaced via FA result in a decrease of final 

and initial setting time regarding GPM. Adding steel slag might be 

accelerating the setting time and considerable enhancing the value of the 

compressive strength, that has been due to its latent hydraulic cementitious 

GPM’s character [15]. 

A study that has been conducted by Moura et al [16] examined the 

impacts of different superplasticizer contents (1%, 2%, and 3%) on GPM 

setting time, while alkali activated mortar with no superplasticizer shows a 

flow which is less than 50%. Yet, mortars with an increase in superplasticizer 

content showed improved flow. Also, the mortars which contain high 

Ca(OH)2 and low MK percentage showed high flow specified in Figure 2. 

MK high Blaine fineness need high liquid phase for excellent flow of 

solubility has been decreased at high NaOH concentrations. The maximum 

flow is accomplished for mortars with 10M NaOH concentration and 10% of 

Ca(OH)2 

 Using superplasticizer contents of 3% combined with the Ca(OH)2 

content of 10% improved      the mortar flow from below 50% to more than 

90% [17]. 

A study conducted by Ghasan F. et al [18], examined 2 tests like flow and 

setting time that has been achieved on fresh state mortars. Figures (3 & 4)  
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showing the impact of MK replaced GBFS on flow as well as setting 

time of GPM. Also, the mortar’s flow has been increasing the percentage 

regarding MK replaced GBFS, that is due to the difference in chemical 

reactions and physical characteristics of the mixtures. With the decrease in 

content of GBFS, the number of angular is decreased and allowed improving 

the flow ability which is related to mortar mix. Furthermore, calcium content 

is reduced with the increase in content of MK. The aluminum and silicate 

content are increased. More silicate content is significant for enhancing 

mortar’s flow ability. 

 
Figure 2  NaOH concentration dependent  flow variations of the superplasticizer 

for a variety of the      Ca(OH)2 content values [16]. 

 

 
 

Figure 3 Impacts of MK substituted GBFS on the GPM flow[18] 
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Figure 4 Impacts of MK substituted GBFS on GPM setting time[18] 

 

3 Hardened Geopolyer Mortar 
 

The concrete’s compressive strength was one of the vital physical 

properties, in which high early strength has been significant for repair 

materials. Also, other characteristics involve elasticity modulus, flexural 

strength and tensile strength were compressive strength dependent. 

Typically, GPM’s compressive strength is evaluated utilizing ASTM C-

109/C109M, while aspects affecting the strength of GPM were NaOH 

molarity, ratio of the binder to the aggregate, ratio of sodium silicate to 

sodium hydroxide, solution to binder ratio, silicate to sodium oxide and 

calcium content and ratio of the silicate to aluminum, the dependence 

regarding GPM strength on a few of such factors was indicated hereunder. A 

study conducted by Husein et al [19] enhanced GPM, in which GBFS has 

been replaced via metakaolin at 0, 5, 10 and 15% levels, while 

compressive strength that is related to resultant GPM following curing for 

28 days is improved from 42MPa to 63.1MPa with an increase in the content 

of MK up to 10 to 15%. The strength dropped with a reduction in curing 

temperature and calcium content. Low strength is indicated with 1.08 Ca to 

silicate ratio at a temperature of 90
o
C oven-curing conditions [20]. 

A study that has been carried out by Phoo- ngernkham et al. [21] 

estimated the impact of Ca ratio on GPM binding characteristic, in which FA 

(i.e. high content Ca) as well as OPC have been utilized. Also, the OPC is 

substituted with the FA with 0, 5, 10 and 15%. Increasing the content of 

calcium from 6M to 10M is increasing the compressive strength. Increasing 

the Ca content to high alkali (14M) improved the value of the compressive 

strength to 10% and after that decreased strength. 

Xueying Li et. Al[22]. Have shown that compressive strength of the 

mortar and paste with a variety of the ratio values of water-to-fly ash 

following the curing at 70
o
C for 24h had mean strength values for the mortar 

and paste are  
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81MPa and 41MPa, respectively. In addition to that, strength has been 

reduced with increasing the ratio of water-to-fly ash, a similar behaviour as 

can be observed from the Portland cement. The decrease in the compressive 

strength has been noticed in the case where more water has been added, as a 

result, pointing to the significance of the maintenance of a high concentration 

of the sodium hydroxide. As it has been stated earlier, sodium hydroxide 

concentration has been in excess of 15M, and a greater sodium hydroxide 

concentration has resulted in to a higher fly ash dissolution and therefore, 

increased the geo-polymerization level and as a result, the compressive 

strength as well[23]. 

Phoo-ngerkham et al [21] have researched GPM’s flexural strength that 

has been utilized as materials of repair. OPC and high content calcium 

materials (HFA) have been utilized with a variety of the alkali activator 

solution molarity. Fig5 shows the bending stress values of the PCC notched 

beams that have been filled by the RM or the GPM. The PCC notched 

beam’s bending stress has been higher with the high contents of the PC that 

has been ascribed to increased products of reaction with related 

enhancements in the bonding capacity and GPM strength. Which has resulted 

in the general enhancement in the PCC notched beam bending stresses. GPM 

(10%PC) filled notched beam with 14M of the NaOH has resulted in the 

production of the excellent bending stress (i.e. 3.10MPa), which represents 

approximately 85% enhancement from base line. A more sufficient 

performance has been accomplished at greater concentration mixes of the 

NaOH has been a result of interactions between the sodium hydroxide and 

the PCC substrate in zone of transition. That test has confirmed the PC 

incorporated GPM’s suitability as one of the substitute repair materials. 

Dai et al[24]. Have specified the effects of ratio of SiO2 to Na2O on 

GPM’s flexural strength, which has been utilized as a repair material. The 

GPM that has been prepared with higher molar ratio of the SiO2 to Na2O has 

exhibited lower value of the strength, in comparison with other ratio (Figure 

6)  

 
Figure 5 Bending stress of the PCC notched beam with the filled RM or GPM as the 

repairing material types [21]. 
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Figure 6 GPM flexural strength [24]. 

 

Hawa et al[25]. Have investigated the GPM dry shrinkage as repair 

materials, there have been 3 waste material types utilized as binder for the 

production of a variety of the mortar patches like the MK that is mixed with 

the OPA parawood ash. Those GPM have been under the exposure of 30 ± 

2
o
C under 70 ± 5% of the relative humidity for a long period of about thirty 

weeks. Fig. 7–10 illustrate the capacity  of the drying shrinkage of every 

sample. The control samples’ value of the drying shrinkage has been 

discerned to be lower compared to the ones with 10%, 20%, & 30% PWA 

(Fig7). The mean value of the size of the particle of the PWA that is larger 

than the MK has shown inverse correlation with the specific surface area. 

The reaction of the geo-polymer stayed incomplete following the heat 

curing at 80
o
C for 1h. Possibly the incapability of the evaporation of excess 

water due to the fact that the samples have been wrapped by the poly-vinyl 

sheets may be the reason. As soon as polyvinyl sheets have been carved off, 

the water has been evaporated from the pores, and that seemed easier for the 

large pores that correspond to the coarser particles. Thereby, PWA inclusion 

has played a role and resulted in the increase of the process of the drying 

shrinkage which is in relation to the control samples. The existence of the 

OPA has resulted in increasing drying shrinkage (Fig8). The control samples 

with 5, 10, or 15% OPA, have shown fast drying shrinkage throughout 1h - 

8h interval. MK-based geo-polymer that contains the OPA or the PWA has 

shown lower capacity of the drying shrinkage compared to that of the slag 

mortar with the sodium silicate, sodium carbonate and sodium hydroxide 

activator cases [26]. Fig 9&10 has shown illustrates the GPM drying 

shrinkage, which contains 10% OPA and 10% PWA with the heat curing at 

80
o
C for a 1, 2, or 4h duration. Each sample has shown similar behaviors 

according to the longer curing and decreased drying shrinkage. 
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Figure 7 Drying  shrinkages of the GPM that contains various PWA ratios that have 

been cured at 80
o
C for a 1h period [25]. 

 

 

Figure 8 Drying   shrinkage values of the GPM that contains various OPA ratios that 

have been cured at 80
o
C for 1h period [25]. 

 

 

Figure 9 Drying shrinkage values of the GPM that contains 10% of the PWA that 

has been cured at 80
o
C for different time [25]. 
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Figure 10 The drying shrinkage values of the GPM that contains 10% of the OPA 

that has been cured at 80
o
C for different time [25] 

 

4 Geopolymer Mortars Compatibility with Substrate 
Concrete 
 

The compatibility between the repair material and the substrate of 

concrete demanded some certain Requirements (Table1).The approach of 

patching the spalling concrete begins with the preparation of the surface of 

the concrete and ends up with the process of the curing [27]. 
 

Table 1 Compatibility between the substrate and repair materials [27] 

 

Property Correlation between the repair 

mortar (Rm) and the substrate of 

the concrete (Cs)) 

Compression, tension and 

flexure strength 

Rm ≥ Cs 

Modulus in tension, flexure and compression Rm ≈ Cs 

Thermal expansion coefficient Rm ≈ Cs 

Adhesion in the tension and in the shear Rm ≥ Cs 

Long term shrinkage and Curing Rm ≥ Cs 

Capacity of the Strain Rm ≥ Cs 

Creep 

 

 

Depends upon whether the 

creep results in desirable 

effects or otherwise 

Fatigue performance Rm ≥ Cs 

 

Roughening the concrete substrate surface is a factor that affects the 

efficiency of the repair material rather than cleaning that surface. The variety 

of the surface preparations types were researched for improving the bonding  
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between the repair material and the substrate. The strength of bonding between 

the concrete substrate and the repair material has been assessed with the use 

of the slant shear testing approach according to ASTM C-882 (Fig 11). 

The slant shear strength’s bond strength (S) has been computed through 

the division of the maximal load (P) by the area of the bond (A). The 

Concrete Repair Guide of the ACI has specified that the permitted bond 

strength for the repair work has to be ranging from 6.9MPa to 12MPa[28]. 

Rather than the value of the shear strength, the modes of the bond failure 

may be classified to a number of the types (Fig12). 
 

 
                             

   Figure 11 Diagram of slant shear test[28] 

 

 

 
                        

   Figure 12 Type of the Failure[28] 

 

In the area of the strengthening and rehabilitation of the strength of the 

bond between the repair material and the substrate, in general, presents a weak 

bonding [29]. The good bond is a highly significant requirement for the 

successful repairs. None-the-less, the concrete substrate surface preparation 

will courage and improve bonding [30]. 

Some of the researchers have stated that the sand blasting is the optimal 

method of the surface preparation. None-the-less, the sand-blasting has been a 

result of the effect of polishing. Different surface preparations like the wire-

brushing, grinding, drill holes, and so on. are performed by some of the 

researchers as can be seen from Table2. Bassam etal[31] have indicated that 

the low strength levels of the bond have been obtained with the surfaces of 

the substrate that have been treated with the use of this approach except the 

sand blasting. The chemical products have been utilized as well for 

increasing the roughness of the substrate surface. Pacheco etal[32] mentioned 

an approach of  
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acid etching that has been utilized for the preparation of the surface of the 

bond, however, careful washing is needed for ensuring CaCl2 removal that 

results from a reaction between the Ca(OH)2 and HCl. 
 

 
Phoongenkham et al[33]. Have characterized the alkali solution type impacts 

on FA-GBFS geo- polymer morphology. The images of the SEM (Fig13) 

illustrate the GPP fractured surfaces. In general, FA pastes have shown 

slightly loose matrix. FA pastes that have NS and NH have shown lower 

density and looseness matrix whereas FA pastes with the NHNS has shown a 

higher amounts of the partially- and/or non-reacted particles of the FA that 

have been embedded in continuous matrix. FA pastes with the NHNS 

seemed rather denser compared to the ones of NS and NH. Which  has 

coincided with the preceding observation, indicating the fact that using the 

NH in a conjunction with the NS may result in the acceleration of the process 

of the geo-polymerization [34]. The noticeable difference has been observed 

with FA+GBFS mixture in comparison with that of the FA pastes. The micro-

graph has shown a smaller amount of the non-reacted particles of FA and 

matrices seemed of a higher density compared to the ones of the FA paste. 

At the ambient temperatures, the FA has reacted at rather slower rates, while 

the curing temperature has been required for the acceleration of the 

development strength [35&36]. An increase in the content of the GBFS may 

result in the enhancement of the rate of reaction. In addition to that, the 

GBFS reaction with the alkali solution being an exothermal procedure has 

released a high amount of the heat and resulted in forming additional CASH 

and CSH. Which has resulted in overall development of the strength 

[37&38]. 
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GBFS+FA paste with the NHNS seemed to be of a higher density compared 

to the one with the NS and NH. The activations with the solution of NHNS 

has been discovered to be enhancing the FA- GBFS GPP geo-polymerization 

compared to the one with the single activator as it has been stated [39]. 

Rather higher strength value (114.5MPa) at 28-day has been accomplished 

for the GBFS + FA mixture with the NHNS. 

For GBFS mixture, the matrix seemed to have higher density and 

homogeneity compared to the pastes with 0% and 50% GBFS. As it has been 

stated earlier, additional CSH from GBFS and alkali solution reaction has 

been produced[40] . that additional CSH has resulted in modifying the 

paste’s micro-structure. Moreover, the mixtures that have sodium silicate, in 

other words, the pastes that have NHNS (Fig.13f) and NS (Figure 13i) 

seemed denser compared to a mixture with the NH (Figure 13c). The 

existence of the silicate in system, has resulted in promoting the reaction 

between the silicate and the calcium, allowing the formations of the products 

of the calcium silicate. 

SEM images[41] have shown the existence of the fractured interfaces 

between the substrate of the PCC and RM or GPM (Fig14). The fractured 

surface of the mortar that has lower concentration of the NaOH and without 

the PC (6 M0PC) (Fig.14a) has shown relatively plane surface of the fracture 

between PCC substrate and the GPM, which has indicated the clean 

separation of both surfaces in addition to the weak bonding. Which has 

resulted in attaining the weak bending stress as well as the shear strength of 

the bond of the mixture that has little NaOH and with no mortar of the PC (6 

M0PC). The fractured interfacial area of mixture with the high NaOH and PC 

mortar (10 M10PC) (Fig. 14b) has shown the bonding surface intactness. The 

insignificant gap observation between the two bonding surfaces has been a 

result of the passage of the cracks through the substrate of the PCC and the 

interface of the GPM. The 14 M10PC mixture (Fig.14c) has shown a 

considerably rugged or irregular fractured surface without visible surface of 

the plane fracture that indicated sufficient bonding between both surfaces. 

Those findings have confirmed an increased level of the shear bond strength 

and the bending stress at the high PC mortar content and NaOH content. 

Fig14 (d & e) have shown the related monolithic mode of failure. 

An increase in the bonding was stated as well by Pacheco-Torgal 

etal.[42]. Shi et al [43] have characterized the occurrence of the high ratio of 

the tensile strength that indicated more sufficient bonding of the alkali 

activated binder compared to the bonding of the traditional PC. In addition to 

that, it has been rather plausible that using the recycled concrete has resulted 

in the improvement of cementing characteristic of the residual paste by the 

activation of the alkali as well as the addition of the calcium hydroxide [44]. 

The geo-polymer being rich with the ions of Si4+ & Al3+ may be 

reacting with the Ca(OH)2 at PCC substrate surface, which results in  



 
 

 

 

 

 

 

 

2503 Samer Hamid Malik et al 

 

increasing the development of the strength at the zone of the contact. In 

addition to that, an increased Ca2+ ion has resulted in the balancing of 

negative charge of the Al3+ ions that has resulted in an enhancement of 

reactive products at the zone of the interface transition between the substrate 

of the PCC and the geo-polymer matrix. Which has resulted in a dense zone 

of the interface and imparted the high strength to the geo-polymer. For a 

prism with the RM-1 (high strengths of bending and high shear bond), the 

SEM images (Fig. 14d) have shown that the surface of the bonding has been 

quite dense with a small gap only. For a prism that has RM-2 (i.e. high 

bending strengths and shear bond) (Fig. 14e), a considerable gap has been 

discovered at interface that demonstrates a slightly lower bonding. Which has 

supported the observed mode of failure, in which the cracks have been 

produced in RM and interface whereas the substrate of the PCC has stayed 

rather unharmed. For a prism that has RM-4 (i.e. high bending strengths and 

shear bond), the results of the SEM (Fig.14f) have shown only a limited gap 

at interface. The results of the SEM of RM-1 and RM-4 have shown better 

repair material bonding and strength and well matched with monolithic mode 

of failures. 

 

 
 

       Figure 13 SEM images of various GPP [33]. 

 

Phoo-ngernkham et al[41] have assessed the slant shear prisms’ patterns 

of failure (Fig.15 & 16) and characterized 2 patterns of the failure. The first 

pattern has been in the GPM where cracks have been produced in interface, 

whereas the substrate of the PCC has stayed rather unharmed (Fig15). Which 

has happened at low concentration of the NaOH without PC and low content 

of the PC (6M0-PC and 6M5-PC mixtures) GPM. For other mixtures with 

rather high strength levels, the high NaOH and PC like the 10M10-PC and  
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14M10-PC mixtures, the slant shear bond prisms have been unsuccessful in 

monolithic modes. 
 

 
 

Figure 14 SEM  of interface zone between the substrate of the PCC and RM or GPM 

[41]. 

 

The cracks have been produced in GPM as well as the PCC substrate 

sections. Which has evidently shown that the GPM’ has higher resistances to 

the cracking and higher bonding between both surfaces. Which is why, the 

cracks which have gone through slant plane have yielded in the monolithic 

failure type. Two failure mode types have been observed for RM. In the 

first one, cracks have been produced in RM and interface whereas the 

substrate of the PCC had stayed rather undamaged. Those have been 

noticed for a prisms that has RM-2, RM-3 and RM-5 as can be seen from 

Fig16. Results have been coinciding with low shear bond strength values of 

prisms with RM-2, RM-3 and RM-5. For prisms that have RM-1 and RM-4, 

failures have happened in monolithic mode as can be seen from Fig16 (a&d). 

Rather high resistances to the RM-1 and RM-4 cracking and high 

bonding between both surfaces has been indicated once more. Those results 

have been matching with the high shear bond strength values of prisms that have 

RM-1 and RM-4 (Fig. 5). 
 

 

Figure 15 Fracture surface between the GPM and the PCC substrate [41]. 
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Figure 16 Fractured  surface between RM and the substrate of the PCC [41]. 

 

5 Durabilityof Geopolymers Mortar with Substrate Concrete 
 

Based on Nuaklong, et al [45], the geo-polymer that has been made from 

the high Ca fly ash has shown low depth of the penetration of the chloride 

and high resistance of the Sulfuric acid.  

Khankhaje, et al[46] have investigated the POFA based mortar that has 

shown adequate durability in the lab. 

Ariffin et al[47] and Bhutta etal[48] have researched the BAG (i.e. the 

blended ash geo-polymer) concrete through the incorporation of the POFA 

and PFA with the activators of the alkaline; the medium have been 5% of the 

sodium sulfate solution and 2% of sulfuric acid solution, cured for 18 months. 

They have stated that the GPC has shown greater resistance to the acids, 

compared with the OPC concrete as a result of the complete cement 

elimination from the mix, following 18 mons. of the exposure to 2.0% 

H2SO4 solution, the GPC that contains PFA and POFA experienced an 8% 

loss of the mass that has been considerably lower compared to the mass loss 

of OPC concrete (20%). 

In addition to that, the GPC has shown a 35% compressive strength loss, 

while the OPC concrete had lost 68% of the strength after 18 mons. Bhutta 

etal[49] have stated an insignificant damage to GPC surface following the 

exposure to 5% of the solution of the sodium sulfate for 1 year. 

Hussin et al[50] have evaluated the impact of the high temperature 

values on characteristics of the GPC that contains PFA and POFA. They 

have noticed that the GPC has gotten a more sufficient structural stability 

compared to OPC concrete following the exposure to 800
o
C. The surface 

cracks have emerged at the temperature range from 600
o
C to 800

o
C for the 

GPC, however, the OPC concrete had developed cracks at considerably 

lower value of the temperatures (i.e. 200
o
C). Bakarev [51&52] has shown 

that the GPC had quite good acid and sulphate resistance. Rajamani etal [53] 

have researched the penetrability of the chloride ion of the CC and GPC and 

have stated the fact that the GPC as well as the CC have low penetrability to 

the ion of the chloride. 
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  Sathia et al[54] investigated the properties of the absorption and 

resistance of the GPC to the acid attacks and have discovered more sufficient 

properties of the durability. Ganesan etal[55] have stated the geo-polymer 

characteristics, like effective porosity, water absorption, and sorptivity. The 

GPC sorptivity has been discovered to be lower compared to that of the CC; 

the GPC specimen Abrasion resistance has been greater compared to the ones 

of the CC. The average GPC specimen wears have been 27.50% lower 

compared to that of the CC specimens. The average SFRGPC specimen wear 

has been approximately 65% lower compared to that of the CC specimens. 

The Specimens of the GPC have shown very good resistance to the sulphate 

and acid attacks and have suffered <2.0% loss of the weight in the case of 

being exposed to 3% of the H2SO4 solution for a six month period. the 

corresponding loss of the weight for the CC specimens has been 27%. 

The CC as well as the GPC specimens have suffered <1% loss of the 

weight in the case of being subjected to the sulphate attacks. Mathew, 

etal[56] have stated that the geo-polymer is a sustainable material of the 

construction. Actually, sodium silicate (49%) and sodium hydroxide (39%) 

together have played a major role in the embodied GPC energy. In addition 

to that, in the OPC cement it has played a role in about 94% of total 

embodied energy. 

 

6 Conclusions 
 

1- The GPM is a clean product that has been obtained from the recycled 

industrial waste as a greener material of construction. 

2- The geopolymer concrete and mortar are of a sufficient workability as of 

OPC Concrete and mortar. 3- A number of the notable geo-polymer 

characteristics, which include cost-effectiveness, decreased pollution, 

durability of high performance in the aggressive environments, and eco-

friendliness, have made them potential materials in the industry of the 

constructions. 

4- The GPM that contains high Ca as additive have been a proper substitute 

for the repair materials. 

5- Compressive Geo-polymer concrete and mortar strength is quite high in 

comparison with the OPC Concrete and mortar. 

6- The geo-polymer displays a high possibility for developed and 

improvement as one of the excellent materials of the repair. 

7- The improvement in GPP micro-structure and compressive strength as a 

result of increasing the content of the GBFS results from the formations of 

the extra C-S-H. 

8- Using NHNS and NH solutions has yielded in the crystalline C-S-H and 

the amorphous gel, while using the solution of the NS has mainly produced 

the amorphous products. 

9- Continuous investigations that are associated with to use of the geo-

polymer is necessary for the inclusion in the rehabilitation of the concrete  
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infrastructure. 

10- Steel slag is nearly entirely absorbed for playing a role in alkali-activated 

reaction and become immobilized to amorphous alumino-silicate geo-

polymer matrix using the SEM. 

11- The materials geo-polymeric repair are of better properties of the repair 

compared to the cement- based materials of the repair. 

12- The flexural and compressive strengths increase with an increase in the 

concentration of the sodium hydroxide. 

13- The workability of Mortars may be decreased through the increase the 

concentration of the NaOH and in addition to that, with a high MK and 

NaOH replacement. 

14- Productions of the substances which is comparable superior to the 

conventional cements with respect to the majority of the characteristics are 

vital. 

15- Geo-polymer mortar has shown higher durability compared to the 

commercial materials of the to the acid sulphate attacks. 
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