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Abstract. This study evaluates the corrosion durability performance of 

sustainable patch repair mortars using a geopolymer binder derived from fly 

ash (FA) and bagasse ash (BA). Aimed at reducing environmental impact 

and supporting the circular economy, the research investigates how varying 

FA-BA precursor ratios affect the corrosion resistance of reinforced concrete 

repair materials. Mortar cubes (15×15×15 cm) were prepared with two 

embedded steel bars at 3 cm and 5 cm cover depths. Six binder combinations 

were tested: 100% FA; 90% FA + 10% BA; 80% FA + 20% BA; 70% FA + 

30% BA; 60% FA + 40% BA; and 50% FA + 50% BA. Each was evaluated 

in triplicate under three environmental exposure conditions: dry, wet, and 

cyclic dry–wet. Corrosion activity was monitored over three months using 

half-cell potential measurements in accordance with ASTM C876. The 

results show that the 80% FA + 20% BA mixture provided the best corrosion 

resistance, indicated by the highest and most stable potential values across 

all exposures. This enhancement is attributed to the amorphous silica content 

in BA, which promotes the formation of a dense and chemically stable N-A-

S-H (sodium aluminosilicate hydrate) gel matrix. The resulting 

microstructure likely improves impermeability and protects embedded steel 

by strengthening the passive layer. These findings demonstrate the 

effectiveness of FA-BA-based geopolymers as durable, low-carbon patch 

repair materials. The work supports the United Nations Sustainable 

Development Goals (SDGs), particularly Goals 9 (Industry), 11 (Sustainable 

Cities), 12 (Responsible Production), and 13 (Climate Action).  

1 Introduction 

Corrosion-induced degradation of reinforced concrete is a major factor contributing to the 

premature failure of infrastructure worldwide. Effective and durable patch repair is essential 

to restore structural performance and extend service life [1]. However, most conventional 

patch repair materials are based on Ordinary Portland Cement (OPC), which is not only 

susceptible to shrinkage and durability issues in aggressive environments, but also poses a 
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significant environmental burden [2,3]. The OPC manufacturing process accounts for 

approximately 8% of global CO₂ emissions, primarily due to the calcination of limestone and 

the high energy demand during production [4,5]. Consequently, there is an urgent need to 

shift toward sustainable alternatives that minimize environmental impact while meeting 

structural performance criteria [6].  

Geopolymers aluminosilicate binders activated by alkaline solutions have emerged as a 

promising low-carbon alternative to OPC-based systems. Among the most accessible 

precursors for geopolymer production are fly ash (FA), a byproduct of coal combustion, and 

bagasse ash (BA), a waste material from the sugar industry [7,8]. FA is well-known for its 

high pozzolanic activity and has been widely studied in geopolymer concrete with favorable 

results in mechanical strength and chemical resistance. BA, rich in amorphous silica, offers 

potential as a complementary precursor that enhances the formation of dense N-A-S-H 

(sodium aluminosilicate hydrate) gels, which contribute to durability, especially in corrosive 

environments [9,10]. 

Several previous studies have demonstrated the benefits of using hybrid FA-BA mixtures 

in geopolymer mortars [11,12]. For example, partial replacement of FA with BA in the range 

of 10–30% has been shown to improve microstructure, early-age strength, and sulfate 

resistance. However, research specifically targeting corrosion durability performance of such 

combinations in patch repair applications remains limited. 

This study investigates the corrosion behavior of geopolymer mortars made with varying 

FA-BA precursor ratios used as patch repair materials for reinforced concrete [13]. 

Specimens with different steel cover thicknesses were subjected to dry, wet, and cyclic dry–

wet exposure conditions. Corrosion performance was monitored through periodic half-cell 

potential measurements over a three-month period. 

The findings contribute directly to the United Nations Sustainable Development Goals 

(SDGs), particularly SDG 9 (Industry, Innovation and Infrastructure), SDG 11 (Sustainable 

Cities and Communities), SDG 12 (Responsible Consumption and Production), and SDG 13 

(Climate Action). By promoting the shift from carbon-intensive OPC to eco-friendly 

geopolymer alternatives based on industrial and agricultural waste, this research supports the 

transition to more sustainable and resilient construction practices. 

2 Material and methods 

The primary binder materials used in this study were Class F fly ash (FA), obtained from a 

local coal-fired power plant, and bagasse ash (BA), collected from a sugarcane industry. Both 

ashes were sieved through a 75 µm sieve before use. The alkaline activator solution consisted 

of sodium hydroxide (NaOH) with a concentration of 10 M and sodium silicate (Na₂SiO₃) 
solution with a SiO₂/Na₂O ratio of 2.5. River sand with a fineness modulus of 2.4 was used 

as the fine aggregate. The geopolymer mortar mix design was based on a fixed binder-to-

sand ratio of 1:2.75 and an activator-to-binder (A/B) ratio of 0.50. The sodium silicate to 

sodium hydroxide ratio was maintained at 2.5 by mass. Six variations of the FA–BA 

precursor ratios were prepared as follows: 

Table 1. Mix Proportions of FA–BA Geopolymer Mortars. 

Mix Code Fly Ash (%) Bagasse Ash (%) 

FA100 100 0 

FA90BA10 90 10 

FA80BA20 80 20 

FA70BA30 70 30 

FA60BA40 60 40 

FA50BA50 50 50 
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Each geopolymer mortar mixture was cast into 150 mm × 150 mm × 150 mm cubic molds. 

Two deformed reinforcing steel bars (12 mm diameter, 150 mm length) were embedded 

longitudinally in each specimen at cover depths of 3 cm and 5 cm. After 24 hours, specimens 

were demolded and cured at ambient temperature (28 ± 2°C) for 7 days prior to exposure 

testing. 

After curing, the specimens were divided into three environmental exposure conditions 

to simulate field scenarios:  

- Dry condition: stored in a ventilated indoor environment (relative humidity ~60%). 

- Wet condition: continuously immersed in tap water. 

- Dry–wet cycles: alternated between 3 days dry and 4 days wet each week. 

Corrosion activity of the embedded steel reinforcement was evaluated using half-cell 

potential measurements with a silver/silver chloride (Ag/AgCl) reference electrode, in 

accordance with ASTM C876 [14]. Measurements were conducted weekly over a period of 

12 weeks. Each FA–BA mortar composition was tested in triplicate for each exposure 

condition, and average values were used for analysis. 

3 Result and discussions 

The compressive strength of each geopolymer mortar mix was tested at 28 days to evaluate 

mechanical performance. The results are presented in Table 1. Among the six mixtures, the 

FA80BA20 mix exhibited the highest compressive strength of 42.3 MPa, followed by 

FA90BA10 and FA100 at 41.5 MPa and 40.1 MPa, respectively. The improvement in 

strength observed in the FA80BA20 mix can be attributed to the presence of amorphous silica 

in bagasse ash (BA), which enhances the geopolymerization process and strengthens the N-

A-S-H gel matrix. 

Table 2. Compressive Strength of FA–BA Geopolymer Mortars (28 Days). 

Mix Code FA (%) BA (%) Compressive Strength 

(MPa) 

FA100 100 0 40.1 

FA90BA10 90 10 41.5 

FA80BA20 80 20 42.3 

FA70BA30 70 30 38.7 

FA60BA40 60 40 35.2 

FA50BA50 50 50 31.4 

 

However, as the BA content increased beyond 30%, a gradual decline in strength was 

observed. The FA50BA50 mix showed the lowest compressive strength at 31.4 MPa, likely 

due to a dilution of reactive alumina and increased presence of unreactive components in BA, 

leading to weaker bonding and higher porosity [15]. 

Half-cell potential measurements were taken using a silver/silver chloride (Ag/AgCl) 

reference electrode in accordance with ASTM C876. Measurements were conducted at 4, 8, 

and 12 weeks under three exposure regimes: dry, wet, and dry–wet cycles. Interpretation 

thresholds were adjusted for the Ag/AgCl reference system, where values: 

 

- > –200 mV: low corrosion probability 

- –200 to –350 mV: uncertain/moderate risk 

- < –350 mV: high corrosion risk 
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Table 3. Half-Cell Potential (mV vs Ag/AgCl) – Dry Exposure Condition. 

Mix Code 4 Weeks 8 Weeks 12 Weeks 

FA100 –200 –230 –250 

FA90BA10 –190 –210 –240 

FA80BA20 –140 –160 –180 

FA70BA30 –230 –260 –310 

FA60BA40 –260 –290 –340 

FA50BA50 –300 –330 –360 

 

Table 4. Half-Cell Potential (mV vs Ag/AgCl) – Wet Immersion Condition. 

Mix Code 4 Weeks 8 Weeks 12 Weeks 

FA100 –240 –280 –310 

FA90BA10 –210 –250 –290 

FA80BA20 –160 –180 –190 

FA70BA30 –270 –310 –340 

FA60BA40 –310 –360 –390 

FA50BA50 –350 –390 –420 

 

Table 5. Half-Cell Potential (mV vs Ag/AgCl) – Dry–Wet Cyclic Exposure. 

Mix Code 4 Weeks 8 Weeks 12 Weeks 

FA100 –230 –270 –320 

FA90BA10 –210 –240 –280 

FA80BA20 –150 –180 –200 

FA70BA30 –270 –310 –360 

FA60BA40 –320 –370 –410 

FA50BA50 –360 –400 –450 

4 Conclusion 

The FA80BA20 mixture exhibited the highest compressive strength and the most stable 

corrosion potential across all exposure conditions, highlighting its superior mechanical and 

durability performance. As the proportion of bagasse ash (BA) increased beyond 30%, 

corrosion activity also increased significantly. This trend was closely associated with a 

reduction in compressive strength and a rise in matrix porosity, which compromised the 

protective properties of the geopolymer mortar. Half-cell potential measurements, conducted 

using Ag/AgCl reference electrodes, consistently demonstrated that the FA80BA20 mix was 

the most effective in maintaining the passivity of the embedded steel reinforcement, even 

under aggressive environmental exposures. These findings confirm that FA–BA geopolymer 

mortars, particularly at the 80:20 ratio, offer a sustainable and high-performance alternative 

for concrete patch repairs. Moreover, the use of industrial and agricultural waste as precursor 

materials supports global efforts toward climate action, responsible resource utilization, and 

infrastructure resilience, aligning with the objectives of several United Nations Sustainable 

Development Goals (SDGs). 
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