


Can acidic products be used to reduce or negate the effects of high salt content products when used as additives within concrete?
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[bookmark: _Toc194692824]Abstract
I have decided to propose the following question: “Can acidic products be used to reduce or negate the effects of high-salt-content products?”. Getting an answer to this question will potentially have great strides in helping the construction industry be more conscious of water usage and hopefully provide a solution to the vast amount of drinking water that we use within the construction industry. This concept is using the basic of when food is too salty you would add an acidic product such as (lemon juice) to remove that sharp salty taste. 

[bookmark: _Toc194692825]Introduction 
This research builds upon existing studies but introduces a novel approach by examining the effects of using salt water in concrete mixtures rather than fresh water. A foundational study in this field demonstrated that incorporating 1.5% lemon juice into a concrete mix resulted in a slight increase in both compressive strength and malleability. While that study primarily focused on the impact of a single acidic additive, this research expands upon the concept by analysing how various acidic products with differing pH levels influence concrete performance. By doing so, it aims to offer a more comprehensive understanding of how alternative substances interact with cementitious materials, particularly in environments where fresh water is scarce or impractical for use.
The study seeks to address several critical questions related to the mechanical and chemical behaviour of concrete under these modified conditions. First, it will evaluate the impact of acidic additives on the compressive strength of concrete, determining whether these substances enhance or compromise structural integrity. Additionally, the research will investigate the effectiveness of these additives in mitigating sulphur attacks, which can lead to long-term material degradation. Another key focus will be assessing how well the modified concrete maintains its structural properties after a standard 28-day curing period when exposed to different concentrations of acidic solutions. Furthermore, the study will explore whether increasing pH levels through a combination of acidic products enhances salt reduction, thereby improving the overall durability of the concrete.
Beyond its technical implications, this research has the potential to provide a sustainable solution to the overuse of potable water in the construction industry. With freshwater resources becoming increasingly strained, identifying viable alternatives for construction processes is imperative. By systematically analysing the effects of acidic additives in saltwater-based concrete, this study aims to contribute valuable knowledge to the field of sustainable engineering. The findings may offer practical recommendations for optimizing concrete mixtures in marine or arid environments, ultimately promoting more efficient and environmentally responsible building practices.
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(Natnael Alem Haile, 2024)
This study looks into the environmental impact of chemical admixtures commonly used in cement and concrete production specifically their contribution to carbon emissions. It also explores the potential of lemon juice as a locally available, eco-friendly bio-admixture that can enhance concrete properties while cutting down on pollution and cost. The research compares the influence of lemon juice on concrete’s workability, setting time, and compressive strength with a commercial water-reducing and retarding admixture, Plastiment BV40.
Admixtures play an important role in concrete by improving performance and reducing production costs. However, in Ethiopia, particularly in smaller towns and remote areas, their availability is limited due to high import costs. In addition, synthetic chemical admixtures are not only expensive but also environmentally harmful and time-consuming to produce. These challenges have led researchers to look into plant-based alternatives bio-admixtures like sugar cane juice, cypress, pine, eucalyptus, and water hyacinth which have all shown promising results. Still, lemon juice has never been studied in this context, making it a fresh and unexplored option.
The main goal of this study is to evaluate how lemon juice affects concrete’s workability, setting time, and compressive strength, and to compare its performance with that of a commonly used commercial admixture.
Ordinary Portland cement from Messebo Cement Factory was used along with river sand and coarse aggregates. The lemon juice was freshly extracted from lemons bought in Mekelle. Its chemical properties, including pH and citric acid content were analysed to better understand its behavior in concrete. The concrete mix was designed based on ACI 211.4R-08 standards, and lemon juice was added in different dosages (0.5%, 1%, 1.5%, 2%, 3&, and 5%) by partially replacing the mixing water. Plastiment BV40 was tested at the same dosages for direct comparison.
Three main tests were carried out. First, setting time was measured using Vicat needles according to ASTM C 191. Second, the slump test was performed to evaluate workability, following ASTM C 143. Lastly, concrete cubes (150 mm × 150 mm × 150 mm) were cast and tested for compressive strength at 3 and 28 days, in accordance with ASTM C 192.
The results showed that lemon juice acts as a retarder, delaying the setting of concrete. As the dosage increased, so did the setting time with the maximum delay observed at 2%, where the setting time was extended by 410 minutes compared to the control mix. In contrast, Plastiment BV40 reached a maximum delay of only 260 minutes at the same dosage. That means lemon juice was about 57.7% more effective at delaying the setting time. However, at 5%, the high citric acid concentration had the opposite effect it actually sped up the setting process by disrupting hydration.
In terms of workability, slump test results showed that lemon juice significantly increased concrete flow. Higher dosages led to greater slump values, peaking at 5%, where the slump was 716.7% higher than the control mix. Plastiment BV40 also improved workability, but at 5%, it produced a slump 22.1% lower than lemon juice. The increased workability from lemon juice is credited to the citric acid, which acts as a plasticizer by dispersing cement particles and reducing the water demand. The natural slipperiness of lemon juice also helps enhance the flow of the mix.
Compressive strength results were more nuanced. At lower dosages, lemon juice improved strength. Specifically, a 1.5% dosage resulted in a 5.2% (1.44 MPa) strength increase at 28 days compared to the control mix. But at higher dosages (2% and above), the acid content started interfering with cement hydration, leading to a drop in strength. At 5%, the concrete failed entirely, showing that too much lemon juice weakens the mix. Plastiment BV40 showed a similar pattern it improved strength at low dosages (0.5% and 1%) but had a negative impact at 1.5% and higher. The common factor was acidity, which when too high, compromised the strength of the cement matrix.
From a cost and practicality standpoint, lemon juice proved to be a more affordable and sustainable alternative to commercial admixtures. Being locally sourced, it reduces dependency on imported products, which helps save costs and conserves foreign currency. On top of that, its use lowers the environmental footprint by cutting back on synthetic chemical production.
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(Pandey, 2020)
This study looks into how concrete behaves when exposed to acidic environments and accelerated carbonation curing (ACC), especially when it's mixed with rice straw ash (RSA) and micro silica (MS). The main goal was to see how these additions affect the concrete’s durability and strength when put through harsh conditions, like acid attacks and carbonation.
To start, concrete samples were cured in water for either 28 or 365 days, then soaked in hydrochloric acid (HCl) and sulfuric acid (H₂SO₄) for another 30 days, each at a 2.5 percent concentration. Both the loss in mass and compressive strength were measured. Among the mixes, the one with 10 percent RSA and 5 percent MS (labelled R2M3) came out on top. After 28 days of curing, this mix only lost 3.69 percent strength and 2.19 percent mass in HCl, and performed even better in H₂SO₄, with just 1.81 percent strength loss and 1.27 percent mass loss. Overall, HCl was the more aggressive of the two, causing more noticeable deterioration.
The process of acid attack in concrete happens in stages. First, the acid reacts with calcium hydroxide (Ca (OH)₂) in the cement paste. Once that’s depleted, it starts breaking down the calcium silicate hydrate (C–S–H), which is essential for strength. HCl tends to form calcium chloride (CaCl₂), which is highly soluble and increases porosity, making the concrete weaker. Sulfuric acid, on the other hand, produces gypsum and ettringite. These don’t dissolve the concrete outright but cause internal swelling and cracking.
Aggregate type also plays a part in how concrete stands up to acid. Calcareous aggregates like limestone can react with acid, helping neutralize it gradually, while siliceous aggregates like granite don’t react, which means the cement paste gets attacked first, and the loose aggregate can start falling out.
The study also tested how these mixes responded to carbonation. Samples were cured in water for 14 days, then exposed to ACC for another 14, and compared with samples cured in water for the full 28 days. R2M3 again showed the best performance, with the highest strength gain and the deepest carbonation depth (17 mm), indicating more CO₂ penetration, which isn’t necessarily bad if the concrete can handle it.
One interesting finding was how important the water cement ratio is during carbonation. Too much water limits CO₂ penetration, while too little water prevents the chemical reactions from happening properly. The sweet spot seems to be a ratio between 0.36 and 0.43.
Adding RSA and MS clearly helpe improve acid and carbonation resistance. These pozzolanic materials reduce the amount of calcium hydroxide and refine the internal structure of the concrete. While micro silica is already known for boosting durability, RSA stands out as a sustainable alternative made from agricultural waste. This study is one of the first to look closely at how RSA performs in these kinds of aggressive conditions.
To sum it up, the mix with 10 percent RSA and 5 percent MS gave the best results under both acid exposure and ACC. HCl turned out to be more damaging than sulfuric acid, while carbonation helped with strength but made the concrete more porous. Getting the water–cement ratio right was also key. Overall, the use of RSA and MS seems like a solid step toward more durable and eco-friendly concrete.
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(Joanna J. Sokołowska, 2013)
This study explores how different types of concrete respond when exposed to hydrochloric acid (HCl), with a particular focus on how mass and mechanical strength change under these harsh conditions. The motivation behind the research lies in the ongoing need to better protect concrete structures from chemical damage, especially in places where acids and other aggressive agents are common. Since there are no standard acid resistance tests defined in European or Polish guidelines, a custom testing approach was developed at DBME to evaluate how different cement blends perform under acid exposure.
Five types of concrete were analysed, each made with a different type of mineral binder. These included CEM I 32.5 R (a standard Portland cement with high early strength), CEM II/B-M (V-LL) 32.5 R (a blend that includes fly ash and limestone), CEM III/A 32.5 N LH/HSR/NA (a blast furnace cement designed for low heat hydration and sulfate resistance), CEM IV/B (V) 32.5 R (a pozzolanic cement containing siliceous fly ash), and a 50/50 mix of CEM I and siliceous fly ash. All concrete mixes were prepared to meet the XA3 chemical exposure class as defined by EN 206-1. Since no widely accepted acid resistance test was available, the researchers designed their own. Concrete samples were cured for 28 days, then dried and immersed in HCl solutions at concentrations of 2.5%, 5%, and 7.5% for varying durations: 1 hour, 6 hours, 24 hours, and 48 hours. The impact was measured based on how much mass was lost and how much the strength of the concrete dropped compared to control samples kept in normal conditions.
The results made it clear that the type of cement used had a major influence on acid resistance. When it came to mass loss, the worst-performing mix was the one using CEM III/A blast furnace cement, with a loss of 7.7%. Even though this type of cement is known for its sulphate resistance, the problem here was likely due to its slow strength development after just 28 days of curing, the microstructure was still relatively porous, making it more vulnerable to acid. The concrete made with CEM II/B-M (V-LL) also suffered, most likely because the limestone in the mix reacted with the acid and was leached out. On the other hand, the concrete with pure Portland cement (CEM I) and the CEM I-fly ash blend had the lowest mass loss, around 6.2%. The fly ash likely helped refine the concrete’s internal structure and reduce the amount of calcium hydroxide, which is one of the main targets of acid attack.
Flexural strength tests followed a similar pattern. After 48 hours in 7.5% HCl, all mixes showed noticeable reductions, but again, the concrete with the blast furnace cement was hit the hardest, losing around 41% of its strength. The best performer here was the Portland cement and fly ash blend, which saw a reduction of less than 25%, highlighting once again how beneficial fly ash can be in improving acid resistance.
When it came to compressive strength, the trends were consistent. Despite starting with the highest initial strength of 72.53 MPa, the concrete made with CEM III/A still saw major deterioration under acid exposure. The most severe reduction about 67.2% was observed in the concrete made with CEM II/B-M (V-LL), likely due to the vulnerability of limestone in acidic conditions. The mixes using CEM I, CEM IV/B (V), and the Portland-fly ash blend all had similar compressive strength reductions of around 54.6%. Interestingly, while the blast furnace cement mix had the worst mass loss, it showed the smallest relative reduction in compressive strength, which suggests that acid resistance is a complex issue influenced by more than just one factor.
Overall, the research highlighted how the choice of cement strongly affects how concrete behaves in acidic environments. Mixes with standard Portland cement and siliceous fly ash had the best overall resistance, showing the least damage in terms of both weight and strength. The blast furnace cement, while useful in sulphate-rich environments, didn’t perform well here due to its slower development. The limestone in CEM II/B-M clearly weakened the mix’s resistance, making it the least suitable for acid exposure. The study also suggests that extending curing times especially for cements like CEM II and CEM III could help improve performance, since these types continue to strengthen over longer periods. Pozzolanic reactions from materials like fly ash don’t peak within 28 days, so longer curing could help densify the concrete and make it less permeable.
Another key takeaway was that adding siliceous fly ash improves durability. It limits the presence of calcium hydroxide, which is highly reactive with acids, and overall reduces the risk of leaching and degradation. This makes high-volume fly ash concrete (HVFAC) a strong candidate for environments where acid resistance is a priority.
The findings also point toward the need for more standardized methods to evaluate acid resistance in concrete. Future studies should look into long-term exposure beyond 90 days as well as real-world environmental conditions like temperature swings, fluctuating pH, and wet-dry cycles. More research is also needed into optimized mixes using supplementary materials such as fly ash, silica fume, and other pozzolanic additives to create concrete that’s not only durable but also environmentally friendly.
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During the research period, numerous studies were identified that primarily focus on the effects of acids on the final product, such as changes in texture, flavor, and preservation qualities. However, there appears to be a gap in the literature when it comes to understanding how acids interact with the mixture in its earlier stages. This study aims to address that gap by not only examining the influence of acidic substances on the initial composition but also by exploring strategies to reduce the salt content without compromising the overall quality. By experimenting with a variety of acidic products, this research seeks to achieve a more balanced formulation that aligns with modern health-conscious trends while still maintaining desired sensory characteristics.
[bookmark: _Toc194692832]Research design and methodology.

The primary objective of this project is to investigate the impact of acidic products and saltwater as additives in concrete mixtures. By incorporating these substances into concrete samples, the research will assess their influence on various structural properties. The first and foremost aspect of this study will focus on evaluating the effects on the compressive strength of the concrete. Compressive strength is a critical factor in determining the durability and load-bearing capacity of concrete structures, making it essential to understand how different concentrations of acidic, and saline additives affect its integrity.
Following the assessment of compressive strength, the next phase of the research will examine the bond between the aggregates within the concrete matrix. The bond strength between the cement paste and aggregates is a key component of concrete’s overall stability and resistance to cracking. The introduction of acidic compounds and saltwater may either strengthen or weaken these, bonds, depending on their concentrations and interactions with other elements in the mixture. Understanding these effects will provide insight into how these additives influence long-term performance and structural cohesion.
Another crucial factor to be analysed is the long-term impact of the modified concrete mixtures. Over an extended period, concrete samples will be monitored for potential signs of deterioration, including sulphur attacks that may result from the addition of saltwater. Sulphur related deterioration can compromise the chemical stability of concrete, leading to weakening, discoloration, and potential structural failures. By observing these samples over time, the research aims to determine how prolonged exposure to these additives influences the material’s resilience and longevity.
Additionally, this study will explore the correlation between the percentages of saltwater and acidic products used in the mixtures to identify an optimal balance. The goal is to determine the highest possible beneficial concentrations before negative effects begin to take place. Finding this threshold will help establish guidelines for enhancing concrete performance while minimizing risks of degradation. The results of this research could have significant implications for construction practices, particularly in environments exposed to acidic or saline conditions, such as coastal regions and industrial settings.
To ensure accuracy within the testing process, each test will be precisely measured and stored under the same conditions each sample will then be thoroughly examined to attempt to uncover the precise point of which the samples become compromised. These results will provide a valuable understanding of what can be used as an alternative method for concrete mixtures.
 This study acknowledges the fact that there is a lot of potentially limitations most notably due to the short time duration there is limited information on how the tests will react under a more significant period. 
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The initial phase of testing will involve experimenting with various concentrations of acid products while simultaneously adjusting the saltwater content. Given the available time for laboratory work, this stage is projected to span approximately 30 days. Throughout this period, researchers will carefully monitor reactions and collect data to determine optimal conditions for the experiment.
Once the experimentation process begins, it will take 28 days for the concrete samples to fully dry and reach their final state according to (T.R. Neelakantan, 2013). This timeframe is necessary to ensure accurate assessment of the effects of acid exposure on the concrete. Allowing for a full curing period provides a comprehensive, understanding of the material's long-term durability and structural integrity.
Following the completion of the curing process, a series of physical tests will be conducted to evaluate the concrete’s properties. These assessments, which include strength testing, surface integrity analysis, and other critical evaluations, are expected to require an additional seven days to complete. The goal of this phase is to gather conclusive data on the material's performance under different experimental conditions.
Overall, the entire experimentation process is estimated to span approximately 90 days. This extended timeframe accounts for any potential adjustments or additional tests that may be required based on initial findings. Flexibility in the timeline ensures that all necessary refinements and verifications can be thoroughly executed, leading to a more precise and reliable outcome.
Additionally, in the final stages, dedicating approximately 5-10 days post-experimentation, for data analysis would be an appropriate measure to ensure that all of the interpreted the correct way. This would also allow for time to ensure that the data is documented correctly. 
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This is a basic Gantt chart to show the expected timeline over a 14-week period.
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Through experimentation, it is anticipated that introducing small doses of a medium pH-level product will contribute to an increase in the compressive strength of the concrete. This suggests that carefully balancing the pH level within a specific range could enhance the structural integrity and durability of the material, making it more resistant to external stressors.
Additionally, the acid products used in testing are expected to counteract the effects of small doses of salt content within the concrete mixture. This could indicate a potential method for mitigating the negative impact of salt exposure, which is a common issue in coastal or de-icing environments where concrete deterioration occurs over time.
However, the introduction of high doses of salt water is predicted to result in sulphur outbreaks. These outbreaks could compromise the chemical stability of the concrete, leading to long-term deterioration, discoloration, or structural weakness. Understanding the threshold at which salt content begins to cause significant damage will be crucial for optimizing the concrete mixture.
Furthermore, higher pH levels may negatively affect the bonding properties of the cement, potentially leaving it weaker than before the additive was introduced. This could lead to a reduction in overall structural performance, increasing the likelihood of cracking, brittleness, or early failure under stress.
In addition to these expected outcomes, the experimentation may reveal further insights into the interaction between acid and salt within the cement matrix. There is a possibility that certain pH levels could enhance or hinder the hydration process, affecting setting times and overall durability. The findings from this study could provide valuable guidelines for improving concrete formulations, particularly for environments exposed to acidic or saline conditions.
Finally, it is expected that the concrete will have the same strength of a regular mix however, there may still be potential usage within non-load-bearing structures such as pathing or lower load-bearing structures such as smaller garages. Knowing the limits could be vital for knowing how far the structures can be pushed before they would reach a point of critical failure. 
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