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Response to the Comments of Reviewers

Title: Experimental Investigation on Discarded Aluminum Can Waste as an Anodic Anti-Corrosion Agent for Steel in Reinforced Concrete Under Aggressive Environments

Response to the Comments of Reviewer A:
	Comments
	Response

	1. Title: ……..the use of Used Can Waste …… this part of the title is confusing, please re-check it to make it clear for the readers to understand the title.

	Thank you for your suggestion. The title has been changed to be Experimental Investigation on Discarded Aluminum Can Waste as an Anodic Anti-Corrosion Agent for Steel in Reinforced Concrete Under Aggressive Environments.
(Please see p. 1, Title) 

	2. Please check the English errors,  for example: Structural damage caused by corrosion can reduce the service life of concrete  because corrosion causes a reduction in the area of reinforcing steel

	Thank you very much for the review. The sentence has been modified as follows.
Structural damage caused by corrosion can shorten the service life of a structure, as it leads to a reduction in the cross-sectional area of the reinforcing steel, weakening its load-bearing capacity. 
(Please see p. 1, Section Introduction)

	3. Part of method, and sub part of material, the statement is obtained a value of 34.4 MPa which indicates that it is a type of K350 concrete. Please explains the K350 concrete, because it is the old standard, currently we have new standard using fc with MPa unit. 

	The paragraphs were changed as follows.
In this study, four concrete specimens were prepared, each measuring 25 × 40 × 10 cm, and reinforced with two BJTP 280 steel bars. Compressive strength testing of the concrete resulted in a value of 34.4 MPa, indicating that the concrete met the planned compressive strength of 30 MPa.
Additionally, four anodes were fabricated using discarded aluminum cans, such as those from soft drinks and similar products. These used beverage cans were sourced from a landfill in Gamping, Yogyakarta. This research aims to utilize the aluminum content in the cans as a sacrificial anode to protect the reinforcing steel in concrete from corrosion.
(Please see part of Method and sub part of Material)

	4. The research method is not clear, because there are no explanation how the can waste is used in concrete to protect the corrosion. 

	The explanation abput how the can waste protects the corrosion is included as follows.
The anode fabrication process begins by melting discarded aluminum cans at 600°C, then molding them into circular shapes with a diameter of approximately 11 cm as presented in Figure 1. The anodes are then coated with a 50:50 mixture of gypsum and bentonite backfill, combined with distilled water. Once the backfill is applied, it is attached to an acrylic support, and the anode is placed inside a drilled section of the concrete. Next, a hole is drilled 11 cm from the end of the concrete specimen to accommodate the anchor. The coated anode is then connected to the pre-installed anchor, as illustrated in Figure 2.
The Sacrificial Anode Cathodic Protection (SACP) method safeguards metal structures from corrosion by utilizing more reactive metals as anodes. These anodes oxidize more readily, releasing electrons and corroding faster than the protected metal (cathode). The electron flow from the anode to the cathode, facilitated by a cable conductor, prevents corrosion of the metal structure. Recycled aluminum anodes were fabricated and analyzed using X-ray fluorescence (XRF), a non-destructive technique that rapidly determines the elemental composition of a material [22]. Further analysis will be conducted using a scanning electron microscope (SEM) to examine the arrangement of particles of varying sizes in a two-dimensional representation [23].
The text has been modified.

	5. If the concrete submerged to the water containing SACP, how is the aluminum from can waste is transferred to the water and protect the concrete bar from the corrosion?  

	Thank you very much for the review, the answer of your question was explained in the sub part depolarization as follows.
The depolarization test results as expressed in Figure 9, demonstrate the practical effectiveness of recycled aluminum anodes, with depolarization values exceeding 100 mV. Under dry-wet conditions, the recycled aluminum exhibited a potential of 207.64 mV, while in dry conditions, a higher potential of 407.61 mV was recorded. Aluminum from discarded cans undergoes electrochemical dissolution in water, serving as a sacrificial anode to protect steel reinforcement in submerged concrete. This process leverages aluminum's high reactivity and water’s conductive properties to generate a protective current. The increased corrosion rate of aluminum enhances protection but necessitates frequent anode replacement [39].  As shown in Figure 9a, the anode exhibits increased activity in protecting submerged concrete under dry-wet conditions by facilitating ion movement between the aluminum anode and steel cathode in an aggressive environment with high corrosion potential. In dry conditions, the anode remains relatively stable in reinforcing protection. The test results comply with test standard [25], with depolarization values exceeding 100 mV, confirming the adequacy of cathodic protection.


	6. Results and discussions, please add the result of Compressive Strength Test in figure or graph, and the reader will obtain the information about the evolution of concrete strength in 7 days, 14 days

	The results of compressive strength test was included in the manuscript.
The compressive strength test was conducted on ten cylindrical samples, each measuring 30 cm in height and 15 cm in diameter. Testing was performed at 7, 14, 21, and 28 days after the concrete was cast. As shown in Figure 4, the compressive strength test followed the SNI 1974:2011 standard, with the highest recorded value of 34.3 MPa at 28 days. Additionally, results indicate that larger concrete specimens exhibit greater dynamic split tensile strength [32]. 

Figure 4. Concrete compressive strength results

	7. The explanation of Figure 6 (SEM Recycled-Aluminum) is too short, please elaborate it and compare with previous literatures. 

	The explanation of SEM was expanded and elaborated with some literatures.
Figure 7. Shows a clearer surface of aluminum anode from used cans with a scale per magnitude of 100x based on Scanning Electron Microscope. shows the results of the remaining melting which has micropores. It illustrates the surface of the residual melting, appearing as black dots on the anode. These slag particles, originating from the surrounding environment or the anode’s microstructure, contribute to the formation of galvanic cells, leading to uneven erosion and premature failure, particularly in harsh environments such as seawater exposure [33]. According to previous studies, aluminum anodes do not always exhibit a homogeneous microstructure, causing variations in the barrier oxide layer from one sample to another. As a result, this inconsistency reduces the corrosion protection efficiency of the sacrificial anode, ultimately affecting its overall performance [34]. 


	8. Conclusion, the statement: The analysis conducted through SEM and XRF reveals that aluminum constitutes the dominant composition at 25.24%. 25.24% is not in the method or result section. This composition can more influence to the results?

	The explanation of composition was included.
Figure 5 shows that the X-ray Fluorescene (XRF) analysis that has been carried out, it can be concluded that the anode material in the form of used cans used has chemical content in the form of Aluminum (Al), silicon (Si), Phosphorus (P), Sulfur (S), Chloride (Cl), and others. The graph shows that the aluminum element has the largest percentage content with a value of 23.94%. 
Figure 6 shows that XRF is able to analyze elements with atomic number 23. If only 25.4% is detected, then most likely the constituent elements of the sample are light elements, one of which is elements such as C, H, O, N, and because the sample does not fill the entire surface of the standard XRF vial, there is a possibility that only empty space will be X-rayed. The irregular shape makes the test inaccurate. However, based on the XRF results, the Al content is the highest in recycled aluminum. Mixed aluminum alloys from post-consumer scrap are notoriously difficult to work with due to their wide variety [33].

Figure 5. XRF Recycled-Aluminum 
Conclusion:
The use of recycled aluminum anodes has proven effective in protecting reinforcing structures from corrosion. SEM and XRF analyses confirm that aluminum is the dominant element, comprising 23.94% of the composition. The anode demonstrates the ability to maintain corrosion potential even in harsh environments. The observed positive potential shift, along with polarization and depolarization values exceeding 100 mV, indicates that recycled aluminum, such as used cans, is highly effective in the SACP method. 
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