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Abstract: The reliance on commercial rust removers presents a significant environmental and health hazard, necessitating the
development of safer, sustainable alternatives for metal tool maintenance. This research responded to this problem by
investigating natural ingredients. The study’s objective was to evaluate the effectiveness of an extract derived from Origanum
vulgare (Oregano) and Citrus x microcarpa (Calamansi) peel extract as a rust remover, and to analyze its advantages over
chemical rust remover in terms of economic and environmental factors. A true experimental design was employed. The extract,
prepared by macerating the plant material in 70% ethanol for 72 hours, was applied to rusted tools and compared against a
commercial rust remover over one hour, with efficacy assessed using a qualitative rust rating scale. The extract demonstrated
high efficacy, achieving a “No Rust” result on most moderately corroded tools, comparable to the control group which is the
chemical rust remover. The research concluded that the Oregano-Calamansi Peel extract is a feasible, cost effective and
environmentally sustainable alternative for the routine maintenance of metal tools, though its application on heavily corroded
items may require complementary mechanical cleaning such as scrubbing with an abrasive brush.

Keywords: natural rust remover, metal tool maintenance, plant extract, eco-friendly corrosion inhibitor, green chemistry,
oregano extract, calamansi peel extract,

L. INTRODUCTION
Rust and corrosion commonly occur on metal surfaces that are frequently exposed to moisture and air, causing deterioration and
weakening of materials, Guo et.al (2019). The study emphasized that even though chemical rust removers are effective in removing
rust and restoring metal appearance, they can also pose risk or hazards to both the equipment and the environment. In recent years,
environmental sustainability has transitioned from being a merely philosophical ideal to urgent global priority. However, despite the
continuous efforts to promote sustainable practices, the dependence on harmful chemical products remains evident across all
sectors, including engineering.
As the concept of climate change enters the world, the growing problem of environmental unsustainability has become more
alarming due to the continuous rise of global chemical production. Aligned with this, the United Nations Environmental Programme
(UNEP) in partnership with the World Health Organization (WHO) and Organization for Economic Cooperation and Development
(OECD) , measures global chemical production, According to them, in 2016, more than 100,000 different chemical compounds are
in commercial use, while only a fraction of the roughly 100,000 commercially used substances have been thoroughly or health
impacts. The said statistics are expected to double in 2030.
Furthermore, in the study by Tulus et al.(2021) entitled “Planetary metrics for the absolute environmental sustainability assessment
of chemicals™, they concluded that the production of nearly all major industrial chemicals is unsustainable. Researchers analyzed
492 widely produced chemicals and concluded that more than 99% of them violated the safe operating limits of at least one
Planetary Boundary (PB) or what we call the nine global limits for environmental processes (such as climate change) that define the
safe operating space for humanity. Crossing these boundaries significantly increases the risk of large-scale, irreversible
environmental change, pushing Earth out of its Stable state.
In the review of Construction Fasteners (2020) entitled ““Tool Maintenance : Cleaning, Rust Prevention & Rust Removals™ notes
that daily operational use of metal tools exposes them to numerous corrosion accelerators.
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They emphasize that simple contact with sweat, oil, or grease introduces organic acids and salts that act as potent electrolytes,
creating local galvanic cells that rapidly speed up the oxidation process. Moreover, any abrasion or mechanical damage to the tool’s
surface compromises factory-applied protective coatings (like plating or paint), instantly exposing the bare, reactive metal beneath
to moisture, thereby initiating localized corrosion that spreads quickly throughout the tool's structure.

Although frequent maintenance is recommended to ensure their longevity and durability of the metal tools, many people still rely on
chemical-based rust removers because they are more accessible, affordable and less time-consuming. However, even though
chemical products can remove rust, it may leave the metal surface unprotected, leading to faster rust recurrence, according to
Muhsin (2020). As the demand for using and maintaining metal tools continues to rise, there is an increasing need to develop safer
and more eco-friendly rust removal alternatives to ensure sustainable and responsible practices.

Therefore, the researchers aim to test the effectiveness of Origanum Vulgare (Oregano) and Citrus x Microcarpa (Calamansi) peel
extract as natural rust removers on tools. Specifically, this study seeks to determine the combined potential of Oregano and
Calamansi peel extract in removing and preventing rust as a natural, eco-friendly alternative to conventional chemical products. It
also aims to assess their functionality, applicability and benefits comparative advantages over chemical-based rust removers.

The findings of this study may serve as a fundamental basis for promoting the use of natural and eco-friendly alternatives, as it
addresses the growing need to replace harmful chemical rust removers to maintain metal tools. By emphasizing the need to replace
harmful chemical based products, this research supports the global call for safer and more sustainable maintenance practices. The
results may provide valuable information that can guide future researchers in developing or improving natural rust-removal methods
that are both effective and environmentally responsible. If this research is not conducted soon, the ongoing reliance on chemical
products may lead to further environmental damage, faster deterioration of tools or instruments

1. OBJECTIVES

This study sought to determine the effectiveness of Origanum Vulgare (Oregano) and Citrus x Microcarpa (Calamansi) peel extract

as a rust remover on metal tools.

Specifically, it sought to answer the following questions:

1) What results can be derived from the experimentation of the combined properties of Origanum vulgare and Citrus x microcarpa
in terms of:

e removing rust;

e  prevent rust formation?

2) How effective are the Origanum vulgare and Citrus x microcarpa peel extract in terms of;

o functionality;

o applicability;

e product efficacy?

3) What are the advantages of using O. vulgare and C. microcarpa peel extract as an eco-friendly alternative to store-bought
chemical rust removers in tools in terms of:

e environmental,

e economical?

1. MATERIALS AND METHODS
A. Research Design
The researchers will utilize a Quantitative Experimental Research Design. This design is necessary to determine the effectiveness of
Origanum vulgare (Oregano) and Citrus x microcarpa (Calamansi) peel extracts as rust removers on metal tools. The experimental
approach allows for the establishment of a clear cause and effect relationship by manipulating the independent variable (the plant
extracts) and measuring the impact on the dependent variable (the rust removal efficiency). The study will compare the results of the
treatment groups against a control group to objectively validate the efficacy of the natural solutions.

B. Subjects of the Study

The subjects of this study consist of rusted Geodetic Fieldwork Tools obtained from the equipment storage. A total of sixteen (16)
rusted metal surfaces were identified across four distinct types of equipment commonly used in surveying operations. These samples
were divided into two groups: eight (8) for the control group (Commercial Rust Remover) and eight (8) for the experimental group
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(Oregano and Calamansi Extract). Purposive sampling was utilized to select these specific tools. The selection criteria required the
tools to be made of ferrous (steel/iron) material and to exhibit a visible, uniform degree of surface oxidation (Fe203). This ensures
the study covers the full range of equipment maintained by surveyors, from precision measurement instruments to heavy excavation
tools.

Table 1. Subjects of the Study

Description of Control Group Experimental
Sample Group
| 1
Measurement
Equipment
Steel Levelling Rod 2 2

Excavation Tools
Post Hole Shovel 2 2
Digging Bar 2 2

Clearing Tools

Bolo/Machete 2 2
(Blade)

| 1
Total 8 8

C. Data Gathering Instrument

In this study, the researchers used an observation checklist as the main tool to assess the effectiveness of Origanum vulgare
(oregano) and Citrus x microcarpa (calamansi) peel extract as a rust remover for geodetic tools. The checklist measured rust
removal, rust prevention, functionality, applicability, product efficacy and the advantages of the natural extract compared to a
commercial rust remover.To measure the results clearly, the study used a rust removal rating scale. This scale helped compare the
performance of the natural extract and the chemical rust remover allowing the researchers to determine which one worked better and
gave more consistent results.

Table 2. Rust Removal Rating Scale

Rating Meaning

|
No Effect (NE) No rust was removed, no visible
change on the tool surface.

Slight Effect (SE) A small amount of rust was removed,
light change in color or softening of
rust.

Moderate Effect (ME) | A noticeable amount of rust was
removed, part of the metal surface
became visible.

High Effect (HE) A large amount of rust was removed,
metal surface became mostly clean
and clear.
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D. Data Gathering Procedure

The researchers will observe and utilize an observation checklist during the testing process to determine whether the product is
effective. The collection of data will help achieve the goal of the study to produce a product free from chemicals. This method
involves observing changes in rusted metal surface without human involvement, focusing on the effectiveness of the oregano and
calamansi peel extract. This includes examining the color, texture, and the amount of rust removed, as well as documenting the size
of the rusted portion before and after treatment with clear photographs, and comparing the reduction on the rust area. These visual
and area-based observations are important for the study to evaluate whether the extract is effective as rust remover.

V. RESULTS AND DISCUSSION
The results of the rust-removal experiment using Origanum vulgare (oregano) and Citrus < microcarpa (calamansi) peel extract
were compared with a commercial rust remover. Data were collected through an observation checklist and interpreted using a rust-
removal rating scale.

Table 3. Rust Removal Rating of the Control Group After 30 Mins and 1 Hour

Tool 30mins 1 Hour
Rating Rating
Steel Leveling Rod Moderate Moderate
Effect Effect
Post Hole Shovel Slight Slight
Effect Effect
Digging Bar Slight Slight
Effect Effect
Bolo/Machete Moderate High
Effect Effect

The results showed that the commercial rust remover performed inconsistently across the tools. It was highly effective on the bolo
but produced only minimal to moderate effects on the steel leveling rod, post hole shovel and digging bar. This suggests that its
effectiveness varies depending on the tool type and rust severity, consistent with literature stating that ferrous materials react
differently to corrosion due to varying oxidation levels (Dwivedi et al., 2017; Klenam et al., 2021).

Table 4. Rust Removal Rating of the Experimental Group After 30 Mins and 1 Hour

Tool 30mins 1 Hour
Rating Rating
Steel Leveling Rod Moderate Moderate
Effect Effect
Post Hole Shovel High Effect | High Effect
Digging Bar Slight Effect | ModerateEff
ect
Bolo/Machete High Effect | High Effect

The results showed that the experimental solution produced different levels of rust removal across the tools. The steel leveling rod
remained at a moderate effect, while the post hole shovel and bolo showed a consistently high effect. The digging bar improved
from slight to moderate after 1 hour. These findings support literature stating that the effectiveness of plant-based rust removers
depends on metal type, exposure time, and the interaction of bioactive compounds (Wang et al., 2023; Kumar et al., 2015; Fazal et
al., 2022).
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Table 5. Rust Formation Rating

Criteria Rating
No new rust spots observed after No
drying
Surface stays clean after 30 mins Yes
Surface stays clean after 1 hour Yes
No discoloration or dark spots formed Yes

The results showed that rust spots appeared immediately after drying, but the surface stayed clean after 30 minutes and 1 hour with
no discoloration. This indicates that the treatment had limitations during the initial drying stage but formed an effective protective
layer once cured. These findings align with literature explaining that moisture can cause temporary flash rusting before a protective
film fully develops (Dwivedi et al., 2017).

Table 6. Functionality Rating of the Extract

Criteria Rating
Easy to apply Excellent
Works without brushing too Fair
hard
Safe to handle Excellent
Works within reasonable time Excellent

The results showed that the extract is suitable for metal tool maintenance receiving excellent ratings in ease of application, safety,
and working within a reasonable time. However, it earned a fair rating for ‘works without brushing too hard,” indicating that
scrubbing is still needed for tougher rust. These findings support literature stating that plant-based inhibitors are safe and eco-
friendly (Arevalo et al., 2013) but may require physical assistance because compounds like those in oregano act more as protective
agents than strong rust-dissolvers (Wierdak, 2025).

Table 7. Applicability Rating

Criteria Rating
Safe for metal tools Yes
Suitable for repeated use Yes
Does not damage the surface Yes
Easy to store Yes

The results showed that the oregano and calamansi-peel extract is highly appropriate for regular use, meeting all criteria for tool
maintenance. It is safe for metal surfaces, suitable for repeated application, does not cause damage and is easy to store. These
findings align with studies showing that oregano extract forms a protective, non-damaging film on metal surfaces (Dhaundiyal et al.,
2019) and that calamansi peel compounds create a stable adsorbed layer suitable for long-term use (Arguelles et al., 2020). This
literature supports the extract as a safe, gentle and reliable option for routine tool maintenance.

Table 8. Product Efficacy Rating

Criteria Rating
Overall Performance Good
Speed of rust removal Excellent
Lasting rust protection Good
Consistency results across trials Good
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The results showed that the Citrus x microcarpa and O. vulgare extract achieved a ‘Good’ overall rating as a rust remover, including
lasting rust protection and consistency across trials. It also received an ‘Excellent’ rating for speed in rust removal, indicating
reliable and effective performance. These findings align with studies showing that calamansi’s citric acid rapidly dissolves iron
oxides (Arevalo et al., 2013) and that oregano’s antioxidants such as thymol and carvacrol, help slow oxidation (Walasek Janusz,
2025). This supports the extract’s effectiveness as a rust-removal solution.

Table 9. Environmental Comparison of Control and Experimental Group

Criteria Oregano- Chemical

Calamansi Rust
Extract Remover

Natural ingredients Yes No

Non-toxic Yes No

No harmful Yes No

fumes/smell

Safe  for  skin Yes No

contact

Safe for disposal Yes No

Biodegrable Yes No

The results showed that the Oregano—Calamansi Extract is significantly safer and more environmentally friendly than the chemical
rust remover. The extract met all six criteria, being natural, non-toxic, odor-free, safe for skin contact, biodegradable and safe for
disposal while the chemical remover failed all categories, indicating toxic ingredients, harmful fumes, safety risks and poor
environmental impact. These findings are supported by Kumar et al. (2015), who note that plant extracts are biodegradable and safer
than synthetic inhibitors, and by Soltani et al. (2021), who highlight oregano’s natural, food-grade compounds such as thymol and
carvacrol. Fazal et al. (2022) further emphasizes that biodegradable plant extracts are sustainable alternatives to hazardous chemical
inhibitors.

Table 10. Economic Comparison of Control and Experimental Group

Criteria Oregano- Chemical

Calamansi Rust
Extract Remover

Low cost of Yes No

ingredients

Easy to prepare No No

locally

Affordable for Yes No

students

Requires small Yes No

amount per use

Long-term cost Yes No

effectiveness

The results showed that the Oregano—Calamansi Extract has a strong economic advantage over the chemical rust remover. It uses
low-cost ingredients, is affordable for students,

needs only a small amount per use and is more cost-effective long term. The chemical remover failed these criteria, making it more
expensive and less efficient. Both products were not easy to prepare locally. These findings align with Dehghani et al. (2024) and
Wang et al. (2023), who note that plant-based inhibitors are affordable, require small doses, and offer sustainable, cost-effective
performance.
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V.  CONCLUSIONS

Based on the results of the study, the following conclusions were drawn:

1) The oregano and calamansi extract is effective in removing rust, showing moderate to high results within thirty (30) minutes
and one (1) hour of use.

2) The extract provides short-term rust prevention after drying, and although slight rust appeared during the drying phase, no new
rust formed after thirty (30) minutes and one (1) hour.

3) The extract showed consistent rust-removal performance across most tools tested, indicating its reliability for routine cleaning
of common metal tools and equipment.

4) The oregano and calamansi extract is safer for users and the environment because it is natural, non-toxic, biodegradable , and
produces no harmful fumes unlike chemical removers.

5) The extract is more economical and cost-efficient than commercial rust removers, as its low-cost ingredients and minimal
required amount per use make it practical for students and users with limited resources.

VI. RECOMMENDATIONS

Based on the study’s findings and conclusions the following recommendations are provided for the practical application of the

Oregano-Calamansi extract and for future research directions:

1) The Oregano-Calamansi extract is most suitable for preventive maintenance on general tools rather than for restoring heavily
corroded items or precision instruments.

2) Users should pair the extract with abrasive pads or wire brushes for maximum efficiency, particularly on uneven tool surfaces.

3) Although made from low-cost ingredients, the extraction process is cumbersome, so future studies should develop a pre-
packaged, shelf-stable version.

4) Future research should incorporate natural corrosion inhibitors into the extract to prevent rust spots during drying and create a
true one-step cleaning solution.

5) Future studies should examine its chemical interactions with specific metal alloys to develop targeted usage guidelines.

6) Future research should complement qualitative observations with quantitative data, such as corrosion rate measurements, to
enable rigorous comparison with commercial rust removers.
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