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Abstract

The patination process in metalcraft traditionally involves highly
corrosive and toxic chemicals. Although low- and non-toxic patination

methods have been explored, plant-based materials remain under
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researched. This study, conducted in Bangkok, Thailand from March to
June, set objectives to experiment with Thai fruits and vegetables’
ability in creating patinas on copper, catalog those producing distinctive
results, and provide a discussion and suggestions for this alternative,
plant-based, non-toxic patination method in metalcraft. Eight solutions
were applied to 0.1mm thick copper sheet for 3-4 days, resulting in a
variety of non-toxic patinas. It was found that plant solutions with pH
2 created a matte green patina, while pH 4-5 produced iridescence.
However, despite being both pH 4, Tomato created matte green, and
Mango produced iridescence, suggesting sweeter juice content leads
to iridescence. SEM analysis revealed that thicker layers of corrosion
products appear green, while thinner layers appear iridescence, with
no significantly difference in components. The eight Thai fruits and
vegetables solutions resulted in patinas in a range of textures and hues
from matte green to shiny iridescence and semi-matte gray-purple.
These plant-based solutions offer an eco-friendly option for jewelry,

product design, and metal craft.

Keywords: Plant-Based, Patination, Copper, Eco-Friendly, Metalcraft

Introduction

A patina is a film of finishing on the surface of the metal.
According to Runfola (2014), There are two types of metal patina:
Reactive patina is a layer of corrosion products generated by oxidation.
Sometimes that layer is called corrosion products. Non-reactive patina
is a layer of substances applied for a decorative purpose, such as

pigments or a finishing mixture that are not the result of the oxidation
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process of the piece of metal.

Copper and its alloys, for example, brass, bronze, and sterling
silver naturally develop a layer of reactive patina over time. The patina
most well-known for its aesthetic attribute is the green-blue patina,
which is the effect of Cu(ll)-ion. An equally common patina is the
brown-black type, which is the effect of cuprite (Cu20) (Leygraf et al,
2019). Usually, these natural patinas from weathering take months or
years to develop.

Chemical solutions help speed up the natural weathered
appearance that usually require months, years, or decades of exposure.
With the use of pure chemicals, the patina can become visible quickly.
These chemical solutions are highly corrosive which makes them toxic.

Chronic disease among metalsmiths and jewelry makers is a
long-running problem that affects workers in this field. As Divya & Prasad
(2018) mentioned in a review article, many chemicals, such as asbestos,
arsenic, cadmium, chromium, nickel, and others are involved in the
jewelry-making routine. The exposure to toxic chemicals leads to
conditions such as lung diseases and skin diseases. Jewelry making
practice requires workers to follow the safety guidelines. However, the
safety guidelines and protections are sometimes neglected due to
inconvenience or inaccessibility. In some cases, the cost of acquiring
chemicals and safety equipment prevents beginners to start exploring
metalcrafts.

Nevertheless, pure chemical solutions are not the only way to
induce a patina on metal. Previous studies in the field show effort to

explore non-toxic and low-toxic alternatives to create patina. In an area
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research paper by Jerman-Melka (1996), a series of solutions such as
condiments which usually contains sodium and edible acids, household
cleaning products such as bleach which contains Chlorine, along with
commonly found source of Ammonia: cat litter, were explored as a
patina-inducing solutions. The application methods and the description
of the results were offered in the Jerman-Melka’s 1996 study. However,
the study only offered one solution derived directly from plant: Lemon
Juice with Salt and Rice. In a 2017 study by Roubroumlert & Thongnopkul
(2017), a series of chemical cleaning products were found efficient in
serving as alternatives as patina inducing solutions to the highly toxic
chemicals commonly used in the practice, offering alternative patina
solutions with lower toxicity that are easier to acquire for craftsmen
and artists. The 2017 study found that pH level corresponds to the
colors of patina which resulted in green for the acidic, red and brown
for neutral solutions, dark brown and black for alkaline solutions.
This study, inspired by how food develops a patina on kitchen
utensils and considering Thailand’s abundance of fruits and vegetables,
aims to explore alternative methods to induce patinas on copper

without relying on toxic chemicals.

Objectives of Research

1. To experiment with Thai fruits and vegetables’ ability in
creating patinas on copper for application in metalcraft.

2. To catalog and analyze Thai fruits and vegetables that

produce distinctive patina results for application in metalcraft.
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3. To offer a discussion and suggestions for the practical
application of this alternative, plant-based, non-toxic patination

method in metalcraft.

Expected Benefits

The expected benefits include providing artisans and craftsmen
with a non-toxic methodology for copper patination using Thai fruits
and vegetables. This sustainable, natural alternative offer to protect
craftsmen’s health and also to overcome accessibility issues. The results
of this study can help artisans and craftsmen make informed decisions
about adopting these natural materials in their artistic and craft

practices.

Scope of Research

The researcher experimented with eight types of Thai fruits and
vegetables included tamarind, lime with sawdust as the medium,
tomato, mango, watermelon, rose apple, Thai chili, and red onion.
These natural solutions were applied at normal indoor temperature in
Bangkok to pieces of rolled copper sheet, measuring 4x4 cm, with a
thickness of 0.1mm, made of 99% copper, and left for 3-4 days to
develop patinas. The researcher observed the visual and textural effects
of the patinas and recorded the results. Four patinas—matte green
from lime, iridescences from mango and watermelon, and gray-purple
from red onion—were analyzed using Scanning Electron Microscopy
(SEM) to determine the atomic components of the corrosion products

forming the four patinas, which share some similarities and differences.
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Terminology

1. ‘Patina’ refers to the thin layer that forms on the surface
of copper and other metals due to exposure to environmental conditions.
This layer can provide various textures and colors to the metal, enhancing
its visual appeal.

2. ‘Solution’ refers to ‘Patina Solution” which is the liquid or
paste that can induce the occurrence of a reactive patina layer when
applied to a clean metal surface.

3. ‘Non-Toxic’ in the context of this article, refers to the use
of natural sources, specifically Thai fruits and vegetables, to create
patinas on copper without using traditional chemical methods or
toxic substances. The non-toxic solutions in this research are not toxic
for human. They can be handled and applied to copper in a studio
setting that doesn’t require special protection or ventilation. They don’t
emit toxic fumes, don’t burn the skin or soft tissues, and the waste
water from the patination process doesn’t contain chemicals that can
be toxic to the environment or human health.

4. ‘Corrosion Products’ refers to the compounds that result
from the chemical reactions between a metal and its environment
during the corrosion process.

5. ‘Iridescence’ in colors is an occurrence when the change
in colors depends on the direction of observation caused by the reflection
of the microstructures not by the selective reflection or absorption of
light as in the case of pigments. (Guenther, Steel, & Bayvel. 2005)

6. ‘Thai Fruits’ the word ‘Fruit’” means ‘the fleshy or dry

ripened ovary of a flowering plant, enclosing the seed or seeds.” (The
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Editors of Encyclopaedia Britannica, 2024). ‘Thai fruits’ are tropical fruits
typically found Thailand. They might as well be commonly found in
other countries in the South East Asia.

7. ‘Vegetable’ is a culinary term referring to the non-fruit parts

of plants that are used in cooking.

Research Framework

This study was divided into three phases. The first phase
‘Preparation’ was basic research. The researcher conducted a literature
review on related topics, prepared materials (copper sheet, fruits and
vegetables), and equipment (pH indicator, containers). In the second
phase ‘Experiment’, the researcher applied different Thai fruits and
vegetables to copper sheets to create patinas. In the third phase
‘Analyze and Report’, researcher described and analyzed the properties
of the patina results in regarding the possibility to apply them to metal
crafts and design products. The researcher acquired a Scanning Electron
Microscopy (SEM) to determine chemical components of the corrosion
products, gaining a deeper understanding of the patinas. Lastly, the

researcher reported the data acquired.

Preparation Experiment with Thai Fruits Analyze & Report the patina
literature review, prepared ) and Vegetable to create ) results from Thai fruits and

materials and equipment patinas on copper vegetable solutions

Figure 1 - Diagram Shows Research Framework
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Methodology

Image 1 - (left) Lime Juice pH Level is 2, (right) Rose apple pH Level is 4

The methodology of the study is basic research. During the
‘Experiment’ phase, the researcher tested for pH level of each
plant-based solutions, and applied the solutions to copper sheets
measuring 4xdcm in size and 0.1mm in thickness. The methods used

were natural experimentation, observation, and data reporting.

Image 2 — The procedure of applying Tamarind Paste solution to

copper sheet and the patina result

In the process of Analyze & Report researcher made
observations and also acquired Scanning Electron Microscopy (SEM)

Operation tests, a method for high resolution surface imaging, on

L
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selected samples, to gain a scientific understanding of the chemical
components of the patina result. The SEM test is a Natural Experiment

and Data Reporting.

Research Findings Summary

According to objective 1, ‘To experiment with Thai fruits and
vegetables’ ability in creating patinas on copper for application in
metalcraft,” it was found that the selected Thai fruits and vegetables
are able to create patinas on copper and can be applied to metalcraft.

According to objective 2, “To catalog and analyze Thai fruits
and vegetables that produce distinctive patina results for application
in metalcraft,” and objective 3, ‘To offer a discussion and suggestions
for the practical application of this alternative, plant-based, non-toxic
patination method in metalcraft,” the researcher carried out discussions,
analyses, and provided suggestions for each solution as follows:

1) Lime Juice - The lime juice was derived from fresh lime
fruits. Since lime juice was watery, a medium was needed to hold the
juice against the surface of the copper. In this experiment, sawdust was
used. The patina developed after two days but became more
prominent the longer reacted. After four days, the result revealed a
green patina which adhere well to the copper. The result also displayed
shiny brown finish in other areas. This solution gives a fast, reliable

result that adheres well and presents interesting colors and texture.
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Table 1 - Lime Juice Solution Application and Result

Lime Solution

Patina Result
Image

pH

Application Method

Patina Result Description

Image 3 — Patina
from Lime Juice
and Sawdust

Apply freshly squeezed lime
juice to the copper. Keep in a
container filled with sawdust
to allow reactive solution to
oxidize. Leave for 4 days.
Clean gently with soft brush
and dish soap, pat dry and let
exposed to the air for 1 more
day for a better appearance

Shiny brown patina with
matte green patina (verdigris)
in the shapes of the medium
(sawdust).

The verdigris occurs in area
surrounding the edges of the
sawdust shape where the
acidic lime juice most con-
centrated at.

of green patina.

2) Tamarind - Both store-bought and homemade tamarind
paste work similarly. The researcher applied tamarind paste with brush
on copper. Tamarind paste reacted with copper as long as it remained
humid and could be reactivated with water. It produced a green
patina after a few minutes. The sample was left for three days for the
solution to dry down. The cleaning with water was necessary but it
removed the green patina that did not adhere well to the surface.
However, the surface left by the corrosion had an interesting texture
and colors. Tamarind paste is best applied in a thin layer to allow the
green patina to adhere properly to the surface. Regarding its application
to craft and design objects, tamarind paste reacts quickly to copper
but may be difficult to control the result. A layer of protective finish

is necessary to keep the green patina from falling out.
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Table 2 - Tamarind Solution Application and Result

Tamarind Solution

Patina Result
Image

pH

Application Method

Patina Result Description

Image 4 - Patina
from tamarind

Apply tamarind paste to the
copper surface with a brush.
Keep in a container for 3 days.
For the 4" day, leave the
container lid open. Clean
gently with a soft brush and
dish soap. Pat dry. Leave the

Matte, corroded surface in the
shape of brush strokes in
between spots of shiny trans-
parent brown patina. Patches
of pink color on the outermost
corroded edges to matte
green.

paste copper to react with the air
for 1 day or more for the green

patina to develop.

a. Tomato — The researcher cut and crushed tomatoes
to create a pulpy solution and applied it directly to the metal surface.
Tomato juice (pH 4) is weakly acidic; however, it produces matte green
patina after 4 days. This solution started to show a result after 2 days
but it was the most prominent and durable after 4 days.

The patina from tomato solution has green areas that adhere
well to the copper surface and presents interesting light and dark pink,
and iridescence in other areas. The green patina occurs around the
shape of the tomato slices, the sizes and placements can be planned
to utilize this effect. It is suitable and durable for applying to art, craft,

and design objects.
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Table 3 - Tomato Solution Application and Result

Tomato Solution

Patina Result
Image

pH

Application Method

Patina Result Description

Image 5 - Patina
from tomato

Cut the tomatoes into small
pieces. Place on the surface
of copper. Leave for 3-4 days.
Clean gently with a soft brush
and dish soap. Pat dry. Let sit
in the air for 1 more day for
the patina to react with the
air for a better appearance of
verdigris.

Slightly matte, light pink cop-
per surface where the flesh
covered. Outlines of matte
mint green corrosion prod-
ucts where the juice was
most concentrated at. Some
patches of shiny, iridescent
patina.

b. Rose Apple - The researcher cut the fruit into small
pieces. The rose apple was rich with the mildly acidic juice and the
flesh acted as a medium that held the juice against the surface very
well. This solution took 4 days to fully react with copper. The iridescent
patina became darker with longer reaction time with the copper. It
featured multicolored patina that adheres well to the surface. This
solution can be interestingly applied to metalcraft for art, craft, and

design projects.
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Table 4 - Rose Apple Solution Application and Result

Rose Apple Solution

Patina Result

H Application Method Patina Result Description
Image p pplicati i u ipti

4 | Keep the copper sheet and | Shiny light and dark iridescent
the chopped guava in the|(dark orange, green, blue,
container for 3 days. Clean | purple) stains along with the
gently with a soft brush and | prominent corroded shapes
dish soap. Pat dry. in matte green and pale pink.

Image 6 — Patina
from rose apple

c. Mango - A ripen mango was peeled and crushed into
liquid consistency before being applied to the copper surface. After 4
days, the solution created a shiny, multicolored, iridescent patina on
copper. The colored film generated by mango was the most vibrant
compared to patinas grom other Thai fruit and vegetable solutions
experimented in this study.

The vibrancy produced by this solution can benefit designs
that require colorful finishing but concerned with sustainability.
However, the iridescent patina from mango solution is thin and can be
affected from rubbing and wearing. A layer of protective finish is

necessary.
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Table 5 - Mango Solution Application and Result

Mango Solution

Patina Result
Image

pH

Application Method

Patina Result Description

Image 7 - Patina
from mango

Peel and crush a ripe mango.
Apply to the surface of cop-
per, leave the solution to
react to the copper for 4 days.
Clean gently with a soft brush
and dish soap. Pat dry.

Shiny, iridescent patina
(green, blue, pink, purple,
orange) in areas contacted
with mango juice. Areas cov-
ered by the pulp shows ex-
posed copper surfaces dues
to low oxidation.

d. Watermelon - Watermelon pulp was crushed to
release the juice. The copper sheet was soaked in the juice and pulp
and for 4 Days. Watermelon solution created unique shiny iridescent
patina dominant in blue and purple. This solution is a sustainable choice
for designs that require colorful finishing. A protective layer is necessary
for this patina. Although the layer is quite durable, an oxidation from

touch can occur on top.

Table 6 - Watermelon Solution Application and Result

Watermelon Solution

Patina Result

H
Image P

Application Method Patina Result Description

Image 8 — Patina

from watermelon

Apply watermelon juice and
pulp to the copper. Make sure
the surface of the copper is in
contact with the air. Leave for
4-5 days. Wash gently with
brush and dish soap.

Iridescent patina in blue and
purple. Areas covered in thick
pulp has brown color. The
patina is shiny.

o o

)
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e. Thai Chili - Although Thai chili has a pH 5 level, it can
induce the green patina on copper. In this experiment, the researcher
sliced Thai chilis and sprinkled onto copper surface. The shape of the
slices created interesting texture in a well-adhering dark green patina

after 4 days. These attributes can interestingly enhance metalcraft.

Table 7 - Thai Chili Solution Application and Result

Thai Chili Solution

Patina Result

H Application Method Patina Result Description
Image p pplicati i u ipti

5 | Cut the chiliinto slices. Apply | Small spots of semi-matt dark
the chili slices to the copper | brown and green patina

sheet, keep in a closed con-
tainer for 3 days. Wash and
pat dry. Leave in open air for

Image 9 — Thai 1 more day for the green
Chili Patina on patina to settle.
Copper

f. Red Onion - The vegetable was diced into small
pieces and put on the surface of the copper directly. After 4 days, the
copper yielded a unique semi-matte gray-purple and orange-colored
patina. The patina from red onion is durable. It does not require an
additional protective layer. It is notable that the patina from red onion

has a light onion smell.
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Table 8 — Red Onion Solution Application and Result

Image 10 — Red
Onion Patina on

Copper

Place the onion on the cop-
per surface and keep in the
container for 3-4 days. Clean
gently with a soft brush and
dish soap. Pat dry.

Bitter Bean
Patina Result " . .
pH Application Method Patina Result Description
Image
6 |Slice and dice the onion.|A semi-matte patina in gray-

purple and dark orange-brown
with the outlines of chopped
onion

SEM Operation Test Result

The researcher selected 4 patina samples with distinctive visual

characteristics: 1) Green patina — lime juice, 2) Colorful iridescent patina

- watermelon, 3) Colorful iridescent patina - mango, 4) Semi-matte

gray-purple patina — red onion, to undergo the Scanning Electron

Microscopy (SEM) test. The purpose was to gain understanding in how

the chemistry components relate to their visual characteristics. For

further understanding, the test was conducted on two locations on

each sample; the patina area, and the area where the copper surface

was shown.
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Table 9 - SEM Operation Test Result of Lime Juice Solution Sample

Solution SEM Atomic % of Element
Name Image test area @ @) cl Cu Mo
Patina area | 50.46 | 41.02 | 0.33 8.19 -
Lime Juice
copper area | 18.92 | 7.42 1.15 | 7251 .
Patina area | 12.59 | 11.29 | 0.71 | 75.41 -
Watermelon
copper area | 11.16 | 290 | 0.81 | 85.13 -
Patina area | 20.33 | 9.44 0.89 | 69.35 -
Mango
copper area | 18.48 | 6.51 1.40 | 73.62 -
Patina area | 16.20 | 31.56 - 48.26 | 3.98
Red Onion
copper area | 14.61 | 14.09 - 69.23 | 2.07

According to the SEM result, the corrosion products on the
surface of these samples were composed with different percentages
of these 5 most noticeable elements: Carbon, Oxygen, Chlorine, Copper,
and Molybdenum. Low level of copper atomic percentage indicates
that the corrosion products on the surface are thick (being covered).
High level of copper atomic percentage means the copper surface is

exposed.

o o
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In this case, the green patina area on lime juice patina sample
resulted in a low atomic percentage of copper, indicating that the green
patina was a layer of thick corrosion products. Patinas from watermelon
and mango solutions displayed a higher atomic percentage of copper,
suggesting that their iridescent patinas were a thin layer of corrosion
products. The semi-matte gray-purple patina from red onion presented
a thicker layer of corrosion products compared to those from mango

and watermelon.

Conclusion

Y

Image 11 - Collection of non-toxic patinas from Thai fruits and

vegetables

The SEM result shows that the green color has a thicker layer
of corrosive product compared to the layer of corrosive products found
in iridescent patinas. This relates to the pH levels of the solutions. Lime
and tamarind solutions which produced green patinas have pH 2 level,
therefore are more corrosive compared to pH 5-4 solutions producing
iridescent patinas.

Each plant-based patina solution generated a patina with
unique textures although they might share some characteristics due to
the similarity in corrosion products. Lime juice and tamarind paste (pH
2) started to generate green patinas after two days but the patinas

became more prominent and durable after four days. The green patina
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from lime juice solution was durable but the green patina from tamarind
paste easily fell off.

Rose apple and mango (pH 4) are weakly acidic. Both present
sweet juice content. After four days, they created colorful, iridescent
patina rich in blue tones. Tomato (pH 4) shares the same pH level with
rose apple and mango but is more corrosive than them. After four days,
the patina from tomato solution resulted in powdery green, light and
dark pink, and shiny iridescence.

Fruits and vegetables solutions that generated iridescent patinas
have the shared characteristic of being sweet and juicy. Although the
pH level may range between 4-5, they generated iridescent patina with
thin, shiny colorful film. It was found that solutions from tomato, rose
apple, mango, and watermelon shared shiny, iridescent characteristic.
Thai Chili was the only solution with an exception for its pH 5 level
and the characteristic of green patina. Although weakly acidic, it
generated green patina after four days. Lastly, red onion (pH 6), which

is low acidic, produced a unique semi-matte gray-purple patina.

Discussion

This significance of this research lies in its offering of eight
plant-based patina solutions from Thai fruits and vegetables as an
eco-friendly, non-toxic alternatives to the traditional chemical patina
solutions. This method is sustainable due to its low impact to the
environment. It promotes a better working condition for artisans and
designers, and provide an ease of access to patination methods to

participants in all levels.
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The discussion regarding the results from the study are shown
in accordance to each objective as follows:

1. To experiment with Thai fruits and vegetables’ ability
in creating patinas on copper for application in metalcraft.

The researcher experimented with eight Thai fruits and
vegetables by conducting an experiment. The controlled factors were
time (4 days) and temperature in Bangkok during the time of the
experimentation (29-33°c). A natural observation and data reporting
was carried out. It was found that the eight solutions were able to
create patinas on copper which were suitable for metalcraft. They
varied in acidity level, corrosiveness, and yielded various colors and
textures.

2. To catalog and analyze Thai fruits and vegetables that
produce distinctive patina results for application in metalcraft.

The data from natural observation regarding the visual and
physical characteristic of each patina results in relations to the
application in metalcraft was collected.

SEM test results suggested that the green patina from lime
juice solution had a thick layer of corrosion products while the iridescent
patinas had thin layers of corrosion products. The two types showed
similarity in chemical compounds. This led to the conclusion that the
thickness of the layer of the corrosion products determines the color
of the patina. The acidity or corrosiveness of the solutions relates to
the thickness of the corrosion product layer and results in different
patina characteristic. As concluded from observations, the fruit solutions

with sweet juice content result in iridescent patinas.
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3. To offer a discussion and suggestions for the practical
application of this alternative, plant-based, non-toxic patination
method in metalcraft.

While these patinas may not be as durable as those created
by chemical solutions, the sustainable practice behind their creation
offers a significance alternative to traditional patination methods. The
durability of patinas generated with the plant-based patination method
benefits from application to low-contact surfaces, especially when
combined with a protection layer. Through thoughtful, problem-solving
design, these materials have the potential to yield excellent results.

Regarding the inconsistency in the plant-based patination
method. Each solution varies between each harvest and each fruit. The
result relies on the content of the solution, the exposure to air,
exposure time, and the content of the metal. Impurity and different
thicknesses of the metal can differ the result and becomes a challenge.
However, the analyses and data collection helped gaining understanding
on the basics of different fruits and vegetables. This natural variation
results in the uniqueness of the finishing, ensuring that no two pieces

are exactly the same.

Suggestion

- The best plant-based solution patinas can be obtained by
using pure copper.

- Avoid touching, rubbing or applying heat to patina gener-
ated by plant-based solutions.
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- Aprotection layer can prevent plant-based solution patinas
from wearing off but comes with a price of altering the colors and
luster of the patina a little.

- When applied to a design work or a craft, researcher
suggests using cold-joining method for the joints - using the screws
rather than soldering - as a way to avoid applying heat which might

disturb and change the patina finishing
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