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ABSTRACT

Background: Corrosion is a physical phenomenon that occurs due to electrochemical reactions between the
metal and its environment which can lead to decreased quality of the metal so it becomes rough, fragile and
easily wrecked. The cause of corrosion is the release of ion that occur due to the interaction of the wire to the
environment with acid pH and friction between one component with other components. Purpose: This research
aims to analyze pandan leaf extract as an inhibitor in reducing the corrosion rate of stainless steel wire.
Methods: This type of research includes true experimental design with post test only control group design. The
subject of this research consisted of three group: one control group and two treatment groups. The stainless
steel wire control group was immersed in a saline solution, the stainless steel wire treatment group was
immersed in the extract of 600 ppm and 1000 ppm pandan leaf. Each group consisted of 10 samples of
scratched stainless steel wire along the wire, which is was cut 5 cm long and immersed in a solution od saline
along with the extract of pandan. Results: The results showed that the average rate of corrosion of stainless
steel wire immersed in the extract of 1000 ppm pandanleaf is was equal to 2,70419x10° mm/y, the average rate
of corrosion of stainless steel wire immersed in the extract of 600 ppm pandan leaf was equal to 6,77152x10°
mm/y and the average rate of corrosion of stainless steel wire immersed in a solution of saline was equal to
1,26262x10° mm/y. Conclusion: Based on the results of the research, it can be concluded that the corrosion
rate of orthodontic stainless steel wire immersed in the extract of 1000 ppm pandan leaf is lower than the
extract of 600 ppm pandan leaf.
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INTRODUCTION appliances fixed and removable orthodontic
Malocclusion is an abnormal form of devices. Fixed orthodontic appliances are used for
occlusion.*** Orthodontic treatment is one of the more complex malocclusions. The removable
measures used to treat malocclusion cases, improve orthodontic appliance is an ortho wire designed to
phonetic  function, mastication and aesthetic be installed and removed by the patient.>®’
function.* Generally, the type of device used as One type of wire that can be used is stainless

orthodontic treatment is divided into orthodontic steel wire, because it has good mechanical
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properties, good strength and flexibility, and also
corrosion  resistance.®  The  stainless  steel
orthodontic wire contains of 71% iron, 18%
chromium, 8% nickel and 0.2% carbon. Chromium
and nickel ions are stainless steel orthodontic wire
components which can provide corrosion-resistant
effect and increase the strength of the wire. The use
of orthodontic wire in the oral cavity may allow the
occurrence of corrosion.”*

One effective way that can be done to inhibit
the rate of corrosion is the use of inhibitors because
of the affordable cost and simple process.'**
Corrosion inhibitor is a substance that can inhibit
the rate of corrosion of metal structures by adding a
small amount of substances into the
environment.***> The corrosion inhibitor is divided
into two parts, that is organic inhibitor and
inorganic inhibitor. Organic inhibitor are the type
of environmentally inhibitors and can be obtained
from parts of the plant that contains tannin. It forms
complex compound that precipitate as a thin
protective layer on the metal surface which can
inhibit  the reaction of metal to its
environment.">***’Organic inhibitor is made from
plant extracts that contains atoms, free electron
pairs.t’ 18

An example of the organic inhibitors that can
inhibit the corrosion rate is pandan leaf. Pandan
leaf grow in the tropics, especially in the Asia
Pacific region and pandan plants have many
benefits for life."***?? Phytochemical test results on
chemical compounds in pandan leaf have been
reported by Prameswari and Widjanarko (2014)
that positive ethanol extract contains of alkaloids,
tannins, flavonoids and polyphenols.”® Organic
compounds in the extract pandan leaf can be used
as corrosion inhibitors because they fulfill the
characteristics of organic inhibitors such as the
presence of heteroatoms, polar groups and =
bonds.*®

Pandan leaf extract was so potential to inhibit
the corrosion process of a metal in steel.”® In a
previous study conducted by Saputri et al (2015),
the corrosion rate of orthodontic NiTi wire in the
group without the addition of wuluh starfruit leaf
extract had the highest average corrosion rate, then
decreased in the treatment group which had been
given the extract at concentration of 600 ppm and

1000 ppm.?® Based on those background and the
absence of research on the analysis of pandan leaf
extract as an inhibitor to the corrosion rate of
stainless steel orthodontic wire, the researchers is
interested to do research about whether pandan leaf
extract can reduce the corrosion rate of orthodontic
wire made from stainless steel in saline solution
with the addition of pandan leaf extract at
concentration of 600 ppm and 1000 ppm.

MATERIAL AND METHODS

This research began by making research permit
and certificate of Ethical Benefit that made by
Faculty of Dentistry, Lambung Mangkurat
University no. 002 / KEPKG-FKGULM / EC / VIII
/ 2017. This research was a pure experimental
research with posttest only control group design.
Sample in this research was stainless steel
orthodontic wire with brand Dentaurum Germany,
hard spring type.

The number of samples in this study was
calculated by using unpaired numerical analytical
formulas, with total of 10 samples of stainless steel
orthodontic wire.* Sample of stainless steel wire
with a length of 5 cm and a diameter of 0.7 mm
wire were scratched along the wire, then the wire
sample was immersed in a saline solution and
soaked in pandan leaf extract with concentration of
600 ppm and 1000 ppm.

The Production of pandan leaf extract
(Pandanus amaryllifolius Roxb)

The process of extracting began by selecting the
appropriate pandan leaves and weighed as much as
1 kg. Pandan leaves that have been cut into small
pieces washed with running water and then be
aerated until the pandan leaves became semi-dried
and put into the oven with a temperature of 40°C.
Leaves that had been dried were blended until
crushed and sifted to obtain smooth results. The
process of maceration of pandan leaves was using
96% ethanol. The sample was soaked, stirred 3
times a day and closed tightly. This maceration
process lasted for 3 x 24 hours, then performed
filtration to obtain pandan leaf liquid extract and
residual pulp that has been filtered by doing the
maceration process again. Liquid extract of pandan
leaves was evaporated using a rotary evaporator
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with a temperature of 50°C and followed by
evaporation using waterbath with a temperature of
50°C until obtained viscous extract.

The Dilution of Pandan Leaf Extract (Pandanus
amaryllifolius Roxb)

The thick pandan leaf extract was weighed
according to the required concentration that was
600 ppm for 6 g and 1000 ppm for 10 g. Thick
pandan leaf extracts were diluted between the
saline solution and the viscous the pandan leaves
extract. Pandan leaf extract was dissolved in 1L
saline solution at a concentration of 600 ppm and
1000 ppm.

Treatment of orthodontic wire

Stainless steel orthodontic wire with a length of
50 cm was scratched along the wire using a
diamond fissure bur of 500 rpm speed with a
support tool. Stainless steel orthodontic wire had
been scratched as deep as 0.03 mm cut along 5 cm.

Corrosion Rate Measurement

Preparation of stainless steel orthodontic wire
sample, saline solution, leaf extract and a set of
potentiostat tool sets was done. The non-blending
saline solution of pandan leaf extract was poured
into a 100 ml glass glass and then covered with a
three-hole cover as the site of the supporting
electrode, the reference electrode and the working
electrode. The black port cable was connected to
the Pt (platinum) electrode as the supporting
electrode and inserted into the glass, then the red
port cable was connected to the Ag / AgCl
electrode used as the reference electrode and
inserted into the glass, then the red port cable was
connected to the wire orthodontics that have had
been scratched as working electrodes and put into a
glass. The potential range was set to be used and
the measurement speed to be performed. The
measurement of stainless steel orthodontic wire
was from the start to complete. The step was
repeated again for measurement of corrosion rate
with pandan leaf extract.

RESULT

Data of this research shows that the mean value
of corrosion rate measurement from stainless steel
orthodontic wire is as follow:

1 26x10r
1 1 26x10-*

control
By 10

23 70x10- ™ Pandan Leaf

. Extract

600 ppm 1000 ppm

Figure 1. Average Measurement of Orthodontic
Wire Stainless steel Corrosion Rate
that soaked in Saline Solution, Pandan
Leaf Extract (Pandanus
amaryllifolius Roxb) with
concentratrion of 600 ppm and 1000

ppm

Results and average measurement of stainless
steel orthodontic wire corrosion rate can be seen in
figure 1. Average corrosion rate with saline
solution immersion is greater than average
corrosion rate with soaking in pandan leaf extract.
Average rate of corrosion with soaking in pandan
leaf extract of 600 ppm is greater than average
corrosion rate with soaking in pandan leaf extract
of 1000 ppm.
Based on the result of normality test using Shapiro
Wilk, it is known that the control group
significance value is p = 0,530, the significance
value of treatment group soaked with pandan leaf
extract of 600 ppm is p = 0,764 and the
significance value of treatment group soaked with
pandan leaf extract of 1000 ppm is p = 0,322. The
next step is to test the homogeneity of data variance
using Levene's Test. Homogeneity test result
obtained significance value of 0.190 and the data
continued with the One Way Anova parametric
test. One Way Anova test result showed a
significance value of 0.000 (p <0.05).

Preliminary study analysis of pandan leaf
extract as corrosion rate inhibitor obtained average
value of corrosion rate and standard deviation value
of the three groups in table 1.
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Table 1. Average corrosion rate and SD

No | Group Mean = SD

1. Control 1,26x10™ +4,22x10°
600 ppm of
Pandan Leaf | 6,77x10°+1,09x10°
Extract

3. 1000 ppm of
Pandan Leaf | 2,70x10°+4,22x10°®
Extract

The data is continued with Post-Hoc test using
Bonferroni.Test. The results can be seen in table 2
as follows:

Table 2. Post-Hoc Bonferroni Test

Group Control 600 ppm | 1000 ppm
Control - 0,000 0,000
600 ppm 0,000 - 0,022
1000 ppm | 0,000 0,022 -

* = There is a significant difference (p <0.05)

Table 2 shows the Bonferroni test results
indicating that there was a significant difference
between the control group and the treatment group
soaked with the extract of 600 ppm pandan leaf.
There was a significant difference between control
group and treatment group soaked with the extract
of 1000 ppm pandan leaf. There was significant
difference between treatment group soaked with the
extract of 600 ppm pandan leaf and treatment group
soaked with the extract of 1000 ppm pandan leaf.

DISCUSSION

This study aims to prove the ability of pandan
leaf extract in reducing the corrosion rate of
orthodontic wire made from stainless steel. Saline
solution is an electrolyte solution with NaCl
content which can cause corrosion. The chloride
ion content in the saline solution can damage the
coating on the surface of the wire, resulting in the
release of metal ions such as iron, nickel and
chromium which are important ions in stainless
steel orthodontic wire. The nickel ions contained in
the stainless steel wire have saline soluble
properties, so the duration of orthodontic wire use

in the oral cavity in contact with saliva may affect
the release of metal ions.”?

The more sodium chloride, the greater chloride
ion content too, so the corrosion rate will be higher.
Sodium chloride (salt kitchen) is one of the salts
that will form a strong electrolyte solution. The ion
attacks the outermost layer of the stainless steel
wire. Therefore, the chloride ions are the most
aggressive ions to causing corrosion in the
metal.”? Formation of chemical reactions between
Fe and NaCl is as follows: 2
Fe + 2NaCl —> FeCl, + 2Na"

The average result of the corrosion rate was
decreased in the pandan leaf extract group, but the
highest corrosion rate reduction was obtained at
concentration of 1000 ppm. In this study, the use of
corrosion inhibitor 600 ppm and 1000 ppm are the
optimum concentration. From the results of
phytochemical test to the content of chemical
compounds in pandan leaf extract positively
contain of alkaloids, tannins, flavonoids and
polyphenols.”® The presence of tannin can protect
the metal surface due to tissue formation of ferric
tanninate salts.*® Tannins have water-soluble or
alcoholic properties due to tannin many contain
phenol having OH groups that can bind heavy
metals. The more the tannin content, the greater the
inhibition power to inhibit the oxidation
process.?>%

Polyphenol compounds are phenolic derivatives
that have activity as antioxidants. The antioxidant
compound is a compound which can delay, hold up
and prevent oxidation process.'® In tannin, there is
a hydroxyl functional group attached to the
aromatic ring so tannins can form complex
compounds with Fe (1) and Fe (lll) then the
complexes are transformed into Fe (Ill) -tranin
complex due to oxygen. It is this compound which
will inhibit the oxidation process, because that
complex compounds will form a hydrophobic thin
protective layer.?"?

The formation reaction of such complex
compounds may be either anodic and cathodic
reactions or both. An anodic reaction is an
oxidation reaction of a metal characterized by the
release of electrons from neutral metal atoms to
form the corresponding ions. The cathodic reaction
is a reduction reaction characterized by electron
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absorption, usually non-corrosive but can suffer
damage under certain conditions.”® The formation
of the chemical reaction of Fe with tannins is as

follows:?°
n Fe** +ne’ <> nFe**
tannins <> tannate + ne’ + nH*

nFe’* +tannins < (Fe*"),tannate + nH"

The addition of proper inhibitor concentration
will be more effective in lowering corrosion rate.
The higher the concentration of the inhibitor, the
formation of complex compounds of the inhibitor
will be increase too. It will increase the formation
of better protective layer and the covered metal
part.*? Based on the results of this study, it can be
concluded that the immersion of pandan leaf
extract has the ability to reduce the rate of stainless
steel orthodontic wire corrosion and there is a
significant difference between the concentration of
600 ppm and 1000 ppm.
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