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The corrosion resistance of 18 K gold in artificial saliva, in the absence and presence of Gemer-2 Tablet (orally taken by type 2 Diabetes) 
has been evaluated by polarization study and AC impedance spectra. Polarisation study reveals that in the presence of Gemer-2, LPR value 
increases and corrosion current decreases. That is in presence of Gemer-2, the corrosion resistance of 18K Gold in artificial saliva 
increases. AC impedance study reveals that in the presence of Gemer-2, Rt value increases and Cdl decreases. That is in the presence of 
Gemer-2 the corrosion resistance of 18 K Gold in AS increases. It is concluded that people clipped with orthodontic wire made of 18K 
Gold need not hesitate to take Gemer-2 orally. 
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INTRODUCTION 

Symmetrical and regularly arranged objects are beautiful. 
Especially regularly arranged teeth are attractive and leads 
to beautiful smiles. In some people the teeth are not 
regularly arranged by birth. To regularise the growth of 
teeth people, consult the dentists. They recommend the use 
of orthodontic wires made of various alloys such as SS316L, 
SS18/8, 22K gold etc. After the clipping of these 
orthodontic wires, people orally take many of items, tablets 
and juices. Hence the orthodontic wires may undergo 
corrosion. Many research activities have been undertaken in 
this regard. 

The corrosion resistance of AISI 316L stainless steel 
orthodontic archwire in many fruit juices has been carried 
out by electrochemical studies. The surface morphology of 
protective film has been analysed by Scanning Electron 
Microscopy and Atomic force microscopy.1  

Sharma et al. have used electrochemical studies such as 
polarization study and AC impedance spectra to investigate 
the corrosion behaviour of orthodontic archwire  made of 
AISI 316L stainless steel in presence of chloride ions and 
many fruit juices. The protective film has been analysed by 
Scanning electron microscopy.2 

Kamiński et al,. have used electrochemical studies to 
study the corrosion behaviour orthodontic arch-wires made 
of AISI304 steel in simulated saliva. 

After conventional glow-discharge nitriding, they have 
observed an increase in corrosion resistance of AISI304 
steel.3 

The corrosion resistance of titanium alloys in synthetic 
saliva has been studied by Affi et al.4 The experiments have 
been carried out at various temperatures. Interesting 
observations were made. It has been observed that under 
these conditions the hardness of the material decreased and 
the corrosion rate of orthodontic wires increased.4   

The influence of snakefruit extract in controlling the 
inhibitive release of chromium and nickel ion from stainless 
steel orthodontic wire in saliva has been studied by 
Erwansyah and Susilowati.5  

The influence of oral antiseptics on the corrosion of 
nickel–titanium (NiTi) alloys with various coating has been 
investigated by Rincic-Mlinaric et al. It is observed that in 
most cases changes of mechanical characteristics induced by 
antiseptics are small and would not have a clinically 
significant impact.6  

The influence of simulated erosive conditions on the 
frictional behavior of diverse orthodontic bracket-wire 
combinations have been studied  by Stefański et al.7 It has 
been noted that erosive conditions do not change the 
frictional behavior of SS, Ni-Ti and TMA orthodontic 
archwires at a clinically significant level.  

Simionescu et al. have investigated corrosion resistance of 
316L stainless steel for orthodontic applications in artificial 
saliva. They have employed electrochemical studies for this 
purpose. It is concluded  that the corrosion resistance is high 
when pH is low (acidic condition) and chloride ion 
concentration is less.8 It has been concluded that snakefruit 
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seeds extract controlled the release of chromium and nickel 
ion from stainless steel orthodontic wire in saliva. 

Employing electrochemical studies, Nahusona and 
Koriston have studied the corrosion behaviour of stainless-
steel orthodontic wire in saliva in presence of watermelon 
rind extract. It is observed that the corrosion resistance of 
stainless steel orthodontic wire in saliva in presence of 
watermelon rind extract increases.9 Hence it implies that 
people clipped with orthodontic wire made of stainless steel 
need not hesitate to take watermelon rind extract orally. 

Musa Trolic et al. have investigated the corrosion 
resistance of three types of NiTi orthodontic wires and 
stainless steel in simulated saliva. Influence of Lactobacillus 
reuteri has also been studied. It was observed that the added 
substances from probiotic supplement are responsible for the 
localized corrosion of the studied wires.10 

Present work is undertaken to investigate the corrosion 
resistance of 18 K Gold in artificial saliva in the absence and 
presence of Gemer-2 Tablet, orally intaken by type 2 
Diabetes, by electrochemical studies such as polarisation 
study and AC impedance spectra. 

EXPERIMENTAL 

Gemer-2 tablet  

Gemer-2 is a drug that treats patients suffering from type 
2 diabetes. It is also used in combination with other 
antidiabetic medicines. This drug is a type of sulfonylurea 
antidiabetic medicine that helps the pancreas in releasing 
insulin. This tablet reduces the blood sugar level. It belongs 
to a class of drugs known as sulfonylureas.11 

Preparation of artificial saliva 

The preparation of artificial saliva was done using the 
composition of Fusayama-Meyer artificial saliva (AS). 
Artificial saliva was prepared in laboratory and the 
composition of artificial saliva was as follows: KCl-0.4 g L-1,  
NaCl-0.4 g L-1, CaCl2.2H2O - 0.906 g L-1, NaH2PO4.2H2O - 
0.690 g L-1, Na2S.9H2O - 0.005 g L-1, urea – 1 g L-1. 

Electrochemical studies 

Electrochemical studies are used to measure the corrosion 
resistance of metals and alloys in various media.12-27 The 
corrosion resistance of 18K gold in aritificial saliva, in the 
absenc and presence of Gemer-2 has been evaluated by 
electrochemical studies such as polarization study and AC 
impedance spectra. 

Potentiodynamic polarization study 

A CHI 660 A workstation model was used in the 
electrochemical studies. Polarization study was carried out 
using a three electrodes cell assembly (Scheme A). 18K 
Gold was used as working electrode, platinum as counter 
electrode and saturated calomel electrode (SCE) as reference 

electrode. After having done iR compensation, polarization 
study was carried out, at a sweep rate of 0.01 V s-1.  

 

 

 

 

 

 

 

Scheme A. Three electrode cell assembly  

 

The corrosion parameters such as linear polarization 
resistance (LPR), corrosion potential Ecorr, corrosion current 
Icorr and Tafel slopes [ba (anodic Tafel slope) and bc 
(cathodic Tafel slope)] were measured. 

AC impedance spectra 

In the present investigation the same instrumental set-up 
used for polarization study was used to record AC 
impedance spectra also. A time interval of 5 to 10 min was 
given for the system to attain a steady state open circuit 
potential. The real part (Z’) and imaginary part (Z’’) of the 
cell impedance were measured in ohms at various 
frequencies. AC impedance spectra were recorded with 
initial E(V) = 0, high frequency (1×105 Hz), low frequency 
(1 Hz), amplitude (V) = 0.005 and quiet time (s) = 2. From 
Nyquist plot the values of charge transfer resistance (Rt) and 
the double layer capacitance (Cdl) were calculated. From 
Bode plot impedance values were derived, 

RESULTS AND DISCUSSION 

Influence of Gemer-2 on corrosion resistance of 18K gold in 
artificial saliva 

Corrosion resistance of orthodontic wire made of 18 K 
Gold in presence of Gemer-2 Tablet has been investigated 
by electrochemical studies, namely, polarisation study and 
AC impedance spectra. Interesting results have been 
obtained. They are presented and discussed in this section.  

It is a fact that when corrosion resistance of a metal or 
alloy increases, the linear polarization resistance (LPR) 
value increases and corrosion current (Icorr) value decreases. 
Similarly, when corrosion resistance value increases.  
Charge transfer resistance value increases, impedance value 
increases and double layer capacitance value decreases 
(Scheme B). This is due to the fact that when a protective 
film is formed on the metal surface the flow of corrosive 
ions on to the metal surface is prevented. Further the loss of 
electron from the metal surface is also prevented.12-27 
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Scheme B. Correlation among corrosion resistance and corrosion 
parameters 

Analysis of polarization study 

The polarization curves of 18K gold immersed in various 
test solutions are shown in Figures 1 and 2. Corrosion 
resistance of 18K gold in artificial saliva in presence of 
Gemer-2 is given in the Table 1. The linear polarization 
resistance values of 18K gold artificial saliva in the absence 
and presence of Gemer-2 tablet are compared graphically in 
Figure 3. 

 

 

 

 

 

 

 

Figure 1. Polarization curve of 18K gold immersed in artificial 
saliva 

 

 

 

 

 

 

 

 

Figure 2. Polarization curve of 18K gold immersed in artificial 
saliva in the presence of Gemer-2 

 

 

 

 

 

 

 

Figure 3. Column chart of linear polarization resistance value of 
18 K Gold in the absence and presence of  Gemer-2 

When 18K gold is immersed in artificial saliva, Ecorr 
(corrosion potential) is -0.072 V vs SCE. The corrosion 
current (Icorr) is 2.166 × 10-8 A cm-2. Cathodic Tafel slope 
(bc) is 6.735 V decade-1. The anodic Tafel slope (ba) is 4.758 
V decade-1. The linear polarization resistance (LPR) is 
1746281 Ohm cm2. 

Influence of Gemer-2 

When Gemer-2 (500 ppm) is added to artificial saliva, the 
corrosion potential (Ecorr) is -0.069 V vs SCE. The corrosion 
current (Icorr) is 1.500 × 10-8 A cm-2. Cathodic Tafel slope 
(bc) is 7.327 V decade-1. The anodic Tafel slope (ba) is 5.211 
V decade-1. The linear polarization resistance (LPR) is 
2312291 Ohm cm2. It is observed from the Table 1 that 
when Gemer-2 is added to AS, the LPR value increases from 
1746281 Ohm cm2 to 2312291 Ohm cm2. The corrosion 
current decreases from 2.166 x 10-8 to 1.500 x 10-8  A cm-2.  

This indicates that in presence of Gemer-2, the corrosion 
resistance of 18K gold in artificial saliva increases (Scheme 
B). Hence people clipped with orthodontic wire made of 
18K gold need not hesitate to take Gemer-2 orally. 

Implication 

Hence people clipped with orthodontic wire made of 18 K 
Gold need not hesitate to take Gemer-2 Tablet orally. 

Analysis of AC impedance spectra 

The AC impedance parameters such as charge transfer 
resistance (Rt), double layer capacitance (Cdl) and 
impedance values of 18K gold immersed in AS in the 
absence and presence of Gemer-2  are given in Table 2. The 
Nyquist plots are shown in Figures 4 and 5.  

The Bode plots are shown in Figures 6 and 7. The charge 
transfer resistance and double layer capacitance values are 
derived from Nyquist plot. The impedance values are 
derived from Bode plot. 
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Table1. Corrosion parameters of 18 K Gold immersed in artificial saliva (AS) in the absence and presence of Gemer-2 (500 ppm) obtained 
by polarization study 

System Ecorr, V (SCE) bc, V decade-1 ba, V decade-1 LPR, Ω cm2 Icorr, A cm2 
Artificial saliva(AS) -0.072 6.735 4.758 1746281 2.166 x 10-8 
AS + Gemer-2 -0.069 7.327 5.211 2312291 1.500  x 10-8 

 

Table 2. Corrosion parameters of SS 18/8 immersed in Artificial 
Saliva (AS) in the absence and presence of Gemer-2 (500 ppm) 
obtained by AC impedance spectra 

System Rt,  
ohm cm2 

Cdl, Fcm-2 Impedance, 
log(Z ohm-1) 

Artificial saliva 113500 4.493 x10-11 5.368 
AS + Gemer-2 217900 2.341 x10-11 5.613 

 

 

 

 

 

 

 

 

Figure 4. AC impedance spectrum of 18K gold immersed in 
artificial saliva (Nyquist Plot) 

 

 

 

 

 

 

 

 

Figure 5. AC impedance spectrum of 18K gold immersed in 
artificial saliva in the presence of Gemer-2 (Nyquist Plot) 

 

The charge transfer values of SS18/8 in artificial saliva in 
the absence and presence of Gemer-2 tablet are compared 
graphically in Figure 8. 

When 18K gold is immersed in artificial saliva, Rt (charge 
transfer resistance) is 113500 Ohm cm2. Cdl (double layer 
capacitance) is 4.493 × 10-11 F cm-2. Impedance is 5.368 log 
Z ohm-1. 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 6. AC impedance spectrum of 18K gold immersed in 
artificial saliva (Bode plot) 

 
 
 
 
 
 
 
 
 
 
 

Figure 7. AC impedance spectrum of 18K gold immersed in 
artificial saliva in the presence of Gemer-2(Bode plot) 

Influence of Gemer-2 

When Gemer-2 is added to artificial saliva, the Rt (charge 
transfer resistance) is 217900 Ohm cm2. Cdl (double layer 
capacitance) is 2.341 × 10-11 F/ cm2. Impedance is 5.613 log 
(Z ohm-1). It is observed from the Table 3 that when Gemer-
2 is added to AS, the Rt value increases from 113500 to 
217900 Ohm cm2. Double layer capacitance decreases from 
4.493 × 10-11 to 2.341 × 10-11 F cm-2. This indicates that in 
presence of Gemer-2, the corrosion resistance of 18K gold 
in artificial saliva increases. Hence people clipped with 
orthodontic wire made of 18K gold need not hesitate to take 
Gemer-2 orally. 

Implication 

Hence people clipped with orthodontic wire made of 18K 
gold need not hesitate to take Gemer-2 orally. 

 



Corrosion resistance of 18K gold in Gemer-2 containing saliva           Section B-Research paper 

Eur. Chem. Bull., 2020, 9(11), 349-354    http://dx.doi.org/10.17628/ecb.2020.9.349-354 353 

 

 

 

 

 

 

Figure 8. Comparison of charge transfer resistance (Rt) values of 
18K gold in the absence and presence of Gemer-2 

CONCLUSIONS 

• The corrosion resistance of 18K gold in artificial 
saliva, in the absence and presence of Gemer-2 has 
been evaluated by polarization study and AC 
impedance spectra. 

• Polarisation study reveals that in the presence of 
Gemer-2, LPR value increases and corrosion 
current decreases. 

• That is in presence of Gemer-2, the corrosion 
resistance of 18K gold in artificial saliva increases. 

• AC impedance study reveals that in the presence of 
Gemer-2, Rt value increases and Cdl decreases. 

• That is in the presence of Gemer-2 the corrosion 
resistance of 18K gold in AS increases. 

• It is concluded that people clipped with orthodontic 
wire made of 18K gold need not hesitate to take 
Gemer-2 orally 
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