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Abstract: 

Bronze alloys are made of copper-based materials with another metal, usually tin. Many surface modification techniques such 

as chemical etching, oxidation, electro deposition and sol-gel could be employed to improve surface properties. The organic 

compound that was used in this study was extracted from chili peppers. FT-IR (Fourier-transform infrared) spectroscopy and 

UV (Ultraviolet) spectroscopy investigations were applied on the extracted compound and results showed that this compound 

is mainly capsaicin [N-(4-hydroxy-3-methoxybenzyl)-8-methylnon-trans-6-enamide) (HMMTE)]. Electrochemical deposition 

was employed under cell voltage equal to 30 volts in a two-electrodes cell where bronze was the anode and stainless steel was 

the cathode in a solution of 10 ml/L (HMMTE)/distilled-water. 

Modification of tin-bronze for 1 hr. in 10 ml/L HMMTE/ distilled water solution increased the contact angle from 48° to 132˚. 

Attension Biolin device (Model: Theta Optical Tensiometers) was used to measure the contact angle at ambient temperature.  

Electrochemical measurements revealed that a significant improvement in corrosion resistance of tin-bronze in 3.5% NaCl had 

been achieved. The corrosion rate of tin-bronze decreased from 10.22 mpy to 1.39 mpy. Surface morphology of the samples 

was investigated with scanning electron microscopy (SEN) and energy-dispersive X-ray (EDX). X-ray diffraction was 

employed to determined present phases. Surface investigations results confirmed that a layer of red cuprous oxide (Cu2O) was 

formed on the surface layer after modification which led to the improvement in corrosion resistance. Salt spray test was carried 

out using Alpha+ Salt Spray Testing Equipment for 13 days on the base and surface modified samples according to ASTM 

B117. A green layer from [CuCl2 and Cu46Cl24(OH)68-(H2O)4] was observed on the nonmodified specimen (could be patina 

and bronze disease) while the red layer [Cu2O] is still observed on the modified specimen. Adhesion test (using X-Cut Tape 

Adhesion test according to ASTM D3359) was also investigated. 
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1. Introduction 

Tin Bronze alloys consist of copper with the major alloying element being tin. The existence of tin provides high mechanical 

properties [1-2]. Bronze can be used in an extraordinary range of applications, some of these applications include electrical 

contacts, ship propellers, machine tools and some bearings, springs, coins, and pump impellers [3]. CuSn bronzes are also used 

in various application areas including electronics and networking sectors, musical instruments, and medals, and in industrial 
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applications such as bushings and bearings [4-6], art foundry or archeological artifacts [7]. Bronze resists metal fatigue better and 

conducts heat and electricity better than most steels [8,9]. 

Like copper, bronze can form a patina, a green film as a result of long exposure to moist air. Bronze will crumble rapidly if 

exposed to moisture and chlorides or sulfides [10-14]. Bronze is susceptible to “Bronze Disease “one of the most serious hazards 

of bronze. The disease is happened as chlorides and oxygen combine in a humid environment and attacks bronze. The disease 

can be recognized when sudden outbreak of small patches of corrosion, rough, light green spots, forms on the bronze piece [15-

17]. Many surface modifications techniques such as chemical etching [18], oxidation [19], inhibitors, sol-gel [20, 21], and electro-

deposition [22, 23] could be used to improve the corrosion resistance of tin-bronze. Recently, demand for environmentally friendly 

corrosion protection techniques has become urgent. Extracts of plants, such as Phyllanthus amarus, Salvia officinalis [24], 

bamboo [25], and others [26-31] were reported to act as effective inhibitors to metal corrosion. 

There are several papers concerned about using organic compounds for improving the corrosion resistance of copper, bronze, 

and brass. According to M. Abbas, et. al. stearic acid can be used to improve the surface properties of copper by forming Cu2O 

on the copper surface [32,33]. 

O.R.M. Khalifa, A.K. Kassab and et.al showed that the addition effect of organic compounds containing an amino group, like 

ethylamine (EA) and butanediamine (BDA), on the corrosion of copper and copper alloy in nitric acid. Results obtained exposed 

that butanediamine is the best inhibitor and the protection efficiency (p%) pursues the sequence butanediamine > 

ethylenediamine > ethylamine [34]. 

In addition, M. Hasanin and et.al investigated the impact of novel corrosion inhibitors based on biopolymer that were 

synthesized in-situ using different cellulosic materials and niacin. Potentiodynamic polarization measurements confirmed that 

cellulose-based inhibitors act as a mixed type green corrosion inhibitor for copper in 3.5% NaCl solutions. The inhibition 

efficiency of ethyl cellulose -niacin composite (NEC) was 94.7% which outperforms those of microcrystalline cellulose -niacin 

composite (NMCC) and carboxymethyl cellulose -niacin composite (NCMC) which were 33.2 and 83.4 % [35].  

The target of this work was to develop simple and inexpensive approach for the formation of protective and good adhesion 

oxide film for Tin-bronze corrosion control by using environmentally friendly compounds. 

 

2. Materials and Methods 

2.1 Materials 

As shown in Table 1, X-ray fluorescence (XRF) Spectrometer (Model NITON XL3 T980 GOLD) was used for conducting 

analysis of the samples. Tin-bronze samples were in the form of plates with dimensions 2010 cm. Each plate was cut into 

specimens with area of 1 cm2 cross section and 1 cm height for the microscopic investigation and electrochemical experiments. 

Table 1: chemical composition of tin-bronze sample 

Element Cu % Sn % Fe % Zn% Pb % 

Composition Wt% 93.13 6.223 0.059 0.129 0.054 

 

2.2 Capsaicin preparation 

The chili peppers were dried then powdered. The pulverized pepper was placed in a jar containing ethanol which acts as a 

solvent. This mixture was left for a week then filtered to separate the pepper bits and sediment from the residual liquid. The 
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liquid was left for another week in a well-ventilated area to produce a concentrated amount of the active ingredient; capsaicin 

(see Figure 1). The concentrate was examined by FT-IR (Fourier-transform infrared) spectroscopy and UV (Ultraviolet) 

spectroscopy. 

 

Fig. 1: molecular structure of HMMTE  

As shown in Figure 2, the FT-IR spectrum of the pepper extract, a sharp absorption band can be observed at 3310 cm‒1 which 

can be assigned to the stretching vibration of the (N-H) group. A very broad band at the range 3500‒2500 cm‒1 could be 

ascribed to the phenolic (O-H) moiety. In addition, the plant extract sample showed two types of aliphatic (C-H) stretching 

vibrations at 2928 and 2867 cm‒1. Moreover, the presence of the (C=O) group could be confirmed from the notice of a stretching 

vibration peak at 1629 cm‒1. The strong stretches observed at the range of (1559-1419 cm-1) are assigned to stretching vibration 

of (C=C) in the phenyl ring. Furthermore, the peaks characteristic for the aryl-O and bending out-of-plane (C-H) can be 

observed at 1282 and 806 cm‒1, respectively. Also, a vibration observed at 1239 cm‒1 is due to the asymmetric stretching 

vibration of (C-O-C). These IR spectral data fully agree with that previously reported for standard capsaicin [36,37]. 

    

 

Fig. 2: IR results of (a) extracted capsaicin and (b) standard capsaicin. 

Further evidence for the success of capsaicin extraction and its purity is the ultraviolet absorption spectrum (Figure 3). The 

two main UV peaks observed at 222 and 280 nm could be ascribed to the π→π* and n→π* electronic transitions characteristic 

for the capsaicinoid segment of capsaicin. Also, these findings are fully agreeing with that previously reported for standard 

capsaicin [38]. 

   

 

        Fig. 3: UV results of (a) extracted capsaicin and (b) standard capsaicin. 
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2.3 Specimen preparation 

Specimens were ground progressively using wet silicon carbide (SiC) emery papers with grit number starting with 600-grit and 

proceeding to 2000- grit papers. Water was used to retain specimens cool and to flush away loose particles of metal and 

abrasive. After that, samples were rinsed using distilled water and acetone, and then air dried. 

 

2.4 Surface Modification Technique 

Tin-bronze specimen with an area of 1 cm2 was abraded with emery paper up to 2000 grit, degreased with ethanol, and then 

blow dried. Hydrophobic film was grown in a two-electrode cell, see Figure 4, with tin-bronze specimen as anode and stainless-

steel plate as cathode. A 10 ml/L HMMTE/distilled water solution was used as electrolyte. Film was formed by applying a cell 

voltage of 5–30 V between anode and cathode at room temperature from 30 min to 2 h. An uninterrupted DC power system 

was used to supply the constant voltage. After electrolysis, tin-bronze specimen was brought out then washed with ethanol.  

 

Fig. 4: The electrochemical cell of surface modification of bronze. 

 

2.5 Characterization 

An optical microscope (OPTIKA), a scanning electron microscopy (SEM, FEI Inspect S50), and X-ray diffraction (XRD, 

Bruker, discover D8 Advance) had been used to investigate the surface morphologies and chemical compositions of the 

samples. The contact angle was measured by Attension Biolin device (Model: Theta Optical Tensiometers) using double 

distilled water with 5 µ liter drop size at room temperature. Electrochemical corrosion behavior was conducted in 3.5 wt. % 

NaCl aqueous solution via versa stat device at room temperature. The workstation was equipped with a standard three-electrode 

system: graphite electrode was used as the counter electrode, the calomel electrode (SCE) was used as the reference electrode, 

while the tin-bronze sample was used as the working electrode. For achieveing a stable open circuit potential (OCP vs. SCE), 

tin-bronze samples were immersed in the NaCl solution for 20 min. Before begaining the electrochemical experiments. The 

potentiodynamic polarization curves were measured between −0.15 V and 0.15 V (vs. OCP) with the scanning rate of 0.5 mV/s. 

In addition, adhesion was carried out using Tape adhesion Test (X-Cut) ASTM D3359 [39]. 
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3 Results and Discussions 

3.1 Contact Angle Measurement 

Contact angle was measured for each sample before and after surface modification. Surface modification was conducted for 

different timing; 0, 30, 60, 90 and 120 minutes and the corresponding contact angle was measured respectively, see Figure 5. 

Results show that the contact angle increases with the increase in surface treatment length till a maximum of 132o contact angle 

is reached after 1hr then it decreases again. This contact angle measurements reflect the formation of a hydrophobic film on 

the tin-bronze surface after 1 hour of surface treatment. However, the decrease in contact angle after further treatment may be 

attributed to the formation of different compounds as the length of surface treatment increases due to the reaction of tin-bronze 

with the active ingredient capsaicin. 

 

Fig. 5: Effect of surface modification time on contact angle 

 

3.2 Corrosion Measurements  

Results from the potentiodynamic polarization tests of all modified specimens are given in Table 2 and illustrated in Figures 

6. It could be observed that treating for 1 hr. gave the lowest corrosion rate which agrees with the results obtained from the 

contact angle measurements. 

Table 2: corrosion parameter of modified samples at different time 

C.R (mpy) icorr (µA) Ecorr (V) condition 

10.22 17.651 -0.266 Pure 

7.18 16.669 -0.2456 30 min 

Modified in 

2ml 

cap./200ml 

distilled water 

1.39 1.838 -0.273 1 hr 

3.53 7.681 -0.217 1.5 hr 

6.52 12.631 -0.301 2 hr 
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Fig. 6: Polarization curves of base and modified samples at different times. 

 

Fig. 7: Variation of corrosion rate of modified tin-bronze in 10ml/L HMMTE/distilled water at different times 

 

3.3 Surface morphology 

The geometrical characteristics of the surfaces before and after treatment were investigated by SEM images. Figure 8-(a) 

shows the morphology of tin-bronze surface without any treatment. It is very smooth with a Contact Angle of 48◦. After 

treatment for 1hour in 10ml/L HMMTE/Distilled water solution, it could be observed that the surface was covered by a 

protective layer with a contact angle of 132˚, as shown in Figure 8-(b). EDX investigation, Figure 9, showed that the formed 

film is mainly consists of copper, oxygen, and nitrogen due to the reaction of Capsaicin with bronze surface. EDX results 

showed that, the formed film Copper Wt. % decreased due to the oxidation process which was carried during the surface 

modification process while Oxygen Wt. % increased, as shown in Figure 8. 

    

 

Fig. 8: SEM images of bare bronze(a) and surface treated sample for 1 hr. in 10ml/L HMMTE /Distilled water (b) 
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Fig. 9: EDX analysis of modified sample with 10 ml/L HMMTE/distilled water solution for 1 hr. 

 

3.4 Salt spray test: 

The test was carried out by Alpha+ Salt Spray Testing Equipment. Two specimens are tested: base specimen and surface 

modified specimen for 1 hr. under test conditions, Chamber temperature is 35 oC, pH is in the range of 6.5 to 7.2 and 5% 

sodium chloride aqueous solution was used. The test lasted for 13 days.  This method is based on ASTM B117 [40]. It was found 

that the specimen which was surface treated in 10 ml/L HMMTE/distilled water for 1 hr. under 30 V stands for 13 days under 

the test protected by the cuprous oxide film on its surface. However, the base specimen showed that copper chlorides 

compounds were formed on the surface which reflects that it was not protected. Note that one day in this test under these 

conditions equal almost a year in nature. 

      

 

Fig. 10: Macrograph of tin-bronze samples after salt spray test lasted for 13 days (a) base specimen, (b) modified sample for 1 hr. before test.50x. 
 

         
 
 

Fig. 11: Macrograph of a cross-section of protective Cu2O film and the base metal after salt spray test lasted for 6 (a) before test and (b) after test. 
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3.5 X-Ray Diffraction 

Different X-ray diffraction patterns for the specimens from the following conditions: base, specimen modified for 1 hr., blank 

after salt spray test and specimen modified for 1 hr. after salt spray test are shown in Figures 12, 13, 14 and 15 respectively. It 

is clear that, there is a change in the XRD when the 2θ ranged from 10º to 100 º. Copper, Oxygen, and nitrogen are the main 

composition of the film. Existence of nitrogen suggests that HMMTE exists in film. These results indicate that film on tin-

bronze surface essentially consists of Cu(II) coordinated with HMMTE. 

 

Fig. 12: XRD analysis of base Tin-bronze sample  

 

Fig. 13: XRD analysis of modified sample for 1 hr.   

 

Fig. 14: XRD analysis of base tin-bronze sample after salt spray test lasted for 13 days.   

 

Fig. 15: XRD analysis of modified sample for 1 hr. after salt spray test lasted for 13 days.   
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Fig. 16: EDX analysis of (a)base tin-bronze sample, (b) modified sample and (c) unmodified sample after salt spray test lasted for 13 days.   

 

3.6 Adhesion Test 

The adhesion tape test was carried out on the specimen with the most promising results; the 1 hr. surface modified tin-bronze 

specimen. Adhesion was carried out according to ASTM D 3359 method 13, thickness <125 µm. It can be observed that, the 

surface in this condition had an excellent adhesion as shown in Figure 17. The adhesion of the film is classified as 5A which 

denote that there was no peeling or removal. 

          

 

Fig. 17: Micrograph of specimens (a) modified sample and (b) test result ,10x. 

3.7 Running flow of NaCl test (Corrosion-erosion) 

Two specimens were used for the corrosion-erosion test: a base specimen and surface modified specimen for 1 hr. A device 

that simulates the conditions applied in industry was used for the calculation of corrosion-erosion rate according to ASTM 

G3.11. The corrosive media was 3.5% NaCl. Corrosion rate decreased from 50.5 mpy for base metal to 24.7 mpy for the 1 hr. 

surface modified specimen, see Figure 16 for the macrograph of both base metal and the 1 hr. surface modified specimen before 

and after test photos. 

                                

 

Fig. 18: Macrograph of specimens (a) base metal before test, (b) base metal after test, (c) modified sample before test and (d) modified sample after test, 10x.  
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4. Conclusions 

An extract of environmentally friendly compound was prepared. Both IR and UV techniques confirmed that the extracted 

compound is mainly capsaicin. It was observed that Cu2O film was formed on tin-bronze surface in an electrical circuit. Surface 

modification of tin-bronze in 10ml/L HMMTE/distilled water solution for 1 hr. formed a hydrophobic protective layer of 

contact angle 132˚. While that of base was 48o which shows an improvement in contact angle of about 3 folds.  

Results from XRD, showed that Cuprous Oxide (Cu2O), Which is the most protective layer, is formed on the surface. The 

corrosion rate of bronze decreases from about 10.22 mpy to about 1.39 mpy after surface modification in 10ml/L 

HMMTE/distilled water solution for 1 hr using 30 V. Improvement in corrosion rate is about 5 times. According to the running 

flow test, corrosion rate decreased from 50.5 mpy for base metal to 24.7 mpy for the modified specimen, showing an 

improvement in corrosion-erosion test of about 2 times.   

For salt spray test, after 13 days a dense layer of corrosion product which is mainly patina was formed on the bronze surface 

while the radish layer which is Cu2O is still exists on the surface without any corrosion product as confirmed by XRD. 

According to ASTM D 3359 method 13, the adhesion of the film classified as 5A which denote that there was no peeling or 

removal. 
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