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Abstract: This study was a preliminary study in applying chitosan as coating for tinplate. Tinplate was used as the
material for packaging because it was cheap, attractive, shiny, and easy to shape. Chitosan coating on tinplate with
electrophoretic deposition (EPD) method and variation of EPD current was performed in this study. The variation
of the current was 2, 4, 6,and 8A. Coating thickness was measured using NOVOTEST TP-1M. The surface
roughness was tested using Mitutoyo Surface Roughness Tester SJ-210. The corrosion test applied the polarization
method of PotentiodynamicAutolab PGSTAT 128N with Control software NOVA 1.11. The corrosion test of the
specimen was run in 3.5% NaCl solution. The specimens without treatment had higher corrosion rate compared to
the specimen with EPD current of 8A which was 0.00061927 mpy. At the current variation of 8A, the coating
thickness was 78.9 = 1.58 %.The higher the current used in the EPD, the lower the corrosion rate was. It was
indicated by coating that protected the tinplate and produced homogeneous coating. This was in line with the result
of surface roughness which decreased along with the increase of EPD current. The lowest surface roughness was at
variation of 8A which was 0.152 um.
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1. Introduction

Rapid development has been happening in the coating technology, which is not only in biomaterial but also in food
industry. We know that in this era, where everything is practical, people demand for practical and long shelf-life-food.
This triggers many industries to innovate and adjust the packaging of their food production in order to meet the
consumers’ standard. Cans for food and drink are usually made from tinplate.Tinplate is used for packaging
material because it is cheap, attractive, shiny, and easy to shape.Tin plate is one of the materials which has been used
80 % as a new altenative packaging material. It consists of carbon steel compound coated with pure tin on the both
sides.Even though tinplate has been widely applied as food packaging material, there are some serious problems found
during the application. One of them is the possibility to corrode which is triggered by the interaction between the
packaging and the product [1, 2]. This promotes other problems such as broken seal and the colour change of the
product [3]. This usually happens to the food cans which have been opened. This is caused by the reaction between the
can and the environment. This reaction is defined as a corrosion reaction. Corrosion is a process of material and quality
degradation caused by the influence of chemical and electrochemical reaction with the environment. In order to make
the cans to not easily corrode, there should be some preventive solutions such as the coating process on the can surface
[4,5], cathodic protection [6,7], or adding corrosion inhibitor [8-12].

Many studies on the application of chitosan as coating material [13-15] and inhibitor [16-18] have been conducted.
This kind of material is a natural polymer which is extracted from shells, bones, or skin in seafood waste [19].
Applying chitosan as biopolymer coating for metal was conducted [14]. Chitosan structure modification with mixture
of epoxy and vanadate was applied on Aluminium 2024 T3 compound, where chitosan contained a very reactive
hydroxil and amina group which was able to form complex with metal ion on aluminum surface. EIS measurement
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result showed that thecoatedsample using modified chitosan had better corrosion resistance with high impedancy result
compared with the uncoated sample [13].The result was the decrease in corrosion rate of the coated metal. Chitosan
derived from the sea wasteusually has food grade quality. Thus, it can be used as coating for the tinplate of the food
can. Chitosan is also used as organic coating material for tinplate which is environmental friendly, unpoisonous and
economical. Chitosan is natural polysacaride which can be found on crustacea shell/skin like shrimps, crabs, insects’
epidermis, and cell walls of fungi. Chitosan is classified into N-deacetylated chitin product. It possesses high ability to
form film coating, antimicrobial activity, biogdegradability, and biocompatibility which makes it favorable in industry.
Chitosan and cellulose are alike and Chitosan is classsified as linear polyamine.

The coating method which is usually performed is electrophoretic deposition (EPD). EPD method is influenced by
some factors such as time, substrate conductivity, potential giving, and suspension concentration [20, 21]. The
influence of EPD time is related with the amount of chitosan molecule that will sediment. The potential variation
influences the speed of chitosan molecule movement. Chitosan coating on tinplate with EPD method and current
variations was conducted in this study.

2. Method

The chitosan used in this study was chitosan C3646. This kind of chitosan was derived from shrimp shells. The
EPD tool was made for coating with carbon as an anode, tinplate as acathode, and chitosan as a coater that had been
dissolved using 0.026 M acetic acid.The carbon used in the study had diameter of 3mm and length of 40 mm. Tinplate
with section width of 4 cm x 1 cm was washed cleanly with aquades and then dried. Next, anode and cathode were
immersed in a tub with 0.3% chitosan solution and charged with electric current through power supply.The current in
the EPD process was varied in 2, 4, 6, and 8A. The coating thickness was measured with NOVOTEST TP-1M. Coating
thickness used the type of probe NF-2 with thickness of coating range between 0 to 500 um with probe diameter 12 x
35 mm.The surface roughness was tested using Mitutoyo Surface Roughness Tester SJ-210with standard of 1SO 1997.
The corrosion test was performed with polarization method of PotentiodynamicAutolab PGSTAT 128N with control
software NOVA 1.11.The tinplate specimen was used as working electrode. The reference electrode was Ag/AgCl and
the auxiliary electrode was platen. The polarization measurement was run at scan rate with range -1 V to +1 V at Open
Circuit Potential (OCP).The corrosion rate test on the specimen was performed in 3.5% NaCl solution. Fourier-
Transform Infrared Spectroscopy (FTIR) measurement was conducted to know the change of chitosan function group
and chitosan on the surface of the tinplate.

3. Results and Discussions
The data of the coating thickness measurement

Table 1- The Coating thickness.

Current Coating Thickness
(A) (pm)
2 29.5+4.62%
4 45.7 £ 3.80 %
6 67.7+2.31%
8 78.9+ 1.58 %

Table 1 displays data of coating thickness (measurement ranging from 2 A to 8 A). Therefore, the thickness
homogeneity willincrease. Decreasing deviation standard will produce high thickness homogeneity which is indicated
by the even coating on the tinplate surface.If there is high coating homogeneity, the pore diameter will be smaller
which will make the surface of the oxide coating smoother and more solid. Thus, the width of contact zone and the
corrosive compound will be smaller and the corrosion rate will decrease too. The coating on the tinplate is influenced
by the kinetics. This is prompted by the particle accumulation rate which coats the specimen. At the current range of 0
to 8A, chitosan particles are able to coat specimen perfectly and form close-packed structure [20, 21] This also can be
proved by roughness testing on Table 2. The increase of coating thickness will make the surface roughness smaller.

Table 2- The result of surface roughness test
Current Ra
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(A) (um)
Uncoated 0.297
2 0.250

4 0.192

6 0.170

8 0.152

In Table 2. the results show that untreated specimen has the highest roughness value which is 0.297 um. The
current variation of 2A produces roughness value 0.250 um, 4A produces 0.192 pum, and 6A produces 0.170 um. The
lowest value is obtained at 8A current with roughness value 0.152 pm.

The quality of the surface can be seen based on the surface roughness value of specimen, both the result of coating
and machinary[22-24]. The higher the current used in EPD process, the lower the corrosion rate is. It is indicated by the
coating which protects tinplate and produces homogeneous coating. This is shown by the surface roughness which is
getting low [25] with the increase of current in EPD process of tinplate with chitosan
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Fig. 3 - The Tafel Plot of the corrosion rate on the coated and uncoated metal

Table 3-The Potentiodynamic polarization parameters for the coated and uncoated tinplate

Variation Corrosion
Ba Bc Ecorr Icorr Rate
(V/dec) (V/dec) V) (Alcm?) (mml/year)
Uncoated 3.9319 0.11573 -0.4507 8.1x10° 0.10798
8A 0.02216 0.01841 -0.4542 4.6 x10°8 0.00061927

From Figure 1 and Table 3, it can be summed up that the untreated specimenshave higher corrosion rate
compared to the specimens with EPD current of 8A with value of 0.00061927 mm/year. This is because the coating
formed is getting thicker with the increase of current in the process of EPD. If the current used becomes higher, the
solution temperature will increase and it causes the cation and anion on the condition move aggressively. Temperature
also influences the quality of EDP coating. Optimum temperature will produce good coating quality.However, it does
not influence the coating texture.The high current also causes the electrolyte solution ability increase and it will
increase the coating speed which will make the tinplate well protected. The coating is getting much formed which can
protect the tinplate from the solution/environment. The data of corrosion rate are in line with the coating thickness
measurement. The coating efficiency produced at 8A is 99.4%.
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a) TUncoated b) Coating with EPD current of 8A

Fig. 2-The Macro photo of the specimen a) uncoated; b) coating with EPD current of 8A

a) Uncoated

Fig. 3- Micro photo with magnification of 200X of the specimen a) uncoated; b) coating with EPD current of 8A

Figure 2 and 3 shows that micro photo indicatesthe formation of smooth ,uniform, and crack-free coating on the
tinplate. The type of corrosion that occurs on the tinplate is in the form of pitting corrosion. In EPD process, there are
three main components which are cathode, anode, and electrolyte solution. The reaction among the three components
may cause chitggan coat the workpiece.
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Fig. 4-FTIR spectra of chitosan
FTIR test was performed to prove the chitosan adsorption with EPD. The results are presented on Fig. 4. It can be
seen the bound of O-H, N-H, C-H, C=0, C=H, C-O-C. These groups are the standard functional groups of chitosan.
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Fig. 5 - FTIR spectra of the EDP specimen coating with chitosan

The results of metal FTIR after EDP with chitosan and the formed functional groups are presented in Fig. 5. At the

wave number of 1600 - 1700 cm -1, there is N-H bound. There is CHs-Sn-N at the wave number of 800-900 cm-1. This
proves that there is adsorption of chitosan on the tinplate with the formation of protecting layer. It can be concluded
that EDP tinplate with chitosan has ability to form protective layers on the surface.

References

[1]
[2]
(3]
[4]
[5]
[6]
[7]
[8]
[9]

Xia, D., Wang, J., Song, S., Zhong, B.,& Han, Z. (2011). The corrosion behavior of lacquered tinplate in functional
beverage. Advanced Materials Research, 233-235, 1747-1751.

Xia, D., Song, S., Wang, J., Bi, H., & Han, Z. (2012). Corrosion behavior of tinplates in a functional beverage.
Acta Physico-ChimicaSinica, 28, 121-126.

Setyarini, P.H., Gapsari, F., & Purnomo. (2018). Study of predicting corrosion on aa 6063-t5 using eis method in
different corrosion media. International Journal of Mechanical Engineering and Technology, 9, 507-514.
Montemor,M.F. (2014). Functional and smart coatings for corrosion protection: A review of recent advances.
Surface and Coatings Technology, 258, 17-37.

Yu,F., Camilli, L., Wang, T., Mackenzie, D. M.A., Curioni,M., Akid,R., &Boggild, P.(2018). Complete long-term
corrosion protection with chemical vapor deposited graphene. Carbon, 132, 78-84.

Hameed K.W., Yaro, A.S., &Khadom, A.A. (2016). Mathematical model for cathodic protection in a steel-saline
water system. Journal of Taibah University for Science, 10, 64-69.

Xu, L.F., &Cheng, Y.F. (2014). Experimental and numerical studies of effectiveness of cathodic protection at
corrosion defects on pipelines. Corrosion Science, 78, 162-171.

Ganda, A.N.F., Andoko, Setyarini, P.H., a&Gapsari,F. (2018). The inhibitive effect of tannin in Psidium guajava
leaves towards 304SS corrosion in concentrated HCl. MATEC Web of Conferences, 204, 05018.

Gapsari, F., Soenoko, R., Suprapto, A., &Suprapto, W. (2016). Green Inhibitor For Api 5L X65 Steel in HCI 0.5
M. ARPN Journal of Engineering and Applied Science, 11, 9524-9527.

27


https://www.sciencedirect.com/science/article/abs/pii/S0257897214005428#!
https://www.sciencedirect.com/science/journal/02578972
https://www.sciencedirect.com/science/journal/02578972/258/supp/C
https://www.sciencedirect.com/science/journal/00086223
https://www.sciencedirect.com/science/journal/00086223/132/supp/C
https://www.sciencedirect.com/science/article/pii/S165836551500076X#!
https://www.sciencedirect.com/science/article/pii/S165836551500076X#!
https://www.sciencedirect.com/science/article/pii/S165836551500076X#!
https://www.sciencedirect.com/science/journal/16583655
https://www.sciencedirect.com/science/journal/16583655/10/1
https://www.sciencedirect.com/science/article/pii/S0010938X1300423X#!
https://www.sciencedirect.com/science/article/pii/S0010938X1300423X#!
https://www.sciencedirect.com/science/journal/0010938X
https://www.sciencedirect.com/science/journal/0010938X/78/supp/C

Femiana Gapsari et al., Int. J. of Integrated Engineering Vol. 11 No. 5 (2019) p. 23-28

[10] Gapsari, F., Soenoko, R., Suprapto, A., &Suprapto, W. (2016). Effect of Organics Corrosion Inhibitors on the
Corrosion of 304SS in 3.5% NaCl. International Review of Mechanical Engineering, 10, 531-536.

[11] Gapsari, F., Soenoko, R., Suprapto, A., &Suprapto, W. (2015). Bee wax propolis extract as eco-friendly corrosion
inhibitors for 304SS in sulfuric acid. International Journal Corrosion.

[12] Suprapto, W., Soenoko, R., &Gapsari, F. (2018). Comparation of the analytical and experimental models of
304SS corrosion rate in 0.5 m H2SO4 with bee wax propolis extract. Engineering Review, 38, 182-188.

[13]Kumar G., &Buchheit, R.G., Development and characterization of corrosion resistant coatings using the natural
biopolymer chitosan. ECS Transactions, 1(9).

[14] Mehdipour M & Afshar A. (2012). A study of electrophoretic deposition of bioactive glass-chitosan composite
coating. Ceramics International, 38, 471-476.

[15] Gebhardt, F., Seuss, S., Turhan, M.C., Hornberger, H., Virtanen, S. &Boccaccini, A.R. (2012). Characterization of
electrophoretic chitosan coatings on stainless steel. Materials Letters, 66, 302-304.

[16]Umoren, S. A., Banera, M. J., Alonso-Garcia, T., Gervasi, C. A., &Mirifico, M. V. (2013). Inhibition of mild steel
corrosion in HCI solution using chitosan. Cellulose, 20, 2529—-2545.

[17]Solomon, M.M., Gerengi, H., Kaya, T., &Umoren, S. A., (2017). Enhanced corrosion inhibition effect of
chitosan for St 37 in 15% H.SO4environment by silver nanoparticles, International Journal of Biological
Macromolecules, 104, 638-649.

[18] Gupta, N.K., Joshi, P.G., Srivastava, V., & Quraishi, M.A. (2018). Chitosan: A macromolecule as green corrosion
inhibitor for mild steel in sulfamic acid useful for sugar industry. International Journal of Biological
Macromolecules, 106, 704-711.

[19]]Hussein, M.H.M. ., El-Hady, M.F. Shehata, H.A.H., Hegazy, M.A.,&HefniH.H.H. (2013). Preparation of Some
Eco-friendly Corrosion Inhibitors Having Antibacterial Activity from Sea Food Waste. Journal of Surfactants and
Detergents, 16(2), 233-242.

[20]Pang, X., &Zhitomirsky,l. (2005). EPD of composite hydroxyapatite—chitosan films. Materials Chemistry and
Physics, 94, 245-251.

[21]Besra ., & Liu M . (2007). A review on fundamentals and and applications of electrophoretic deposition (EPD).
Progress in Material Science, 52, 1-61.

[22] Sulaiman, A., Ahsan, A. K., Qasim, S., and Mohamed, K. (2017). Temperature Distribution in Copper Electrode
during Electrical Discharge Machining Process. International Journal of Integrated Engineering, 9, 39-43.

[23]Ahmad, S., Lajis, M.A., Hag, R.H.A., Arifin, AMT., Rahman, M.N.A., Haw, H.F., Abdullah, H., Hassan, M.F.
(2018). Surface Royghness and Surface Topography on Inocnel 718 in Powder Mixed Electrical Discharge
Machining, International Journal of Integrated Engineering, 10, 181-186.

[24]Helmi, M. H., Azuddin, M., and Abdullah, W. (2009). Investigation of Surface Roughness and Material Removal
Rate (MRR) on Tool Steel Using Brass and Copper Electrode for Electrical Discharge Grinding (EDG) Process.
International Journal of Integrated Engineering, 1, 31- 39.

[25] Bougueraa, F.Z., &Ettaqi, S. (2016). Development of Chitosan Coating: Study of the effect of roughness on the
mechanical and morphological performances. International Review of Mechanical Engineering, 10, 537-542.

28


https://www.sciencedirect.com/science/article/pii/S0141813017304087#!
https://www.sciencedirect.com/science/article/pii/S0141813017304087#!
https://www.sciencedirect.com/science/article/pii/S0141813017304087#!
https://www.sciencedirect.com/science/article/pii/S0141813017304087#!
https://www.sciencedirect.com/science/journal/01418130
https://www.sciencedirect.com/science/journal/01418130
https://www.sciencedirect.com/science/journal/01418130
https://www.sciencedirect.com/science/journal/01418130
https://www.sciencedirect.com/science/journal/01418130/106/supp/C



