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Abstract 
 

Investigation of tinplate corrosion occurs in the interior of Cans containing food products due to electrochemical reactions. This changing 

the organoleptic properties of food stuff and produced toxicological problems. To investigate corrosion effect, lacquer adhesion failure of 

tinplate containers was evaluated with Scan Electron Microscope (SEM) along with Energy Dispersive X-ray spectroscopy (EDS) tech-

nique. This technique plays a vital role to investigate the reason of corrosion occurs in cans (container) like stress corrosion in the pack of 

fish and potatoes, pitting corrosion in the pack of light colored fruits and failure due to lacquer defects. Support of analytical methods 

may be also required to establish the failure. 
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1. Introduction 

Tinplate is widely used for packaging and transportation of foods 

[1, 2] especially for food packing (Crnčević, 1980). One of the 

most common uses of tinplate is the manufacture of food-cans. 

The main goal of these cans is to protect foodstuff against chemi-

cal and physical risks, until the product is consumed. Tinplate 

corrosion resistance plays an important role in the shelf-life of the 

canned product, its appearance and taste. In order to obtain ade-

quate shelf-life of canned product, it is important to select the 

appropriate tinplate substrate for the food product.  

Long term unrefrigerated storage of many vegetables, meat and 

beverages would be impossible without tinplate cans. The tinplate 

cans are fabricated form low carbon mild steel sheet with a thin 

coat of electrodeposited tin [3]. About one third of the world tin 

production goes to manufacture of tin cans (food containers). 

More than 2.5 million of tin cans are consumed every year in the 

United Kingdom. As well as, 25% of worldwide production of 

steel used to produce beverage tinplate cans [4]. Fabech (1998) 

recorded that, food producer are used lacquered cans for various 

category of foods, which including water, beverage, soft drinks, 

some alcohol drinks (beer and wine), fruit juices, nectars, tomato 

and tomato products [5] 

According to Kamm [6], corrosion evolution in tinplate is con-

trolled by the continuity of the layers of free and alloyed tin (in-

termetallic), as well as by the behavior of exposed steel as de-

tinning advances. A high porosity of the tin coating in tinplate has 

been related to high corrosion rates, and may shorten shelf-life [7]. 

 

The presence of discontinuities in tin coatings may cause the same 

effect, by increasing the number of sites for galvanic corrosion 

due to a higher cathodic area (exposed iron), which promotes cor-

rosion reactions. 

Tin cans hold diverse contents: foods, beverages, oil, chemicals, 

etc. [8]. Food is made up to heterogeneous chemical content like 

significant amount of water, organic acid, salt, nitrate etc. First of 

all tin and iron, which might affect the organoleptic quality of 

food as well as lead to accelerate the corrosion. If lacquer coated 

cans get scratched somewhere, it change the organoleptic attrib-

utes and self-life of food. Consequently, that bare inside the con-

tainer lead to oxidation reactions of tin with food substances [9]. 

The pH value played a major effect. At pH above two the tin 

found in form tin hydroxide [Sn (OH)2] with low solubility. In 

another side, there are complex forms of tin appears with some 

chemicals like alcohols, esters, fatty acids and constant with some 

organic acids [10] 

During the preservation of canned citrus juices, an interaction 

occurs between the components of the canned food and the mate-

rial of the can. Corrosion in canned acid products is frequently 

influenced by the chemical composition of the products, character 

of the tin plate and the presence of the corrosion accelerators such 

as sulfites, sulfur dioxide and oxygen [11]. Studies of corrosion 

mechanism have shown that the process involves dissolution of 

the tin coating and steel base with evolution of hydrogen [12]. 

Scully (2000) recorded that a variety of methods such as electrical 

resistance, gravimetric-based mass loss, quartz crystal microbal-

ance- based mass loss, electrochemical, and solution analysis 

methods enable the determination of corrosion rates of metals 

[13]. 

 

Food is canned in either plain tinplate or lacquered tin free steel. 

Although some food processing industries prefer to use lacquered 

tin plate which is very expensive but offers a longer shelf life. The 

quality of can is a major factor in the operations of food pro-

cessing industries. Tin is considered to be quite resistant to attack 

by organic acids but undergoes corrosion if oxygen is present in 

the solution. In such cases, the food product may pick up corroded 
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tin, which will affect the color and taste. With prolonged expo-

sure, it may also have toxic effect on the quality of the food [14]. 

Tinplate container for liquid food packaging is extensively use due 

to most of its advantages: 

 These containers are made with plain carbon steel plates 

with thin tin-coating. 

 Ease of packing and sterilizing. 

 Anaerobic environment of the sealed can. 

 Transporting and minimizing the loss of vitamin poten-

cy in food stuff. 

It is essential that the use of additives in canned food has to be 

carefully considered with respect to their performance and the 

reactions will take place between metal surface and present chem-

icals. These additive in electrolyte solution are detrimental to the 

anti-corrosion performance of tinplate because a reversal of ca-

thodic/anodic behavior was noticed in galvanic couple between 

low carbon steel and tin and as a result the tin coating is no longer 

acts as a sacrificial anode and rapid corrosion of tinplate occurs. 

Dissolution of tin into food: 

Tin can enter foods either from natural sources, environmental 

pollution, packaging material or pesticides. Higher concentrations 

are found in processed food and canned foods. Dissolution of tin 

depends on the following factor [15] 

 the food matrix,  

 acidity,  

 presence of oxidizing reagents (anthocyanin, nitrate, 

iron and copper)  

 presence of air (oxygen) in the headspace ,  

 time and  

 temperature 

FSA (2002) studied by testing of 1200 fully lacquered cans and 

found that decreased of 99.5% below the United Kingdom limit of 

200 mg/kg of tin [16]. 

Corrosion occurs in different metals after a certain amount of 

time. Corrosion usually is caused by air particles getting into a 

small pore of the metal. It is a typical process that is not always 

preventable [17]. 

Tinplate corrosion depends on many factors: 

1. Can material (tin coated steel, tin free steel) 

2. Nature of the organic coating (epoxy, polyester, acrylic 

resins) 

3. Enamel properties (adhesion, porosity and corrosion re-

sistance) 

4. Nature of contacting media (aqueous, fatty foodstuffs)    

5. Composition of the contained product (acid foods, sulfur 

and salt etc.(Barilli et al.,2003; Montanari et al., 1996) 

[18,19] 

 

Recently SEM in combination with EDS have proven to be a 

powerful and effective tool to investigate the many causes of cor-

rosion in metal food containers [20, 21, and 22].  By using scan-

ning Kelvin probe and scanning acoustic microscopy the lacquer 

failure has also been studied [23] 

 

2. Material and Sample collection  

 
Tinplate is a low carbon steel product with thicknesses between 

0.17 and 0.53 mm [24] tinplated in electrolytic bath; thus com-

bines the strength and malleability of steel with the corrosion re-

sistance and weldability of tin [25,26]. Tinplate is mainly used in 

food packaging; ideal for this purpose because it is not toxic, light, 

strong and chemically stable [27]. The resulting coating has the 

following layered structure from bottom to top begins with an 

alloyed FeSn2 layer that protects the steel against galvanic corro-

sion by oxidizing species; and a tin layer which provides durabil-

ity when acts as a sacrificial anode [28]. 

Tinplate is a thin low-carbon mild steel sheet, cold reduced, coated 

on both sides with pure electrolytic tin, used for food packaging. 

Study was conducted in two parts (A & B). Study of part A was 

conducted at our lab by preparing the corrosive media in the la-

boratory. Study of part B was conducted at Tata Steel R&D lab 

with SEM equipped with an energy dispersive X-ray (EDX) tech-

nique. 

2.1. Sample Collection 

Two type of sample collected for the experiment. Collected sam-

ple were made of lacquered and non-lacquered using food grade 

lacquer. 

1.  a) One sample of 50x50 mm size of equally tin- coated 

with 5.6/5.6 gm /m2 of pure tin and         Non-lacquered.  

       b) One another sample of 50x50 mm size, equally  tin-

coated with 5.6/5.6 gm/m2 of pure tin and  

 Lacquered with food grad lacquer (epoxy  

 phenolic). 

2.  a) Sample of 50x50 mm size of equally tin-coated  with 

2.8/2.8 gm /m2 of pure tin and non-lacquered.  

      b) Another sample of 50x50 mm size of equally tin- coated 

with 2.8/2.8 gm/m2 and lacquered with  food grade lacquer (epoxy 

phenolic). 

 
Table 1: Chemical composition 

Elements     Sample 1 Sample 2 
C                  0.079                0.070 

Mn              0.41                  0.66 
Si                 0.014                0.016 

P                  0.020                0.007 

S                  0.019                0.012 
Cu               0.010                0.009 

Ni                0.009                0.007 

Cr                0.009                0.017 
Mo              0.017                0.008 

Al                 0.059                0.038 

                             Fe                 Rest                  Rest    

           

2.2 Corrosive Media 

 
Tomato juice solution prepared with citric acid (10 gm/lit) and 

sodium chloride solution (13 gm/lit). pH of the solution was regu-

lated 3-4 by addition of Sodium hydroxide. 

 

2.3 Experimental Method for Part “A” study 

 
This study was made at our laboratory by total immersion of test 

specimen in prepared corrosive media (tomato juice solution) and 

kept for two weeks at room temperature.  

After two weeks the sample was removed from the solution, 

cleaned, dried and check the weight. The corrosion rate was calcu-

lated by weight loss method as per formula given by Terence Bell 

(precedent & founder of strategic metal investment Ltd., editor of 

Strategic metal report). 

 

Corrosion rate (mm/y) = 87.6 x (W/DAT) 

Where: 

W = weight loss in milligrams.   

D = metal density in g /cm3 

A = area of sample in cm2.       

T = time of exposure of the metal sample in hours  

87.6 = constant factor 

 



International Journal of Engineering & Technology 343 

 
2.3.1 Test Method 

 
Tinplate sample coated with 2.8/2.8 gm/m2 and with 5.6/5.6 

gm/m2 weighed prior to experiment and hanged in two individual 

glass container with the help of nylon thread. Heat up the tomato 

juice solution up to 70 deg. C and poured in both the glass con-

tainer so that the sample completely deep into the solution. Closed 

the container with air tight cap and kept at room temperature 

(25±2oC) for two weeks. 

 

 
 
After two week (336 hours), open the glass container, removed the 

sample from the tomato juice, cleaned with water, dried and 

weighed on electronic balance. Corrosion rate was calculated from 

the weight difference obtained from the experiment. 

It was noticed that weight difference was obtained in non-

lacquered sample. No weight difference was observed in the lac-

quered sample after completion of lab experiment. 

 

Corrosion rate (mm/y) = 87.6 x (W/DAT) 

Where: 

W = weight loss in milligrams = 5.2718 – 5.2642  

     = 0.0076 gm = 7.6 mg 

D = metal density in g /cm3 = 7.23 

A = area of sample in cm2 = 50x50 mm2 = 25 cm2 

T = time of exposure of the metal sample in hours  

    = 336 hours (2 weeks) 

87.6 = constant factor 

Corrosion rate for non-lacquered sample calculated as 

Corrosion rate (mm/y) = 87.6 (7.6/25x7.23x336)  

                                     = 0.011 mm/y 

 
Non-lacquered tinplate 

(coating wt. 5.6 gm/m2) 

Lacquered tinplate 

(coating wt. 5.6 gm/m2) 

Before Expt. After Expt. Before 

Expt. 

After Expt. 

     
                       

Non-lacquered tinplate 

(coating wt. 2.8 gm/m2) 

Lacquered tinplate 

(coating wt. 2.8 gm/m2) 

Before Expt. After Expt. Before 

Expt. 

After Expt. 

 
 

   

Figure 2: Photograph of sample before and after experiment 

 

Photograph shows that 5.6 gm/m2 non-lacquered tinplate sample 

not withstand in the tomato juice, coated tin about 3/4th coated tin 

have been dissolved in the juice. Lacquered tinplate sample have 

no any corrosion effect and successful withstand with the juice. 

Photograph of Tinplate of 2.8 gm/m2 coating sample non-

lacquered also not withstand and almost all coated chromium dis-

solved in the solution. Lacquered Tinplate sample should not be 

failed in tomato juice but during experiment it was observed that 

lacquered sample failed due to corrosion. 

Visual observation of 2.8 gm/m2 tin-coated sample surface indi-

cated the pitting like corrosion effect on the lacquered surface. To 

study the failure of lacquering, the sample is being examine by 

Scanning Electron Microscope (SEM) coupled with Energy Dis-

persive X-ray spectroscopy (EDS). 

 

2.3.2 Experimental Method for Part “B” study 

 
Study was made by Scanning Electron Microscope coupled with 

Energy Dispersive X-ray and Auger Electron Spectroscopy analy-

sis at Tata Steel R&D laboratory.     

The morphology of non-lacquered tinplate shown in the following 

photograph. 

 

      
                             (a)                                                 (b) 

Figure 3: Non-lacquered tinplate morphology 

 

Figure (a) represent the surface before the experiment and figure 

(b) represent the surface after completion of two week experi-

mental period. It shows the stick-shaped corrosion product on the 

surface. 

The failed lacquered tinplate sample in corrosion test was exam-

ined by SEM along with EDS and Auger Electron Spectroscopy 

(AES) technique to know the reason of failure in corrosion test.  

For this a fresh sample of 50x50 mm was collected from the re-

maining part of the lacquered tinplated sheet used for corrosion 

test. The sample surface was   examined and found that tinny eye 

holes were present on the lacquered surface. Sample was treated 

with boiling mixture of Aniline and Ammonium hydroxide to 

remove the lacquer layer. Sample cleaned, dried and examine 

under microscope which revealed tinny eye holes were associated 

with small white spots. These eyeholes in the lacquer were also 

detected in the non-lacquered tinplate. 

Examination of lacquered sample was studied in following se-

quence. 

I.   SEM examination  

II. SEM examination of de-coated tin from the sample 

surface.  

III. Examination of rougher portion as observed in SEM 

examination with Auger Electron Spectrometry (AES). 

Observations during above examinations are as follows: 

 The first step of SEM examination revealed that the 

white spots were the area of cleaved (split) tin shown in 

figure 4. 

 SEM examination in second step was done on the same 

sample after de-coating of tin from the surface with the 

help of Clark’s solution (2 gm antimony oxide in 100 ml 

HCL). It was observed that the surface beneath the 

cleaved tin found rougher than the surroundings.   

 To examine this rougher portion, we use the Auger Elec-

tron Spectrometer (AES).  The obtained spectrum from 

AES revealed an abnormal amount of carbon in the 

pores of the cleaved area as shown in figure 5. Whereas 

no carbon was detected in the adjacent to un-cleaved ar-

ea as shown in figure 6. 
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Secondary electron micrograph of lacquered tinplate sample 

shown below: 

 

 
Figure 4:  Cleaved tin (pitted area) 

 

Auger Spectrum (No. of Electrons vs Electron Kinetic Energy) 

 
Electron no. 

 

. 

                                               Kinetic Energy eV       

                        Figure 5: Presence of carbon in cleaved area                         

 

  Electron no.                            

                   

                           
  

                                                              

                                                         Kinetic Energy eV    

Figure 6: Normal tinplate surface 

 SEM examination also revealed the eye holing problem (Fig.7) of 

lacquer, occurred due to ruptured micro blisters in the lacquer and 

appeared to be a case of solvent popping (Fig.8). The flow lines in 

the lacquer film and incipient blisters have observed at high volt-

age SEM examination as shown in fig.9 

Secondary Electron Micrograph 

     
Eye hole in Lacquer       Blister in Lacquer     Lacquer flow lines 

Acceleration Voltage    Acceleration Voltage     with incipient 

20 kV                                12 kV                                blister 

                                                                            Acceleration Voltage  

                                                                                       32 kV 

           Figure:7                     Figure:8                     Figure: 9 

 

It was also noticed during SEM examination that there were many 

small particles around the perimeter of the eyehole. To know the 

particle nature, it was anlaysed through EDS, which gave indica-

tion that the particle contained sodium and chromium which was 

most probably originated from sodium dichromate treatment solu-

tion in tinning line. X-ray spectrum generated by EDS analysis 

from the entire scan area of SEM shown in figure 10.      

 

            
Figure 10: Energy Dispersive X-ray analysis of Particle, indicating Pres-

ence of Sodium di-chromate 

2.3.3 Corrosion Mechanism 

Figure 11 shows the corrosion mechanism for tinplate coated with 

food grade lacquer film in the corrosive solution tomato jounce 

contains NaCl electrolyte solution. 

 

 

 
Defect free coated Lacquer with constant thickness & perfect adhesion 

Figure 11(a) 

 

 

 

 
Lacquer coating discontinuity & less thickness in rougher areas 

Figure 11(b) 

 

 

 
Corrosion first occurs beneath of lacquer coating then corrosion 

product, Break the film and visible directly. 

Figure 11(c) 

Figure 11 

2.4 Discussion 

 Figure 2 shows the tinplate after 336 hours of immersion in 

tomato juice solution shows preferential points which created 

corrosion and corrosion products. However, the tin coating was 

2.8/2.8 gm/m2 and if it was defects free then it protect iron 

longer but observed red corrosion of the iron in the experiment, 

most probably Tin layer has discontinuities and defects. 

 Figure 3 shows the non-lacquered tinplate morphology. It 

shows the stick-shaped corrosion product on the surface after 

the experiment over. 

 Figure 4 shows the cleaved tin (pitted area) on the surface. 

This is the area where molten tin was not able to wet the steel 

sheet surface as a result no tin coating was available on that area. 
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It is only possible when a foreign material was present on the 

steel surface. To detect these foreign material sample was exam-

ined with Auger electron spectrometer (AES) 

 Figure 5 & 6 shown the Auger spectrum, no. of electrons vs 

Electron Kinetic energy which was obtained by the above sam-

ple examination with AES. The obtained spectrum indicated the 

presence of an abnormal amount of carbon in the pores of 

cleaved areas of tin-coating. Whereas no carbon was detected in 

the adjacent to the cleaved area of tin. 

 Figure 7 shows the lacquer eye holing problem. It was a lac-

quering process problem and obtained   due to rupture of micro 

blister in the lacquer and looks like a case of solvent popping 

shown in figure 8. 

 Figure 9 showed the lacquer flow line with incipient blister 

when examined the sample under higher voltage with SEM. At 

higher voltage, flow lines in the lacquer film and incipient blis-

ters could be observed over a good portion of the plate. These 

conditions indicated that the problem was related to the surface 

tension of the lacquer, its solvents, and temperature gradients in 

the curing oven. 

 Figure 10 shows the X-ray spectrum generated by EDS analy-

sis from the entire scan area of SEM. During observation at 

higher magnification many small particles around the perimeter 

of the eyehole were observed. To know the particle nature, it 

was anlaysed through EDS, which gave indication that the par-

ticle contained sodium and chromium which was most probably 

originated from sodium dichromate treatment solution in tinning 

line. 

 Figure 11 shows the corrosion mechanism. Figure 11(a) shows 

the Defect free coated Lacquer with constant thickness & per-

fect adhesion, figure 11(b) for Lacquer coating discontinuity & 

less thickness in rougher areas and figure 11(c) shows the Cor-

rosion first occurs beneath of lacquer coating then corrosion 

product  break the film and visible directly. 

2.5 Conclusion 

1. The results showed that the ferrous base exposed at the defects 

(anode). The food grade lacquer was able to retard the corrosion 

of the tinplate but in experiment it was failed and corrosion oc-

curred at lacquered surface of tinplate coated with 2.8/2.8 gm/m2 

tin. 

2. Furthermore, the corrosion products showed that the corrosion 

occurs at the rougher area (irregularities) arising from defects in 

the steel base. By increasing the exposure time, the electrolyte 

(juice) permeated the tinplate substrate through lacquer cracks 

and defects in the steel base. First, corrosion occurs in the areas 

of Lacquer coating discontinuity & less thickness in rougher area, 

then corrosion products break the film and are visible directly. 

3. The results obtained by the experiment showed that the lac-

quered sample had a good performance when immersed in the 

juice containing sodium chloride. The corrosion was detected 

few days of immersion with a small pit. After two week (336 

hours) the experimented sample displayed preferential points 

which created corrosion and corrosion products around them. 

4. Based on the results, we found that the lacquering on tinplate 

is effective as a protective coating in corrosive media when the 

steel base is free from defect as shown in the experiment.  Any 

pores and thickness variation in lacquer coat is detrimental to the 

base metal.  Lacquer retards the action of corrosion and ensures 

the integrity of the tinplate for longer when exposed to corrosive 

media. 

Acknowledgments 

Gratitude” seems to be the emerging sentiment as this research 

work is coming to a conclusion. I am indebted to a number of 

persons who have helped me and encouraged me in the process of 

investigation and exploration. 

It gives me immense pleasure to express my deep sense of grati-

tude and sincere thanks to Dr. M. K. Agrawal, Professor, Depart-

ment of Metallurgical & Materials Engineering, National Institute 

of Technology, Jamshedpur, India for his guidance and constant 

encouragement during the course of this research work. 

I am greatly indebted to the management of Tinplate Co. of India 

Limited, Jamshedpur, India for sponsoring me to register for Ph.D 

Programme and extending laboratory facility for carrying out the 

studies during tenure of this research work. 

I would like to thank the Director, N. I. T, Jamshedpur and Head 

of Department of Metallurgical & Materials Engineering, National 

Institute of Technology, Jamshedpur for giving me permission for 

Ph.D. programme and providing me an opportunity to undertake 

research work through this reputed Institute. 

I am grateful to the Chairman & Members of Doctorial Scrutiny 

Committee for allowing me to carry on the study in the field of 

Metallurgical Engineering on the topic “Cost Effective Tinplate 

Cans through Optimisation of Critical Parameters”. I am also 

grateful for their continuous support and directions all along the 

research work. 

I would like to express my sincere thanks and gratitude to Dean 

(Academic) & Faculty members, staff members & my colleagues 

of Department of Metallurgical & Materials Engineering, National 

Institute of Technology, and Jamshedpur, India for their co-

operation at every stage of my work. 

I would like to express my sincere thanks and gratitude to officers 

& staff of Libraries of N. I. T Jamshedpur, SNTI of Tata Steel, 

Jamshedpur, and Mr Anil Kumar of TCIL ,who extended a help-

ing hand in data analysis and report drafting. 

Pursuing a Doctorial thesis was a lonely journey, which would not 

have been possible without the enormous support of my family 

members, supervisors and close friends. 

I am deeply touched by continuous support, which I have received 

from each and every member of my family, during long years of 

my research work. 

At last, I cannot forget that it is the kindness and grace of divine 

almighty, who provided me the necessary environment and oppor-

tunity for carrying out this research work. 

(Sourajyoti Dey) 

Date: 

Place: Jamshedpur, India   

References 

[1] G. Milanese, A. Montanari, R. Massini, and A. Cassará, “Speri-

mentazione e applicazione di un   metodo per valutare il ferro espo-
sto sulle bande stagnate”, Industria Conserve, 120-124, 1981. 

[2] Murphy, T. P, Uhligs Corrosion Handbook, 2th Edition, Ed: R. 

Winston Revie, 2000,  p.858 
[3] Blunden. S., Wallace, Tin in Canned food: a review and under-

standing of occurrence and effect, Food and Chemical Toxicology, 

2003, 41(12), 1651-1662 
[4] Weber G., 1997; Specification of tin in lemon juice: ab example of 

trace speciation in food, Analytical Chemica Acta, 2000. 79-88. 

[5] Vogel, A.I.Qualitative Inorganic Analysis, Orient Longman Ltd 
(1997). 

[6] Haleem EI, Ald SM, Kheor MG, Killa HM (1980): Corrosion Be-

havior of Metals in HNO3, Br. Corrosion J. 6(1): p. 42. 



346 International Journal of Engineering & Technology 

 
[7] Scully, J. R.., 2000, Polarization resistance method for determina-

tion of instantaneous corrosion rates, Journal Corrosion, 56(020. 

23-25 

[8] Kadoya, T. (1990):Food Packaging Academic Press Inc., California 

[9] Perring, L., and Basic-Dvorzak, M., 2002, Determination of total 

tin in canned food using coupled plawsma atomic emission spec-
troscopy. Analytical and Bioanalytical Chemistry, 374(2), 235-243. 

[10] FSA, 2002, Tin in canned fruit and vegetables. Food Standards 

Agency, 2002-08-22, Retrieved 2009-04-16, London, United King-
dom. 

[11] Leah, T., 2012, Types of Corrosion for a Tin Plate, Available in: 
http://www.ehow.com/list_5982123_types-tin-

plate.html#ixzz1xsSaqCn6. 

[12] Barilli, F., Frangi, R., Gelati, S., Montanari, A., 2003. Study on the 
adhesion of different types  of lacquers used in food packaging. 

Progress in organic coatings 46, 91–96. 

[13] Montanari, A., Pezzani, A., Cassara, A., Quaranta, A., Lupi, R., 
1996. Quality of organic coatings for food cans: evaluation tech-

niques and prospects of improvement. Progress in  organic coatings 

29, 159–165. 
[14] Charbonneau, J.E., 1999. Recent investigations of food product 

container interactions using canning electron microscopy and X-ray. 

Microanalysis Scanning 21, 119–120. 
[15] Charbonneau, J.E., 2001. Investigation of corrosion and container 

integrity in metal food containers using scanning electron micros-

copy – X-ray. Microanalysis Scanning 23, 198–203. 
[16] Kontominas, M.G., Prodromidis, M.I., Paleologos, E.K., Badeka, 

A.V., Journal of Food Engineering 86 (2008), 460-464 

[17] Doherty, M., Sykes, J.M., 2004. Micro cells beneath organic lac-
quers: a study using scanning Kelvin probe and scanning acoustic 

microscopy. Corrosion Science 46, 1265–1289. 

[18] Fondonorma. Covenin1589:2003: Hoja cromada y estañada elec-
trolítica. Caracas: Fondonorma; 2003. p. 7-13. 

[19] Xia D, Wang J, Song S, Zhong B, Han Z. The corrosion behavior of 

lacquered tinplate in  functional beverage Advanced Materials Re-
search. 2011;233-235:1747-1751. 

[20] Zumelzu E, Cabezas C. Observations on the influence of micro-

structure on electrolytic tinplate corrosion. Materials Characteriza-
tion. 1995;34(2):143-148. http://dx.doi.org/10.1016/1044-

5803(94)00060-X. 

[21] Chen S, Xie L, Xue F. X-ray photoelectron spectroscopy investiga-

tion of commercial passivated tinplate surface layer. Applied Sur-

face Science. 2013;276:454-457. 

http://dx.doi.org/10.1016/j.apsusc.2013.03.115. 
[22] Martins J. Corrosion problems in tinplate cans for storing contact 

glues for shoes. Engineering Failure Analysis. 2012;26:258-265. 

http://dx.doi.org/10.1016/j.engfailanal.2012.08.003. 

 

 


