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ABSTRACT 

The vapour phase corrosion inhibition action of five natural essential oils: JasminumGrandiflorum (JG), 

JasminumSambac (JA), OleumPalmarosae (OP), OcimumBasilicum (OB) and VetiveriaZizanioides (VZ) on 

mild steel and copper were studied. FTIR, GC analyses were done for chemical characterization of the oils to 

identify the functional groups present in them and other structural features. Razor blade test, salt spray test 

provided the relative efficiencies of different oils against corrosion, the decreasing order of which is as follows: 

OB<JA<JG<OP<VZ. Vapour pressure of all the oils are high enough to act as efficient vapour phase corrosion 

inhibitors. The mechanism of inhibition was proposed based on the molecular structures of the oils as revealed 

in GC and FTIR. The presence of unsaturation, oxygen and/or nitrogen atoms points out to the possibility of 

interaction of the lone pair and/or ᴨ-electrons with the charged metal surface. Antimicrobial study reveals that 

the essential oils are all resistant against microbial activity. It may be concluded that these essential oils can 

used as VCI to protect electrical and electronic components packaging under corrosive environments. 

Keywords: Vapour Phase Corrosion Inhibitor, JasminumGrandiflorum, JasminumSambac, OleumPalmarosae. 

I  INTRODUCTION 

Corrosion inhibitors get bound to the metal surface through various mechanisms such as adsorption, 

precipitation etc and prevent the corrosion of the metal. The traditional methods of corrosion inhibition involve 

providing a coating of paint or grease on the metal surface or using moisture absorbents. However these 

techniques are found to be less satisfactory. The economic losses due to corrosion in various industries are huge 

in spite of application of the above said techniques. It is important to look for alternative corrosion inhibitors. 

Vapour phase corrosion inhibitors are apt alternatives for the traditional inhibitors. They are substances with 

high vapour pressure due to which their molecules get adsorbed on to the metal surface thereby preventing the 
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interaction between the metal surface and atmosphere. The efficiency of the corrosion inhibition depends upon 

the molecular structure which in turn determines the kinds and extents of interaction between the metals and the 

inhibitor molecules. The vapour phase inhibitory action of various natural essential oils is studied in this work.  

II EXPERIMENTAL 

2.1 Preparation of specimens 

 

The mild steel and copper sheets of thickness 0.25cm were divided into strips of 5*1 cm2 area, and a 2 mm hole 

was punched on the upper edge of each of them. The composition of mild steel found to, Carbon: 0.06%, 

Manganese: 0.4%, Silicon: 0.05%, Phosphorus: 0.03%, Sulphur: 0.027%, Chromium: 0.02%, Molybdenum: 

0.14% and Nickel: 0.01%. Copper of high purity was used in the present study. Specimens were polished in a 

surface grinder then using different grades of emery papers (1/0, 2/0, 3/0, and 4/0) and degreased with 

trichloroethylene. In Clark’s solution they were picked, washed thoroughly with triple distilled water, dried and 

stored in a desiccator. 

 

2.2 Preparation of Vapour Phase Inhibitor (VCI) and VCI Impregnated Papers 

 

Essential oils from JasminumGrandiflorum (JG), JasminumSambac (JA), OleumPalmarosae (OP), 

OcimumBasilicum (OB) and VetiveriaZizanioides (VZ) were obtained from the flowers (JG and JA), 

palmarosagrass, flowering tops and dried root of the plant respectively through steam distillation. These oils 

were procured from M/S Encee aromatics, a perfume manufacturing company situated near Mettupalayam in 

Tamil Nadu. The Kraft paper of size 30 cm x 30 cm was dipped in VCI solution till it is completely wet (10 

mL/square feet), was then taken out and dried in a dust free chamber. The VCI impregnated paper was cut into 

required size to cover the specimen and stored in a desiccator from which it was taken out just before use. 

 

 

 

 

 

 

Figure 2.1  Photograph of experimental set up for impregnation method 
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2.3 Compositional Analysis of VCI 

2.3.1  FTIR Analysis 

 

Using a Bio–Rad FTIR–65 spectrophotometer FTIR spectrum of essential oils was recorded with a reflection 

cell to determine functional groups in the oil. 

 

2.3.2  Gas Chromatographic analysis (GC) 

 

Using Idepal Co–880 gas chromatography equipped with a thermal conductivity detector the fraction of 

essential oil can be determined. Helium was used as a carrier gas and carbowax 1540 poly (ethylene glycol) was 

used as internal standard 

 

2.4 Vapour Pressure Measurements 

 

The vapour pressure of the VCI was measured using a microbalance of 10 μg accuracy.  About 0.1μL of the 

VCI compound was placed in a glass container having hole of 1mm diameter at room temperature. Loss in 

weight was measured and the values were substituted in the equation (1) (Dogra and Dogra 1986) 

P =
W√2ᴨRT

𝐴𝑡𝑀
                                                                      (1) 

     where, P – partial vapour pressure of the essential oil, A – area of the hole in m2, t-time in seconds, W-

weight loss in mg, T-temperature in Kelvin, R – gas constant (8.314 JK-1 mol-1) and M – average              

molecular mass of the essential oil. 

2.5 Razor Blade Corrosion Test 

This test was performed with 4% VCI for 7, 15, 30, 45, 60 and 90 days duration in bathroom atmosphere with 

impregnated graft paper, hanging in plastic box, half pickled and pouch methods(Barry and 

Rudman1998).The date of appearance of the first sign of corrosion was recorded. The tested specimens were 

evaluated by visual observation and graded accordingly as follows (Gandhi 2001). 

2.5.1 By Impregnation  

The Kraft paper was cut into 5 x 12 cm2 size and coated with 4%VCI by dipping in the inhibitor solution until it 

is completely wet. A drop of aqueous salt solution (0.1M NaCl) was placed on a clean and dry specimen and 

quickly covered with 4%VCI impregnated paper and was allowed to hang in bath room atmospheres. The 
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specimen wrapped with VCI uncoated Kraft paper was taken as blank. The visual observation was made at 

regular time intervals (7, 15, 30, 45, 60 and 90 days) (Agarwal 1960). 

2.5.2 Hanging in Plastic Box 

A 250mL plastic container was taken and holes were made on the side of the container so that the atmospheric 

moisture reaches the hanging metal. Four holes were made on the lid so that the metal specimen can be hanged 

using a nylon thread and cotton soaked with 1mL of inhibitor of 4% concentration was kept in the bottom of the 

container. The metal coupons were suspended from the lid through nylon thread and the container was closed. 

Arrays of the plastic containers were kept in a plastic tray containing sea water. The specimen without VCI 

soaked cotton in the container was observed as blank (Doot 2003). 

  

Figure 2.2  Photograph of experimental set up for plastic box method 

2.5.3 In pouch 

A plastic envelope of size 25 x 10 cm2 was taken and the inner part of the envelope was coated with 1mL 

volume of 4%VCI. The metal specimen was placed inside the envelope. Humidity inside the bag was created by 

keeping a small cotton ball saturated with water and the envelopes were hanged in the bath room. This 

arrangement provides moisture atmosphere both inside and outside the specimen. One envelope containing 

metal specimen without VCI coating was taken as blank. The visual observation was done at regular time 

intervals (Christophe Kraemer 1997).   

  

Figure 2.3  Photograph of experimental set up for pouch method 
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2.5.4 By half pickled   

One half of the metal specimen was coated with 4% concentration of VCI.  The metal specimen was suspended 

through the nylon thread in the bath room. The upper uncoated part of the specimen acts as control. The visual 

observation was made at regular time intervals of 7, 15, 30, 45, 60 and 90 days (Furaman 2004).

  

Figure 2.4 Photograph of experimental set up for half pickled method 

 

2.6 Antimicrobial test 

Anti microbial activity has been tested through different methods because even micro organisms can affect 

corrosion. Bacteria such as Escherichia coli, Proteus mirabilis, Klebsiellapneumoniae, Pseudomonas 

flourescence, Klebsiellaspecies, Shigelladysentriae, Micrococcus luteus, Bacillus subtilis, Enterococcusfaecalis, 

Staphylococcus aureus, Salmonella typhimurium, Pseudomonas aeruginosa, Streptococcus pyrogens,Proteus 

vulgaris, and Salmonella species were selected to study the antibacterial activity ofthe essential oils. 

2.6.1 Well Plated method  

The antibacterial activity of the oil was tested against the microorganisms using the agar-well disc diffusion 

inhibition test. The 24 hour broth culture of each of the test micro organisms was aseptically introduced and 

evenly spread using bent sterile glass rod on the surface of sterile nutrient agar plates. Wells of about 6 mm 

diameter were aseptically punched on each agar plate using a sterile cork borer, allowing at least 30mm between 

adjacent wells and between peripheral wells and the edge of the Petri dish. Fixed volume (100 μL) of the oil 

was then introduced into the wells in the plates and a control well was also filled with 100 μL of the 

Chloromphenicol. The plates were then incubated at 37oC for 24 hours and then screened for zone of inhibition 

(Sanyal and RanuSen Gupta 1974). 

   

2.6.2 Minimum Inhibitory Concentration (MIC) method  

 

The minimum inhibitory concentration was defined as the lowest concentration of the sample that did not show 

any growth of the tested microorganism. Here 100 μL of nutrient broth was taken in a plate of 16 wells. The 10 
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µL of sample oil was mixed with the 100 μL of sample diluents in the well making a twofold dilution. 100 μL 

of this solution was transferred and mixed with 100 μL of the diluents in the second row making a 4:1 dilution. 

This proceeds consecutively down the plate making two fold dilutions in each well. After the dilution, an 

aliquot of test organisms was added to all wells and the plates were incubated overnight. The minimum 

inhibitory concentration (MIC) of that sample against the specific organism was noted (Bosecker 1996). 

The same set up was made used for anti fungal test. Instead of nutrient agar sabourauds broth was used. Fungi 

such as Aspergillusniger, Penicilliumpinophilium, Phanerochaetechrysosporium, Ganodermalucidumand 

Ischnodermaresinosumwere chosen to study the antifungal activity of the essential oils 

2.7 Packaging Test 

 

Plastic chamber of size 15 cm X 10 cm of total capacity 1500 mL was taken. Some finished components made 

up of mild steel, copper, brass, tin, lead and aluminium such as condensers, capacitors, diodes, transistors, I.C 

chips, solder, resistor, and electronic components were polished and degreased with trichloro ethylene and kept 

in a container of total 3 sq.ft area. Each of these was mounted on a perforated plastic tray which was fixed in the 

neck of the chamber. In the bottom of the chamber 500 mL of seawater was taken in order to stimulate the 

humid and salty environment to the components and small cotton ball was soaked with various concentrations 

(2%, 4% and 6%) of VCI placed in a 2 cm X 5 cm cotton bag was kept in the centre of the tray .The same set up 

without VCI bag was observed as blank. The samples were arranged inside the testing assembly, so as not to 

touch the inhibitor bag. The chamber was sealed air tight after placing the inhibitor bag. These chambers were 

placed in an access of free air so that sea water with in the chamber could condense on the sample. The extent 

of corrosion and protection by inhibitor were assessed by visual observation. 

 

 Figure 2.5 Photograph of experimental set up for testing of the oil in packaging 
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III Results and Discussion 

3.1 FTIR Analysis 

The authenticity of the natural oils procured from a local company, used in this study without any purification 

was checked using FTIR. The FTIR spectra of the 4% VCI impregnated papers are given in the figure.  The 

spectrum shows C-O stretching frequency at 1026 cm-1, O-H stretching at 3729cm-1. The peaks at 2940cm-1, 

1371cm-1, 722cm-1 corresponding to C-H, C-N and C-C vibrations. 

              

Figure 3.1 (a) FTIR spectrum of OP oil                                                  (b)  FTIR Spectrum of VZ oil 

3.2 Gas Chromtography 

Gas chromatographic analysis when done to determine the composition of the essential oils, it was found that 

the oils contain hydroxyl group, nitrogen containing group and unsaturation. The below images show the GC 

chromatograms of JA oil, OB oil, OP oil and VZ oil. 
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Figure 3.2 Gas Chromatograms of Various oils 

 

Table 3.1 GC analysis data of the essential oils 

 

JG JA OP OB VZ 
Retent

ion 
time 

(mins) 

Compo
und 

Retenti
on 

time(mi
ns) 

Compo
und 

Retenti
on 

time(mi
ns) 

Compo
und 

Retenti
on 

time(mi
ns) 

Compo
und 

Retenti
on 

time(mi
ns) 

Compo
und 

14.4 
and 

63.12 
Linalool 2.57 

Pinene 
 

7.3 Myrece
ne 

4.5 Pinene 
6.9 Pinene 

8.8 Cineol 

23.24 Benzyl 
acetate 

13.5 
and 

28.02 
Linalool 8.4 Limone

ne 9.8 
γ-

Terpine
ne 

8.48 Limone
ne 

31.6 
and 
58.3 

Indole 15.7 
Methyl 
anthrani

late 
9.7 

Gamma 
Terpine

ne 
20.2 Terpine

ol 17.14 Citronel
lal 

35.5 Nerolid
ol 

38.93 
and 

Benzyl 
acetate 18.1 Linalool 18.4 Linalool 24.78 Linyl 

acetate 
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46.25 

41.33, 
46.14 
and 
59.5 

Eugenol 41.15 
Benzyl 
benzoat

e 
20.7 Citronel

lol 25.3 Campho
r 

32.35 Vetivon
e 

35.15 Vetiver
ol 

37.3 Terpine
ol 

53.74 Isophyt
ol 43.85 Geranio

l 24.7 Geranyl 
acetate 24.0 Citronel

lol 

47.22 
and 

77.19 

Vetiven
ate 

44.2 Geranio
l 

61.65 
50.22 

Eugenol 
25.6 
and 
37.4 

Nerol 22.5 Methyl 
chavicol 

53.7 Neryl 
acetate 

68.24 Trans-
Phytol 73.19 Isophyt

ol 

41.5 
and 
63.0 

Geranio
l 

78.7 
 

Nerolid
ol 

77.1, 
31.6 
and 
35.3 

Indole 27.1 
and 
33.8 

Geranio
l 34.8 

Methyl 
cinnama

te 

58.4 
 

Eugenol 
 

57.4 Nerolid
ol 

84 Benzyl 
alcohol 67 Phytol 

acetate 31.3 
Phenyl 
ethyl 

alcohol 
35.2 Eugenol 80.45 Vetiven

e 

95 p-Cresol 83.53 Jasmone 39.2 Citrol 38.5 p-
Cymene 82.6 Palmitic 

acid 
 

Table 3.2  Percentage of major constituents in the chosen essential oils 

 

S. 
No 

Botanical name 
English 
name 

Chemical compositions References 

 

1 

JasminumGrandiflorum 
(JG) 

Jasmine 
(flower oil) 

Benzyl acetate:25%, 

d –Linalool :15.5%, Benzyl 
benzoate:17.5%, Phytol:12%, P.Cresol:2%, 

Methyl antharanilate:1%, Indole-3%, 
Eugenol:3.5% 

 

Arnaud 
(1949) 

 

2 

JasminumAuriculatum 

(JA) 

Sambac 
(flower oil) 

Benzyl acetate:27%, Benzyl alcohol:16%, 
Linalool:25.7%, Benzyl benzoate:8.7%, 

Indole:2.5%, Methyl antharanilate: 2.5%, 
Eugenol:2.5%, Farnesol:3%, Phytol:2% 

 

Griard 
(1947) 

 

3 

OleumPalmaRosae 

 (OP) 

PalmaRosa 

(grass oil) 

Geraniol-34% , Geraniol acetate-32% 

Citronellol: 2%, Citrol-10%, Linalool: 7%, 
Dipentene:  4%, Geranial (3%) 

 

Rakshit and 
Dutt (1947) 

 OcimumBasillium Basil Methyl chavicol-50%,  
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4 (OB) (leaves oil) Linalool (44%), Eugenol:0.5%, Cineol: 
2.5%, Methyl cinnamate:10%, 

Camphor:1%, Pinene:1% 

Nelson and 
Lowman 
(1935) 

 

5 

VetiveriaZizanioides 

(VZ) 

Vetiver 
(root oil) 

&–Vetiverol (35%), Vetivone (10%), 
Vetivene (10%), Palmitic acid:1%, 

Citronellol: 2% 

Rakshit and 
Dutt (1948) 

 

 

3.3 Vapour pressure 

 

 VCI has a characteristic property of high vapour pressures that facilitates adsorbtion on metal surface therby 

inhibiting corrosion.Microbalance was employed to measure the vapour pressure where weight loss was 

recorded against the time of vapourization. A high vapour pressure in the range 4.1 to 6.7 x 10-3 mm Hg was 

determined.  

Table 3.3 Vapour pressure of essential oils 

 

S.No. Name of VCI Vapour pressure (mm Hg) 

1 JG 6.789X10-3 

2 JA 5.233X10-3 

3 OP 4.188X10-3 

4 OB 6.747X10-3 

5 VZ 4.498X10-3 

 

3.4 Razor Blade Test  

Steel and copper specimens in4% VCI impregnated kraft paper kept suspended in plastic box, half pickled and 

pouch methods were exposed to bathroom atmosphere for a maximum duration of 90 days during which date of 

first sign of corrosion was noted. Less corrosion was noted in impregnated kraft paper and plastic pouch method 

compared to plastic container and half pickling methods. Among the various oils used, the increasing order of 

effectiveness in inhibition of corrosion is as follows: OB < JA< JG < OP ≈ VZ. The metal specimens without 

inhibitor molecules exhibited severe to very severe corrosion.  
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Name 
of VCI 

Environmental condition of metal 

Plastic box Impregnation Pouch Half-pickled 

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 
Blank     

JG     
JA     
OP     
OB     
VZ     

 

1. Very severe corrosion:             2.   Severe corrosion:             3. Moderate corrosion:      
4. Slight corrosion:             5.Very slight corrosion:                 6.       No visible corrosion  

 
 

Figure 3.1 Effect of 4% VCI on mild steel under Razor Blade test 

 

Name 
of VCI 

Environmental condition of metal 

Plastic box Impregnation Pouch Half-pickled 

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 
Blank     

JG     
JA     
OP     
OB     
VZ     

  

1. Very severe corrosion:                 2. Severe corrosion:          3. Moderate corrosion:      
4. Slight corrosion:             5.Very slight corrosion:                  6. No visible corrosion  

 

Figure 3.2  Effect of 4% VCI on copper under Razor Blade test 

 

3.5 Correlation Between Molecular Structure And Corrosion   Inhibition   Mechanism 

 

The inhibition mechanism exhibited by the VCI oils under study is probably due to the interaction of the lone 

pair present in N and O atoms (Raicheva et al 1993) in the oils and the πe-s (Sola et al 1978) in the unsaturated 

part of the molecules interacting with the vacant ‘d’- orbitals of the charged metal surface. Another possibility is 

the reaction of hydroxyl groups with the metal surface resulting in the formation of some insoluble complex 

thus blocking the formation of micro anodes and/or micro cathodes when in contact with electrolytes thereby 

preventing dissolution or corrosion (Saleh et al 1982), it can be confirmed from the results of FTIR and GC, 
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presence of hetero atoms like nitrogen and oxygen in the constituents of all the oils. At Lower concentration of 

the VCI, horizontal model of absorption occurs where the inhibitor molecules displace water molecules and 

various ions absorbed on to the metal surface. As the concentration increases, the adsorption pattern changes to 

perpendicular mode of adsorption due to inter-hydrophobic chain interaction (Hajjaji et al 1993). Due to 

factors such as bimolecular layer destabilization, metal dissolution, pits formation and saturation of adsorption, 

inhibitive effect at higher concentration decreases considerably. 

 

3.6 Antimicrobial Study 

3.6.1 Antibacterial Test  

The antibacterial activity of the essential oils was tested by Well plated method and Minimum Inhibitive 

Concentration (MIC) method. The results obtained in microbial test are presented and discussed as follows. 

3.6.2 Well Plated Method 

The results of this test are shown in Table 3.109 and Figures 3.83-3.89. From the table, it is clear that all the 

essential oils inhibit the growth of microorganisms, Klebsiellapneumoniae, Staphylococcus aureus, 

Pseudomonas aeruginosa, Pseudomonas flourescence, Bacillus subtilis, Shigelladysentriae, Escherichia coli 

and Proteus mirabilis. They haven’t shown any inhibition for Salmonella typhimurium, Enterococusfaecalis, 

Proteus vulgaris, and Salmonella sp and Micrococcus luteus. Further, these oils had shown higher inhibition to 

the growth of Escherichia coli, Klebsiellapneumoniae, Bacillus subtilis and Staphylococcus aureus. 

3.6.3 Minimum Inhibitory Concentration (MIC) method 

Table 3.110 indicates the results of the antibacterial studies of the oils using minimum inhibitory concentration 

(MIC) method. The oils at the concentration of 100 mg /10 μL showed inhibition for the bacteria Escherichia 

coli andKlebsiellapneumoniae. The oils were found to be less effective in inhibiting the growth of Micrococcus 

luteus(20%), Streptococcus pyrogens(12%), Enterococcusfecalis(20%), Salmonella typhimurium(10%), Proteus 

vulgaris(5%) and Salmonella speices (20%) at 100 mg/10 μL. In both Well Plated and MIC methods OP oil has 

given better inhibition zone than other oils.  
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Table 3.4 Results of antibacterial activity of VCI terms of Zone of inhibition against test organism by 

Well Plated method 

S.No. Bacterial Strains 
Essential Oils Control 

(Chloromphenicol) JG JA OP OB VZ 

1 Escherichia coli 20 22 25 18 30 27 

2 Proteus mirabilis 30 20 32 14 15 32 

3 Klebsiellapneumonia 23 15 10 21 25 23 

4 Pseudomonas 
fluorescence 

-- -- 12 14 16 20 

5 Klebsiella species -- 14 25 21 17 17 

6 Shigelladysentriae -- -- 10 12 16 30 

7 Micrococcus luteus -- -- -- -- -- 25 

8 Bacillus subtilis 10 6 15 7 20 27 

9 Enterococcusfaecalis -- -- -- -- -- 15 

10 Staphylococcus aureus 13 -- 15 10 20 24 

11 Salmonella typhimurium -- -- -- -- -- 13 

12 Pseudomonas 
aeruginosa 

10 12 14 15 15 17 

13 Streptococcus pyrogens -- -- -- -- -- 18 

14 Proteus vulgaris -- -- -- -- -- 17 

15 Salmonella species -- -- -- -- -- 21 

Zone of inhibition is expressed in mm. 

Control – 100 μLChloromphenicol 
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Table 3.5 Results of antibacterial activity of VCI by MIC method 
 

S. 

No. 
Bacterial stains 

Essential oils (100 mg /10 μL) 

JG JA OP OB VZ 

1 Escherichia coli + + + - + 

2 Proteus mirabilis - - + + + 

3 Klebsiellapneumonia + + + - + 

4 Pseudomonas flourescence - - + + + 

5 Klebsiella species - + + - - 

6 Shigelladysentriae - - + + + 

7 Micrococcus luteus - - + - - 

8 Bacillus subtilis + + + + - 

9 Enterococcusfaecalis - - - - + 

10 Staphylococcus aureus - + + + - 

11 Salmonella typhimurium - + - - - 

12 Pseudomonas aeruginosa - + + + + 

13 Streptococcus pyrogens - - - - - 

14 Proteus vulgalis + - - - - 

15 Salmonella species + - - - + 

    + - indicates high inhibition (>70%) 

    – - indicates less inhibition (>30%) 
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 Figure 3.3 Antibacterial activity of 4% VCI against P. fluorescence 

  

Figure 3.4 Antibacterial activity of 4% VCI against E. coli 

   

  Figure 3.5 Antibacterial activity of 4% VCI against Klebsiellas  C - Control, 1 - JG, 2 - JA, 3 - OP, 4 - OB, 5 - 

VZ, 6 - Mixture 

3.6.4 Antifungal activity studies of VCI by Well Plated method  

The results after 96 hours of incubation are given in Table 3.111 and Figures 3.90-3.94.  There were observed 

differences in mode and extent of inhibition by different VCI. A complete inhibition of fungal growth, 

sporulation and pigmentation has occurred in the action of VCI on Aspergillusniger. The control showed very 
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profuse fungal growth with rich sporulation and the deep purple coloration of Aspergillusniger. The plate 

exposed to VCI showed complete inhibition of fungal growth.  The medium was very clear without even a 

speck of growth. The same result was shown by the action of oils on Penicilliumpinophilium and 

Ganodermalucidum.  The control showed growth with heavy sporulation and dark green – red colouration. 

Partial inhibition of fungal growth without any effect on sporulation or colouration was observed in action of oil 

on Phanerochaetechrysosporium, and Ischnodermaresinosum. The fungal growth was white in colour. The 

blank shows profuse fungal growth with rich sporulation and deep purple colour shows partial inhibition of 

fungal growth but no effect on the extent of sporulation and colouration.  

Table 3.6 Results of antifungal activity of VCI 
 

Nam

e of 

VCI 

Aspergillusnige

r 

Penicilliumpinophiliu

m, 

Ganodermalucidu

m, 

Phanerochaetechrysosporiu

m 

Ischnodermaresinosu

m 

Blan

k 

Rich growth 

with sporulation 

and deep purple 

colouration 

Growth with heavy 

sporulation and mixed 

dark green-red 

colouration 

Growth with rich 

sporulation and 

black pigmentation 

Heavy sporulation and green 

pigmentation 

Rich growth with 

blackish green 

colouration 

JG Complete 

inhibition 

growth 

Complete inhibition 

growth 

Complete inhibition 

growth 

Partial inhibition and no 

pigmentation 

Complete inhibition 

growth 

JA Partial 

inhibition, no 

effect on 

sporulation and 

pigmentation  

Complete inhibition 

growth 

Partial inhibition, no 

effect on sporulation 

Complete inhibition growth Profuse normal growth 

OP Complete 

inhibition 

growth 

Complete inhibition 

growth 

Complete inhibition 

growth 

Complete inhibition growth Profuse normal growth 

OB Profuse normal 

growth 

Profuse normal growth 

but no sporulation 

Profuse normal 

growth but less 

sporulation and no 

pigmentation 

Complete inhibition growth Complete inhibition 

growth 

VZ Complete 

inhibition 

growth 

Complete inhibition 

growth 

Complete inhibition 

growth 

Complete inhibition growth Complete inhibition 

growth 
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1 - Control, 2 - JG, 3 - JA 

 

1 - OP,  2 - OB,  3 – VZ 

Figure 3.6 Antifungal activities of 4% VCI against Phanerochaetechrysosporium 

3.7 Packaging Test 

The results obtained in the previous tests are satisfactory enough to test the action of oils in real packaging 

scenario. The results obtained are as follows: 

 First corrosion mark was observed within 3to5 days for aluminium,7 days for lead and tin and 10to12 

days for brass and copper 

 After a period of two months the aluminium and iron components in untreated chamber are heavily 

corroded  

 Severe pitting corrosion was observed on aluminium with white coloured corrosion products seeping 

from the pores. Iron components were found to be covered with thick brown rust 

 Different metals connected by holes and solder joints were found to be heavily corroded near the joints 

and this is due to galvanic corrosion.  
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 Greenish black to dark black colour deposit was found on copper components after a period of two 

months 

 Table 3.7 Results of visual observation for electrical and electronic components with 4% VCI after 60 
days based on packaging test 

 

Component Blank JG JA OP OB VZ 

Sensor Pitting 

corrosion 

Free from 

corrosion 

Slight 

discoloration 

of edges 

Slight brown 

rust 

Slight 

discoloration 

of edges 

Free from 

corrosion 

I.C Chip White 

dots 

Free from 

corrosion 

Free from 

corrosion 

One or two 

white spots 

One or two 

White spots 

One or 

two White 

spots 

Controller 

clamp 

Pitting 

corrosion 

Slight 

discoloration 

of edges 

Slight brown 

film 

Slight 

discoloration 

of edges 

Slight 

discoloration 

of edges 

Slight 

brown 

film 

Resistor Brown 

rust 

Slight brown 

film 

Slight 

discoloration 

of edges 

Free from 

corrosion 

Slight brown 

film 

Free from 

corrosion 

Capacitor Grey 

black cast 

Slight 

discoloration 

of edges 

Slight brown 

film 

Free from 

corrosion 

Free from 

corrosion 

Slight 

brown 

film 

Transistor Black 

specks 

Slight brown 

film 

Free from 

corrosion 

One or two 

white spots 

One or two 

White spots 

One or 

two White 

spots 

Diode Dense 

black 

tarnish 

Slight brown 

surface 

Slight brown 

surface 

Free from 

corrosion 

Slight 

discoloration 

of edges 

Free from 

corrosion 

Solder Galvanic 

corrosion 

Free from 

corrosion 

Free from 

corrosion 

Slight brown 

surface 

Slight brown 

surface 

Slight 

brown 

surface 

Voltage 

resistor 

Galvanic 

corrosion 

Free from 

corrosion 

Slight brown 

surface 

Free from 

corrosion 

Slight brown 

surface 

Free from 

corrosion 

Condenser Greenish 

spots 

Free from 

corrosion 

Slight 

discoloration 

of edges 

Free from 

corrosion 

Slight 

discoloration 

of edges 

Free from 

corrosion 
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The components which were exposed to vapour of different VCI oils exhibited no sign of corrosion for a period 

of 45 days. In the case of VZ and OP oils there was no sign of corrosion even at the end of 60 days for all the 

components made up of different metals.  Photograph of packaging materials are presented in Figure 3.100-103. 

 

 Aluminium was slightly corroded in OP oil treated containers and that to after 45 days. But it was not found to 

corrode in OB oil even for 60 days. Except aluminium all other metal components were found to be protected in 

all the VCI during the period of studies for 60 days  

 Even iron components showed slight discolouration at the edges after two months.  It is noted that 1ml of 4% 

VCI concentration corresponding to a quantity of 0.04 ml of the VCI is able to protect the component of various 

metals for a period of two months. The cost of this quantity of oil is worked out to be 20 paise only.  

 

The above study of all oils in sea water environment indicates that these oils are very effective for packaging of 

electronic and electrical components.  

 

CONCLUSION 

 

Based on various studies conducted in the present work, it was inferred that all the five VCI oils considered are 

potential vapour phase corrosion inhibitor. The decreasing order of efficiency of inhibition among the oils is as 

follows: OB<JA<JG<OP<VZ. This order is attributed to the particular molecular structure of the oil which in 

turn determines the efficiency of adsorption. Synergistic action is involved among different components of the 

oils with respect to corrosion inhibition. The inhibition efficiency increases with the concentration of the VCI. It 

is found that the oils under study provide corrosion inhibition in mild steel and copper which are used 

extensively in electronic and electrical components. All the five oils are resistant to bacterial and fungal 

infections. These oils can be used as VCI in marine and tropical climates, industrial areas, power plants and 

telephone utilities. 
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