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Some recent amino triazole derivatives mainly 4-amino-5- 

(trifluoromethyl)-4H-1,2,4-triazole-3-thiol (I) , 4-((4-

chlorobenzylidene)amino)-5-(trifluoromethyl)-4H-1,2,4-triazole-3-

thiol (ΙI), 4-((furan-2-ylmethylene)amino)-5-(trifluoromethyl)-4H-

1,2,4-triazole-3-thiol (ΙIΙ) and  Ni [ II ] complex (IV ) were 

synthesized and their chemical structures were confirmed by spectral 

data . The synthesized amino triazole compounds (I-IV) were 

physically incorporated into epoxy coating formula by the ratio of 0.5, 

1.0, 2.0 and 3.0% by weight, in order to achieve a proper ratio of 

amino triazole derivatives to produce a green epoxy formulation for 

surface coating application. The modified epoxy varnishes were 

evaluated as anti-corrosion performance of mild steel coated 

specimens by employing salt spray test, also their antimicrobial 

activity against six different microbial strains mainly are Gram- 

positive bacteria: Staphylococcus aureus (ATCC25923) and Bacillus 

subtilis (ATCC6635), Gram – negative bacteria: Escherichia coli 

(ATCC 25922) and Salmonella typhimurium (ATCC 14028) and 

Yeast: Candida albicans (ATCC 10231) and Fungus: Aspergillus 

fumigates were screened. 
                    Copy Right, IJAR, 2016,. All rights reserved.

…………………………………………………………………………………………………….... 

Introduction:-  
The industrial use of thermoset polymers is rapidly growing worldwide due to their high performance capabilities in 

demanding environments. Epoxy resins are one of the most versatile thermoset polymers and are prevalent because 

of their ability to polymerize or “cure” under a wide range of conditions. Epoxy resins also offer a good to excellent 

mechanical properties, good electrical insulating properties and excellent adhesion to a wide variety of substrates, so 

it has a prevalently uses in a wide range of applications. Additionally, once cured, epoxy resins exhibit excellent 

chemical resistance as anticorrosive metal coatings
 (1-3)

. It is generally believed that most organic coatings adhere to 

metals via hydrogen bonds or secondary bonds, therefore, these bonds develop when an organic coating and a 

metallic surface are brought closely together and so the binders with polar groups display excellent adhesion 

characteristics. The bond strength of epoxy resins on steel is strongly dependent on the hydroxyl group content. It 

was found that the epoxy compounds were dissociated between the phenoxy oxygen and the aliphatic carbon. The 

surface interactions were believed to be via the phenoxy and hydroxyl oxygen atoms
 (4)

, as illustrated in Fig (1). 

Corresponding Author:- N. Abd El-Khalik. 

Address:- Assist. Professor, Department of Chemistry, Faculty of Science (Girls), Al-Azhar 

University, Cairo, Egypt. 

http://www.journalijar.com/


ISSN: 2320-5407                                                                                          Int. J. Adv. Res. 5(1), 66-77 

67 

 

 
 

The three main applications for epoxy resins are coatings, composites, and structural adhesives
 (5)

. 

 

Antimicrobial coatings are useful in the development of hygienic surfaces. These are having some antimicrobial 

agent in their composition that either can kill or inhibit the growth of microorganisms
 (6)

. These types of coatings 

have immense applications in the design of materials and devices in health care sector, hospital surfaces, surgery 

equipment, health-care products and water purification systems
(7)

 .Commonly used antimicrobial surfaces contain 

some antibiotics, silver ions, quaternary ammonium cations, halogens or some heterocyclic compounds
(8)

. 

 

Triazolic nucleus is nowadays considered an important moiety in the design and synthesis of bioactive compounds 

that are associated with numerous biological activities such as antibacterial and antifungal
 (9-12)

. Also, there are some 

reviews indicate that 1,2,4-triazoles occupy a distinctive place in the field of medicinal and pharmaceutical 

chemistry 
(13,14)

, as well as in industry
(15)

. Recently some triazole derivatives were added to polyurethane coating 

which demonstrate an impressive results as antimicrobial
 (16)

.  

 

Annual costs related to corrosion and corrosion prevention constitutes a substantial part of the gross national product 

in the world. Although the value of these numbers is always debatable, but the corrosion has great importance in 

modern societies in addition to economic costs and technological delay, corrosion can lead to failure of metal 

structures which have serious consequences for humans and the environment 
(17, 18)

. Thus, the study of mild steel 

corrosion and the inhibition of mild steel corrosion have invited the attention of scientists and technocrats to devise 

ways to control the corrosion. Between the various corrosion control modes, the use of corrosion inhibitors is a 

familiar method. Inhibition efficiency always depends upon the number of active adsorption centers of inhibitor 

molecule may have, and the charge density, molecular size, mode of adsorption, and its capability to form metallic 

complexes 
(19-21)

. 

 

Over the last decades, both organic and inorganic coatings have been widely applied for the protection of metals 

against corrosion. In many areas of coatings technology, anticorrosive paint gave great attention. Most of the 

efficient inhibitors used in industry are organic compounds that mainly contain a nitrogen atom, a sulfur atom and 

multiple bonds in the molecules through which they are adsorbed onto the metal surface. Even though a large 

number of organic compounds are available, the choice of an appropriate inhibitor for a particular system is very 

limited, due to the specificity of the inhibitors and the great variety of corrosion-related applications
 (22, 23)

. A survey 

of the available literature reveals that (amongst others) the inhibitive effects of alcohols, amides, amines, anilines, 

azoles
 (24)

, mercaptans, oximes, thioethers, and dithiobiurets 
(25) 

have been studied. 

Triazole-type organic compounds are good corrosion inhibitors for many metals and alloys in various aggressive 

media 
(26-29)

. 

 

In the present work, a study has been conducted on the effect of 1,2,4-triazoles such as 4-amino-5- (trifluoromethyl)-

4H-1,2,4-triazole-3-thiol (I) , 4-((4-chlorobenzylidene)amino)-5-(trifluoromethyl)-4H-1,2,4-triazole-3-thiol (ΙI), 4-

((furan-2-ylmethylene) amino)-5-(trifluoromethyl)-4H-1,2,4-triazole-3-thiol (ΙIΙ) and Ni [II] complex (IV) on 

biological activity and anti-corrosion performances of epoxy resin varnish. 

 

Experimental:- 
Materials:- 

Epoxy resin was obtained from Pachin Pints Company – Egypt, all other chemicals used are pure grade quality get 

from Sigma- Aldrich Chemical Co. All the melting points were determined by open capillary method and are 

uncorrected. Chemical structure of the prepared triazole derivatives were confirmed using, a Perkin-Elmer 240 

micro-analyzer at the Micro-Analytical Center of Cairo University, IR spectra were determined as (KBr) pellets on a 
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Jasco FT/IR 460 plus spectrophotometer at Faculty of Science, Al-Azhar university. 
1
H NMR spectra were recorded 

using a BRUKER AV 300 MHz spectrometer using in CDCl3or DMSO as an internal standard, MS were measured 

on a Shimadzu GC/MS-QP5 spectrometer at Faculty of Science, Cairo University and (TGA and DTA) were carried 

out using TGA-50H and DTA-50H at Ain  Shams University Faculty of Science Central Lab. 

 

Methods and techniques Synthesis of 1,2,4-triazole derivatives:- 

New anti-microbial additives based on 1,2,4-triazole derivatives (I–IV) were prepared as represented in Scheme (1). 

 

Synthesis of 4-amino-5- (trifluoromethyl)-4H-1,2,4-triazole-3-thiol ( I )
 (30)

.                                                           

An equimolar  mixture of thiocarbohydrazide ( 10 mmol) and trifluoroacetic acid ( 10 mmol) was warmed carefully 

between 160 – 170 
0
C until melting occurred, heating lasts for 15 minutes after melting . The reaction mixture was 

cooled and mixed with 80 ml of water. The precipitate was filtered, washed with water and oven dried. A colorless 

crystals; m.p:140 - 141
0
C ; yield 85% ; IR (KBr) cm

-1
:3314, 3200 ( NH2 ), 2572 (S-H),1630  (C-S),1460(C=N in 

triazole),1242,1147 ) C-N),1082,1005(C-F); 
1
H NMR (in CDCl3) (δ ppm): 11.64 (s, 1H, SH), 4.83 (s, 2H, NH2); 19F 

NMR ( δ ppm) 66.24 (s, 3F, ArCF3); MS: m/z (%):184[M
+
](100),  126(11), 111(5), 96(8), 85(1), 78(12), 69(30), 

60(23), 57(13), 45(8); Anal. Calcd. for C3H3N4S F3: C, 19.57; H, 1.64; N, 30.43% Found: C, 19.45; H, 1.59; N, 

30.06%. 

 

Synthesis of 4-((4-chlorobenzylidene)amino)-5-(trifluoromethyl)-4H-1,2,4-triazole-3-thiol ( ΙI ):- 
In 50 ml round bottom  flask a mixture of compound (I) (10 mmol), (10 mmol) of p-chlorobenzaldehyde and      

(o.5mL) of acetic acid in 30mL of ethanol was refluxed for 5 h. , filtrated on hot , cooling ,the precipitate was 

filtered and washed with methanol. A pale yellow crystal from ethanol; m.p. 125- 126
0
C; yield 82%; IR (KBr) cm

-1
: 

3117 (Ar.H), 2539 (SH), 1508 (C=C), 1630 (C=N Schiff base), 1568 (C=N in triazole), 1298 (C-N in triazole) ,  

1016 (N-N in triazole);
 1

NMR (δ ppm) ( in DMSO): 11.04 (s,1H-SH), 8.63 (s,1H-CH), 7.00-7.85 (m,4H-Ar-H) 

;Anal. Calcd.for C10H6N4S F3Cl:  C, 39.15; H, 1.96; N, 18.27% - Found: C, 39.76; H, 2.13; N, 17.83% 

 

Synthesis of 4-((furan-2-ylmethylene)amino)-5-(trifluoromethyl)-4H-1,2,4-triazole-3-thiol ( ΙIΙ ):- 

In 50 ml round bottom  flask a mixture of  compound ( I ) ( 10 mmol), ( 10 mmol ) of furan-2-carbaldehyde and 

(o.5mL) of acetic acid in 30mL of ethanol was refluxed for 5 h. , filtrated on hot , cooling ,the precipitate was 

filtered and washed with methanol. A reddish – brown crystals from N,N-Dimethylformamide; m.p.147-148
0
C; yield 

91%; IR (KBr) cm
-1

 : 2529 (SH), 1613 ( C=N Schiff base), 1551(C=N in triazole), 1480 (C=C), 1290 (C-N in 

triazole) , 1018 (N-N) ; 
1
NMR (δ ppm)(in DMSO): 10.12 ( s,1H-SH), 8.09 ( s,1H-CH), 6.75-7.61( m,3H-Ar-H) ; 

MS: m/z (%):262[M
+
] (5.64),184.04 (59.46), 78.09 (23.64), 69.10 (100), 67.13 (23.55); Anal. Calcd. for C8 H5 N4 S 

O F3 :C, 36.64; H, 1.91; N, 21.37% Found: C, 36.76; H, 2.13; N, 21.52% . 

 

Synthesis of Nickel [II] Complex ( IV ):- 

A solution of nickel chloride (10 mmol) in absolute warmed ethanol (5mL) was slowly added drop wise to a solution 

of compound (I) (10 mmol) in absolute ethanol (10 mL). The mixture was stirred for 30 min. at room temperature 

and refluxed for 2 h. The complex was filtered in a vacuum system, washed with ethanol several times and dried. A 

pure pale green solid was obtained; m. p. > 300 
0
C; yield 62%; 

 

Preparation of epoxy paint films containing 1,2,4- triazole derivatives ( I – IV ):- 

The epoxy paint compositions were prepared by physically incorporate 1,2,4- triazole derivatives, in the ratio of 

0.5%, 1.0%,2.0% and 3.0% by weight into epoxy paint. The samples of different molar ratio were then applied to 

both steel and glass by means of a brush. All efforts were made to maintain a uniform film thickness of 50± 5 μm. 

for evaluating the physical and mechanical properties of the paint.  The solid content was adjusted at 60%. 

 

Physical and mechanical testing of coating films:- 

A range of physical and mechanical evaluations of the painted films were conducted according to appropriate 

American Society for Testing and Materials (ASTM) standard test methods. The color of epoxy resin formulations 

was measured using the Gardner standard color scale (ASTM D1544). The prepared steel panels (ASTM D 609-95) 

were used for measuring, the measure of film coating thickness (ASTM D 1005-07), the adhesion 'cross hatch‟ test 

(ASTM D 3359-02) and the flexibility „bend‟ test (ASTM D 522-93a). Glass plates (100 mm- 150 mm), coated with 

the individual formulations, were utilized to measure the degree of gloss at an angle of 60◦ (ASTM D 523-08), and 

also to measure the film hardness by means of the pencil test (ASTM D 3363-00). 
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Antimicrobial screening:- 
The anti-microbial activity of the synthesized triazole derivatives ( I – IV ) was tested against six different 

microorganisms such as; Gram- positive bacteria: Staphylococcus aureus (ATCC 25923) and Bacillus subtilis 

(ATCC 6635), Gram – negative bacteria: Escherichia coli (ATCC 25922) and Salmonella typhimurium (ATCC 

14028), Fungus: Aspergillus fumigates and Yeast: Candida albicans (ATCC 10231) in nutrient broth medium. 

 

Paper disk diffusion method for the determination of antimicrobial activity 
(31)

:- 

Paper disk diffusion is the official method used in many clinical microbiology laboratories to determine what 

antibiotics and compounds inhibit bacterial growth, or are bacteriostatic. The paper disks are soaked with a select 

antibiotic or chemical and then placed on a lawn of bacteria in a petri dish. The zones of inhibition are measured 

around where the disk was placed to determine whether the bacterium was resistant or susceptible to the particular 

antibiotic or chemical chosen. The sterilized (autoclaved at 120 °C for 30 min) medium at (40–50 °C) was incubated 

(1 ml/100 ml of medium) with the suspension (105 cfu ml
−1

) of the micro-organism (matched to McFarland barium 

sulfate standard) and poured into a petri dish to give a depth of 3–4 mm. The paper impregnated with the test 

compounds (mg/ml
−1

) was placed on the solidified medium. The plates were pre-incubated for 1 h at room 

temperature and incubated at 37 °C for 24 and 48 h for anti-bacterial and anti-fungal activities, respectively. 

Chloramphencol, Cephalothinin and cycloheximide (mg/disk) was used as a standard for Gram – positive, Gram – 

negative and anti-fungal activities respectively.  

  

Anti-corrosive performance evaluation of formulations through salt spray Accelerated Testing:- 

The test pieces of mild steel were 20 x 20 x 2 mm. The samples were first mechanically polished with a fine grade 

emery paper in order to obtain a smooth surface, followed by degreasing with acetone and then rinsed with distilled 

water, dried between two filter papers. A salt fog chamber was utilized for each of the resin formulations; with a set 

of three coated panels being placed in the salt spray chamber according to ASTM B117-03. The corrosion resistance 

was evaluated in terms of blistering, scribe failure and degree of rusting, in relation to ASTM standards, i.e. ASTM 

D714-02, D1654- 00 and D610-01 respectively. 

 

Results and Discussion:- 
In recent times triazole rich molecules have gained much importance in the field of polymer and material science  so 

it is used prevalent in a wide range of applications  because of their excellent properties like strong anti-microbial 

and anti fouling nature of the triazole ring along with easy synthetic procedures and exceptionally high yield of end 

product. 

 

Synthesis and characterization of triazole derivatives and nickel [ II ]complex:- 

In the present study, 1,2,4-triazole derivatives were successfully synthesized aiming to explore their antimicrobial 

and anticorrosion properties. The synthesis of triazole derivatives ( 1-IV ) was performed according to indications 

mentioned in experimental section and shown in scheme ( 1 ). The compounds were obtained with yields (62- 91%) 

with high purity, the products confirmed by TLC analysis and evaluation of melting point. The formation of 1,2,4-

triazole derivatives was proven by elemental analysis, FTIR and H
1
NMR, as well as by mass spectrometry for the 

compounds. 

 

Characterization of nickel [ II ] complex (IV):- 

Comparison of IR spectrum of the free ligand with IR spectrum of the nickel [ II ] complex gives an idea about the 

changes that might occur during complex formation. The IR spectrum of the complex displayed the ligand 

characteristic bands with appropriate shifts due to complex formation and there are three features in the IR spectrum 

of the nickel [ II ] complex. The first feature is the shift of the stretching frequencies of the amino group ν(NH2) in 

the nickel [ II ] complex to lower frequencies compared with the free ligand band in the region 3309- 3236 cm
−1

, 

indicating the formation of coordinate bond between nitrogen of amino group and nickel ion. This is consistence 

with the presence of a new weak band at 410 cm
−1

 assignable to ν (M–N) vibration confirming the participation of 

amino group in coordination as was expected
 (32)

.The second feature is that deprotonation of the thiol group as 

indicated by the absence of a characteristic band in the complex of ν(S–H) of ligand, indicating the formation of new 

bond between metal and sulfur. This is supported by the appearance a peak at 659 cm
−1

in the metal complexes due 

to ν(C–S)
 (33)

. The third feature is that the appearance of broad band at 3401cm
−1

 which can be assigned to the 

stretching frequencies of ν(OH) of water molecules either in the coordinated or uncoordinated form associated to the 

complexes which are also confirmed by thermal analyses as well as appearance of the non-ligand band at 554 cm
−1

 

assignable to ν(M–O) 
(34,35)

. 
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The measured effective magnetic moment value (3.36B.M) suggesting the magnetic behavior of the complex, in 

addition this value was consistent with the two unpaired electrons in tetrahedral geometry 
(36)

. Mass spectrometry 

technique has been carried out to assisting the structural identification of the synthesized nickel [II] complex. The 

spectrum of this complex showed three important peaks. The first one shows the molecular ion peak with the highest 

value m/z (%) at 313.37 (2.29) (Calcd. 313.33 amu), which agree well with the suggested formula weight and 

indicate the monomeric nature of the complex. The second peak observed at m/z (%) = 97.14 (33.23) ( Calcd. 96.69 

amu) due to degradation of complex into NiF2 which decompose to Ni
2+

 giving the third peak at m/z (%) = 57.12 

(100.00) (Calcd. 58.69 amu). 

 

Moreover, thermal studies of complex was carried out to complete the characterization process; to get information 

about the thermal stability of the complex; to suggest a general scheme for thermal decomposition and to ascertain 

the nature of associated water molecules as well as to determine the final product of decomposition
(37)

. The TG - 

DTG curve of complex presented in Fig. ( 2 ) and shows three steps of decomposition up to 500
o
C. The first one at 

40-42 °C with mass loss of 10.89% ( Calc. 11.50% ) due to the liberation of one hydrated and one coordinated water 

molecules. The second step with a weight loss of 25.17% ( Calc. 24.90% ) between 371-387
o
C was attributed to the 

liberation of by ½ N2, F2 and CN. The last step of decomposition corresponded to the liberation of N2, HF, HCl and 

CS with a weight loss of 41.13% ( Calc. 41.03%) between 457-501
o
C. The overall mass loss is observed to be 77.19 

% ( Calc. 77.43% ) leaving Ni and C as residue {calculated: 22.57% , found: 22.81% }. Hence, the suggested 

structure of the complex with the molecular formula [NiC3H2N4SF3(Cl)(H2O)].H2O was given in scheme[1]. 
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Figure 2 :- TG - DTG Spectrum of Nickel [II] Complex. 

 

Physical and mechanical testing of modified coating films:- 

Modified epoxy resins were evaluated for some physical and mechanical properties; also their antimicrobial and 

anticorrosive properties were examined. The effects of adding modifiers triazole derivatives to epoxy resin 

formulation, were evaluated using a variety of standard test methods. This was done to ascertain any positive or 

negative aspects that might arise due to the presence of the additives. The color, gloss, hardness, adhesion, flexibility 

and impact were measured. The resulting data is shown in Table (1). 

 

All films of epoxy paint compositions gave a very clear, transparent and homogeneous appearance and showed an 

excellent hardness.   

 

Color:- 

 

Color was measured using the Gardner standard colors, which consists of 18 colors numbered from (1 to 18). The 

method determines the color by comparison with standards of definite color compositions. It could be seen that 

addition of compounds ( I ) increased the color level slightly in high percent, while addition of compound ( II ) 

increased the color levels by increasing the percent. This is obviously a negative result which may be attributed to 

the introduction of sulfur and nitrogenous base into epoxy coating formulations. Epoxy coating which developer by 

compound (III) acquired dark color due to the presence of furan ring beside sulfur and nitrogen, also addition of 

complex (IV) produces a dark paint color. 

 

Adhesion cross hatch test:-   
 

This test is in conformity according to (ASTM D 3359-02) where adhesion is assessed on a 0 to 5 scale. When study 

the hardness property of the neat epoxy and modified epoxy coating films, it was observed that the physically 

addition of the modifiers (I, II and III) increase hardens of coated films, and increasing the modifier percentage 

increases hardens value, while complex (IV) has slightly negative effects. 

 

Flexibility (bend) test:- 

 

The test was performed to determine the adhesion power of the coating to the substrate by bending apparatus. It is 

clear from the obtained results that the adding of new triazole derivatives didn't affect on the flexibility of the 

coating film, it can be stated that all the films showed a good flexibility. There was no significant difference between 

a blank epoxy coating film and modified epoxy coating films. 

 

Gloss:- 

This was measured using a Sheen UK gloss meter, it could be seen that the triazole additives (I, II and III) actually 

increased the gloss level. This result is attributed to the introduction of aromatic rings and a lone pair of electrons 
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into the varnish formulations.  And vice versa when adding compound ( IV ) the gloss level decreases, this may be 

due to the presence of nickel complex. 

 

Table 1 :- Physical and mechanical characteristics of modified epoxy varnish with new triazole derivatives 

(compounds I- IV). 

 

Sample Color Adhesion Flexibility Gloss at 60 ° hardness 

Blank epoxy resin 4 4 Pass 83 Excellent 

Epoxy with comp. I      0.5% 4 4 Pass 87 Excellent 

1.0% 4 4 Pass 85 Excellent 

2.0% 5 5 Pass 90 Excellent 

3.0% 5 5 Pass 95 Excellent 

Epoxy with comp. II     0.5% 4 4 Pass 88 Excellent 

1.0% 5 5 Pass 88 Excellent 

2.0% < 6 5 Pass 90 Excellent 

3.0% 7 5 Pass 94 Excellent 

Epoxy with comp. III    0.5% >18 4 Pass 89 Excellent 

1.0% >18 4 Pass 90 Excellent 

2.0% >18 5 Pass 90 Excellent 

3.0% >18 5 Pass 96 Excellent 

Epoxy with comp. IV    0.5% 14 4 Pass 80 Excellent 

1.0% 16 3 Pass 81 Excellent 

2.0% >18 3 Pass 76 Excellent 

3.0% >18 3 Pass 73 Excellent 

 

Evaluation of triazole derivatives as antimicrobial and antifungal additives to epoxy paint:- 

 

Biocide additives are commonly used to prolong the life of surface coatings. They prevent, or slow down, the 

growth of organism son the coating surface. Without biocide additives, the biological species start to adhere to the 

coating surface and this can eventually lead to disbonding and blistering of coatings, under various conditions. 

 

Some of 1,2,4-triazole derivatives have been reported as antibacterial and antifungal
(38,39)

. In the present study some 

novel triazole derivatives expected to have a biocide activity were prepared and physically incorporate by the ratios 

of [0.5%,1.0%, 2.0% and 3.0%]  as biocide against six different micro-organisms such as Gram- positive bacteria 

(Staphylococcus aureus, Bacillus subtili);Gram-negative bacteria (Escherichia coli, Salmonella typhimurium) ;Yeast 

(Candida albicans) and Fungus (Aspergillus fumigates). From the data give in the table (2) it is clear that epoxy 

varnish (blank) hasn't any antibacterial or antifungal activities, epoxy varnishes modified with compound (I) have 

high sensitivity to Gram - positive bacteria and Yeast and intermediate effect towards Fungi, epoxy varnishes 

modified with compound (II) may be used as antibacterial and antifungal for all six micro-organisms, while  

compound (III) the introducing of furan ring to 5-(trifluoromethyl) -1,2,4-triazole-3-thiol lead to reduce biocidal 

activity. Disappearance of free amino and thiol groups in complex (IV) lead to a lack of bacterial activity, but have a 

high resistance to fungi and yeast. 
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Table 2:- Antibacterial and antifungal activities of modified epoxy varnish with new triazole derivatives 

(compounds I- IV). 

Organism

Sample 

Gram - positive bacteria Gram - negative bacteria Yeasts and Fungi 

Staphylococcus 

aureus 

Bacillus 

subtilis 

Salmonella 

typhimurium 

Escherichia 

coli 

Candida 

albicans 

Aspergillusfu

migates 

Blank - - - - - - 

Epoxy with comp. I    

0.5% 

14 I 23 H - - 30 H 8 L 

1.0% 20 I 24 H - - 30 H 11 L 

2.0% 27 H 30 H - - 30 H 14 I 

3.0% 29 H 32 H - - 32 H 16 I 

Epoxy with comp. II   

0.5% 

12 I 15 I - - -  9  L 

1.0% 20 I 18 I 14 I 11 L - 11 L 

2.0% 26 H 26 H 14 I 21 I 12 I 19 I 

3.0% 26 H 28 H 15 I 24 I 17 I 23 I 

Epoxy with comp. III   

0.5% 

- - - 13 I - - 

1.0% - - - 20 I - - 

2.0% - - - 26 H - - 

3.0% - - - 30 H - - 

Epoxy with comp. IV  

0.5% 

- - - - 17 I 9 L 

1.0% - - - - 20 I 13 I 

2.0% - - 8 L 7  L 25 H 18 I 

3.0% - - 8 L 10L 28 H 22 I 

Control # 35 35 36 38 35 37 

 
Where: - = No effect. 

 L: Low activity = Mean of zone diameter ≤ 1/3 of mean zone diameter of control.                                                                                                                                             

I: Intermediate activity = Mean of zone diameter ≤ 2/3 of mean zone diameter of control.                                                                                                                       

H: High activity = Mean of zone diameter > 2/3 of mean zone diameter of control.                                                                                                                                                

#: Chloramphencol in the case of Gram-positive bacteria, Cephalothinin the case of Gram-negative bacteria and 

cycloheximide in the case of fungi. 

 

Corrosion:- 
Since, 1,2,3-triazole compounds are heterocyclic compounds having three nitrogen atoms, when these moieties are 

adsorbed on the surface of the metal, each molecule covers large surface area and they can block the active sites by 

forming a co-ordinate covalent bond with the metal substrate, which leads to the decrease the rate of corrosion of the 

metal
(40)

. And also, the polarity of the triazoles induces an electrostatic attraction on the metal surface so as to 

protect the metal substrate from corrosive medium. 

 

The epoxy paint compositions were prepared by means of physically incorporating triazole derivatives by ratio of 

0.5, 1.0 , 2.0 and 3.0% by weight into epoxy paint , were evaluated as the anti-corrosive. The paint formulations 

were evaluated on coated mild steel panels, the films thickness were adjusted about 50 ±5μm. The coated steel 

panels were exposed to salt spray tests according to CSN ISO 9227for (500 h).  

 

Photographic reference standards were used to evaluate the degree of blistering, creepage and rusting. The reference 

standards highlight the various degrees of blistering that can potentially develop when paint systems are subjected to 

these specific test conditions. The blistering size is graded from 10 to 0, where 10 represents of no blistering and 0 

representative of the largest blister. Blistering frequency is denoted by [(few (F), medium (M), medium dense (MD) 

and dense (D)].  Coated specimens were subjected to a corrosive environment are also evaluated by recording the 

average (mean) maximum and minimum creepage from the scribe mark. Scribe failure is also rated on a scale from 

10 to 0, with 10 being zero (mm) from the scribe mark and 0 is 16 (mm) from the scribe mark. Finally, visual 
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comparison of the surface with photographic reference standards, to determine the percentage of the area that has 

been rusted., is carried out according to Painting Council (SSPC), The rust grade is rated on scale from 10 to 0, 

where 10 is no rusting and 0 is suffering severe rusting.  

 

The results of corrosion resistance of the painted films of prepared samples are given in (Table 3) and (Fig.3) 

explains the photo of the painted films after salt spray test (3.5% of NaCl). The results show that the compounds 4-

amino-5- (trifluoromethyl)-4H-1,2,4-triazole-3-thiol (I) , 4-((4-chlorobenzylidene)amino)-5-(trifluoromethyl)-4H-

1,2,4-triazole-3-thiol (ΙI) and 4-((furan-2- methylene)amino)-5-(trifluoromethyl)-4H-1,2,4-triazole-3-thiol (ΙIΙ) have 

an excellent anticorrosive properties due to of the presence  triazole ring, all samples of compounds (II) and (III) 

approximately not affected  during the probationary period due to the presence of the aromatic ring and imino group 

in addition to triazole ring, while complex (IV) has a poor anticorrosive properties. 

 

Table 3:- Anticorrosive activities of modified epoxy varnish with new triazole derivatives (compounds I- IV). 

Sample Blistering 

Size            Frequency 

Scribe failure (mm) Rust 

grade 

Blank 2                   D 13 3 

Epoxy with comp. I     0.5% 5                   M 7 5 

1.0% 6                  M 6 6 

2.0% 8                   F 4 7 

3.0% 8                   F 4 8 

Epoxy with comp. II  0.5%  6                  M 6 6 

1.0%  8                  M 5 7 

2.0% 8                   F 4 8 

3.0% 9                   F 4 8 

Epoxy with comp. III  0.5% 8                   F 5 7 

1.0% 8                    F 4 8 

2.0% 9                   F 3 8 

3.0% 9                   F 3 8 

Epoxy with comp. IV   0.5% 3                   D 11 3 

1.0%     4                 MD 10 3 

2.0% 4                   D 8 4 

3.0%  5                   M 7 6 
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Conclusion:-  
This study proved that the adding of triazole modifiers (I, I, III) improved physical properties of modified resins, but 

compound (IV) has some negative physical properties compared with that of coatings based on the widely used 

commercial epoxy resin.  All modifier epoxy coatings posses antibacterial and antifungal activity by different ratio 

and also may be used as anticorrosive agents. 
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