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ABSTRACT 
Corrosion of steel in concrete structure is a global problem concerning the durability of concrete structures.  Many corrosion 
protection methods are available in the construction. Among the protection types, coatings play a major role. Most widely, epoxy 
coatings are used in practices .epoxy based steel rebar coatings are solvent based and as setting vaporizes the solvent which 
produce green gases and again a concern of global warming. By considering all the ill effects, an attempt is made by doing a 
systematic study on application of geopolymer coatings for prevention of corrosion of steel rebars in concrete. However such 
coating producing the chemical toxic and green house gases to environment and it pollute the atmosphere air during the 
manufacture and coating periods. In this present paper a steel rebar coatings are developed and studied for various testing 
techniques using Geopolymer binder as coating material. This gives enough protection properties against corrosion of steel. 
Twenty coatings are developed based on Geopolymer binder and the best one coating was selected for corrosion protection. This 
has been selected based on various physical and mechanical studies All the results are presented and discussed in detail. 
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INTRODUCTION 
 

The necessity of providing supplementary protection to steel rebars when the structure exposed to the open 

atmosphere and in chloride act made the researchers to investigate for corrosion protection methods. Many 

corrosion protection methods are available in the construction [1]. The corrosion protection methods involving 

protective surface coating may use epoxy coating in steel rebars and corrosion inhibitors in the concrete. While 

coating, reinforcing bars have been utilized in construction during the past decades. They have been useful to 

reduce the corrosion in the RCC structures [2]. So far, various surface coatings are used to prevent the 

degradation of concrete rebar structure.  However such coating produces chemical toxic and green house gases 

to environment and it pollutes the atmosphere during the manufacture and coating periods. But the anti corrosive 

coating, the compounds of Geopolymer (Sodium Silicate & Sodium Hydroxide) contains less polluted materials 

and not producing the toxic and green house gases in the atmosphere [3]. Anti corrosive coating has the 

advantage of high early strength, low shrinkage, fire resistance and good in chemical resistance. Fly ash, 

metakaolin, and furnace slag are the by-products produced from industry and they have been used as raw 

materials for preparation of anti corrosive coating. This anti corrosive coating offers an innovative and 

sustainable solution for prevent from corrosion, heat and abrasion resistant. Anti corrosive coating material is 

also high in adhesion strength between existing structures that suits for coating field application [4]. This study 
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is useful to assess the corrosion protection in steel structure by using the anti corrosive coating. The thickness of 

the coating is evaluated by using Elcometer apparatus. Its physical & chemical characteristics are evaluated by 

Adhesion test, Flexibility, Bendability test and Corrosion resistance capacity. This study is very useful to 

identify the capacity and reaction of the coating in the aggressive environment. 

 

II. Materials And Coating Formulation: 

A.Test specimens: 

Mild steel panels and steel rebars were cut to the required sizes and freed from sharp edges, The Steel plate 

specimen of 100mm x 150mm and 100mm x 75mm were utilized to evaluate the flexibility, bend ability and 

impact strength of the coating. Thickness of the coating was estimated with Elcometer.  The steel rebar of 8mm 

diameter was used to bend ability test. The steel plate and rebars were surface cleaned to remove the rust (if any) 

by using the pickling solution and Following the cleaning, steel and rebars were two times washed in tap water.  

Then it was dried in an oven at 60oC and then coated with the selected surface coating. 100mm x 150mm 

,100mm x 75mm plates and 8mm ,10mm diameter steel rebars were coated using the brush. The fly ash, OPC, 

MicroSilica, Rice husk ash, Clay, ChinaClay, Kaolin, Ferrosilicon Powder, Venadium Pentaoxide(V2O5), Fe2O3, 
Al2O3, TiO2 and Silica fume were used as a filler material. The chemical composition of the filler materials were 

given in table 1. The Test Specimens after surface cleaning as shown in Fig.1. 

 

   
 

Fig. 1: Test Specimens after surface cleaning 

 

B.Coating preparation: 

The steel coatings were selected to represent the following 20 generic types. The binder solution contains 

NaOH and Sodium silicate. The details of the used various materials and their combinations for the preparation 

of the coatings were given in table 2.  

 

III. Mechenical Test On Coated Specimen: 

A. Estimation of the thickness of the coating: 

The thickness of the coating on the coated plate was measured as shown in Fig.2. by Elcometer, Great 

Britain. The Elcometer instrument was kept perpendicular to the coated plate when the measuring was carried 

out. The dried film thickness of the coating was measured at various places on the plate and an average value of 

the thickness was taken for the study. The average thicknesses of the studied coatings were shown in table.3 

  

B. Film adhesion test: 

This test provides a standard, reliable and reproducible method for measuring the adhesive strength of the 

coating film on the metal substrate. The instrument used for measuring adhesive strength was “Tensometer”, 

which is electrically operated and is so designed that the tensional force can be applied perpendicular to the 

coated surface, when the coated specimen was held vertically. The tensometer instrument is shown in Fig. 3. 

This test was conducted on all the twenty coatings and the results are reported in table 3. 
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Fig. 2: Measuring coating thickness                Fig. 3: Film Adhesion Test 

 

C. Flexibility Test on steel plates (ASTM D522): 

The Bendability test was done by conical mandrel bend test apparatus as per ASTM D522 standards.  The 

instrument was purchased from M/S Sheen instruments Ltd., Richmond, Survey, England.  The thin plate of 

100mm x 150mm x0.8mm was used in the test. Fig. 4. illustrates the structure of mandrel conical apparatus, one 

end of the apparatus is 3mm diameter which gradually increases up to 38mm diameter at the end of the length 

(200mm).  The plates were fixed in the conical mandrel Bend apparatus, and tighten the wing nuts using rolled 

handle.  The thin plate was bent up to 180o in a single step.  Cracks were observed from 3mm diameter towards 

higher end of the plate.  The wing nuts were loosened to take out the bent plate.  The bent plates were shown in 

Fig. 5.The cracks, if any were measured and the results were shown in table.3. 

 

                                  
Fig. 4: Conical Mandrel Apparatus                                                        Fig. 5: Bent Plates 

 

D. Bendability Test on Rods (Is 1599:1985): 

Cold twisted deformed straight bars of 8mm, 10mm, 12mm and 16mm diameters were coated after pre-

treatment in triplicate. These bars were subjected to bending test with mandrel. The mandrel was fixed with soft 

plastic sheets at the guide so that during bending operation no damage was caused to the coating by the mandrel. 

Coated straight bars are bent to 450 and 900 from its original straight line. During and after bending operation, 

the coated surface on the steel bar was observed for the development of cracks, fissures, disbandment, straining, 

delamination, or discolouration etc. Fig.6. shows the bended rods. Observed results were reported for the 

selected coatings in table 4.  

 

E. Impact test on plates (ASTM D 2794): 

The impact test was conducted as per ASTM D 2794 standards. A thin plate of size 100mm x150mm 

x0.8mm was used for the test. The plate was placed at the bottom of the apparatus which was shown in Fig.7. 

And impact test on plates were shown in Fig.8. A plunger of mass 2 pounds (or) 8.89 N was freely dropped on 

the plate from a height of 30cm and 60 cm.  Both the sides of the plates were subjected to impact, to measure the 

direct and indirect impact resistance capacity of the coating. The results are shown in table.3. 
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Fig. 6: Bended rods                                                                   Fig. 7: Impact Test apparatus 

  

F. Impact Test on Coated Rods (ASTM D14-96): 

This test method uses a falling weight having a specified diameter impact surface, tub, which is restrained 

vertically and dropped from varying heights to produce impact energies over the required range. Impact 

resistance is determined as the amount of energy required to cause penetration of the coating film. The test 

apparatus is similar to the test described in test method D14 of the ASTM standard. A coated rod was held flat at 

the bottom of the drop tube. The wing bolt was raised through the full height of the drop tube or guide tube so 

that the tub was lifted to maximum height. Fig.9 .shows the equipment used for this test. When the wing bolt 

was released suddenly, the tub nose was dropped and impacts on the steel rod. Care was taken so that the impact 

took place between the bar deformation and ridges. For full height of fall, the impact force of 9 N.m. strike on 

the coating. The impacted area was examined for any disbandment of the coating that was permanently 

deformed by the tub. 8, 10, 12 and 16 mm diameter coated rods were used for this test and the test results were 

reported in table 3. 

 

     
  

Fig. 8: Impact Test on plates                                            Fig. 9: Impact Test on rods 

 
Table 1: Chemical Composition of Mineral Constituents 

 

Material used 
SiO2 

% 

Al2O3 

% 

Fe2O3 

% 

 

MgO 

% 

 

CaO 

% 

Other materials 

% 

Density 

g/cm3 

Fly ash 46.16 24.14 11.55 - 35.05  2.4 

China clay 68 21 0.05 - - Na2O-1% 1.95 

Micro silica 97 0.5 0.1 0.3 0.3  2.3 

Rice husk ash 94.04 0.249 0.136 0.442 0.622 Na2O-0.023,K2O-2.49 2.16 

Kaolin 46.55 39.5 - - - - 2.62 

Ferrosilicon 78.281 0.459 11.40 1.120 1.212  2.2 

Clay 65.559 15.119 11.70 0.729 1.356  1.82 
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Table 2: Composition of different coating systems 

Coating No Materials used Coating No Materials used 

GPR 
Binder + Fly ash with Red oxide 
 

GP10 
Binder + Fly ash + Clay 
 

GP1 
Binder + Fly ash with yellow oxide 

 
GP11 

Binder + Fly ash + China clay 

 

GP2 
Binder + Micro silica 
 

GP12 
Binder + Fly ash + Rice hush ash 
 

GP3 
Binder + Fly ash + Micro silica 

 
GP13 

Binder + OPC + Clay 

 

GP4 
Binder + OPC 
 

GP14 
Binder + OPC + China Clay 
 

GP5 
Binder + OPC + Fly ash 

 
GP15 

Binder + OPC + Rice husk ash 

 

GP6 
Binder + OPC + Micro silica 
 

GP16 
Binder +FA+ Ferrosilicon powder 
 

GP7 
Binder + OPC + Fly ash + Micro silica 

 
GP17 

Binder + OPC + Ferrosilicon powder 

 

GP8 
Binder + OPC + Kaolin 
 

GP18 
Binder + OPC + Venadium Penta oxide(V2O5)  
 

GP9 
Binder + Fly ash + Kaolin 

 
GP19 

Binder + Fly ash + Venadium Penta Oxide 

V2O5 

 

*Binder =1/2 molar NaOH + Sodium Silicate,  

 Al2O3,  TiO2, Zn3(PO4)2+Silica fume 

 
Table 3: Results of Mechanical tests of Coatings 

Designation of 

coating 

 

Coating 
Thickness 

(µm) 

Adhesion Test 

(by Tensometer) 

Flexibility Test 

(ASTM D522) 

Impact Test 

On coated 

plates 
ASTM D 

2794 

On coated rods 

ASTM D14 Load  
at Failure 

Stress at 
Failure 

GPR 220 6.785 13.819 P P P 

GP1 226 7.102 14.464 P P P 

GP2 210 7.631 15.541 P P P 

GP3 223 6.992 14.240 P P P 

GP4 219 6.846 13.943 P P P 

GP5 210 6.911 14.075 P P P 

GP6 238 7.814 15.914 P P P 

GP7 238 7.213 14.690 F P P 

GP8 229 4.171 8.494 P F F 

GP9 221 9.150 18.635 P P P 

GP10 227 10.123 20.617 P P P 

GP11 237 11.632 23.690 P P P 

GP12 231 11.941 24.319 P P P 

GP13 203 3.982 8.120 F F F 

GP14 214 7.010 14.276 P P P 

GP15 211 6.812 13.873 P P P 

GP16 221 3.991 8.128 F F F 

GP17 237 4.671 9.513 P P P 

GP18 218 7.776 15.837 P P P 

GP19 214 6.914 14.081 P P P 

Note: Area of contact was 491mm2 

 

Table 4: Results of Bendability Test On Rods 

S.No Designation of coating 8mm ɸr 10mm ɸr 12mm ɸr 16mm ɸr 

450 900 450 900 450 900 450 900 

     1 GPR P P P P P P P P 

     2 GP1 P P P P P P P P 

     3 GP2 P P P P P F P P 

     4 GP3 P P P P P P P P 

     5 GP4 P P P P P P P P 

     6 GP5 P   P P P P P P P 

     7 GP6 P P P P P P P P 

     8 GP7 P P P P P P P P 

     9 GP8 P P P P P F F F 

10 GP9 P P P P P P P P 

11 GP10 P P P P P P P P 

12 GP11 P P P P P P P P 

13 GP12 P P P P P P P P 

14 GP13 P P P P F F F F 

15 GP14 P P P P P P P P 
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16 GP15 P P P P P P P P 

17 GP16 P P P P F F F F 

18 GP17 P P P P P F F F 

19 GP18 P P P P P P P F 

20 GP19 P P P P P P F F 

 

RESULTS AND DISCUSSION 

 

All the twenty coatings based on geopolymer binder were subjected to mechanical and corrosion tests to 

find the best coating and can be applied as a protective coating for steel reinforcements in concrete.  

 

A. Coating Thickness: 

The thickness of the coating was measured using a handy digital display thickness measuring instrument as 

indicate in fig.3.1 Upon each coated surface 6 to 8 measurements are averaged and the average values were lied 

in between 210 to 237micrometeres. This coating thickness is called dry film thickness (dft).  

 

B. Adhesion Test: 

Adhesion test on coating has been carried out by using tensometer. In which a perpendicular force is 

applied against the coated surface. The load at failure was noted from the digital display of the instrument. For 

each coating and corresponding stresses are completed and are reported in table 3. Since the coating was applied 

on phosphated surface, many coatings were found a lesser adhesive stress due to the absence of anchorage on 

substrate metal. The phosphating over the pickled surface provided a passive film which offered a smooth 

surface and this phosphating film resisted the corrosion of substrate metal. Poor coating strength was observed 

for GP13 and GP16 and their corresponding values were 8.12N/mm2 and 8.128 N/mm2 respectively as against 

the highest value of 24.319 N/mm2 for GP12. In general high adhesive strength was obtained for the coatings 

GP9 to GP12. The geopolymerisation of the coating with clay material and rice husk ash with added Al2O3 has 

helped the coating for strong formulation of geopolymer coating. Therefore the reason for high adhesive 

strength was the formulation of silate by alumino silicate materials with the geopolymer binder. 

 

C. Flexibility Test (ASTM D522): 

The flexibility of coated plate was found by conical mandrel test in which a coated plate was rolled to 

conical shape with a help of a handle and cone as shown in fig 3.4. The coatings were observed without any sign 

of crack on the conical surface and were considered as “passed”. If cracks are found in the coating on folding 

then they were designated as “failed”. This test has been carried out for all the twenty specimens and results 

were reported in table 3. The coatings GP7, GP13, and GP16 were failed in this conical flexibility test. The 

compositions of all these three coatings were silicate rich coatings and only Al2O3 was added. The richness of 

silicate in the composition has provided a rigid formation of geopolymer. Therefore these three coatings are 

failed in the flexibility test. 

 

D. Impact Test: 

Impact test has been carried out on the coated MS plate as per ASTM D2794 and similarly impact test 

carried out on the coated rods also as per ASTM D14. This has been illustrated in Fig 6 & 7 On impact of the 

steel ball on the coated plate surface will leave a mark of dispersions after the impact. The impacted plate will 

be examined and the reverse side with the help of magnifying glass for the formation of any cracks, fissures and 

delamination. If the both plate and coated rods did not exhibitory defects then they were rated as passed and the 

defected coatings were marked as failed. The results were given in table 3. In this study the coatings GP8, GP13 

and GP16 were found with defects and failed but all the other coatings were passed in this test. 

 

E. Bendability test on rods (IS 1599:1985): 

Coated rods were having four different diameters such as 8, 10, 12 and 16mm which were subjected to 

bending test up to 450 and 900. After the bent, each coated surface was examined with magnifying glass for any 

formation of cracks, fissures, delamination and discolourization due to stress concentration at the bent. If any of 

the defects found then it was rated as failed (F) otherwise pass (P). 8mm and 10mm rods were passed with the 

studied coatings but for 12 and 16mm failed in GP13 and GP16. 

 

• By all the above test results the coatings,GP10,GP11,GP12,GP14,GP15 perform better in all respect 

including mechanical and corrosion durability test: 
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Conclusion: 

It can be concluded from this study that the selected coating systems have good mechanical properties for 

protecting the reinforcing rods in concrete. On the basis of results presented in this paper, the following 

conclusions have been drawn; 

• The studied anti corrosive coating was the best corrosion protection, eco friendly coating which does 

not pollute the environment.  

• From the adhesion test the high adhesive strength was obtained for coatings GP9 to GP12. The 

geopolymerisation of the coating with clay material and rice husk ash with added Al2O3 has helped the coating 

for strong formulation of geopolymer coating. Therefore the reason for high adhesive strength was the 

formulation of silate by alumino silicate materials with the geopolymer binder. 

• The coating GP7, GP13, and GP16 are failed by this conical flexibility test. The compositions of all 

these three coatings are silicate rich coatings and only Al2O3 is added. The richness of silicate in the 

composition provided a rigid formation of geopolymer. Therefore these three coatings are failed in the 

flexibility test. 

• The coating GP8, GP13 and GP16 found defects and all other coatings are passed in impact test.  

• By all the above test results the coatings,GP10,GP11,GP12,GP14,GP15 perform better in all respect 

including mechanical and corrosion durability test. 
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