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Abstract— The experimental of inhibitor, oxy and non oxy biocide effectiveness on suppressing the carbon steel by using 

the secondary water cooling system of RSG GAS was done.  The observed parameter are corrosion rate, dissolved oxygen 

concentration , pH and conductivity.  The variation concentration of inhibitor, oxy and non oxy biocide was applied.  The 

corrosion rate and dissolved oxygen are measured by using Gamry electrochemical instrument, pH-meter and oxygenmeter, 

respectively. Whole experiment was carried out at room temperature.   Speciment test is carbon steel with diameter of 16 mm 

and thickness of 8 mm, with the exposed are of 1cm
2
, polished by grid 220 up to 2000.  The variation concentration was 

applied for all chemicals up to 60 ppm.  From the experiment it is known that the rate corrosion is suppressed by the 

addition of inhibitor, higher concentration inhibitor will suppress much more.  This phenomenon is strongly understandable 

by the experimental data that shows dissolved oxygen decreasement due to the presence of inhibitor.  The higher 

concentration of inhibitor cause the lower dissolved oxygen concentration. No pH change observed which is means that the 

inhibitor does not give any contribution on releasing H
+
 or OH

-
 that causing pH changing.  The addition of oxy biocide 

suppress corrosion rate from 0.7±0.02 mils/yr to 0.5± 0.02 mils/yr.  However, non oxy biocide addition does not give any 

significant effect. 
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I. INTRODUCTION 

Indonesia has three research reactor located in Bandung, Yogyakarta and Serpong.  The biggest one with 30 MW is namely 

GA SIWABESSY.  This is a multipurpose reactor, main domains for fundamental and applied science, industry, human 

health care and environmental studies, as well as nuclear energy applications and the development of nuclear science and 

technology related human resources.  This research reactor has two cooling systems, primary and secondary.  Primary 

cooling system is a close system and secondary is an open air system but semi close.  In the purpose to maintaining the 

primary structure integrity as long as the designed life and suppressing the unexpected radioactive material produced by 

neutron irradiation coming from the core, the mineralized water is used for primary cooling water.   Differ with this, the 

secondary system apply raw water which is coming from the PUSPIPTEK tap water.  The pre treatment is applied for 

reducing the insoluble particles by depositing method in the water basin for few days.  The following treatment is based on 

how to prevent either delay the metallic induced corrosion, scaling and microbe induced corrosion problem, therefore 

inhibitor and biocides chemicals are added up into the secondary water periodically with a certained concentration that is 

suggested by the company and as mentioned in Safety Analyses Report (SAR).  In fact, how far the effectiveness of 

recommended concentration by company is not yet known.  The prices of those chemicals are not cheap one.  Therefore, it 

becomes a significant parameter that contributes a lot toward the annual maintenance budget.  Less concentration will 

suppress the maintenance operating budget. 

A continue operation of RSG GAS has to be carefully assessed, especially from the material structure point of view[1-3], in 

30 years operation.  The basic consideration for designing this facility for long life operation is based on material selection 

and strategy to managing the whole facility including the operating environment.  Stainless Steel and aluminum are the main 

material used in the primary system, and carbon steel is the most material used for secondary system.  One mechanism that 

hold as a  key role for these materials in RSG GAS is corrosion problems.  Lots of corrosion study towards those materials 

have to be understood well and are published elsewhere.[4-13]  Specific publications about carbon steel corrosion also have 

been reported elsewhere.[14-17]  However, different environment identic with different contaminant and may cause different 

accelerated corrosion. Therefore, understanding well about corrosion problem towards carbon steel under RSG GAS 

secondary environment has to be carried out in the purpose of gaining long life operation more than 30 years.  the experiment 

related with the secondary water cooling of RSG GAS should be carried out. 
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One of the experiment for understanding those secondary water management effectiveness was done by implementing cupon 

corrosion surveillance and have been reported on the previous conference.[2,3]   The visual result shows significant 

accelerated corrosion on the carbon steel cupons. The passive layer formation on the carbon steel to prevent further oxidation 

is known and highly exploited in industrial applications. Beside, inhibitor, the biocide chemicals also being added to control 

microorganism as a living substance that make inevitable environment. It induces biofilms formation as well and corrode the 

surfaces and give an extreme significant deteorization.[14] The effectiveness of those is considered to be the important 

parameter that should be understood well.  The effect of the present biocides towards suppressing the microbial growth was 

done and reported elsewhere.[1] 

Corrosion process is a redox reaction, which is both reactions (reduction and oxidation reactions) have a similar rate.  

Passivating the cathode by formatting hardly dissolved metal hydroxide (MOH) will suppress the further corrosion process.  

Finally, the anode’s rate reaction might be suppressed as well, then slowering the whole corrosion process.  Therefore, the 

corrosion rate of carbon steel is the important parameter that should be determined under the inhibitor added and biocide as 

well.  Dissolved oxygen is playing as a key parameter on the rate of oxidation process.  Hence, the effect of inhibitor and 

biocide addition toward the concentration of oxygen has to be determined as well. . 

The objective of the present experiment is to determine the corrosion rate of carbon steel under the inhibitor and biocide used 

at RGS GAS.  These data will be added up as RSG GAS secondary cooling water data base, as a reference for the further 

safety analyses report evaluation.   

Methodologies applied for determining corrosion rate is based on electrochemical, and the determining the concentration of 

dissolved oxygen is measured by using oxygenmeter detector.  The concentration of inhibitor and biocide in this experiment 

is varied adjusted by the concentration range applied at RSG GAS. 

II. METHODOLOGY 

2.1 Equipment 

Experiments were conducted at room temperature and atmospheric pressure in a electrochemical glass (Fig. 1).  A three-

electrode setup and one hole for sample were used.  A small magnetic stirrer with a speed control unit (0 rpm to 5,000 rpm) 

was used. A varied concentration of inhibitor, up to 150 ppm, in tap water as a solvent was used for the solutions.   

The pH was monitored with an electrode immersed in the electrolyte.  The expected pH is neutral.  Oxygen concentration 

was monitored using an Oxygen meter.  Electrochemical measurements were made using a Gamry Instruments. 

2.2 Sample 

Carbon steel materials from pipes are tested by using X-Met.  Chemical compositions are given in Table 1. The material was 

machined from the parent material into a coin shape of 8 mm in thickness and 16 mm in diameter.  Then, polished by using 

sandpaper of grid 220, 400, 800, 1000 up to 2000. The exposed area of the specimen was 1 cm
2
.  

2.3 Procedure 

The glass cells were filled with 500 ml of inhibitor solutions with a certained concentration. Monitoring of pH was done on 

line.  The O2 concentration was measured to judge when the solution was in equilibrium. The temperature was maintained 

constant at room temperature in all experiments.  Before each experiment, the sample surface was polished using 500-grit 

silicon carbide (SiC) paper, washed with alcohol, rinsed with distilled water and then mounted on the specimen holders, and 

immersed into the inhibitor solutions. 

 

FIGURE 1. GLASS CELL FOR MEASURING CORROSION RATE 
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III. RESULTS AND DISCUSSIONS 

The carbon steel used as pipes at RGS GAS has chemical composition as shown in Table 1.  The hardness of carbon steel is 

adjusted by the carbon content, but the corrosion behavior is mainly triggered by the environment. 

TABLE 1 

CHEMICAL COMPOSITION OF SAMPLE 
 % 

C 0.2 

Mn 0.4 

Si 0.1 

P 0.03 

S 0.03 

 

The effect of inhibitor at variant concentration at room temperature is shown in Fig.2.  The experimental deviation is not 

more than 20% at zero inhibitor concentration.  From the spread data taken, it shows clearly that the corrosion rate decrease 

abruptly and nearly approaches half of initial value at the concentration of inhibitor of 75 ppm.  Then, it continues flat as a 

constant value. 

 
FIGURE 2. THE CORROSION RATE DEPENDENCE ON CONCENTRATION OF INHIBITOR AT ROOM TEMPERATURE 

FOR CARBON STEEL MATERIAL.  

Corrosion mechanism process is based on electrochemical that involve electrons movement as results of redox. [7] 

Anodic reaction: 

Metal corrosion   : M  M
n+

 + ne
-
   (1) 

Ferrous Ion Oxidation  : Fe
2+

   Fe
3+

 + e
-
   (2) 

Oxygen evolution   : 2H2O   O2 + 4H
+
 + 4e

-
  (3) 

 

Cathodic reaction: 

Hydrogen evolution  : 2H
+
 + 2e

-
    H2  (4) 

Oxygen reduction (acid)  : O2 + 4H
+
 + 4e

-
   2H2O  (5) 

Oxygen reduction (Neutral/basic) : O2 + 2H2O + 4e
-
   4OH  (6) 

Metal Ion reduction  : M
3+

 + e
-
   M

2+
  (7) 

Metal deposition   : M
+
 + e

-
   M  (8) 
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Base on the above reactions, dissolved oxygen (O2) is a strong oxidator that induce the corrosion process at cathode and well 

understood.  Therefore, how far the inhibitor effect to dissolved oxygen is has to be understood well.   The experimental 

result for inhibitor effect towards dissolved oxygen concentration change is shown in Fig.3. The concentration of dissolved 

oxygen decrease with the increase of inhibitor.  The dissolved oxygen concentration at the highest inhibitor concentration 

become one fifth of the none inhibitor.  It shows clearly that the present of inhibitor suppress the dissolved oxygen 

concentration in the solutions, and may suppress a lot the both cathodic and anodic rate reactions. Finally, it may look that 

corrosion rate decrease (Fig.3.).   Since the limited data gotten at one poin of concentration, the equilibrium effectiveness on 

inhibitor concentration on suppressing the dissolved oxygen is not appearing.  It can be considered that the trend data should 

be consistent with that of corrosion rate (Fig.3).  

 

FIGURE 3.  THE EFFECT OF INHIBITOR ON SUPPRESSING THE DISSOLVED OXYGEN IN WATER AT ROOM 

TEMPERATURE. 

The inhibition effeiciency is calculated by using the below equation [18]; 

Inhibitor  Efficiency (%) = 100 x {(CR0-CRt)/CR0)}   (9) 

where : 

CR0 is the corrosion rate at zero inhibitor 

CRt is the corrosion rate at certain concentration of inhibitor 

Based on Fig 2, the relation between inhibitor concentration vs inhibition efficiency can be shown in Fig. 4. 

 

FIGURE 4.  INHIBITION EFFICIENCY VS INHIBITION CONCENTRATION AT ROOM TEMPERATURE. 
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The inhibition efficiency increase abruptly at higher concentration of inhibitor up to 75ppm.  Then it seems to be at constant 

value at approx 66%.  It can be noted that there is optimal inhibition efficiency.  The higher concentration used for inhibitor 

may not give any further higher inhibition efficiency.  

In the real condition, both inhibitor and biocides are added at the same time, so the complex reaction should be occurred.  

Therefore, for the preliminary study, the effect of biocides on corrosion rate should be investigated separately and was 

implemented in this experiment.  The active compound is orthoprosphate.  There are two kind of biocide chemicals, ie. oxy 

and non oxy. Both are effective for a certain microbe that live needs oxygen and no oxygen, respectively.  From the 

experimental result, it shows that non oxy biocide does not give any effect toward corrosion rate.  However, oxy biocide may 

appear its contribution.  It can be understood that, oxy biocide is dedicated to suppress the growing of microbe who need 

oxygen for their life.  The experimental result of the effect of oxy biocide to corrosion rate is shown in Fig.5.  The corrosion 

rate is suppressed abruptly by adding oxy biocide concentration up to 20 ppm.  Then, no further decrease.  Non oxy biocide 

does not give any effect toward corrosion rate of carbon steel.  

 

FIGURE 5. THE CORROSION RATE DEPENDENCE ON CONCENTRATION  OF OXY BIOCIDE AGENT FOR CARBON 

STEEL MATERIAL AT ROOM TEMPERATURE 

The experimental result of oxy and non oxy biocide effect to dissolved oxygen concentration is shown in Fig.6.  Both oxy 

and non oxy biocide suppresses the dissolved oxygen concentration.  Non oxy biocide gives a slight effect toward corrosion 

rate, therefore appear no effect toward corrosion rate.  However, non oxy biocide suppresses the dissolved oxygen a lot.  The 

concentration of dissolved oxygen decrease from originally become approx. one sixth at 30 ppm of oxy biocide. 

 

FIGURE 6. THE DISSOLVED OXYGEN DEPENDENCE ON CONCENTRATION OF NON OXY BIOCIDE (---) AND OXY 

BIOCIDE AGENT () AT ROOM TEMPERATURE 
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Base on the above experimental results above, the addition of oxy biocide should take into consideration toward the 

inhibition effect of the inhibitor added into the secondary cooling water of RSG GAS.  The further work related with this 

basic mechanism should be clarified in the future work.   

IV. CONCLUSION 

The inhibitor added into the secondary cooling water of RGS GAS is effective to suppress the corrosion rate.  The optimum 

inhibition efficiency is approx. 66%.  The addition of biocide at the same time may give significant effect on inhibition 

efficiency and need to be clarified in the future work. 
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