
IJRRAS 9 (3) ● December 2011 www.arpapress.com/Volumes/Vol9Issue3/IJRRAS_9_3_03.pdf  

 

 

355 
 

ECO-FRIENDLY GREEN INHIBITOR TO IMPROVE THE STRENGTH 

OF CONCRETE CONTAMINATED BY CHLORIDE AND SULPHATE  
 

Abdulrahman A. S
1 
& Mohammad Ismail

2 

Faculty of Civil Engineering, Universiti  Teknologi Malaysia, 81310 UTM, Johor Bahru, Johor, Malaysia 

Email: 
1
asipita2@gmail.com ; 

2
mohammad@utm.my   

 

   

ABSTRACT 

In recent years the use of inhibitors in producing high performance concrete has increased significantly as a result of 

chloride and sulphate attacks. The present inhibitors in market are toxic to the environment. Hence, the objective of 

the present investigation was to study a novel, eco-friendly and hydrophobic green plant extracts inhibitor (Bambusa 

Arundinacea) and compares its effectiveness with calcium nitrite and ethanolamine inhibitors. Concrete mix was 

designed to 30MPa with 0.45 W/C ratios and tested at 7, 28 and 90 days. 1.5% and 4.5% weight of cement content 

of chloride and sulphate were added as an analytical grade of magnesium chloride and magnesium sulphate. 

Inhibitors additions were 2% and 4%. The results of the inhibitors studied showed that Bambusa Arundinacea 

exhibited superior compressive strength compared to calcium nitrite and ethanolamine. Bambusa Arundinacea may 

be considered a better substitute for nitrite and amine- based corrosion inhibiting admixtures for durable concrete 

structures due its geometric pore blocking effects.    
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1.  INTRODUCTION 

Most common attacks to concrete integrity are sulphate and corrosion products as a result of chloride contamination. 

Many synthetic compounds were developed to combats this endemic problem, but most of them are highly toxic to 

both human beings and environment (Satapathy 2009). These inhibitors may cause temporary or permanent damage 

to human organ such as kidney or liver (Raja and Sethuraman 2008). The known hazardous effects of most synthetic 

organic inhibitors and restrictive environmental regulations have now made researchers to focus on the need to 

develop cheap, non-toxic and environmental friendly natural products as inhibitors.  

Environmental concerns worldwide are increasing and are likely to influence the choice of inhibitors in the future. 

Uhlig, 2004 reported that there was a growing demand for corrosion inhibitors that are less toxic and biodegradable 

compared to current formulations. Green inhibitors displaying substantially improved environmental properties as 

compared to the existing inhibitors whose toxic level is above 50%.  Inhibitors toxicity according to (Uhlig 2004) is 

measured as LD50 and LC50. LD50 is the lethal dose of a chemical at which 50% of a group of animals are killed for 

24h exposure time, whilst LC50 is lethal concentration in air or water which kills 50% of test population. Inhibitor 

biodegradation, or biological oxygen demand (BOD), should at least be 60%.  The BOD is a measure of how long 

the inhibitor will persist in the environment.  

Recent research (Raja and Sethuraman 2008; Abdulrahman 2011; Mohammad Ismail 2011) has shown that green 

inhibitors are more environmental benign than organic and inorganic inhibitors. The alternative way to minimize the 

risk of organic and inorganic inhibitors is the adoption of green inhibitor to reduce the environmental hazard. This 

approach gets to the root causes of the problem and is based on the principle of “what you don’t have can’t harm 

you”. 

So investigating the use of natural green organic inhibitors (Bambusa Arundinacea) which is expected to be 

hydrophobic in nature, non-toxic and eco-friendly to improve the strength and prevent sulphate attack and chloride 

ingress to concrete is most apt and desirable. 

 

2.    EXPERIMENTAL 

 

2.1 Materials used 

Ordinary Portland Cement (OPC) was used in this research. Chemical compositions accompanied by some 

important physical and mechanical properties of the cement are given in Table 1.  
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Table 1. Chemical composition, physical and mechanical properties of the cement 

 

Chemical Physical/Mechanical 

Composition Value (%) Property Magnitude 

Silica (SiO2) 20.2 Surface area (Blaine) (m
2
/kg) 314 

Alumina (Al2O3) 4.9 Specific gravity 3.28 

Ferric oxide (Fe2O3) 3 Initial setting time (min) 105 

Calcium oxide (CaO) 62.5 Final setting time (min) 190 

Sulphur trioxide (SO3) 1.8 Compressive strength at 1 day 13.5MPa 

Magnesium oxide (MgO) 2.6 Compressive strength at 3 days 20.5MPa 

Insoluble residue 1.9 Compressive strength at 7 days 28.5MPa 

Loss on ignition 2.7 Compressive strength at 28 days 35.6MPa 

Lime saturated factor 0.85 Soundness (mm) 8.7 

 

The chloride and sulphate were admixed into the concrete as magnesium chloride and magnesium sulphate of 

analytical reagent grade. The concentrations of Magnesium chloride used were 1.5% and 4.5% by mass of cement 

and the corresponding chloride concentrations were 0.94% and 2.82% respectively. Coarse aggregates of size 20 

mm and 10 mm of quartzite origin were used in the ratio of 1.78:1 to satisfy the overall grading requirement of 

coarse aggregate (Pradhan and Bhattacharjee 2009).  

Land quarried sand passing through ASTM sieve No. (4.57mm) conforming to zone II classification of British 

standard was used as fine aggregate. The sand has a fineness modulus of 2.5. Tap water was used for the preparation 

of specimens. All the concrete mixes were designed for similar workability with slump of 30–60 mm.  The water 

content was kept constant to 230 kg/m
3
 for the desired slump in all the mixes to have similar workability. The 

water–cement ratio (w/c) used was 0.45. The fresh density of concrete was then obtained as per guidelines specified 

by British method of mix selection (DOE) to be 2380Kg/m
3
. Mix design is as shown in Table 2. 

 

Table 2 Concrete mix proportions 

Water-cement 

Ratio (w/c) 

Water content 

(Kg/m
3
) 

Cement content 

(Kg/m
3
) 

Fine aggregate 

Content (Kg/m
3
) 

Coarse aggregate 

content (Kg/m
3
) 

0.45 230 511 623 1016 

 

2.2 Preparation of plant extracts 

Fresh leaves of Bambusa Arundinacea (Indian Bamboo) was washed under running water, shade dried and ground 

into powder.  The powdered leaves were extracted using 95% ethanol. 5g each of powdered leaves was soaked in 

200ml in ethanol as in previous work (Sethuraman 2005)  for 14 days and thereafter filtered. In order to leave the 

sample free of ethanol, the filtrate was subjected to evaporation using a rotary evaporator (Fig 1).  

 

 
Fig.1. Rotary evaporator 

 

2.3 Preparation of concrete specimens for compressive strength test 

100 × 100 × 100mm concrete cubes were prepared using 1:1.2:2 mixes designed with a W/C ratio of 0.45. Inhibitor 

admixtures, namely Calcium nitrite, Ethanolamine and Green Bambusa arundinacea were added on the basis of 

weight of cement. The concrete cubes were demoulded after 24 h of casting and subjected to water curing. The 
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specimens were removed after 7, 28, 90 days of curing and subjected to compressive strength testing (as per British 

Standard BS1881: Part 116: 1983) using 2000KN capacity compression testing machine. Triplicate specimens were 

tested and average values were reported. 

 

3.   RESULTS and DISCUSSIONS 

 

3.1 Effects of MgCl2 additions on concrete strength 

MgCl2 was chosen for this work base on the literature and its negative and deteriorating effects. It was considered 

more detrimental to concrete than CaCl2 and NaCl (Poursaee A. 2010). Bambusa Arundinacea inhibitor was also 

chosen as a candidate green inhibitor to be compared with Calcium nitrite (Ca(NO2)2) and Ethanol amine (C2H7NO) 

for this work as a result of its high inhibition efficiency and good adsorption characteristics as reported by 

(Abdulrahman 2011).  

The compressive strength values of the specimens that have been cured for 7, 28 and 90 days are given in Table 3, 

for 1.5% and 4.5% MgCl2 additions. The compressive strength for the specimens increased with time to 90 days 

regardless of type of corrosion inhibitors. But Ca(NO2)2 inhibitor standout for increase in early strength and decrease 

in long term strength for 2% additions to the mix (Figs. 2 and 3). This finding is similar to what were reported by 

(De Schutter and Luo 2004; Ann Ki Yong 2006; Ashassi-Sorkhabi, Aliyev et al. 2007). Ca(NO2)2 inhibitor addition 

to concrete influences the hydration process of cement paste. It accelerate and stabilize the formation of crystal 

phase of Ca(OH)2 which lead to increase in the micropores diameter in the hardened cement paste and thus increase 

the permeability of concrete (Kondratova 2003).  Conversely, Bambusa arundinacea inhibitor increased the strength 

of chloride sample by 20% as showed in Table 3. The 90 days strength of Bambusa arundinacea inhibitor when 

compared with Ca(NO2)2 and C2H7NO inhibitors, showed superior strength (Fig. 3) this is as a result of its 

permeability reduction property (Nmai 2004).  

Meanwhile, additions of MgCl2 salt have no detrimental effects on the compressive strength of concrete at early age 

of hydration, rather it increases the strength. This is as a result of formation of calcium chloro-aluminate due to 

chloride that was chemically bonded by reactions with C3A compound of the Portland cement. 

 

Table 3 Effect of chloride contamination on the compressive strength (MPa) for 0.45 W/C ratio 

System 1.5% MgCl2 additions 4.5% MgCl2 additions 

7 days 28 

days 

90 days 7 days 28 days 90 days 

Control without MgCl2 30.83 43.27 54.87 30.83 43.27 54.87 

Control with MgCl2 39.34 48.22 51.90 37.04 43.74 58.20 

2% Calcium Nitrite Inhibitor 47.89 60.70 38.87 31.51 28.74 49.30 

4% Calcium Nitrite Inhibitor 47.86 58.69 70.63 40.41 55.94 61.60 

2% Ethanolamine inhibitor 45.65 49.58 70.98 44.00 62.09 45.10 

4% Ethanolamine inhibitor 42.30 52.79 70.21 40.75 56.31 47.20 

2% Green Bambusa 

arundinecea inhibitor 

47.29 41.91 68.40 29.20 41.31 61.90 

4% Green Bambusa 

arundinecea inhibitor 

39.31 45.98 54.36 34.80 41.81 56.67 
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Fig.2. 1.5% MgCl2 addition to 0.45W/C concrete 
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Fig. 3.  4.5% MgCl2 addition to 0.45W/C concrete 
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3.2 Effects of MgSO4 additions on concrete strength 
The results of the compressive strength test indicated that the additions of Bambusa Arundinacea, Calcium nitrite 

and Ethanolamine inhibitors increased the compressive strength of concrete when compared to the control concrete. 

Meanwhile, 90 days compressive strength of Bambusa arundinacea is higher than the other two inhibitors (Calcium 

nitrite and Ethanolamine) as in Table 4 and elaborately depicted in Figs 4 and 5. This can be attributed to the 

presence of electronegative functional groups and π-electrons in their structures. It formed conjugated double bonds 

that prevent water permeability into the concrete to initiate sulphate attack. This bonds formed are hydrophobic as a 

result of heteroatom of quaternary nitrogen atom and aromatic ring which blocks concrete pores (Ali 2008; Raja and 

Sethuraman 2008; Abiola 2009). The water in contact with a porous hydrophilic concrete, penetrates the it by means 

of capillary forces following the Washburn equation, p = (2 γ/rc) cos σ, where γ represents the liquid surface tension, 

rc is the capillary pore radius, and σ is the contact angle. A water droplet, on a hydrophilic concrete, wets the surface 

by spreading itself and by absorption through the solid porosity. The contact angle becomes less than 90°, p 

becomes positive and the liquid fills the pore spontaneously (Tittarelli F 2008). However, in this case the molecular 

attraction between water and the concrete pore walls was lowered by Bambusa arundinacea hydrophobic agents. 

Where the contact angle becomes higher than 90°, the water droplet keeps it spherical, and an external pressure p (in 

this case negative) is necessary to allow the liquid to penetrate the solid porosity. Bambusa arundinacea hinder 

liquid water to penetrate the structure when pressure is not excessively high. This is as a result of the pores 

containing high level of potassium and calcium from the inhibitor which combined with hydroxide to maintain the 

pH of between 12 and 13. This high level of alkalinity passivates the steel, forming a dense gamma ferric oxide that 

is self-maintaining and prevent rapid corrosion. 
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Table 4 Effect of sulphate attack on the compressive strength (MPa) for 0.45 W/C ratio 

System 1.5% MgSO4 additions 4.5% MgSO4 additions 

7 days 28 days 90 days 7 days 28 days 90 days 

Control without MgCl2 30.83 43.27 54.87 30.83 43.27 54.87 

Control with MgCl2 31.60 43.28 54.20 26.98 41.44 47.00 

2% Calcium Nitrite Inhibitor 40.80 68.30 58.55 30.09 51.51 52.73 

4% Calcium Nitrite Inhibitor 47.82 52.51 49.85 23.01 53.59 51.25 

2% Ethanolamine inhibitor 42.91 56.69 56.80 24.96 33.42 45.90 

4% Ethanolamine inhibitor 38.53 51.04 54.90 33.52 45.60 52.07 

2% Green Bambusa 

arundinecea inhibitor 

35.52 48.36 58.92 36.94 48.53 59.20 

4% Green Bambusa 

arundinecea inhibitor 

33.71 45.58 58.43 21.65 34.25 60.80 

 

Table 5 Compressive strength test (MPa) for 0.45 W/C ratios of 1.5% MgSO4 additions 

System 7 days 28 

days 

90 days 

Control without MgSO4 30.83 43.27 54.87 

Control with MgSO4 31.60 43.28 54.20 

2% Calcium Nitrite Inhibitor 40.80 68.30 58.55 

4% Calcium Nitrite Inhibitor 47.82 52.51 49.85 

2% Ethanolamine inhibitor 42.91 56.69 56.80 

4% Ethanolamine inhibitor 38.53 51.04 54.90 

2% Green Bambusa 

arundinacea inhibitor 

35.52 48.36 58.92 

4% Green Bambusa 

arundinacea inhibitor 

33.71 45.58 58.43 

 

 
Fig.4. 1.5% MgSO4 addition to 0.45W/C concrete 
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Fig.5. 4.5% MgSO4 addition to 0.45W/C concrete 

CONCLUSION 
The following conclusions can be drawn from the results:  

1. Inhibitors additions to chloride contaminate concrete have no harmful effects to the compressive strength, rather all the 

inhibitors increase the strength tremendously. But 2% inhibitors additions to high chloride contaminate concrete (4.5%) is 

strongly recommended as Bambusa Arundinacea inhibitor showed superior strength over and above Ethanol amine and 

Calcium nitrite inhibitors by 27% and 20%  respectively. 

2. Bambusa Arundinacea did not contain heavy metals (Abdulrahman 2011), which eliminate the fear of possible formation of 

dioxin from chlorine-containing water. Dioxin is persistent and accumulates in fatty tissue which is highly toxic to humans. 
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