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Abstract - The inhibitive effect of (crude) waste glycerol from biodiesel manufacturing process on the corrosion behavior of steel was 

investigated. The inhibitory effects were studied on steel in 0.5 N hydrochloric acid solutions, using a weight loss method, and 

Scanning Electron Microscopy (SEM) techniques. The inhibition effect was studied by varying concentrations of inhibitors (0.1, 0.3, 

0.5, 0.8, and 1.0%) by weight of solution. The corrosion of steel was inhibited continuously with the amount of inhibitor added. It 

reached to very high level of inhibition with 0.8 and 1% of inhibitor concentration. The adsorption isotherm models were applied and it 

is shown that the adsorption of inhibitor layer followed Langmuir isotherm model. The Scanning Electron Microscopy showed that the 

inhibitor is covering the surface of the metal so that it prevents the metal surface to be in contact with the acid medium.  
 

1. Introduction 
 The corrosion process is spontaneous process that occurs in metal as a result of oxidation and occurs over a period of 

time at different operating temperatures. The type of corrosion mechanism and its rate of attack depend on the exact nature 

of the atmosphere in which the corrosion takes place. Although the term is usually applied to metals, non metallic materials 

including ceramics, plastics, rubber, and wood, deteriorate at the surface to some extent when they are exposed to certain 

combinations of liquids and/or gases.  Common examples of metal corrosion are the rusting of iron, the tarnishing of silver, 

the dissolution of metals in acid solutions, and the growth of patina on copper. Chemical corrosion is an important type of 

corrosion that occurs in transportation such as bridges, pipelines, vehicles, etc., utilities (electrical, water, 

telecommunications, and nuclear power plant), Industrial and manufacturing engineering industry, petroleum refinery, etc.  

Acid solutions are widely used in process industries as inhibitors for the removal of deposited scales from metallic 

surfaces. Generally the applications of corrosion inhibitors have been an accepted practice for their aggressive nature 

towards acids [1].  Corrosion of metals and alloys particularly in acidic media is an important industrial problem. 

Hydrochloric acid, which is widely used for pickling, cleaning, descaling and etching of metals, on the other hand also, 

contributes to the corrosion of metal surface.  Money is wasted each year as a result of metallic corrosion. It is estimated 

that with proper corrosion prevention technologies, about 25 to 30 % of this loss could be avoided [2]. One of the best 

methods to reduce the rate of metallic corrosion is by the addition of inhibitors; even small concentrations can result in the 

decrease of the corrosion rate of the metal surface [3-9]. Several conditions must be fulfilled for the selection of a suitable 

inhibitor; (a) the cost and amount of the inhibitors, (b) long term toxicological effects on the environment and living 

species, (c) the inhibitor’s availability and stability in the environment. Different organic compounds can be used as 

corrosion inhibitors during acid pickling process [10-12].   

 The dramatic increase in demand for clean transportation fuels and the increase in environmental concerns, coupled 

with diminishing crude oil reserves, have increased the emphasis on renewable energy. Biodiesel is one of the promising 

alternative and renewable fuels, has been viewed with increasing interest and its production capacity has been increased in 

the recent years.  Although world biodiesel production was expected to reach a high capacity levels but because of the high 

production cost and the production of waste (crude) glycerol as by product has slower the rate of production [13].  Waste 

(crude) glycerol is a major byproduct in the biodiesel manufacturing process in Saskatchewan / Canada. In general, for 

every 100 pounds of biodiesel produced, approximately 10 pounds of crude glycerol are created. Generally as an example; 

the fatty acid methyl ester (biodiesel) synthesis from triglycerides producing glycerol is as follows: 
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 Crude glycerol is expensive to purify for use in the food, pharmaceutical, or cosmetics industries. Various methods 

for disposal and utilization of this crude glycerol have been attempted, including combustion, composting, anaerobic 

digestion, animal feeds, and thermochemical/biological conversions to value-added products. The chemical composition of 

crude glycerol depends on the type of catalyst used to produce biodiesel, the trans-esterification efficiency, recovery 

efficiency of biodiesel, other impurities in the feedstock, and whether the methanol and catalysts were recovered. The 

chemical composition of waste glycerol is varied, [14] reported the glycerol content ranged between 38% and 96%, with 

some samples including more than 14% methanol and 29% ash.  Hydrochloric acid is one of the most commonly used 

acids, among the acid solutions for acid pickling process. The replacement of toxic inhibitors by eco-friendly inhibitors for 

the metal protection in acidic media has been suggested in the second half of the nineteenth century. Molasses and 

vegetable oil were used as corrosion inhibitors for steel sheets in acid pickling process [15]. Later, Many authors have been 

studied the inhibition effect of different environmental friendly materials as corrosion inhibitors for stainless and mild steel 

corrosion in HCl medium [16-20].  

 

2. Experimental Work 
 
2.1. Materials 

Steel Sample: 

 Steel sample of ASTM A6-13A was used for this work, which has the mechanical properties shown in Table 1, and 

chemical composition as shown in Table 2.  

 
Table 1: Mechanical properties of Steel ASTM A6-13A specimen. 

Ultimate Tensile (kpsi) Yield Strength (kpsi) Elongation (%) 

72.105 49.870 21.00 

           
Table 2: Chemical Composition of Steel ASTM A6-13A specimen in (%) by Weight. 

C Mn P S Si Cu Ni Cr Mo N Pb Sn 

.17 .67 .012 .029 .18 .24 .11 .04 .030 .009 .004 .012 

 

 The steel specimen was carefully polished by a fine sand paper and washed several times with distilled water. Then 

it was cleaned from any greasing materials by heptane, washing with distilled water, and then cleaned acetone followed by 

washing with distilled water. The sample was wiped with clean tissues and dried completely by electrical dryer.  

 Waste biodiesel as corrosion inhibitor was obtained from one of the biodiesel production project at University of 

Regina/ Canada.  It is a liquid with brownish color material.  

 
2.2. Experimental procedure 

 The standard solution of HCl of 0.5 N has been prepared carefully. The steel specimen was polished to remove any 

dirt or greasy material by choosing the fine sand paper followed by water washing and then chemical washing. The 

chemical washing was performed by immersing in heptane followed by washing with water and then cleaning with 

acetone. The specimen was dried your hair dryer. The dimension of specimen was determined using vernier caliper and 

weighted using very precise analytical balance.  The specimen was immersed in the acid medium and the corrosion rate of 
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steel was determined by measuring the weight loss with time.  The corrosion rate of mild steel was determined using the 

relation  

 

 
(1) 

 

 Where Δm is the mass loss (g), S the area (m2) and t is the immersion period (hr). The gravimetric method (weight 

loss) is probably the most widely used method of inhibition assessment [21-23]. The simplicity and reliability of the 

measurement offered by the weight loss method is such that the technique forms the baseline method of measurement in 

many corrosion-monitoring programmers.  

 The inhibitor was introduced with different concentration and the corrosion rate was measured. The effect of 

addition of waste glycerol on the corrosion of steel in 1 M HCl solution was studied by weight loss at 298 K at various 

immersion periods. Inhibition efficiency (IE %) and the degree of surface coverage, θ, of investigated inhibitor for the 

corrosion of steel in HCl were calculated as follows [24]: 

 

% IE = θ x 100 = [(Wo – W)/ Wo] x 100 (2) 

  

 Where Wo and W are the values of the average weight losses in the absence and presence of the waste glycerol 

inhibitor, respectively. The primary action of inhibitors in acid solution is generally suggested to be adsorption on the 

metal surface. This involves the assumption that the corrosion reactions are prevented from occurring over the area (or 

active sites) of the metal surface covered by adsorbed inhibitor species and the corrosion reaction occurred mainly on the 

inhibitor free area [25]. The surface coverage (θ) data is very important in discussing the adsorption characteristics of the 

inhibitor material. When the fraction of surface covered is determined as a function of the concentration at specific 

constant temperature, adsorption isotherm could be evaluated at equilibrium condition.  The Langmuir’s isotherm 

suggested the dependence of the fraction of the surface covered θ on the concentration of the inhibitor C according to the 

following equation: 

 

 
(3) 

 

 Where C is the equilibrium inhibitor concentration, K adsorptive equilibrium constant, representing the degree of 

adsorption (i.e., the higher the value of K indicates that the inhibitor is strongly adsorbed on the metal surface). The linear 

plot of C/ θ versus C must be obtained to obey this adsorption assumption.  

 

3. Results and Discussion 
 
3.1. Corrosion of metals 

 The dimensions of the steel specimen was measured using a vernier caliper and weighed precisely, hanged with non-

corrosion material and then immersed in 0.5 N HCl solution for different times. In each time interval, the specimen was 

cleaned, dried, and weighed precisely. The weight loss method was used to investigate the corrosion rate. The mass of steel 

specimen was reduced with time as shown in Figure 1. The % mass loss with time is shown in Figure 2. The % mass loss 

was initially increased slowly due to the remaining oxidation layer on the surface of the steel specimen although polishing 

and chemical cleaning was subjected to the steel specimen before immersing the specimen in acid medium. The % mass 

loss was then increased rapidly due to the breakage of this layer and the surface of the specimen was in contact directly to 

the acid material.   Figure 3 showed the rate of corrosion of steel specimen and it is clear that the corrosion rate decreased 

with time. This is in concise with all corrosion studies.  
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Fig. 1: Mass of steel specimen  with  Time in 0.5 NHCl. 
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Fig. 2:  Mass Loss (%) Vs. Time for steel specimen. 
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Fig. 3:  Corrosion Rate of steel specimen in 0.5 N HCl vs. time. 
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3.2. Waste glycerol as inhibitor 

 Crude glycerol was used without any treatment and added to the 0.5 N HCL solutions as weight percent. Different 

weight percent were used, 0.1 %, 0.3%, 0.5%, 0.8%, and 1% by weight. It believed that this small quantity of inhibitor 

would not have a significant effect of acid performance in a pickling process for steel specimen to remove any scale in 

industrial engineering applications. The corrosion inhibition efficiency of crude glycerol and the inhibition surface 

coverage was calculated. The inhibition efficiency of (IE%) was plotted as function of time for the different inhibitor 

concentration as shown in Figure 3. The inhibition efficiency was increased with the amount of inhibitor added to the acid. 

This can be attributed to the high adsorption layer that may cover the surface of the steel specimen. The inhibition 

efficiency reached to very high levels with 0.8% and 1% by weight of the amount of acid. The Langmuir adsorption 

isotherm model was applied as shown in Figure 4. The high R2 value of 0.985 is shown that this adsorption model can be 

applied for this inhibitor. The K adsorptive equilibrium constant is equal to 0.387. 

 

 

 
3.3. SEM study 

 Scanning Electron Microscopy images were taken for new steel specimen, steel specimen after corrosion using 0.5 N 

HCl medium, and after corrosion inhibition with different concentrations of waste glycerol to investigate the changes 
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Fig. 4:  Inhibitor Efficiency  of waste glycerol with time Time in wt % of inhibitor.   
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occurred on the surface of steel specimen after 3 days immersing hydraulic acid and hydraulic acid with different 

concentrations of waste glycerol.  These images are shown in Figure 5.  Steel surface is severely damaged and rough due to 

an aggressive attack of the corroding medium. Figure 5C reveals that the corrosion marks on the inhibited samples 

decrease in presence of waste glycerol, which has the ability to adsorb on the surface of steel specimen. The layer of the 

adsorbed layer was become thicker with the concentration of the inhibitor.  Moreover the parallel lines on the carbon steel 

surface can be attributed to polishing scratches. 

 

 
(A)                                                                                (B) 

 
(C)        (D) 

Fig. 6: SEM images A) new steel specimen, B) corrosion of steel specimen with 0.5 N HCl, C) After corrosion inhibition with 0.3% by 

wt waste glycerol, D) after corrosion inhibition with 0.5% wt waste glycerol. 
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4. Conclusion 
 The corrosion of steel was studied in an acid medium of 0.5 N HCl. The weight loss as well as scanning electron 

microscopy was used for this study. The crude (waste) glycerol was introduced as new corrosion inhibitor for acid medium 

with steel specimen. The corrosion inhibition effect was reached to very high levels with the amount of crude glycerol 

added. This is ongoing project and more work will performed for using this inhibitor for different metals and different 

medium. 
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