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Abstract. In recent years, the corrosion problem of equipment and pipeline caused by oilfield produced 
water is becoming increasingly serious. In this work, corrosion inhibitor of triazine, synthesized from 
formaldehyde and ethanolamine, was evaluated using weight-loss techniques. The triazine was found to 
inhibit the corrosion of mild steel in simulated oilfield produced water. The adsorption of inhibitor was studied, 
which was consistent with the assumption of Langmuir adsorption model. Thermodynamic parameters of 
corrosion inhibition process were further calculated and analyzed, which indicated that adsorption of triazine 
inhibitor was exothermic, spontaneous and physical process. 
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1 Introduction 
In the extraction process of crude oil, a lot of water 
resources are needed to attain displacement of reservoir 
oil [1, 2]. Subsequently, injected water and formation 
water will be produced with crude oil. Large amount of 
oilfield produced water will be produced after 
demulsification, which is characterized by high oil 
content, high organic matter content, high salinity and 
complex and variable composition [3-7]. Produced water 
is generally re-injected and recycled for oil displacement 
after treatment [8]. Oilfield produced water will cause 
different degrees of corrosion in the process of production 
and injection [9], which will affect the working efficiency 
and service life, and even reduce the production efficiency. 
Recently, novel corrosion inhibitors, such as polymers, N-
heterocyclic compounds and plant extracts [10-12], play 
an indispensable role in the development and application 
of corrosion inhibition industry. Many non-heterocyclic 
organic compounds have certain corrosion inhibition 
activities, but some of them can cause damage to the 
human and the environment with higher toxicity. 
Consequently, more researchers dedicated to 
development of eco-friendly, cheap, non-toxic corrosion 
inhibitors. In recent years, eco-friendly compounds such 
as cefixime [13], erythromycin [14] and ciprofloxacin [15] 
have been widely studied in corrosion inhibition. It was 
reported that inhibitor can be adsorbed on the material 
through the action of chemical bonds to achieve the 

purpose of protection [16-18]. Triazine is N-heterocyclic 
compounds with lone pair electrons and have potential as 
corrosion inhibitor. In this study, triazine compound 
synthesized from formaldehyde and ethanolamine with 
the ratio of 1∶1 can be used as corrosion inhibitor for 
mild steel. Adsorption properties as well as 
thermodynamic parameters were further investigated to 
explain adsorption behavior. 

2 Experimental 

2.1 Materials 

Ethanolamine, formaldehyde, anhydrous calcium 
chloride, magnesium chloride hexahydrate, sodium 
bicarbonate and anhydrous sodium sulfate were supplied 
from Tianjin Tianli Chemical Reagent Co., Ltd with 
analytically pure. Sodium chloride and Potassium chlorid 
was supplied from Tianjin Shengao Chemical Reagent 
Co., Ltd with analytically pure. The tested material is A30 
steel plates with the chemical composition (wt pct)  C: 
1.30, Cr: 4.20, Mo: 5.00, V: 3.10, W: 6.40, Co: 8.30 and 
Fe balance. 
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2.2 Synthesis of triazine 

The corrosion inhibitor of triazine is synthesized by 
condensation of formaldehyde and ethanolamine, the 
chemical reaction equation is shown in Fig. 1. The three-
necked flask was used as a reaction vessel, which was 
placed in the water bath thermostat at 60°C. After adding 
a certain amount of ethanolamine, quantitative amount of 
formaldehyde was slowly added within 0.5h and stirred 
evenly. Under the condition of reflux condensation, 
formaldehyde and ethanolamine reacted for 3h. After that, 
the synthesized compound was obtained. Subsequently, it 
was cooled to room temperature. 

 

Fig. 1 The reaction equation for the synthesis of triazine. 

2.3 Preparation of corrosive solution  

The simulated oilfield produced water samples were 
prepared, which contains a certain amount of corrosive 
ions. Quantitative ionic compounds including 21.65g 
CaCl2, 1.4g MgCl2∙6H2O, 0.09g NaHCO3, 1.12g Na2SO4, 
0.9g KCl and 8.24g NaCl were weighed and dissolved in 
distilled water successively. Then volumetric flask was 
used to determined volume to 1L, the simulated oilfield 
produced water was obtained. Subsequently, each 100mL 
of simulated oilfield produced water was added in several 
glass bottles as corrosion solution. Then, different 
amounts of synthesized triazine corrosion inhibitors were 
added so that their concentrations in the water samples 
were 0, 0.1%, 0.2%, 0.5%, 1.0% and 2.0%, respectively. 

2.4 Treatment of steel sheets  

The corrosion inhibition test of mild steel was carried out 
by hanging method. Mild steel sheets were abraded with 
emery papers and their surface area was recorded as S. 
Then the initial mass of each mild steel plate was weighed 
by an analytical balance and recorded as m1. 
Each group of two mild steel sheets was suspended in 
glass bottles containing corrosive solutions of different 
corrosion inhibitors with ropes, then these bottles were 
placed in a constant temperature water bath at a specific 
temperature. After maintaining at a specific temperature 
for 48 hours, each steel sheet was taken out and dried by 
qualitative filter paper. Continue to immerse the mild steel 
sheets in dilute hydrochloric acid to remove the rust on its 
surface, then the liquid on the surface was dried with filter 
paper. After that, they were washed with petroleum ether 
and ethanol respectively. Finally, the mass of each treated 
mild steel sheet was weighed with an analytical balance 
and recorded as m2. 
 
 
 
 
 

2.5 Corrosion inhibition performance evaluation 

The corrosion inhibition performance of  prepared triazine 
was evaluated by weight-loss techniques, which mainly 
depend on general corrosion rate and inhibition efficiency. 
The general corrosion rates (W) were obtained from 
equation (1): 

St
mW 

                                 (1) 

21 mmm                           (2) 
Δm—the weight loss, which was obtained from equation 
(2), g; S—the area of mild steel sheet, cm2; t—the time of 
immersion, h. 
The inhibition efficiency (E%) was obtained as suggestd 
in equation (3): 

%100%
0
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Δm0—the weight loss without triazine, g; Δmt—the weight 
loss  with triazine, g.  

3 Result and Discussion 

3.1 Adsorption isotherm 

According to related literature, inhibition mechanism of 
inhibitor is due to its adsorption on the surface of metal 
[19, 20]. With increase of concentration, the surface 
coverage (θ) of corrosion inhibitor on the mild steel is 
gradually increasing until the molecular adsorption 
reaches saturation (the coverage tend to 1). The weight 
loss rate of mild steel dropped to the lowest, corrosion rate 
up to peak. According to equation(4), the surface 
coverage of triazine inhibitors at varying temperatures 
and concentrations was obtained from equation (4): 

  
0

0

W
WW t

                           (4) 

W0—the corrosion rates in the absence of triazine, gꞏcm-

2ꞏh-1; Wt—the corrosion rates in the presence of  triazine, 
gꞏcm-2ꞏh-1.  
The adsorption of organic molecules generally as a 
monolayer on the metal, which was assumed by the 
Langmuir adsorption model [21]. The surface coverage (θ) 
was obtained from equation (5): 

K
ffcc




                                (5) 

K—the equilibrium adsorption constant; f—the slope of 
curve. 
The ratio of concentration and surface coverage (c/θ) was 
as the vertical coordinate, while the concentration (c) was 
as the horizontal coordinate, four well-correlated straight 
lines were obtained, as shown in Fig. 2. And the linear 
regression coefficients (R2) are close to 1, which indicate 
that the adsorption of triazine on the mild steel in this salt 
solution conforms to the Langmuir adsorption model. 
Obviously, triazine molecules can inhibit the corrosion of 
active sites by adsorbing on metal surfaces, contributing 
to the decrease of corrosion rate and the protection of 
materials [22].  
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Fig. 2 The adsorption isotherm of the corrosion inhibitor of 
triazine at different concentrations at different temperatures. 

3.2 Thermodynamic study 

Thermodynamic parameters were further studied. The 
value of the equilibrium adsorption constant (K) of triazine 
for steel in simulated oilfield produced water at different 
temperature were calculated by using the equation (5). As 
shown in Table 1, the values of K decrease along with 
increase of temperature, and the K is a function of 
temperature. It shows that the adsorption capacity is larger 
and corrosion inhibition effect is better under lower 
temperature.  

Table 1 The equilibrium adsorption constant (K) of triazine at 
different temperature. 

T (K) R2 f K (×102 Lꞏmol-1) 

323 0.9996 1.0250 317.46 
333 0.9986 1.1069 48.90 
343 0.9807 1.1536 12.25 

353 0.9964 1.2491 3.42 
The ΔG can be calculated from equation (6), which was 
shown in Table 2. 

KRTG ln                   (6) 
K—the equilibrium adsorption constant; R—the universal 
gas constant; T—the absolute temperature, K. 

Table 2 Thermodynamic parameters of adsorption process. 

T (K) ΔH (kJꞏmol-1) ΔG (kJꞏmol-1) ΔS (Jꞏmol-1ꞏK-1) 
323 

-143.23 

-15.31 -395.83 
333 -10.77 -397.60 
343 -7.08 -396.77 
353 -3.55 -395.53 

It can be seen in Table 2 that the values of ΔG are negative, 
indicating that adsorption of triazine is irreversible and 
spontaneous process. And the values increase gradually 
with the increase of temperature, which confirms that the 
adsorption capacity of triazine on the mental is weakened. 
Therefore, its corrosion inhibition performance becomes 
worse. According to relevant reports in the literature, 
when the value of ΔG no more than 20 kJꞏmol-1, it is 
shared that process is physical adsorption [23]. 
Consequently, the corrosion inhibition of triazine is closer 

to physical adsorption. As shown in Table 2, the absolute 
value of ΔG decreased along with increase of temperature, 
which explain that the high temperature condition is not 
conducive to spontaneous adsorption.  
According to the Van´ t Hoff equation (7), the heat of 
adsorption (ΔH) was calculated: 

B
RT
HK 


ln                           (7) 

K—the equilibrium adsorption constant; R—the universal 
gas constant; T—the absolute temperature, K; B—
Constant. 
The relation of ln K versus 1/T yield a straight line in the 
Fig. 3. The slope of the line is equal to －ΔH/R. And ΔH 
value calculated as listed in Table 2. It is shown that the 
value is negative, which explain the adsorption of triazine 
is exothermic process. 
 

 

Fig. 3 Curve of adsorption coefficient of triazine on steel sheet 
with temperature. 

 
The standard entropy of adsorption (ΔS) was obtained 
using equation (8): 

T
GHS 

                                 (8) 

In the adsorption of inhibitor, water molecules desorbed 
from the metal firstly [24], system disorder degree 
increases (ΔS > 0). Orderly arrangement of the corrosion 
inhibitor on the mental reduces system disorder degree (Δ
S < 0). The results in Table 2 show that ΔS values are 
negative, indicating the orderly arrangement of corrosion 
inhibitors dominates in the adsorption, leading to 
increasing corrosion inhibition effect. 

4 Conclusion 
The corrosion inhibitor of triazine showed well corrosion 
inhibition for mild steel in oilfield produced water. With 
the increase of concentration, the general corrosion rate 
decreased, while the inhibition efficiency increased. It 
was unfavorable for corrosion inhibition under relatively 
high temperature. Adsorption capacity of triazine on mild 
steel became weaker and the corrosion inhibition effect 
became worse with increase of temperature. Adsorption 
of triazine on mild steel conformed to the Langmuir 
adsorption isotherm. Thermodynamic analysis showed 
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that the adsorption was spontaneous, physical and 
exothermic process.  
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