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Abstract: Corrosion inhibition of three α,β-unsaturated carbonyl compounds on N80 steel at high 
temperature and in concentrated acid medium was evaluated, and the inhibition mechanism was 
investigated. The results proved that both cinnamaldehyde and benzalacetone had an evident anticorrosion 
effect and could reduce the corrosion of steel effectively in acid medium. α,β-unsaturated carbonyl 
compounds with a benzene ring structure had good adsorption on steel surface. The experiments proved 
that polymerization of α,β-unsaturated carbonyl compounds on the steel surface at a high temperature and 
in concentrated acid medium resulted in a good corrosion inhibiting effect, which was attributed to the 
structures of α,β-unsaturated carbonyl compounds.
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1 Introduction
During the study of synthesis and performance of 

Mannich base corrosion inhibitors for hydrochloric acidizing 
fluids, we found that a α,β-unsaturated ketone existed in 
the mother liquid of one type of Mannich base corrosion 
inhibitor (Gao et al, 2007), and proved through experiments 
that α,β-unsaturated ketone had good synergy with Mannich 
base in hydrochloric acid because it had a benzene ring 
and conjugated carbonyl and carbon-carbon double bonds, 
which were similar to the structure of cinnamaldehyde. 
Cinnamaldehyde has become a new inhibitor in recent years, 
and it has attracted attentions due to its advantages of high 
efficiency and low toxicity (Wang et al, 1992; Ling, 1997; 
Zhen and Huang, 2000). Cinnamaldehyde and its derivatives 
are inhibitors containing benzene rings, conjugated carbonyl 
and carbon-carbon double bonds and they are not harmful to 
the environment. Thereafter in this paper, cinnamaldehyde 
and similar structured benzalacetone and chalcone were used 
to study their inhibition mechanism.

2 Experimental methods

2.1 Synthesis of α,β-unsaturated carbonyl compounds
Hypnone or benzaldehyde and NaOH solution were 

added to a 3-neck flask equipped with a magnetic stirrer, 
a thermometer, a dropping funnel and a ball condenser.  
formaldehyde or acetic aldehyde was dropped at a controlled 
speed into the fl ask and stirred for an hour while the reaction 

temperature was controlled by a cold water bath. The reaction 
liquid was transferred to a separating funnel and the organic 
phase was separated. A 5% HCl solution was added to the 
organic phase to adjust the pH to 7 and some anhydrous 
MgSO4 was added for drying. After fi ltration it was distilled 
under vacuum to distill out the hypnone or benzaldehyde (Liu, 
2005; Yu and Jiang, 1999; Moorthy et al, 2006).

The synthesized α,β-unsaturated carbonyl compounds 
included cinnamaldehyde, benzalacetone and chalcone, with 
the following reaction principle: under the action of dilute 
alkali solution α,β-unsaturated carbonyl compounds were 
formed by condensation.

Cinnamaldehyde, benzylideneacetone, and chalcone 
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Corrosion inhibition of α,β-unsaturated carbonyl 
compounds on steel in acid medium

were synthesized by the methods reported in literatures 
(Liu, 2005; Yu and Jiang, 1999; Moorthy et al, 2006). Their 
structural formulas are as below:

cinnamaldehyde            benzalacetone                  chalcone

CH=CHCHO  
 

 

CH=CH C
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CH=CHCOCH3
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 2 .2 Infrared spectrum analysis  and test  of 
synthesized products

(a) The synthesized products were identified with an  
FT-IR Bio-Rad FTS-165 spectrometer made by Bio-Rad 



202

Laboratories, Inc., USA, using the KBr disk method, from 
4,000-400 cm-1.

(b) Physical adsorption IR test of the inhibitors: The 
inhibitor was coated evenly on the surface of the N80 
steel test coupon and dried in air then the IR spectrum was 
collected on the same spectrometer.

(c) IR adsorption test after reaction of the inhibitors: The 
N80 steel test coupon was put in the solution (1% inhibitor in 
20%HCl solution) and heated to 90 ºC for 0.5 hour. Then it 
was taken out and dried in air before IR test.

2.3 Evaluation of inhibition effect by weight loss 
method

The test coupons were polished with a series of 
metallographic abrasive paper and cleaned with acetone to 
remove oils. Then, the dimension and weight of the coupons 
were measured and they were cleaned in absolute alcohol 
and washed with distilled water. After that the coupons were 
hung completely immersed in a big test tube full of preheated 
acid. The experimental phenomena were observed and 
recorded. Four hours later the steel coupons were taken out 
and cleaned with acetone and absolute alcohol to remove the 
residues, cleaned with filter paper, dried with a blower and 
then weighed with an electronic balance, M-TAE100 made 
by Mettler-Toledo International Inc., with an accuracy of 
0.0001g.

2.4 Electrochemical method for investigation of 
inhibition mechanism

A computer controlled potentiostat (CS300U/UA, Wuhan 
CorrTest Instrument Co. Ltd.) was used in the experiment. 
The experimental medium was 5% HCl solution. The working 
electrode was a N80 steel mounted electrode with an exposed 
area of 0.5 cm2. A saturated calomel electrode (SCE) was 
used as reference electrode and platinum electrode was used 
as counter electrode. The scanning region was −500mV to 
500mV, and the potential scanning rate was 5 mV/s (Tian 
1984; Yang and Lu, 2001). Electrochemical polarization curves 
and differential polarization curves were obtained (Wang et al, 
1999).

3 Conclusions and discussion

3.1 Cinnamaldehyde
3.1.1 IR test of cinnamaldehyde 

Fig. 1 shows the infrared spectrogram of the synthesized c
innamaldehyde.                          

F ig .  2  i s  the  s tandard  inf rared  spect rogram of 
cinnamaldehyde from Spectral Database for Organic 
Compounds (SDBS, this is a free site organized by National 
Institute of Advanced Industrial Science and Technology 
(AIST), Japan).
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Fig. 1 Infrared absorption spectrum of the synthesized cinnamaldehyde
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Fig. 2 Standard infrared absorption spectrum of cinnamaldehyde form SDBS

100

50

0
4000 3000 2000 1500 1000 500

Wavenumber, cm-1

Tr
an

sm
itt

an
ce

, %



203

Fig. 1 and Fig. 2 show that the main spectral peaks of the 
synthesized product are in accordance with the characteristic 
peaks of main functional groups of cinnamaldehyde such as 
-C=C, -C=O and benzene ring, proving that the synthesized 
product was cinnamaldehyde.

cinnamaldehyde after it was adsorbed on the test coupon and 
immersed in 20% HCl solution at 90 ºC for 0.5 h.

Compared with the standard spectrogram in Fig. 2, the 
spectral characteristic peaks of the main functional groups 
of cinnamaldehyde in Fig. 3 do not change, indicating that 
only simple physical adsorption occurred. After reaction with 
20% HCl at 90 ºC for 0.5 hour, a thin oil film was formed 
on the steel coupon. The IR spectrogram (Fig. 4) shows that 
the characteristic peaks of some main functional groups of 

3.1.2 IR adsorption test before and after reaction in HCl 
solution

Fig. 3 is the IR absorption spectrum of cinnamaldehyde 
after it was coated on the N80 steel coupon and dried 
in air. Fig. 4 shows the infrared absorption spectrum of 

cinnamaldehyde, such as -C=C, -C=O, disappeared, implying 
that cinnamaldehyde polymerized to a bigger molecule, and the 
polymer was adsorbed on the surface of the steel, which may 
be the reason why cinnamaldehyde is good corrosion inhibit 
for steel in acid.

3.2 Benzalacetone
3.2.1 IR test of benzalacetone

Fig. 5 shows the infrared spectrogram of the synthesized 
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Fig. 3 Infrared absorption spectrum of cinnamaldehyde before reaction in HCl solution
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Fig. 4 Infrared absorption spectrogram of cinnamaldehyde after reaction with 20% HCl solution for 0.5 h (90 ºC)
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Fig. 5 Infrared absorption spectrum of the synthesized benzalacetone
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benzalacetone. Fig. 6 is the standard infrared spectrogram of 
benzalacetone from SDBS.

Comparison of Fig. 5 and Fig. 6 indicates that the main 
spectral peaks of the synthesized product are in accordance 
with the characteristic peaks of the main functional groups of 
benzalacetone such as -C=C, -C=O and benzene ring, which 
proves that the synthesized product is benzalacetone.

The spectral characteristic peaks of the main functional 
groups of benzalacetone do not change in Fig.7, the same 
as shown in Fig. 5, but in Fig. 8, the characteristic peaks of 
the main functional group such as -C=C and -C=O have 
changed but not significantly, indicating that benzalacetone 
polymerized partially in 20% HCl solution at 90 ºC and the 

3.2.2 IR adsorption test before and after reaction in HCl 
solution

Fig. 7 is the IR absorption spectrum of benzalacetone after 
it was coated on a steel coupon and dried in air. Fig. 8 shows 
the infrared absorption spectrum of benzalacetone after it was 
adsorbed on N80 steel and reacted with 20% HCl solution at 
90 ºC for 0.5 h.

polymer was adsorbed on the surface of the steel coupon 
protecting it from corrosion.

3.3 Chalcone
3.3.1 IR test of chalcone

Fig. 9 shows the infrared spectrogram of the synthesized 
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Fig. 6 Standard infrared absorption spectrum of benzalacetone form SDBS
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Fig. 7 Infrared absorption spectrum of benzalacetone before reaction in HCl solution
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 Fig. 8 Infrared absorption spectrum of benzalacetone after reaction with 20% HCl solution for 0.5 h (90 ºC)
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Fig. 9 Infrared absorption spectrum of the synthesized chalcone
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Fig. 10 Standard infrared absorption spectrum of chalcone form SDBS
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chalcone. Fig. 10 is the standard infrared spectrogram of 
chalcone obtained from SDBS.

Comparison between Fig. 9 and Fig. 10 indicates that the 
main spectral characteristic peaks of the synthesized chalcone 
are in accordance with the spectral characteristic peaks of the 
main functional groups of chalcone such as -C=C-, -C=O 
and benzene ring, which proves that the synthesized product 
is chalcone.
3.3.2 IR adsorption test before and after chemical reaction 
in HCl

Comparing Fig. 11 and Fig. 12 indicates that the intensity 
of the spectral characteristic peaks became weaker after 
chalcone was processed in 20% HCl solution at 90 ºC, but the 
locations of main spectral characteristic peaks did not change. 

The spectral characteristic peaks (1645 and 1613) of -C=C- 
and -C=O in Fig. 12 are identical with those in Fig. 11 (1666 
and 1602). Because of the existence of two benzene rings in 
the molecule, it is diffi cult for chalcone to polymerize.

3.4 Discussions on evaluation by weight loss method
Evaluation of inhibition performance of different 

corrosion inhibitors at different concentrations by the weight 
loss method in 20% HCl at 90 ºC is shown in Table 1.

Table 1 shows that with the increase of concentration of 
corrosion inhibitors, the corrosion rate decreased. The inhibi-
tion performance of both cinnamaldehyde and benzalacetone 
was enhanced with the increase of concentration and their 
inhibition performance became better after working together 

Inhibitor

Corrosion rate at different concentrations of inhibitor, g·m-2·h-1

0.5wt% 1wt% 0.5wt%
(Containing 5wt% propargyl alcohol)

1wt%
(Containing 10wt% propargyl alcohol)

Cinnamaldehyde 22.0 6.3 8.4 2.9

Benzalacetone 149.9 116.0 37.0 6.9

Chalcone 633.0 412.5 65.4 14.7

Table 1 Comparison of inhibition performance of different inhibitors
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Fig. 13 Polarization curves at room temperature (25 °C)
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Fig. 14 Polarization curves of cinnamaldehyde at 70 °C
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Fig. 12 Infrared absorption spectrum of chalcone on steel after reaction with 20% HCl solution for 0.5 h (90 ºC)
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Fig. 11 Infrared absorption spectrum of chalcone on steel before reaction in HCl solution
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with propargyl alcohol. At the same concentration, the cor-
rosion rate of cinnamaldehyde was the smallest, that of ben-
zalacetone the next, and that of chalcone the largest. With the 
increase of inhibitor concentration, the difference became 
more signifi cant, also proving that the inhibition effect of cin-
namaldehyde was the best, benzalacetone the next, chalcone 
the worst.

3.5 Discussions on electrochemistry test
 Potential scanning is a common method used in corrosion 

electrochemistry. Polarization curves obtained from potential 
scanning can be used to investigate the type of inhibitors and 

the mechanism of corrosion.
According to Fig. 13, at room temperature in 0.1% HCl (in 

weight), the corrosion potentials of α,β-unsaturated carbonyl 
compounds have not deviated, and both anodic reaction and 
cathodic reaction are restrained, so the inhibitors are the 
compound type. As shown in Fig. 14 and Fig. 15, in 15% 
HCl solution at a higher temperature, it can be seen from the 
polarization curves of cinnamaldehyde and benzalacetone 
at different concentrations that corrosion potential have 
deviated upward significantly with increasing concentration 
and temperature, which implies that the inhibition to anode 
reaction Fe = Fe2++2e has been reinforced .
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Through a differential treatment of Fig.13 with the 
definition of D=dlogi/dE, i.e., reciprocal of semi-log graph 
of polarization curve, and plotting the D-E curve, the 
differential polarization curves of different inhibitors at 
room temperature can be obtained. After such conversion 
the current plateau in the original curve (Fig. 13) is now 
displayed as the desorption peak in the differential curve (Fig. 
16). The differential curve proved that the surface coverage 
and adsorption stability of cinnamaldehyde on the surface 
of N80 steel are superior to those of benzalacetone and 
chalcone, which confirmed the conclusions of infrared 
spectrum analysis.

4 Conclusions
1) Cinnamaldehyde and benzalacetone protect steel 

effectively from corrosion at high temperature and in 
concentrated acid and greatly reduce the corrosion of steel.

2) α,β-unsaturated carbonyl compounds with benzene 
structure had good adsorption on a steel surface in 
concentrated acid and their adsorption capacity was related 
to their molecular structures. Two benzene rings in chalcone 
molecule hindered chalcone from adsorption and reaction on 
steel surface.

3) Polymerization and adsorption on the surface of steel 
was the main reason for α,β-unsaturated carbonyl compounds 
to be good corrosion inhibitors at high temperature in 
concentrated acid medium.
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(Edited by Zhu Xiuqin)Fig. 16 Differential polarization curve at room temperature (25°C)
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Fig. 15 Polarization curves of benzalacetone at 90 °C

-0.6

-0.5

-0.4

-0.3

-0.2

E,
 V

ol
ts

15%HCl
15%HCl + 0.3% benzalacetone
15%HCl + 0.6% benzalacetone
15%HCl + 0.7% benzalacetone

10-7 10-6 10-5 10-4 10-3 10-210-8 10-1

I, Amps/cm2


	Abstract
	1 Introduction
	2 Experimental methods
	2.1 Synthesis of a,ß-unsaturated carbonyl compounds
	2.2 Infrared spectrum analysis and test of synthesized products
	2.3 Evaluation of inhibition effect by weight loss method
	2.4 Electrochemical method for investigation of inhibition mechanism

	3 Conclusions and discussion
	3.1 Cinnamaldehyde
	3.2 Benzalacetone
	3.3 Chalcone
	3.4 Discussions on evaluation by weight loss method
	3.5 Discussions on electrochemistry test

	4 Conclusions
	References



