
 

 

DOI https://doi.org/10.18690/978-961-286-353-1.4 
ISBN 978-961-286-353-1 

 

 

THE INHIBITION EFFECT OF NATURAL 

HONEY ON CORROSION OF STAINLESS STEEL 

IN A 17 % HCL SOLUTION 

Keywords: 
corrosion,  
natural  
honey,  
green 
inhibitor, 
stainless 
steel, 
aggressive 
medium. 

 
REGINA FUCHS-GODEC, ROK ŠPENDL & URBAN BREN 
University of Maribor , Faculty of Chemistry and Chemical Engineering, Maribor, 
Slovenia, e-mail: regina.fuchs@um.si, rok.spendl@um.si, urban.bren@um.si 
 
Abstract Floral, chestnut and acacia honey were tested as 
corrosion inhibitors via the weight loss method. Weight loss 
measurements for stainless-steel type AISI 304 dissolution were 
performed in 17.0 % (wt.) HCl containing different 
concentrations of added natural honey at room temperature, for 
4h, 8h, and 24h immersion periods. These measurements were 
used to calculate the corrosion rate, and percentage inhibition. 
The highest inhibition effectiveness for SS AISI 304 was between 
80-90 % when the concentration of natural honey was higher 
than 0.5 % (wt.) for the chosen corrosion system. ATR-FTIR 
analysis by Fourier-transform infrared analysis was used to 
confirm the presence of some functional groups in the surface 
adhered film on the metal surface. 
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1 Introduction 
 
Nowadays, too many products in the food chain industry are discarded and treated 
as waste without giving this a second thought. Before discarding such products, we 
should take under consideration the possibility of treating those wastes as reusable 
materials (Girotto et al., 2015). 
 
In general, it is considered that honey does not have an expiration date. Honey is 
hygroscopic, meaning that it absorbs water molecules from the surface of the 
material with which it comes into contact, even from the air. This has the effect of 
providing almost no free water to be used by microbes and mould. Honey also has 
a low pH value, creating an environment that is usually too acidic for most microbes. 
In addition, honey naturally produces hydrogen peroxide when it absorbs moisture, 
which makes it even harder for bacteria to take hold and “spoil” the honey, even if 
it is improperly stored.  However, if the water content of the honey gets high enough, 
certain types of yeast can survive and ferment the honey somewhat, creating alcohol 
and in that sense “spoiling” the honey. If honey has a bad or unpleasant taste, there 
is no need for it to be discarded; it can be used as a corrosion inhibitor, even in a 
very aggressive medium. On the other hand, natural honey compounds offer 
interesting possibilities for corrosion inhibition and are of particular interest because 
of their safe use and high solubility in water. Several studies have shown the 
inhibition action of natural or mad honey as a promising corrosion inhibitor for 
some metals and alloys in various media (Pourzarghan, 2017), (El-Etre, et al., 2000), 
(Radojčić, 2008).  
 
The inhibition behaviour of natural honey in 17.0 (wt.%) aqueous solutions of HCl 
on the stainless-steel SS type of AISI 304 was studied using the classic gravimetric 
weight loss technique at room temperature, and for different immersion times (4h, 
8h, and 24h). For this purpose, three different types of honey were used (floral, 
chestnut and acacia honey). The chosen concentrations of added honey were 0.5 %, 
1.0 %, 1.5 % and 2.0 % (wt.). Surface analysis of the resulting film on the metal 
surface was investigated by ATR-FTIR spectroscopy.  
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2 Experimental 
 
All the gravimetric tests were conducted in 90 ml of aerated solution of 17.0 (wt.%) 
HCl at room temperature with different concentrations of added honey for 4h, 8h, 
and 24h immersion periods. The metal surface was abraded successively, using a 
circulating device under a stream of water and SiC papers of grades 400, 600, 800, 
1000, and 1200, washed thoroughly with doubled distilled water, cleaned 
ultrasonically in a bath of Milli-Q water, rinsed several times with distilled water, and 
finally dried using hot air.  
 
They were subsequently weighed for the original weight (w0) and then hung in the 
test solution with and without the addition of different concentrations of the 
inhibitor (natural honey) for 4h, 8h, and 24h at room temperature. The corroded 
specimens were then removed from the solutions, cleaned with distilled water, dried 
and weighed again to obtain the final weight (w1). The experimental tests were 
repeated at least three times, until good reproducibility of the data was achieved. 
 
From the weight loss measurements, the corrosion rate (r) was calculated, using the 
following equation (1), 
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A − a total area of the stainless-steel specimen 
ρ − density of steel 
t − the exposure time 
 
where ∆w = w0-w1.  (w0 and w1 are the specimen weight before and after immersion 
in the test solution). The corrosion rate was calculated in millimetres per year 
(mm/yr.). The inhibition efficiency measurements were based on the weight loss at 
the end of the measurement period. The percentage inhibition efficiency (IE%) was 
calculated using the equation (2): 
 

(%) 100%iw w
IE

w
−

= ⋅ ,                                                                                                          (2) 



50 2ND INTERNATIONAL CONFERENCE ON TECHNOLOGIES & BUSINESS MODELS 
FOR CIRCULAR ECONOMY: CONFERENCE PROCEEDINGS. 

 
where w and wi are the values of corrosion weight loss of stainless steel in uninhibited 
and inhibited solutions, respectively. FTIR spectra were recorded to understand the 
interaction of inhibitor molecules (natural honey) with the metal surface 
(SHIMADZU-IRAffinity-1). 
 
3 Results and discussion 
 
Representative experimental results for weight loss, corrosion rate and inhibition 
efficiency for SS AISI 304 at 25 °C at different immersion times and different 
concentrations of three types of honey are given in Table 1.  According to Table 1, 
it is clear that corrosion rate values of SS AISI 304 in a 17.0 (wt.%) solution of HCl 
decrease when the concentration of added natural honey increases and increase with 
time of exposure to the HCl solution. 
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Table 1: Some corrosion parameters for SS AISI 304 in 17.0 (wt.%) HCl from weight loss 
measurements at different concentrations of added natural honey after 4h, 8h and 24h 

exposure to the corrosion medium. 
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Figure 1: Corrosion parameters: corrosion rate (r), inhibition efficiency (IE%) and weight 

loss (∆m) for SS AISI 304 from weight loss measurements at different concentrations of 
added Chestnut honey after 4 h, 8h and 24h exposure to a 17 (wt.%) HCl solution.  

. 
The rapid drop in the corrosion rate as the concentration of added chestnut honey 
increases from 0.5 % to 1 % (wt.) is shown in Figure 1. The same effect can be 
observed for the other two types of natural honey (Table. 1). 
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Figure 2: Weight loss against concentration of different types of natural honey for SS AISI 
304 after 4h, 8h and 24h exposure to a 17.0 (wt.%) HCl solution.  

 

 
 

Figure 3: Inhibition efficiency (IE%) against concentration of different types of natural 
honey for SS AISI 304 after 4h, 8h and 24h exposure to a 17.0 (wt.%) HCl solution.  
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Results clearly show that IE increases with increasing concentration of natural honey 
(inhibitor), while the weight loss decreases. This could be due to the inhibitor 
molecules acting by adsorption onto the metal surface. When the concentration of 
all three types of honey is less than 1.0 (wt.%), the IE increases sharply with an 
increase in concentration, while a further increase causes no appreciable change in 
performance (Figs.2 and 3). 
 

 
 

Figure 4: ATR-FTIR absorption spectra of film obtained from the surface of SS AISI 304 after 
8h exposure to 17.0 (wt.%) HCl solution in the presence of 2.0 (wt.%) of acacia honey. 

 
It was reported by (Gerengi, 2014) that the constituent molecules of the honey 
contain oxygen atoms in functional groups (O–H, C–H, C–O, C=O), which meet 
the general consideration of typical corrosion inhibitors. The adsorption of these 
compounds on the metal surface reduces the surface area available for the attack of 
the aggressive ions from the 17.0 (wt.%) HCl solution.   
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4 Conclusions: 
 

− The results indicated that the introduction of natural honey obviously 
minimizes the weight loss and abridged SS dissolution in a 17.0 (wt.%) HCl 
solution.  

− The data obtained from the gravimetric method and ATR-FTIR 
spectroscopy technique confirm that by increasing the concentration of 
natural honey, the inhibition efficiency on the SS AISI 304 in a 17.0 (wt.%) 
HCl medium was increased. 

− According to the gravimetric studies, natural honey displayed 80-90% 
corrosion inhibition efficiency on stainless-steel type AISI 304 in a 17.0 
(wt.%) HCl medium when the concentration of natural honey was higher 
than 0.5 % (wt.) for the chosen corrosion system. 
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