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methods as well as surface analyses were used to
investigate the effectiveness of these inhibitors in
0.1 M HCI solution. Experimental results showed
that the rare earth element REE [-diketone
complexes are effective inhibitors to reduce the
corrosion of 304 and 316 SS. Polarisation
measurements indicated that the Ce(acac) .

La(acac),, Ce(hfac), and La(hfac),

cathodic inhibitors. The nature of the metal
surface after exposure to the corrosive solution,
was analysed by SEM and FTIR spectra, as well
as Raman spectroscopy. Scanning electron
microscopy (SEM) and Raman spectroscopy
confirmed the formation of protective films of the
inhibitors on the steel surfaces. The effect of
temperature on the corrosion rate and inhibition
efficiencies were also determined, and it was
found that as the temperature increased, there
was an increase in corrosion rate and decrease
in inhibition efficiency.
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. INTRODUCTION

Metallo-organic compounds of [-diketone are
widely used due to their diverse application in the
field of coordination chemistry research [1—3].
Among these compounds are rare earth element
(REE) [-diketone complexes with a general
formula of M(RCOCHCOR')n (where M is a rare

earth metal, and R and R' represent alkyl, aryl,
chlorinated alkyl, chlorinated aryl or phenyl
group) which are produced from a reaction
between a rare earth halide and various
dicarbonyl compounds (B-diketone). Most
investigations reported in the literature on REEs
compounds as corrosion inhibitors have been
related to the application of REE oxides,
chlorides, sulphates and nitrates. They have been
reported to be suitable and effective corrosion
inhibitors for various steels, aluminium and other
alloys in various corrosive environments [4—9].

Austenitic stainless steels (304 and 316) are some
of the most widely used metals in a range of
industries due to their good mechanical strength
and excellent resistance to corrosion [10—13].
However, they are still susceptible to corrosion in
an environment that is highly aggressive which
contains chloride ions [14,15]. To mitigate the
effect of the chloride ions, a corrosion inhibitor is
frequently added to the environment to prevent
localised forms of corrosion on the surface of the
steel.

Ghanbari et al. [16] investigated the inhibitive
potential of acetylacetone complexes of transition
metals (zinc(II), manganese(II), cobalt(I), and
copper(Il)) at concentrations of 0.01 M at 25°C in
1M phosphoric acid (H3P04), the same H.PO,

solution was added separately with another
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solution of 0.1 M HCI, and also with 0.1 M Nacl,
so that both NaCl and HCI solution would provide
chloride ions in the solution. They reported that
the addition of acetylacetone complexes to H PO,

and to the two separate acidic chloride solutions
shifted the corrosion potential of the mild steel
toward more negative potentials. At the same
time, there was an increase in the cathodic Tafel
slopes, suggesting that the acetylacetone
complexes acted as cathodic inhibitors. In
solutions of NaCl with H ,PO0, and HCI with H ,PO,,

the inhibition efficiency of the acetylacetonate
complexes increased, giving a corresponding
reduction in the corrosion rates.

Somers et al. [17] studied the effect of rare-earth
(La, Ce, Nd, and Y) 3-(4-methyl benzoyl)
propanoate compounds (REE(mbp)3) with

additions at a concentration of 0.25 mM on the
corrosion behaviour of mild steel in 0.01 M NaCl.
Detailed surface analysis after immersion revealed
that the inhibitors significantly improved the
corrosion resistance of mild steel in the NaCl
solution. FTIR and EDS showed the presence of a
thin film containing inhibitor components on the
surface of the tested steel specimens.

Markley et al. [18] tested the inhibition
effectiveness of cerium diphenyl phosphate
(Ce(dpp),) for corrosion inhibition of an

aluminium alloy (AA2024-T3) in 0.1 M NaCl
solution at 25 C. A concentration of 200 ppm
Ce(dpp), resulted in a high level of corrosion

protection with no evidence of corrosion product
or pitting.

No previous reports could be found in the
literature describing the application of REE
B-diketones as potential corrosion inhibitors for
the corrosion prevention of stainless steels in
acidic media. In this paper, cerium and
lanthanum  acetylacetone, as well as
hexafluoroacetylacetone, will be the focal point as
a possible replacement for hexavalent

chromium-based corrosion inhibitors for 304 and
316 stainless steels in 0.1 M HCI solution. The
investigation will endeavour to establish whether
these inhibitors are effective, and also whether
they act as anodic, cathodic, or mixed inhibitors.

ll.  EXPERIMENTAL SECTION

2.1 Materials and Preparation

The 304 SS had the following composition (wt.
%): C, 0.05; Mn, 0.15; Si, 0.320; S, 0.019; Cr, 18.5,
Mo, 0.46; Ni, 9.0; Fe, balance and while the 316
SS contained (wt. %): C, 0.05; Mn, 0.10; Si, 0.57;
S, 0.007; Cr, 17.0, Mo, 2.0; Ni, 11.0; Fe, balance.
The samples were all cut to dimensions of 2 cm x
3 cm x 0.12 cm and a 3.0 mm diameter hole was
drilled at the edge for suspending the samples into
solution. The samples were ground sequentially
with silicon carbide papers, starting with 500 grit
followed by 800, 1000, 1200, 2400, and 2800 grit
until a mirror-like surface was achieved. The
prepared samples were rinsed with distilled water,
followed by ethanol, and air-dry. For
electrochemical measurements, the same
materials that were used for the weight loss
experiment were mechanically cut to a dimension
of 1.0 cm x 0.7 cm x 0.12 cm. These samples were
then mounted using a resin with a conductible
cable attached to the samples and successively
abraded using the same series of silicon carbide
papers as before. The exposed surface area of the
samples was 0.7 cm?, while the rest of the sample
was encased by resin. Before the experiments,
specimens were washed with distilled water,
degreased in ethanol, and dried.

Analytical grade 32 % concentrated HCl obtained
from Merck (Pty) Ltd was diluted with distilled
water to prepare the 0.1 M HCI solutions. The
cerium and lanthanum acetylacetone and
hexafluoroacetylacetone were synthesised in
accordance with the method described in the
literature [19—21]. The chemical reaction is as
follows:

MXn.y(HZO) + nRCOCHZCOR'METHANOL—> M(RCOCHCOR')n. yH20 + nHX... 1

where M is the rare earth metal. The structural formulae of the REE -diketones compounds are shown

in Figure 1.
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Figure 1: Chemical structures of (a) metal acetylacetonate and (b) metal hexafluoroacetylacetone, where
M = Ce or La, Modified from [22].

2.2 Surface Aanalysis

A Zeiss (51-ADD0048) Scanning Electron
Microscope (SEM) instrument operating at 15kV
coupled with energy-dispersive X-ray
spectroscopy (EDS) was used to study the surface
morphology of the 304 and 316 SS after
immersion in media with and without inhibitor.
The characterisation of the REE complexes and
the mapping of the surface of the steels were
further carried out using Raman Spectroscopy
and Fourier Transform Attenuated Total
Reflectance Infrared Spectroscopy (FT-ATR-IR).
Using a Perkin Elmer Spectrum-2 instrument, the
FT-IR spectra were recorded in a frequency range
of 420-4000 cm™ The Raman spectra were
acquired using the 514.5 nm line of a Lexel Model
95 SHG argon-ion laser as an excitation source
and a Horiba LabRAM HR Raman spectrometer
equipped with a high-sensitivity Olympus BX41
microscope. The data were acquired using
LabSpec v5 software, and the spectra were
obtained in the range of 3500-50 cm™.

2.3 Weight Loss Measurements

The weight loss measurements were performed at
room temperature after immersion in 250 mL 0.1
M HCI solution without and with 0.5% wt. (m/v)
inhibitor for 7 days. Triplicate experiments were
conducted for each and the average weight losses
with standard deviation were determined. The
average weight losses were then used to calculate
the corrosion rates (in um/y) and inhibition
efficiencies according to the following equations:

, 6 W,~W,
Corrosionrate (CR) =3.65x10 ————  (2)

Where w, and W are the mass of the coupon (in

grams) before and after immersion, respectively;
D is the density of the coupon (in g/cm?); T is the
time of exposure (in days) and A is the exposed
area of the coupon in the test solution (in cm?).

Corrosi CR) = 3.65 x 10°—2
orrosionrate (CR) = 3.65 x A (3)

where CR and C R, are the average corrosion rates

of the uninhibited and inhibited steel samples,
respectively.

2.4 Potentiodynamic Polarisation Experiments

Potentiodynamic polarisation studies were carried
out using a Metrohm Autolab-1 Potentiostat/
Galvanostat equipped with Nova 2.1 software. A
three-electrode setup was employed using a
graphite counter electrode and Ag/AgCl (3 M KCI)
as a reference electrode (all potentials are quoted
with respect to this reference electrode). The
stainless steel samples were the working
electrodes in the system with an exposed surface
of 0.7 cm? were immersed in the HCI solutions
with and without inhibitor and the open circuit
potential was measured after 30 min.
Potentiodynamic polarisation studies were
performed with a scan rate of 5 mV/s in the
potential range from 200 mV below the corrosion
potential to 800 mV above the corrosion
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potential. Measurements were done at 20, 40, and
60°C. The corrosion parameters, such as
corrosion potential (E.,.), Tafel slopes (fa and
Bc), corrosion current density (i) and corrosion
rate  were obtained from the current
density-potential graphs using the Nova 2.1
software.

. RESULTS AND DISCUSSION

3.1 Weight Loss Measurement

The inhibition of the corrosion of 304 SS and 316
SS after exposure to solutions without and with
0.5% wt. (m/v) concentrations of Ce(acac),,

La(acac), Ce(hfac), and La(hf ac), inhibitors

were examined at room = temperature

(approximately 25°C) wusing weight loss
measurements. After seven days of immersion in
each solution, the average corrosion rate was
calculated and the results are presented in Table
1. At 0.5% wt. (m/v) concentration of Ce(acac) .
La(acac), Ce(hfac), and La(hfac), were 100%
effective as no weight loss was observed. The
excellent inhibition performance could be as a
result of the adsorption of a passive film of REE
B-diketone complexes on the steel surface. These
results are in line with the report by Desa & Desai
[23], where they used dicarbonyl compounds as a
corrosion inhibitor for mild steel at room
temperature and in a concentration range of
0.39-0.42 mol/L in 6 N HCI solution for 24
hours.

Table 1. Comparison of corrosion rates of 304 SS and 316 SS and the inhibition efficiency in the absence
and presence of Ce(acac) , La(acac),, Ce(hfac), and La(hfac) ,in0.1M HCI solution.

REE B-diketone | CRi “’(iﬁlz;;l;ib“or in}gtljimwiﬂ(ﬁ;t/y) IE (%) gﬁggﬁ

Ce(acac), 0.0 0.0 1.0 100 0.5

304 58 La(acac)3 0.0 0.0 0.8 100 0.3
Ce(hfac), 0.0 0.0 0.7 100 0.3

La(hfac)3 0.0 0.0 0.8 100 0.3

Ce(acac), 0.0 0.0 0.8 100 0.3

316 SS La(acac), 0.0 0.0 0.8 100 0.3
Ce(hfac), 0.0 0.0 0.8 100 0.3

La(hfac)3 0.0 0.0 0.3 100 0.6

3.2 Potentiodynamic Polarisation Measurements

Polarisation curves of 304 and 316 SS at 20, 40,
and 60°C measure in HCl solutions without
inhibitor and with Ce(acac) » La(acac),,

Ce(hfac), and La(hfac) s inhibitors are shown in

Figures 2 and 3. The electrochemical parameters
derived from these curves are summarised in
Tables 2 and 3. The E_,, in solutions containing
each of the inhibitors shifted towards more
negative potentials (less noble) compared to E,
when there was no inhibitor present in the
solution. The downward decrease in the value of

E.. indicated that all of the inhibitors act as
cathodic inhibitors [9]. As expected, the corrosion
rates and current densities increased with
increasing temperature. It is noteworthy that the
inhibition efficiencies of the REE [(-diketones
obtained were very similar to the inhibition
efficiencies obtained by Ghanbari et al. [16] when
they used acetylacetone complexes of transition
metals for corrosion inhibition of mild steel in a 1
M phosphoric acid solution. A similar observation
was observed when Desa & Desai [23] used
different carbonyl compounds as a corrosion
inhibitor for mild steel at a fixed concentration of
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inhibitors while varying the concentration of the to 98% depends on the concentration of the HCI
HCIl solution from 1.0, 2.0, 3.0 and 4.0 N. solution that was used. The corrosion rates were
Potentiodynamic polarisation studied of these found to be increased as the concentration of HCI
compounds showed that the inhibition efficiencies solution increases from 1.0, 2.0, 3.0 and 4.0 N.

of all the tested compounds increase from 22 up
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Figure 2: Potentiodynamic polarisation curves of 304 SS in 0.1 M HCl solution (a) without inhibitor and
with (b) Ce(acac) » (c) La(acac) 2 (d) Ce(hfac) s and (e) La(hfac) s inhibitors.
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Table 2: Electrochemical parameters of 304 SS obtained from potentiodynamic polarisation curves
measured in 0.1 M HCI solution and with corrosion inhibitors Ce(acac) p La(acac),, Ce(hfac), and

La(hfac),present in the solution. The results presented in Table 2 were derived from Figure 2.

0.1 M HCI solution without inhibitor

Ba (mV/dec) Be (mV/dec) CR (um/y)
20 -0.051 4.82 x 107 44 133 4.99
40 -0.068 4.93 x 107 42 120 5.11
60 -0.108 5.05 x 107 45 125 5.23
Ce(acac)3
Temp. (°C) corr V) i (A/em?) Ba (mV/dec) Bc (mV/dec) | CR (um/y) | IE (%)
20 -0.082 2.74 x107 26 87 2.84 43
40 -0.136 2.92 x 107 52 87 3.02 41
60 -0.157 3.07 x 107 45 104 3.18 39
La(acac)3
Temp. (°C) corr ) Lo (A/cm?) Ba (mV/dec) Bc (mV/dec) CR (um/y) | IE (%)
20 -0.128 2.79 x 107 22 85 2.89 42
40 -0.109 2.95 x 107 25 87 3.06 40
60 -0.160 3.17 x 107 35 96 3.28 37
Ce(hfac)3
Temp. (°C) corr V) i (A/em?) Ba (mV/dec) Bec (mV/dec) | CR (um/y) @ IE (%)
20 -0.030 2.69 x 107 28 92 2.79 44
40 -0.036 2.93 x 107 19 102 3.03 40
60 -0.059 3.16 x 107 42 122 3.27 37
La(hfac)3
Temp. (°C) corr V) i, A/em?) | Ba(mV/dec) | Bc(mV/dec) | CR(um/y) | IE (%)
20 -0.083 2.61 x 107 36 90 2.73 45
40 -0.094 2.88 x 107 12 97 3.00 42
60 -0.115 3.13 x 107 43 97 3.26 38
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Figure 3: Potentiodynamic polarisation curves of 316 SS in 0.1 M HCl solution (a) without inhibitors
and with (b) Ce(acac)s’ (c) La(acac)z (d) Ce(hfac); and (e) La(hfac); inhibitors.
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Table 3. Electrochemical parameters of 316 SS obtained from potentiodynamic polarisation curves
measured in 0.1 M HCI solution and with corrosion inhibitors Ce(acac) p La(acac),, Ce(hfac), and

La(hfac), present in the solution. The results presented in Table 3 were derived from Figure 3.

0.1 M HCI solution without inhibitor

i (Alem?) Ba (mV/dec) Bc (mV/dec) | CR (um/y)
20 -0.067 3.25 x 107 39 110 3.39
40 -0.081 3.60 x 107 42 122 3.76
60 -0.109 4.24 x 107 42 15 4.43
Ce(acac)3
Temp. (°C) corr V) i (A/em?) Ba (mV/dec) Bc (mV/dec) | CR (um/y) | IE (%)
20 -0.108 1.70 x 107 38 102 1.78 48
40 -0.126 1.92 x 107 37 106 2.00 47
60 -0.205 2.28 x 107 57 109 2.38 46
La(acac)3
Temp. (°C) corr V) i (A/cm?) Ba (mV/dec) Bc (mV/dec) | CR (um/y) | IE (%)
20 -0.137 1.79 x 107 36 99 1.87 45
40 -0.119 2.00 x 107 39 99 2.09 44
60 -0.177 2.27 x 107 43 105 2.37 42
Ce(hfac)3
Temp. (°C) corr V) i (A/em?) Ba (mV/dec) | Bc(mV/dec) = CR(um/y) | IE (%)
20 -0.108 1.68 x 107 38 102 1.76 48
40 -0.126 1.91 x 107 37 106 2.00 47
60 -0.205 2.35 x 107 57 109 2.46 45
La(hfac)3
Temp. (°C) corr V) i (A/cm?) Ba (mV/dec) Bc (mV/dec) | CR (um/y) | IE (%)
20 -0.076 1.73 x 107 30 92 1.81 47
40 -0.086 1.93 x 107 26 84 2.12 46
60 -0.105 2.32 x 107 31 115 2.33 45

V.  SURFACE ANALYSES

suggesting an attack by chloride ions. In the

4.1 Scanning Electron Microscopy (Sem)

The surface morphology of the 304 and 316 SS
samples with and without inhibitor after
potentiodynamic polarisation tests in 0.1 M HCl
solution as determined by SEM are shown in
Figures 4 and 5. The micrographs of both samples
in the absence of an inhibitor showed damage to
the surface, with a deep and wide hole on a 304 SS

presence of the inhibitors, EDS results (Figures 6
and 7) indicate the film formation on the metal
surface, which could be responsible for corrosion
inhibition. It is noteworthy that the tested
inhibitors provide a uniform film coverage on the
surface of the steel at all temperatures and at a
low concentration (0.5% m/v), with no evidence
of localised corrosion occurring. EDS analysis was
carried out to identify the constituents of the film
on the steel surface and the results revealed that
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the film primarily consists of a rare earth element
(Ce or La), oxygen (O), and other elements (Fe,
Cr, Ni) that were major constituents of the steel,
as indicated in Figures 6 and 7. These results were
consistent with the investigation carried out by
Peng et al. [24] when they studied rare-earth
3- (4-methylbenzoyl) - propanoate compounds
(Ce(dpm)s and La(dpm),) as corrosion inhibitors
for mild steel in 0.1 M NaCl solutions. SEM/EDS
analyses showed the steel surface was protected
by Ce(dpm); and La(dpm); despite being used at
a low concentration of 0.25 mM. EDS also
indicated that a dense layer of deposit on the
surface of the steel contained rare earth elements
(Ce and La) and iron (Fe). This is presumably due
to the deposit consisting of a mixture of a
rare-earth rich film (rare earth oxide or
hydroxide) as well as iron oxide/ hydroxide.

Nam et al. [25] investigated the corrosion
behaviour of copper alloy using 0.15 mM
concentration of yttrium 3-(4-nitrophenyl)-
2-propenoate (Y(4NOzCin), inhibitor and 0.1 M

NaCl solution as a corrosive medium. SEM
analysis was conducted on the copper alloy that
was immersed in a chloride solution with and
without (Y(4NO,Cin), for a period of 20 hours.

Micrographs obtained from SEM revealed that
Y(4N0,Cin), actively impedes corrosion of copper
alloy with no corrosion attack occurring on the
copper surface after immersion for 20 hours.
When the same experiment was repeated in the
absence of Y(4NO,Cin); under the same

conditions, deep penetration of chloride ions with
a great level of corrosion was observed, suggesting
that Y(4N0zCin); inhibits the corrosion of copper

alloy in 0.1 M sodium chloride solution.
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Figure 4: SEM micrographs of 304 SS sample surfacesin the absence and presence of Ce(acac) ; and

La(acac), after exposure to 0.1 M HCI solutions at 20, 40 and 60°C.
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La(hfac);

Figure 5: SEM micrographs of 316 SS sample surfaces in the absence and presence of Ce(acac)s
La(acac);, Ce(hfac); and La(hfac)s after exposure to 0.1 M HCl solutions at 20, 40 and 60°C.
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Figure 6: EDS of 304 SS after exposure to a HCl solution containing (a) Ce(acac), at 20°C and (b)
La(acac)z at 60°C with inhibitors at 0.5 % wt. (m/v) concentration.
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Figure 7: EDS of 316 SS after exposure to a HCl solution containing (c) Ce(hf ac), 20°C and (d)
La(hfac)z at 60°C with inhibitors at 0.5 % wt. (m/v) concentration.
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4.2 Raman Spectroscopy

Raman Spectroscopy was employed to map the
surface of the steel samples after performing
electrochemical tests in a corrosive medium that
contained the REE B-diketones in order to further
investigate the nature of the corrosion inhibitors’
action. The Raman spectra for the synthesised
REE [-diketone powders and the film layer
deposited on the steel surface after the
electrochemical tests are shown in Figure 8. The
frequency shifts identified in the Raman spectra
were compared with published results and they
confirmed the formation of the REE [(-diketone
complexes [26] and complex film formation on
the surface of the steel [27]. For the steel surface
exposed to REE [-diketone complex inhibited
solution, the bands associated with carbonyl
functional group (C=0) and enolic group (OH)

disappear. The disappearance of these bands may
be attributed to the coordination between the
steel, the enolic structure and the carbonyl
function group resulting in the formation of a
protective layer of rare earth oxide or hydroxide
REE(OH), [18] The Raman shift with frequency

bands at ~248 and ~1311 cm™, and at 377 cm™
could be assigned to stretching vibrations which
correspond to hematite (a-F e203) and

lepidocrocite (y-FeOOH), respectively [7,28—-30].
Details of the frequency bands with the associated
functional groups for the spectra peaks are shown
in Table 4. Raman analysis for the corrosion
product tests was done on samples 304 SS doped
in solutions containing Ce(acac) , or La(acac),

and 316 SS doped in solutions containing
Ce(hfac), or La(hfac), as shown in Figure 8.
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Figure 8: Raman spectra of Ce(acac),, La(acac);, Ce(hfac)sand La(hfac), inhibitors and the corrosion

products formed on 304 and 316 SS.
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Table 4: Raman frequencyCe(acac)., La(acac) , Ce(hfac)_.and La(hfac), inhibitors and the corrosion
3 3 3 3

products formed on 304 and 316 SS.

Inhibitor € e(acac)3 Corrosion Product on 304 SS
Frequency (cm™) Assignment Frequency (cm™) Assignment
1583 C=0 248, 1311 a-Fe,0,
455 M-O 524 REE-O
2031 O-H 377 y-FeOOH
Inhibitor La(aca(:)3 Corrosion Product on 304 SS
Frequency (cm™) Assignment Frequency (cm™) Assignment
1598 C=0 244, 1306 a-Fe,0,
492 M-O 524 REE-O
3069 O-H 377 y-FeOOH
Inhibitor Ce(hfac), Corrosion Product on 316 SS
Frequency (cm™) Assignment Frequency (cm™) Assignment
1654 C=0 250, 1306 a-Fe,0,
445 M-O 530 REE-O
3157 O-H 377 y-FeOOH
Inhibitor La(hfac), Corrosion Product on 316 SS
Frequency (cm™) Assignment Frequency (cm™) Assignment
1681 C=0 246, 1308 a-Fe,0,
455 M-O 526 REE-O
3152 O-H 377 y-FeOOH

4.3 Fourier Transform Infrared Spectroscopy (Ftir)

Fourier Transform Infrared spectroscopy (FTIR)
was used to characterise further the REE
B-diketone inhibitors and the films that were
formed on the surface of the two stainless steel
samples (304 & 316) after -electrochemical
corrosion tests in the solutions containing a 0.5%
concentration of the REE [-diketone inhibitor
(Figure 9). The bands associated with the
functional groups of the synthesised REE
B-diketone complexes were all assigned according
to that in the literature [21,32]. The appearance of
a band in the region 583 and 518 cm™ indicates
the bonding of the metal ion with the B-diketone
molecules and can be ascribed to the M-O
vibration [20,21,33—-35]. The main functional
groups present in REE [-diketone that are

responsible for film formation on the steel, are the
carbonyl functional group and enolic structure. It
was observed that the frequency band of the
enolic structure and the carbonyl functional group
that appear on the metal surface shifted to a lower
frequency compared to the frequencies noted for
the synthesised REE (-diketone complexes.
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Figure 9: IR spectra of C e(acac),, La(acac),, Ce(hf ac)3and La(hfac), inhibitors and the corrosion

products formed on 304 and 316 SS.

V. CONCLUSIONS

The SEM results proved that C e(acac), La(acac),,
Ce(hfac), and La(hf ac), efficiently inhibit the

corrosion of 304 and 316 SS even at low
concentration (0.5 % m/v) in 0.1 M HCI solution
in the temperature range of 20-60°C. Raman
spectroscopy confirmed that the complexes form a
rare earth oxide/hydroxide containing film on the
surface of the samples. Iron oxide/hydroxide on
the surface of the steels were also observed.
According to the potentiodynamic polarisation
results, Ce(acac); La(acac)y Ce(hfac) s and

La(hfac)3
solution which led to a shift in the corrosion
potential in a negative direction. The slight
decreases in the Tafel slope values when the two
inhibitors were added compared to the cases

act as cathodic inhibitors in HCI

when no inhibitors were present, is further
confirmation that all the tested REE [-diketone
compounds act as cathodic inhibitors. All the
inhibitors had a nearly similar inhibition
efficiency as calculated from the potentiodynamic
polarisation data. This corresponds to the
observations made with the mass loss test results.
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