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The effect of Ni content on the resistance against corrosion of Fe-36% Ni and Fe-45% Ni alloys in 1 M hydrochloric acid pickling
solution was reported. Various electrochemical and spectroscopic techniques such as potentiodynamic cyclic polarization (CPP),
open-circuit potential (OCP), electrochemical impedance spectroscopy (EIS), potentiostatic current-time (PCT), and scanning
electron microscopy (SEM), and energy dispersive spectroscopy (EDS) have been employed. CPP measurements indicated that the
corrosion current and corrosion rate recorded lower values for the alloy that had higher nickel content. OCP curves proved that the
presence of high Ni content shifts the absolute potential to the positive potential direction. EIS results revealed that the surface and
polarization resistances were much higher for the alloy with higher Ni content. PCT curves also showed that the absolute currents
were lower for Fe-45% Ni alloy. All results were in good agreement with others and confirmed clearly that the corrosion resistance

in HCl solutions for Fe-45% Ni alloy was higher than that obtained for Fe-45% Ni alloy.

1. Introduction

Iron-nickel alloys have been widely used in the industry
because of its many good characteristics [1-4]. These alloys
have unique magnetic properties, good mechanical proper-
ties, and low thermal expansion coefficient at lower tem-
peratures. Due to their high corrosion and heat resistances.
especially those that have the nickel content in the range of
36% to 46%, they represents one of the most widely used
superalloys with a broad variety of applications. For example,
Invar alloy (64% Fe-36% Ni) has the lowest expansion of the
Fe-Ni alloys [5-8].

It has been reported that the iron-nickel alloys have
excellent corrosion resistance in oxidizing solutions [9-12],
where the increase of Ni content in the alloy increases its
corrosion resistance. Several researchers [10-15] have studied

the corrosion and corrosion mitigation of iron-nickel alloys
in different aggressive media. Jinlong et al. [10] have reported
the corrosion resistance of coarse grained and nanocrys-
talline Ni-Fe alloys in NaCl solutions and proton exchange
membrane fuel cell environment. They found that the coarse
grained Ni-Fe alloys possessed higher corrosion resistance
than the nanocrystalline alloys and this was due to the more
compact passive films formed on the surface of coarse grained
Ni-Fe alloys. Raman spectroscopy results indicated that many
nanocrystalline boundaries were found in the Ni-Fe alloys
that activated the diffusion of nickel, which lead to the
formation of more nickel oxides and nickel hydroxides [10].
Gehrmann et al. [12] have investigated the corrosion behavior
of different iron-nickel alloys that have between 35 wt% and
82 wt% of nickel in a humidity test between 25°C and 80°C.
They found that the presence of higher nickel percent in the
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TaBLE 1: Corrosion data obtained from the polarization curves for Fe-36% Ni and Fe-45% Ni in 1M HCI solutions.

Corrosion parameter

Alloy 4 1 22 2

B./Videc Ecou!V B./Vdec Jeors/ HACT R,/Qcm Reor/mpy
Fe-36% Ni 0.135 —0.475 0.035 55.0 2.197 19.44
Fe-45% Ni 0.100 -0.248 0.048 2.0 70.50 0.728

alloy improves its corrosion resistance [12]. Another study
on the corrosion behavior of various iron-nickel alloys in
sulfuric acid solution using potentiodynamic polarization
technique has also been reported [13]. For iron-nickel alloys
containing up to 50% Ni, a preferential dissolution of iron
takes place and the percentage of iron controls the dissolution
process of the alloy. It has been reported [14] that a top
layer of FeNi; is formed for iron-nickel alloys that have more
than 40% iron in the alloy. This was confirmed through
studying the electrochemical corrosion behavior of different
Fe-Ni alloys starting from 0%, 20%, 40%, 60%, and 80% Ni
in sulfuric acid solution [14]. Moreover, the corrosion rate
decreases as the content of Ni increases in the alloy.

This work aims at reporting the corrosion behavior of Fe-
36% Ni and Fe-45% Ni alloys in concentrated hydrochloric
acid (1M HCI) pickling solutions and understanding the
effect of increasing nickel content on the corrosion resistance
of the iron-nickel alloys. For the best of our knowledge,
the corrosion behavior of these alloys in hydrochloric acid
solutions has not been reported in the literature before.
The study was carried out using various electrochemical
techniques. These methods included the use of potentiody-
namic cyclic polarization, open-circuit potential, impedance
spectroscopy, and the change of the potentiostatic current
with time at 0.150 V (Ag/AgCl). The corroded surfaces of
the two nickel alloys after being immersed in 1M HCI
solutions for 96 h were investigated using SEM and EDS. It
was expected that the alloy with high nickel content would
show better corrosion resistance due to the formation of
thicker oxides on the surface of the alloy protects it from
being easily corroded.

2. Materials and Methods

Two iron base alloys containing 36% Ni and 45% Ni with less
than 1% of Mn + Si + C are named as Fe-36% Ni and Fe-45%
Ni alloys, respectively. These alloys have a cylindrical shape
with 6.0 mm diameter and were purchased from Goodfellow
(Ermine Business Park, Huntingdon, England PE29 6WR).
Hydrochloric acid (HCI, 32%) was obtained from Merck and
was used as received to prepare 1M concentration of the
acid solution. An electrochemical cell with three-electrode
configuration that accommodates for 300 cm® was used to
perform all electrochemical measurements. The Fe-36% Ni
and Fe-45% Ni alloys were used as the working electrodes.
A silver/sliver chloride (Ag/AgCl) electrode was employed as
the reference electrode. A Pt sheet was the counterelectrode
in all electrochemical tests. Only one surface of the iron-
nickel electrodes were exposed to the electrolytic solution
with 0.6 cm diameter and an area of 0.283 cm®. The surface of
the iron-nickel alloys was polished and ground before being

immersed in the electrolytic solutions and performing the
electrochemical measurements as reported earlier [14-16].
All electrochemical measurements were performed using
an Autolab workstation (Metrohm, Utrecht, Netherlands).
The CPP experiments were performed by scanning the
potential of the iron-nickel alloys in the hydrochloric acid
test solution from —1.200 V in the positive direction to 0.80 V
(Ag/AgCl) at a scan rate of 0.003 V/s as has been reported
in our previous study [17]. The EIS experiments were carried
out at the OCP after immersing the iron-nickel alloys after
their immersion in 1M HCI solutions for 2400 s. The range
of the frequency for the EIS was scanned from 100 KHz to
100 mHz using an AC wave of +5mV peak-to-peak overlaid
on a DC bias potential. The impedance data were collected
at a rate of 10 points per decade change in frequency using
Powersine software. The change of the chronoamperometric
current for the iron-nickel electrodes versus time at 0.150 V
versus Ag/AgCl was applied for 3600 s after immersing the
tested alloys in 1 M HCI for 2400s. All electrochemical tests
were carried out in triplicate, and good reproducibility was
observed. All measurements were carried out on a fresh sur-
face of the alloy with a new portion of the test solution. SEM
micrographs and EDS profiles were obtained for the surface
of the alloys after 96 hours of immersion in 1M HCl solutions.
For this purpose, we used a scanning electron microscope
with an attached energy dispersive spectroscopy (JEOL).

3. Results and Discussion

3.1. CPP Measurements. The cyclic potentiodynamic polar-
ization (CPP) technique is a powerful method to obtain
important information about the corrosion parameters of
metals and alloys in corrosive media [18-23]. Figure 1 shows
the CPP curves obtained for iron (1) Fe-36% Ni and (2)
Fe-45% Ni immersed in 1.0M HCI solutions for 2400s
before measurements. The values of cathodic Tafel (3.)
slope, corrosion potential (Ec,,.), anodic Tafel (,) slope,
corrosion current density (jc,,), polarization resistance (R,),
and corrosion rate (R¢,,,) that were obtained from the CPP
curves are depicted in Table 1, where the values of j.,.. and
Ec,.. were obtained from the extrapolation of anodic and
cathodic Tafel lines located next to the linearized current
regions [24-28]. The values of R, were obtained from the
polarization curves using the following equation as reported
in the previous studies [24-28]:

a6 ) 0

1
Rp - jCorr (2'3 (ﬁc + ﬁa)
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FI1GURE 1: Cyclic potentiodynamic polarization curves obtained for (1) Fe-36% Ni and (2) Fe-45% Ni alloys in 1 M HCl solutions.

Moreover, the values of corrosion rate (Rc,,,) were obtained
as follows [25]:

. kE
RCorr = JCorr (d_X/> . (2)

Here, k is a constant, which defines the units for the rate
of corrosion (the value of k is 128,800 milli-inches (amp cm
year)), E,y is the equivalent weight in grams/equivalent of the
tested alloys (the value of Ey,; is 22.48 for Fe64/Ni36 and 23.44
for Fe55/Ni45), d is the density in gem™ (8.19 for Fe64/Ni36
and 8.29 for Fe55/Ni45), and A is the area of electrode in cm?.

It is well known that the cathodic reaction for metals and
alloys in concentrated acid solution is the hydrogen evolution
reaction, so the cathodic reaction for the nickel alloys in 1M
HCI can be expressed by the following reaction:

2H" +2¢ =H, (3)

While, the anodic reaction at this condition is the dissolu-
tion of iron from the surface of the alloy as per the following
equation [26];

Fe = Fe** + 2¢” (4)

This dissolution reaction explains the abrupt increase of
current with increasing the applied potential in the anodic
branch. For the anodic side of Fe-36% Ni alloy (Figure 1(a)),
the current increased followed by a rapid decrease before
abruptly increasing again till the most positive applied poten-
tial. The forward anodic side for the second alloy, Fe-45%
Ni, shows fast increase of currents with increasing potential
without showing any passivation as that recorded for Fe-36%
Ni alloy. The first increasing in the current values was due to

the dissolution of iron (see (2)), while its decreasing (for Fe-
36% Ni alloy) was due to the formation of an oxide film as
follows:

1
Fe + 502 + H,0 = Fe (OH), (5)

1
3Fe (OH), + 50, = Fe;0, + 3H,0 (6)

It has been reported [26, 29] that the formation of
iron oxide films gives the surface some protection against
corrosion. After dissolution of this oxide film, the current
increased again till the highest positive value of the applied
potential. Moreover, the values of the corrosion parameters
listed in Table 1 revealed that the uniform corrosion of Fe-45%
Ni alloy in 1M HCI solution is much lower than its intensity
for Fe-36% Ni alloy, where the values of j.,, and R, were
very low as well as the value of R, was very high for Fe-45%
Ni alloy as can be seen from Table 1. Also, E,,, recorded less
negative value for Fe-45% Ni alloy, —0.248 V, while the value
of E¢,,, was more negative for Fe-36% Ni alloy.

Upon reversing the applied potential in the backward
direction, the value of the obtained current increases com-
pared to those values obtained in the forward direction for
both alloys. It is noted also that the values of current and
the hysteresis loop obtained for Fe-36% Ni alloy were much
higher than those obtained for Fe-45% Ni alloy. This indicates
that the iron-nickel alloys under investigations suffer pitting
corrosion and the intensity of pitting is lower for Fe-45% Ni
alloy. This was confirmed by the small area of the hysteresis
loop obtained for Fe-45% Ni compared to that seen for Fe-
36% Ni alloy. The measured CPP results along with the
calculated data thus suggested that the alloy with higher
nickel content, Fe-45% Ni, has higher resistance against
uniform as well as pitting corrosion than the alloy with low
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FIGURE 2: Change of the open-circuit potential with time for (1) Fe-
36% Ni and (2) Fe-45% Ni alloys in 1M HCI solutions.

nickel content, Fe-36% Ni, in 1 M HCI solutions at the same
conditions.

3.2. OCP and SEM/EDS Investigations. The change of the free
potential, OCP, with time for (1) Fe-36% Ni alloy and (2)
Fe-45% Ni alloy in the freely aerated 1M HCI solutions is
depicted in Figure 2. The initial potential of the Fe-36% Ni
alloy (curve (1)) recorded almost —0.408 V versus Ag/AgCl
and slightly shifted towards the less negative direction with
time. The value of OCP for the Fe-36% Ni alloy after 2400 s
immersion in the acid solution recorded circa —0.380 V, while
the initial potential for the Fe-45% Ni alloy (curve (2)) was
almost —0.285V, which is less negative than that recorded for
the Fe-36% Ni alloy. Increasing the immersion time led to
further shifts in the less negative direction to record about
—-0.212V at the end of the run. The more negative initial
potential obtained for Fe-36% Ni alloy is probably due to the
corrosivity of the acid solution, which dissolves the surface of
the alloy. The shift of potential in the less negative direction
resulted from the formation of a thin layer of corrosion
products that partially decreases the attack on the surface of
the alloy by blocking some of its exposed areas. The positive
potential difference between the two alloys is probably due to
the higher ability of Fe-45% Ni alloy in developing a thicker
layer of corrosion products, which retains a higher corrosion
resistance for the Fe-45% Ni alloy compared to Fe-36% Ni
alloy.

In order to see the morphology of the surface as well as
the elemental analysis for the components on the surface of
the alloys after its exposure for long immersion time in the
acid test solution, SEM/EDS investigations were carried out.
Figure 3 displays (a) SEM micrograph for the surface of the
Fe-36% Ni alloy after its immersion in 1 M HCI solutions for
96 h and (b) the corresponding EDS profile analysis shown
in the SEM image. Figure 4 also depicts the SEM micrograph
(a) and the EDS spectra (b) for the surface of the Fe-45%
Ni alloy after its immersion in 1M HCI solutions for 96 h. It
is seen from Figure 3(a) that the surface looks smooth and
homogeneous with a thin layer of corrosion products with
some deposits. This indicates that the alloy suffers moderate
uniform corrosion due to the corrosiveness attack of the acid
solution towards the surface without any indications on the
occurrence of localized corrosion. The weight percentages
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(wt.%) of the elements found on the surface were as follows:
49.88 wt.% iron, 39.17 wt.% nickel, 04.89 wt.% oxygen, and
06.06 wt.% carbon. The low percentage of iron and the
high percentage detected for nickel compared to its original
percentages in the alloy indicate that the dissolution of the
alloy took place via the dissolution of Fe as mentioned
before in (2). The presence of oxygen also indicates that the
corrosion product layer may contain some oxides such as FeO
and Fe, O;, which may give some protection to the surface of
the alloy.

The SEM image shown in Figure 4(a) for the surface
of Fe-45% Ni alloy exhibits thicker corrosion product layer
compared to the corrosion products shown in Figure 3(a) for
Fe-36% Ni alloy. This explains the reason why the potential
of Fe-45% Ni alloy shifts towards the positive direction and
shows less negative values than those obtained for Fe-36% Ni
alloy. The elements found on the surface of the alloy shown
in Figure 4(a) and represented by the EDS spectra depicted
in Figure 4(b) recorded 26.44 wt.% iron, 14.23 wt.% nickel,
15.38 wt.% oxygen, and 43.94 wt.% chlorine. Here, the very
low percentages of iron and nickel compared to their values
in the alloy before their exposure to the acid solution are
because of the formation of thick layer of corrosion products.
This layer fully covers the surface of the alloy leading to
its protection and hiding the original surface of the alloy
underneath the corrosion products. The high percentages of
the detected oxygen confirm that the formed layer on the
surface of the alloy has some oxide films. The presence of
these oxides increases the passivity of the alloy as well as
its corrosion resistance against the harsh effect of the acid
solution towards the surface of the alloy. Therefore, it is
believed that the formed layer of corrosion products perhaps
covers the whole surface of the alloy and decreases the
aggressiveness attack of the acid molecules on it and confirms
the data obtained by polarization and OCP measurements
that Fe-45% Ni alloy has more corrosion resistance compared
to the alloy with lower nickel, Fe-36% Ni.

3.3. PCT Measurements. Potentiostatic current-time (PCT)
technique has been successfully employed to report the effect
of corrosive media on the corrosion, particularly pitting of
metals and alloys [14-16, 26]. Here, we used the PCT method
to understand the effect of increasing nickel from 36% to
45% on the corrosion of the tested iron-nickel alloys in
1.0 M hydrochloric acid pickling solution. Figure 5 depicts the
current-time behavior of (1) Fe-36% Ni and (2) Fe-45% Ni
alloys after their immersion in the acid solutions for 2400s
before stepping the potential to 0.150 V versus Ag/AgCl. The
current that was recorded for Fe64/Ni36 alloy, Figure 5 (curve
(1)), showed abrupt increase from ~88 mA/cm? upon the
application of the potential to circa 98 mA/cm? in the first
200 seconds. This increase of current has resulted from a
partial dissolution of the corrosion product layer that might
have formed on the surface during the immersion of the alloy
before applying the anodic potential. Prolonging the time of
the applied potential after the first 200 seconds and till the end
of the run has resulted in rapid and continuous decreasing in
the current values. This is perhaps due to the thickening of
a formed layer of corrosion products on the surface of the
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FIGURE 3: (a) SEM micrograph for the surface of the Fe-36% Ni alloy after its immersion in 1M HCI solutions for 96h and (b) the

corresponding EDS profile analysis shown in the SEM image.

FIGURE 4: (a) SEM micrograph for the surface of the Fe-45% Ni alloy after its immersion in 1M HCI solutions for 96 h and (b) the

corresponding EDS profile analysis shown in the SEM image.

100 T T T T T T T T T T T T
9% -
\E - (1) 4
Q
E 80 -
= I () ]
70 k- -

60 n 1 n 1 n 1 n 1 n 1 n 1

0 300 600 900 1200 1500 1800

t(s)

FIGURE 5: Chronoamperometric curves obtained for (1) Fe-36%
Ni and (2) Fe-45% Ni immersed in 1M HCI solutions for 2400s
followed by stepping the potential to +0.150 V versus Ag/AgCl.

alloy, which protects the surface from being attacked by the
aggressiveness action of the acid solutions.

On the other hand, the initial current recorded lower
value (~77 mA/cm?) for Fe-45% Ni alloy that value increases
in the first 150 seconds to circa 85mA/cm?®. The current
then decreased with the increase of time till the end of the
experiment. Here, the initial increase of current is due to
the sudden application of the active potential as well as the
dissolution of some of the corrosion products, which were
formed during the immersion of the alloy in the solution
before applying the potential, while the continuous decrease
of current with time was due to the ability of the nickel alloy
to develop a protective layer that has iron oxides; this layer
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TaBLE 2: Electrochemical impedance spectroscopy parameters obtained for Fe-36% Ni and Fe-45% Ni alloys after their immersions in 1M

HClI solutions.
EIS parameter
Allo 1 2
7 Ry/Q) Q Rpy/Q) Q Rp,/Q)
Yo /F n Yo /F n,
Fe-36% Ni 2.71 0.06414 0.88 76.6 0.002859 0.81 1166
Fe-45% Ni 3.54 0.02633 1.0 270.9 0.002612 0.94 1385
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FIGURE 7: The equivalent circuit model used to fit EIS data shown in

0 300 600 900 1200 1500
z (Qcmz)

FIGURE 6: Nyquist plots obtained for (1) Fe-36% Ni and (2) Fe-45%
Ni alloys in after their immersion for 2400s in 1M HCI pickling
solutions.

isolates the surface from being in real contact with the acid
solution and thus prevents its corrosion. It is seen, thus, that
the absolute currents recorded for Fe-45% Ni alloy are lower
than those values obtained for Fe-36% Ni alloy over the whole
time of the experiment, which reveals that Fe-45% Ni alloy
shows more corrosion resistance than Fe-36% Ni one when
exposed to the acid solution. Moreover, the change of current
with time for these alloys confirms that these materials do not
suffer pitting corrosion at this condition.

3.4. EIS Measurements. Electrochemical impedance spec-
troscopy (EIS) investigations have been widely used to
report the kinetic parameters for the electron transfer at the
materials/solution interface [26-30]. We have successfully
employed this method to investigate the corrosion and
corrosion protection of different metals and alloys in various
corrosive media [26-33]. Typical Nyquist plots obtained for
iron/nickel alloys, (a) Fe-36% Niand (b) Fe-45% Ni after their
immersion for 40 in 1M HCI, are shown in Figure 6. The
Nyquist plot obtained for Fe-36% Ni alloy shows one small
semicircle followed by a short segment. And the Fe-45% Ni
alloy depicted only one wider semicircle with higher values of
both real and imaginary resistances. The smaller diameter of
the semicircle obtained for Fe-36% Ni alloy indicates that the
alloy has low corrosion resistance as a result of the chloride
ions attack. The appearance of the segment following the

Figure 6.

semicircle reveals that the surface forms a corrosion product
layer that protects the surface from further dissolution. It
is generally believed that the wider the diameter of the
semicircle, the higher the corrosion resistance of the alloy.
The wider diameter obtained for the Fe-45% Ni alloy confirms
that this alloy has higher corrosion resistance than that for Fe-
36% Ni alloy.

For further studying the effect of the acid solution on the
iron-nickel alloys, the obtained EIS data were best simulated
to an equivalent circuit model and the schematic diagram for
that circuit is displayed in Figure 7. The elements depicted
in Figure 7 can be defined as follows: Ry refers to the
resistance of the solution, Q; (Yq;, CPEs) represents the
first constant phase elements at the interface between the
nickel alloy and solution, R, is the polarization resistance
at the electrode/solution interface, Q, (Yq,, CPEs) represents
another constant phase elements at the interface between a
corrosion product layer formed on the alloy’s surface and the
solution, and R, is the polarization resistance between the
corrosion product layer formed on the alloy and the solution
interface and can also be defined as the charge transfer
resistance.

The values for the elements of the equivalent circuit that is
presented in Figure 7 are listed in Table 2. The data shown in
Figure 6 and the parameters listed in Table 2 confirm that the
corrosion resistance of Fe-45% Ni alloy is too high compared
to that obtained for Fe-36% Ni alloy. This is because the values
of Rg, Ry, and R, for Fe-45% Ni alloy are much higher.
It is worth mentioning also that the values of the CPEs (Q,
and Q,) with their n, and n, components were close to unity
(exactly ranged from 0.81 to 1.0) and are considered as double
layer capacitors [29-31]. Thus, obtained values of Y5, and Y,
in the case of Fe-45% Ni alloy are smaller than the values
recorded for the Fe-36% Ni alloy.
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FIGURE 8: Typical Bode: (a) impedance of the interface, | Z|, and (b) phase angle plots obtained for iron-nickel alloy: (1) Fe-36% Ni and (2)

Fe-45% Ni immersed in 1 M HCl solutions.

In order to throw more light on the dissolution of the
two nickel alloys and to further understand the role of
increasing Ni content in this process, the Bode impedance
of the interface, |Z|, and Bode degree of phase angle, (),
plots obtained for (1) Fe-36% Ni alloy and (2) Fe-45% Ni
alloy immersed in HCI solutions for 2400s are shown in
Figures 8(a) and 8(b), respectively. It is seen from Figure 8(a)
that the value of |Z| increases from the higher frequency
region towards the low frequency region for the two nickel
alloys but with higher | Z| values obtained for Fe-45% Ni alloy
(curve (2)), particularly at the low frequency area, compared
to Fe-36% Ni alloy. Furthermore, Figure 8(b) depicts that the
maximum values recorded for ® were obtained for Fe-45% Ni
alloy (curve (2)). Itis generally believed that the high values of
|Z] at the low frequency regions as well as the increase of the
maximum values of ® indicate the high corrosion resistance
of the material and thus the corrosion resistance for Fe-
45% Ni alloy is higher than Fe-36% Ni alloy. The impedance
data thus prove that the increase of Ni content increases the
corrosion resistance of the iron-nickel alloys. The EIS results
thus agree with the data obtained by polarization, OCP, and
chronoamperometric current-time measurements that Fe-
45% Ni alloy resists corrosion in 1 M HClI solutions more than
Fe-36% Ni alloy.

4. Conclusions

The corrosion resistance of Fe-36% Ni alloy and Fe-45% Ni
alloy in 1M HCI solutions was investigated using different
electrochemical and spectroscopic techniques. The param-
eters extracted from polarization curves indicated that the
values of jc.,, and Rg,,, were low, while the value of R

was high for Fe-45% Ni alloy compared to those values
obtained for Fe-36% Ni alloy. A potential difference of circa
0.18 V (Ag/AgCl) in the less negative direction was recorded
for Fe-45% Ni alloy as indicated by OCP measurement.

SEM/EDS investigations after 96 h in the acid test solution
showed that the surface of Fe-45% Ni alloy developed a
thicker corrosion product layer. EIS data revealed that the
diameter of the semicircle of the Nyquist plots was wider
and also the values of surface and polarization resistances
were higher for Fe-45% Ni alloy than those recorded for Fe-
36% Ni alloy. The current-time measurements confirmed that
the absolute current values obtained for Fe-36% Ni alloy at
0.150 V (Ag/AgCl) were higher as compared to the values
obtained for Fe-45% Ni alloy. Results together were consistent
with each other confirming that Fe-45% Ni alloy showed
much better corrosion resistance than Fe-36% Ni alloy in 1 M
HClI solutions.
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