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Abstract : The effect of polyethylene oxide (PEO) and its complexes with sodium thiocyanate (NaSCN) on the
rate of aluminum corrosion under turbulent flow was investigated. The resuits showed that PEO-NaSCN complexes
were more effective than PEO as corrosion inhibitors for aluminumn in HCI solution. The percentage reduction in
corrosion was 63.5% for solution containing 200 ppm PEO and increased to 88.92% for 200 ppm PEC-NaSCN
{4:1} complex. The percentage reduction in corrosion rate of aluminum was dependent on the flow rate and the
concentration of the polymer.

Intreduction

Recently a new type of corrosion inhibitors namely, drag refucing polymers, has been
developed for combating corrosion of metals under turbulent flow."® The inhibition mechanism
is based on the ability of some high molecular weight polymers 10 damp turbulent eddies™
at the corroding surface with a consequent increase in the diffusion layer thickness across
which transfer of dissolved vxygen or corrosion products take place; this gives rise 10 a
considerable decrease in the rate of metallic corrosion. Also, the damping of turbulent cddies
leads to reducing the friction between the trbulently flowing fluid and the metallic surface
with a consequent decreasc in the power required to move the fluids. ™ Most of previous
studies on the use of drag reducing polymers as corrosion inhibitors have been conducted
using turbulent flow in pipelines¥. The aim of this work is to extend the use of drag reducing
polymer (PEQ) and its complexes as corrosion inhibitors to aluminum wall of agitated vessels.

Experimental

The apparatus used consisted of 250 cm® cylindrical glass container of 7.0 cm diameter
and 12 c¢m height. The container was fitted with an impeller of a 4-flat blades paddle type.
The diameter of the impcller was 2.2 cm and the distance between the impeller and the tank



178 ABDUL RAHIM A.SAMARKANDY, SHAEEL A. AL-THABAITI AND ALI M. GAD

bottom was fixed at 1.10 cm. The ratio between impeller diameter and tank diameter was
1:3:2. The impeller rotation speed was in the range 0-2200 r.p.m and was measured by a
tachometer.

Before each run, the wall of the container was lined with a cylindrical aluminum sheet of
7 cm diameter and 3.5 cm height. The sheet back facing the beaker wall was covered with
a thin layer of inert plastic adhesive resistant to acids.

The container was filled with 100 cm?* of 2M HCI solution. Corrosion of aluminum in
HCI was allowed to take place for 30 minutes at different rotation speeds. The rate of corrosion
was studied by a weight loss technique. Each run was conducted twice using a fresh solution
and the temperature was fixed at 30 + 1°C. All chemicals used in this work were A. R. grade.

Corrosion inhibitors

Polyethylene oxide (PEO) (BDH, nominal MW 6x10°) and its complexes with NaSCN
were used as corrosion inhibitors. '

Complexes were prepared by cosolution of PEO and NaSCN in dry acetonitrile. The
solvent was removed by rotary evaporation followed by high vacuum pumping for several
hours. The concentration of NaSCN is expressed as the molar ratio of monomeric unit to salt
{[EO)/[NaSCN] = 16, 8 and 4}. The concentration of NaSCN in the PEO complex was checked
by atomic absorption. '

IR spectra were recorded for PEO, NaSCN and PEO-NaSCN complexes. The spectrum
of the complex showed significant differences as compared with the spectra of PEO and
NaSCN. The bands due to stretching vibrations of C-O-C (at 1113 and 1149 cm™ in PEO)
were shifted to lower frequency in the complex. The stretching vibrations of
C=N (2076 cm™) and C-S (760 cm™) bonds of thiocyonate showed frequency changes as a
result of complex cormation.®!?

For preparation of the solution of PEO or its complexes, the required weight was
dissolved in distilled water, left for 24 hours and then mixed with HCI solution to obtain
the required concentration.

Results And Discussion

Table—1 shows the effect of addition of PEO on the rate of aluminum corrosion at different
rotational speeds. The rate of aluminum corrosion was reduced by 26.7-63.5% depending on
the flow rate and polymer concentration, the higher the flow rate and polymer concentration
the higher the degree of corrosion inhibition. This decrease in the rate of corrosion can be
expressed by the fact that polymer molecules damp the small-scale high eddies existing in
the hydrodynamic boundry layer. The increase in the thickness of the hydrodynamic boundary
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layer and diffusion layer leads to a decrease in the rate of diffusion of HCI molecules to the
metal surface. The increase in the corrosion inhibition efficiency of PEO with increasing
| flow rate is consistent with fhe fact that the drag reducing ability of the polymer increases
: with flow rate.” This may be explained by the increase in the extension of the polymer chain
with increasing fluid flow rate which improves the ability of the polymer molecules to damp
the eddies. The ability of a given polymer to damp turbulent eddies has been found to be
directly proportional to its degree of expansion.(!4

. Table -1 : Effect of PEO concentration on the percentage reduction in
! the rate of aluminum corrosion at different rotational speeds

Reynolds % reduction in corrosion rate
Number 50 ppm 100 ppm 200 ppm
9,530 32.24 39.5 475
| 16,220 31.74 38.0 46.91
30,250 26.70 42.1 47.83
37,882 BN 44.0 48.78
! 71,280 37.45 54.12 63.50

The highest percentage reduction in the rate of aluminum corrosion was obtained
using 200 ppm PEO, therefore this concentration was used to investigate the effect of
different ratios of Na SCN on PEO complexes.

Table - 2: Effect of PEO -NaSCN complexes on the percentage reduction in the rate of aluminum
corrosion at different rotational speeds (concentration of the complex=200ppm)

: Reynolds % reduction in corrosion rate
| Number EO/NaSCN
16:1 8:1 4:1
9,530 26.82 45.20 72.69
‘ 16,220 32.92 56.53 79.39
30,250 27.65 61.32 80.52
37,882 33.89 67.95 ' 78.0
71,280 34.20 81.24 88.92
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Table-2 shows the effect of PEO complexes ([EO)/[NaSCN] = 16,8 and 4) on the rate of
aluminum corrosion. It has been shown that the rate of aluminum corrosion in HCl was
reduced by 26.82-88.92% depending on the flow rate, and ratio of sal/PEO. As the flow rate
and salt/PEO ratio increased, the degree of corrosion inhibition increased. The highest
percentage reduction in the rate of aluminum corrosion weas achieved using PEO-NaSCN(4:1)
complex. :

This may be explained on the basis that the high ratio of NaSCN in the complex will
increase the electrostatic repulsion between associated Na* ions along the polymer chain,
which will increase the degree of expansion of PEO and hence the degree of corrosion
inhibition.

Table -3 shows the effect of different concentrations of PEO-NaSCN (4:1) complex on
the rate of aluminum corrosion. The results showed that the percentage reduction in
corrosion of aluminum increased with increasing the concentration of PEO-NaSCN (4:1)
complex.

Table - 3 : Effect of concentration of PEO -NaSCN (4:1) complex on the percentage reduction
in the rate of aluminum corrosion at different rotational speeds

Reynolds % reduction in corrosion rate

Number 50 ppm 100 ppm 200 ppm
9,530 61.32 69.73 72.69
16,220 60.30 65.50 79.39
30,250 62.87 73.61 80.52
37,882 70.92 75.53 78.0
71,280 72.43 76.43 88.92

The inhibition effect of PEO-NaSCN complex on aluminum corrosion was more significant
than the inhibition effect of PEO. Parker et al."® studied the conformation of PEO-NaSCN
complex and proposed a double helical model. They proposed that Na* ions are incorporated
within the space between the double helix of the PEO whereas SCN anions are found outside
PEO double helix. On the basis of the above mentioned model, the inhibition effect of PEO-
NaSCN complexes on the aluminum corrosion in HCI can be attributed to the adsoption of
SCN anions on the surface of aluminum and isolating it from the corrosive media as well as
the effect of PEO on damping the formed eddies.!*?”
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