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Abstract :The nonelectrolyte of large molecular size 1- (3 - amino - 4 - Phenylazo pyrazol-5-yl)-3-benzoylthiourea
(P.S.U.) was used as inhibitor of corrosion of low carbon steel in sulfuric acid solutions where acting by surface
coverage adsorption on metal surface. The change of its percent inhibition efficiency ( % surface coverage) with
increasing acid concentration shows a maximum values at critical acid concentration of (IM./L) for all ( P.S.U.)
concentrations .

The increase of (% efficiency) before the maximum was explained to be due to increase of adsorbed (P.S.U.)
molecules on metal surface replacing water molecules which desorbed to from the primary hydration sheathe of acid
ions. After the maximum the decrease of (% efficiency) is due to processes of “Salting In” of (P.S.U.) molecules by acid
ions. From the values of rate of desorption of water molecules by increasing acid concentration , the (P.S.U.)
Concentration at which primary hydration layer is completely formed, and the critical acid concentration, the primary

hydration number of sulfuric acid was calculated to be 21.84 Mole of water / gram Mole of sulfuric acid .
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Introduction

The nonelectrolyte of large molecular size 1-
(3 — amino — 4 — Phenylazopyrazol — 5 —yl ) — 3 —
benzoylthiourea ( PSU ) [1],[2] has 11 pi bonds, 7
nitrogen atoms, and lsulfere atom presented the
molecule as good adsorbate. It has also asymmetric
structure, expected to has a roll with the solvation
processes.

Bockris [3] proposed the term “primary
solvation number for the number of molecules near to
an ion which lost their translational degree of freedom
and move as an entity with ion during its Brownian
motion , accordingly, the primary solvation number is
a definite quantity while the secondary solvation
caused by electrostatic interaction beyond the first
solvation shell depends on the type of property
observed.

There are various methods for investigation of
solvation or hydration number (Nh) of electrolytes [4],
which show different values for the same electrolyte
[5,6].

Although  sulfate and mono hydrogen
phosphate  ions has the highest hydration
power in Hofmister series [7].

S0 HPG >F >l >1=Cig; =NO; >SQN|,  No
investigation of hydration number of neither sulfate

anion ( SOf ) nor sulfuric acid is present in literatures
[ 4-6]

As most of thiourea derivatives, which was
repeatedly recommended as inhibitors for metallic
corrosion in acid solutions specifically adsorbed on
metal surface [8§ — 11] (P.S.U.) acting as corrosion
inhibitor for low carbon steel in sulfuric acid solutions
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making use of its large molecular size . [11],[12] Non
electrolyte of large molecular size and non symmetric
molecule has high dispersion forces, when dissolved in
aqueous electrolytic solution of high concentration, the
non electrolyte are suffering “Salting In” Process by
the ions of electrolyte which prefer it on water
molecules due to the higher dispersion dipole moment
of the nonelectrolyte [12—14 ].

T
Ph- N= N NH-C-NH-C-Ph

uzN/\\N /I\'H

Experimental Methods
The used chemicals : -

1 — All chemicals used were of the analytical
reagent grade .

2 — Water used to prepare test solutions and
for final washing was of conductivity grade, its
specific conductance ranged from 2x10° to 4x10°
ohm™” cm

3 — The nonelectrolyte (PSU) was prepared
and recrystalized several times and its purity was
cheeked by measuring its melting point (m.p. 220
) [1]

Test solutions : -

A set of sulfuric acid solutions of
concentrations 0.25M, 0.5 M ,0.75M, 1.0M , 1.5M,
and 2.0 M was prepared , another set of inhibited acid
solutions with ( P.S.U.) Were prepared from each of
the previous acid solutions with concentrations 1x10~
M, 5x10° M, 1.25x10* M,  2.5x10* M,4x10™ M,
and 5x10* M (P.S.U.).

Steel specimens :-

Specimen of low carbon steel in the form of a

disc which has cross-sectional area of 5 cm? and
thickness of 4 mm , was completely isolated from test
solution with a thick layer (3mm) of Araldite resin (
ciba — production , swizerland ) except one of its
circular surface for exposure to test solutions
.Specimen was reused after polishing and cleaning so
we were shore of the same exposed area and structure
in each test .
Specimens exposed to test solutions at 25 C ° by using
air thermostat for fixed time of 60 minutes during
which specimen rotate magnetically in test solutions
acting as self stirring

1302

The mass loss corrosion test technique : -

This technique was followed in determining
the effectiveness of (P.S.U.)as ( corrosion inhibitor)
[,3,4,10,12],[15-18] as specimens exposed surface was
polished by metallurgical emery papers (120 to 800 ),
water washing , acetone washing , and drayed. After
exposure time 60 minute to test solution , specimens
was washed with hot conductivity water during
brushing by hard plastic brush till complete removal
of corrosion products, the washing water was added to
test solution for determination of dissolved iron.
nearest 0.0001 gram by volumetric determination of
iron using standard solution of 0.01 M. K,Cr,0O;
where

I ml of 0.0IM KyCr,0; = 1.675 x 107
gram Fe

Mass loss of steel = mass of iron determined x (100 /
%of iron in steel )

The % of iron in steel samples was determined
by technique of emission spectroscopy using ARL
quantemeter ( model 31000-292 1C)

The mass loss per unit area per unit time for pure acid
solutions (W1) and for the same concentration
inhibited acid solutions (W2) were determined

The effectiveness of (PSU) as corrosion inhibitor is
given by the relation

The % effectiveness = [(W;— W;) /W] x 100

Results and discussion

The results are given in Fig. (1) which shows the
relation between sulfuric acid concentrations, ( P.S.U.)
concentrations and the effectiveness (% efficiency ) of
( P.S.U) as inhibitor of corrosion of Low carbon steel
by acid solutions. The relations indicating the increase
of % efficiency with the increase of (P.S.U.)
concentration and with the increase of sulfuric acid
concentration to reach a maximum values at sulfuric
acid concentration of IM/L for all (P.S.U.)
concentrations .This behavior  ( before reaching the
maximum ) was explained in the light of the fact that
the increase of acid concentration decrease the
adsorbed water molecules on metal surface through the
formation of the primary hydration layer of the acid
ions , these water molecules is replaced by ( P.S.U.)
molecules adsorbed on metal surface which increasing
percent surface coverage , and so the percent inhibition
efficiency increase [ 8,12 ,20 ,21 ], till maximum
values where there is no further water molecule able to
be desorbed from metal surface, and an equilibrium is
reached between the adsorbed inhibitor molecules

and the desorbed water molecules .
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Fig. (1) Relation between % Efficiency of [PS U.) As corroslon
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From Fig. (1) the inhibitor concentration
needed to give certain effectiveness value decrease
with the increase of acid concentration as shown by the
horizontal lines a, b, ¢, d, and e at effectiveness 60% ,
70%, 80% , 85% and 90% respectively this relations is
indicated in fig.(2) as straight lines parallel to each
other with slope equal (-27.3 x 10 M/L inhibitor ) per
(1 M /L increase in sulfuric acid ) , i.e. the inhibitor

2.0

concentration needed to give certain inhibition
efficiency decrease by 27.3 x10™* M/L with increasing
acid concentration by (1M/L) which in turn represent
the total amount of water molecules desorbed from
metal surface to shear in forming primary and
secondary hydration layer per 1M increase in sulfuric
acid.
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Fig (2) Relation between Concentration of H SO Solutions and

Cconcentration of (PS.U.) Inhibitor needed to give inhibition

efficiency60%4a ,70%b,80%¢,85%4d, and 90%e
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After the maximum, the effectiveness of
(P.S.U.) decreases with the increase of sulfuric acid
concentration Fig. (1), and Fig.(2) , we explained this
behavior on the light of the fact that the nonelectrolyte
(P.S.U.) molecule has high dispersion dipole moment
due to its large size and non symmetrical structure
[12-14]. So when the concentration of the electrolyte (
sulfuric acid ) increases after the maximum where
primary hydration layer is formed its ions tends to
form second solvation layer through “Salting In” of the
nonelectrolyte ( P.S.U.) molecules due to its higher
dispersion dipole moment than the dipole moment of
water molecules, accordingly the free inhibitor
molecules ( P.S.U.) decrease in solution bulk , so its
adsorption on metal surface decreasing leading to

decrease in its effectiveness ,and the inhibitor
concentration needed to give certain effectiveness
increase as shown by parallel lines

a, b ,C , d ) and e after the maximum for

efficiencies values to 60 %, 70% , 85% , and 90% with
slope equal ( 5.4 x 10* M/L inhibitor concentration )
per (IM/L) increase in sulfuric acid concentration )
which represent the rate of salting in of (P.S.U.) with
increase of acid concentration .

2
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Fig (3) Relation between increase in concentration of H, SO, solution

(~C acid ) and the decrease in corrosion inhibitor
( PS.U. ) concentration (A C inh. ), ( measured from
the maximum) , needed to give the same
effectiveness 93 % line (1), 80 % line (2) , and 40%

line (3).
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From Fig. (1) lines (1) , (2) , and (3) started at
the maximum effectiveness 93 % , 80 % , and 40 % of
(P.S.U.) solutions concentrations 5 x 10 > M, 1.25 x
10* M , and 2.5 x 10™ M respectively .

Fig.(3) represent the relation between the
change of sulfuric acid concentration (M/L) (measured
from the maximum , position ) (AC acid ) and the
corresponding increase in (P.S.U.) concentration
needed to give certain effectiveness ( measured from
the maximum position ) (A C inh.) . The relation is
indicated by 3 parallel straight lines (1) , (2) , and (3)
which show the line (2) started at (P.S.U.)
concentration of 1.25 x10™ M/L, only pass through the
origin , i.e. , when (A C inh.. = 0) and (A C acid = 0) or
at the beginning of “Salting In” process which start at
the end of formation of primary hydration layer of acid
ions, this means that the primary hydration process is
completed at (P.S.U) concentration
1.25 x 10* M /L which represent the amount of water
molecules desorbed from metal surface to shear in
forming secondary hydration started to complete the
secondary hydration layer with P.S.U molecules .
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Calculations of primary hydration number (Nh): -

A) From fig(2) , it follows that the total
number of water molecules desorbed from metal
surface per one mole increase in sulfuric acid
concentration to form primary and some of secondary
hydration layer were represented by 27.3 x 10 M
change in (P.S.U)concentration .

B) From fig(3) the number of water molecules
sheared in forming some of secondary hydration layer
is represented by 1.25 x 10* M change in (P. S. U.)
conc. / 1M change in H,SO, concentration. Consider,

1 — Number of H,O molecules desorbed to form

primary hydration
Layer / 1M change in H,SO, Conc. = X; mole of
H,O /M H,SO,
2- Number of H20 desorbed to shear in forming
the secondary

Hydration layer / 1M
concentration =

X, mole of H,O / mole H,SO4

change of H,SO,
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