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Abstract

The corrosion rate of low carbon steel in 4M hydrochloric acid
with and without presence of thiourea has been studied by gravimetric
and gasometric methods over the temperature range 303-333 K.

The percentage protection of steel increases with the decrease of
thiourea concentrations at various temperature range 303-333 K and
approaching highest protection (86.82%) at 303K by using Ix107% M
of thiourea. The high concentration of thiourea {1:-:10_3 M), enhances
the corrosion rates and act as depolariser for the hydrogen evolution
reaction, with H>S being a product of the chemical depolarsation
stage. The H)S is considered to be adsorbed in the S, HS™ state,
forming activated sites where anodic dissolution is thereby enhanced.

The results were discussed on basis of adsorption of dissociated
thiourea molecules on steel surface. The energies of activation have
been calculated for the corrosion process of the carbon steel in acid
from corrosion rates in the absence and the presence of thiourea.

Introduction

Acid solutions are widely used in industry (1-3), the most
important fields of application being acid picking, industrial acid
cleaning, acid descaling and oil well acidizing. Furthermore, acids are
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also used in numerous manufacturing processes int ditferent
industries. Due to general aggressivity of acid solutions the practice of
inhibition is commonly used to reduce corrosive attack on metallic
materials (4-6). However. the methods of corrosion inhibition must be
evaluated according to the parameters of the particular corrosion
system. as preventive measures designed for application in an
environment may fall for the same metal under different conditions

(7).

The present work has therefore been planned to investigate the
corrosion behaviour of a low carbon steel specimen in 4M HCI over
the temperature range 303-333 K. The research plan also involved the
use of thiourea as an inhibitor for the acid corrosion of steel. The
effect of thiourea on the corrosion rate, protection efficiency has been
estimated using both weight loss and the volume of H; gas evolved
measurements (8-10).

Experimental Method

The carbon steel specimen (obtained from ministry of industry)
had the following composition as revealed by emission spectroscopic
analysis:

Element C Mn St P S

Yo 1.4 ] 0.3 0.05 (.05

The test pieces, (19%15.5x3) mm were cleaned at 350 K" in
nitric acid/hydrochloric acid solution, then rinsed with distilled water
before being immersed in the corrosive medium. Thiourea (Analar
prade) was obtained from Fluka, solutions used were prepared from
Analar HCI solution using distilled water. The temperature was

adjusted electrically to 0.1 “C.

(Gasometric test included the immersion of the low carbon steel
pieces in the corrosion cell (11), which were connected to the gas
collector over a salt solution which was acidified with H.SO4, such a
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solution has very little solubility effect on the collected gas. The
volume of gas was always measured at atmospheric pressure by means
of the pressure reserviour bulb. The hydrogen evolved was measured
at a constant interval of time. Data are plotted for volume of H, gas
evolved against time, then the rate of corrosion derived from the
slopes of the straight lines.

For weight loss measurcments, samples were compleiely
immersed in 80 ml per specimen of the corrodent in conical flasks.
They were exposed for different time intervals up 1o 4 hours and their
weight losses were determined, using sensitive (£10™ em) balance
type Mettler HL 32 from Switzerland. The loss in weight increased
ltnearity with time.

Results and Discussion

Values of the calculated corrosion rates using the two ways
above-cited give similar values of protection efficiency (%p), which
calculated using the equations (12, 13):

P = L0 0 = W W e e e e 1]
and

P = 100(Vg = VIV corroorrrommmnsseesnssseeeessoeesssssssssesssorseeesseeeesseeees [2]

where: W, Vy are the rate of weight losses, and rate of hydrogen
evolution in the absence of thiourea and W, V are the presence of
thiourea.,

The variation of corrosion rale of carbon steel in 4M HCI with
thiourea concentration at various temperatures are shown in Fig.(1).

Clearly, at a constant temperature the corrosion rate decreases as
the concentration of the thiourea decreases. The concentration (1x10™
M) of thiourea inhibited the corrosion rate less then the other
concentrations.
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Fi1g.(2) shows the variation of the protection efficiency (%p) of
steel with for various concentrations of thiourea at the temperature
range (303-333 K).

The maximum efficient concentration of thiourea was (1=107
M) at the three temperatures (303-323}.

Fig.(3) shows the minimum efficient concentrate of thiourea was
(1x107 M) at four temperatures. An increase in temperature from 3073
to 323 K causes a significant decrease in the protection efficiency for
the same inhibitor concentration (1x107°, 1x107", Sx107") M. while
the thiourea concentration 1x10~ M causes a corrosion stimulation,
which increases with temperature attaining a maximum stimulation at
313 K. which followed with a decrease in the corrosion stimulation
with the temperature ingrease to 313 and 333 K.

Fig.(4) shows an Arrhenius plot of the corrosion process of low
carbon steel 1 4M HCIL The results fit a satisfactory straight line
which conform to an Arrhenius equation (14):

F = ACXPIEdRT) ovtiirmreeerirsreeorsosessssinsseassressessesassessssssssmessns [ 3]

where; v is the rate of corrosion, E, is the energy of activation and A is
the pre-exponential factor,

E, values denved from the slopes of the lines in the Arrhenius
plots Fig.(4), were plotted against thiourea concentrations to establish
Fig.(5). There was an initial sharp increase at thiourca addition of
1x107 M decreasing, thereafter, steadily with increasing thiourea
concentration to 1x10~ M. Thus, the presence of thiourea in HCI
medium probably alters the energy barrier for the metal corresion
through enhancing the energy of activation resulting in the consequent
decrease of the surface tendency for corrosion when 1t used with
concentration bellow 1x107° M.

It is known that many of the organic inhibitors function via an
adsorption mechanism (15). Under such conditions the degrec of
coverage equals the protection efficiency, thus according to the
Langmiur isotherm. The protection imparted by thiourea occurs via an
adsorption mechanism.
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Fig.(1) Effect of thiourea concentration on
the corrosion rate of carbon steel in 4M HCI

at the temperature range (303-333) K
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Fig.(2) Effect of thiourea concentration on the
protection efficiency of low carbon steel in 4M HCl

at four temperature range(303-333) K
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Fig.(3) Effect of temperature on the protection

cfficiency of thiourea at different concentrations
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Fig.(4) Arrhenius plot of the corrosion rate

of low carbon steel in 4M HCI in presence

and absence of thiourea
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Fig.(5) Values the energy of activation (E,) for the
corrosion of low carbon steel in 4M HCI as

a funetion of thiourea concentration.
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