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Abstract: Problem statement: The corrosion inhibition of mild steel in 1.5 M,$0, by Camel’s
Urine (CU) addition was evaluated at five differésnperatures in the range from 30-70°C by weight
loss measurements. CU acts as a good inhibitotheoicorrosion of mild steel in 1.5 M,BO,. The
value of inhibition efficiency increases with inaseing both inhibitor concentration and solution
temperature Approach: The adsorption of CU constituents on the mild Isaeface obeys the
Langmuir adsorption isotherm suggesting a monolagsorption of CU species. Thermodynamic
parameters for CU adsorption and mild steel conrosiere evaluated. The negative values\G3%q)
emphasize the spontaneity of the adsorption promedsstability of the adsorbed lay&esults: The
estimated high, positive value AH%,4sensures that CU species is adsorbed chemicallyilshsteel
surface. All values of &,, for mild steel corrosion in inhibited solutions nedower than that for the
uninhibited solution indicating the occurrence bémisorption mechanisn@onclusion: The surface
morphology of mild steel in absence and presendshilbitor revealed that with increasing both CU
concentration and solution temperature, mild sgaface is modified and looks smooth. Good
correlation between the inhibitor constituents @&sdnhibitory action was obtained.

Key words: Corrosion, thermodynamic, chemisorption, sulfuricida environmentally friendly
inhibitor, inhibitor constituents, natural inhibity plant resources, non-toxic, reaction
constants, natural products

INTRODUCTION Etre, 2006), artemisia oil (Benabdellah al., 2006),
Zenthoxylum  alatum  extract (Chauhan and
Corrosion control of metals is an important atyivi Gunasekaran, 2007), Fenugreek Leaves extract (Noor,
of technical, economical, environmental and aesthiet 2007), Justicia gendarussa (Satap&thgi., 2009) have
importance. Thus, the search for new and efficienbeen reported to be good inhibitors for steel irdac
corrosion inhibitors has become a necessity torsecu solutions. As noticed, all the previous naturaliliitors
metallic materials against corrosion. Over the gear were obtained from plant resources. In recent works
considerable efforts have been deployed to finthblé  (Noor, 2004; 2008), Camel’s Urine (CU) obtainednfro
compounds of organic origin to be used as corrosiomnimal origin was reported as corrosion inhibitor f
inhibitors in various corrosive media, to eitheopstor  mild steel in HCI solutions. Camel's urine can be
delay the maximum attack of a metal (Umosetral., classified as environmentally friendly inhibitoedause
2008). Nevertheless, the known hazard effects aftmo microbiological study on CU proved its high effioay
synthetic organic inhibitors and the need to dgvelo against a number of pathogenic microbes when
cheap, non-toxic and environmentally benign proegss compared with some antibiotics. Moreover, the
have now made researchers to focus on the use effective constituent of CU was isolated and tesied
natural products. These natural organic compoungls aanticancer agent which is labeled as PM 701 (Mdshre
either synthesized or extracted from aromatic herbset al., 2006)
spices and medicinal plants. Generally speaking, inhibitors are found to protec
Recently, various natural products from plantsteel corrosion in acid solutions by adsorbing onto
origins e.g.,, Zenthoxylum-alatum fruits extract steel surface. Adsorption isotherms such as Langmui
(Gunasekaran and Chauhan, 2004), Telfarig1917) adsorption isotherm, adsorption isotherm,
Occidentalis extract (Oguzie, 2005), Khilla extréet- Flory (1942) and Huggins (1942) adsorption isotherm
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and Frumkin (1964) adsorption isotherm are used to _ W, -W, 1

elucidate the inhibition mechanism of inhibitor§. 1 Pw~ St @

the adsorption isotherm for a given inhibitor is

specified at different temperatures, thermodynamicwhere_

parameters for the adsorption process would b% .

estimated, giving a good help to suggest the

inhibition mechanism. Moreover the thermodynamic

activation parameters for the corrosion process ar

also important to explain the adsorption phenomenon”

of inhibitor. . . o
In the present study the authors attempt to stiuely The corrosion rates in the absende:) and

inhibitory action of CU for mild steel corrosion in5M  presence (w,) of an inhibitor are used to evaluate its

H,SO, at five different temperatures (30-70°C) by inhibition efficiency by using the following Eq. 2:

using weigh loss method. Various thermodynamic

parameters for inhibitor adsorption as well as rfold 'E%:(l—%)x 100 (2)

steel corrosion in absence and presence of differen "

concentrations of CU were estimated and discussed.

;and W, =The specimen weight before and after
immersion in the tested solution
= The surface area of the specimen
= The end time of each experiment

Surface morphology studies:Characteristic features
MATERIALS AND METHODS of mild steel surface after immersion in 1.5 M3,
in absence and presence of low (1%) and high (10%)
SpecimensThe experiments were performed with mild concentrations of CU at 30 and 70°C were

steel rods of the following composition; C: 0.280p:  investigated by optical micrographs using microgcop

0.480, Si: 0.300, Ni: 0.040, Cr: 0.060, Mo: 0.0%, of the type (Leitz METALLUX3 microscope

0.021, P: 0.019 and the remainder is Fe. WETZLAR, Germany).

Inhibitor: The camel’s urine sample is extracted from RESULTS

female camel (one humped) with age around 4-5 years

early in the morning. Physically, the fresh extealct Table 1 represents the corrosion rates of mildl ste

urine appears clear, amber yellow and watery. in 1.5 M of SO, solution in absence and presence of
various concentrations of CU (1-14 mL%).

Solutions: The aggressive solution (1.5M,80,) was Figure 1 show the relationship betweenplognd

prepared by dilution of analytical grade reagenthwi 109Cy, at different temperatures which is in accordance
deionized water. The required concentrations (16,2, With the following Eq. 3 (Noor and Al-Moubaraki, @8):

10 and 14 v/v %) of inhibitor were prepared by tiliig

with 1.5 M of HSQ, solutions. logp = logp’ + Blog G, 3)

Corrosion rate measurements:Weight loss method \ypere:
was employed for mild steel corrosion rate Ciwn = The concentration of the inhibitor

measurements in absence and presence of variok;s = The corrosion rate when the concentration of
concentrations of CU at different temperaturesoio inhibitor becomes unity
each experiment, the mild steel specimen of 1.0rcm B = A constant for the studied reaction

diameter and 5.0 cm in length was abraded withiase

of emery study from 220-1000 grades. Then, it wasrable 1: Mild steel corrosion rates in 1.5 MSEy in absence
washed several times with deionized water then with and presence of different concentrations of Qldiféerent
ethanol and dried using a stream of air. After \nizig temperatures -

accurately, it was immersed in 100 mL flask, cariteg Corrosion ratex1g cm*min”)

50 mL of solution. After 90 min, the specimen wasc,,(mL%) 30° 40° 50° 60° 70°

taken out, washed, dried and weighed accuratelg. Tho 0739 2295 4.483 12.294 31.22
test was performed in absence and presence ofatiffe 1 0493 0750  1.505 2.001 3.408
inhibitor concentrations and different temperaty(&& 0459 0627 0.912 1.112 1743
Inhior : p 6 0.241 0249 0.418 0.572 0.853
70°C). The rate of weight loss was calculateg,( mg 10 0.156 0.177 0.241 0.467 0.637
Cm_2 min_l) as fO”OWS Eq 1: 14 0.134 0.126 0.176 0.203 0.303
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Table 2: Kinetic parameters (Bjand (2) for mild steel corrosion in
1.5M H,SQ, solution containing CU at different

Am. J. Applied Si., 8 (12): 1353-1362, 2011

temperatures
t (°C) -B p' (g cm?min™) 2
30° 0.5 0.564 0.96
40 0.7 0.847 0.98
50° 0.8 1.574 0.99
60° 0.8 2.028 0.94
70° 0.8 3.381 0.96

Fig. 1: Dependence of mild steel corrosion ratetten
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Fig. 2: Effect of CU concentration on the inhibiti

efficiency of mild steel corrosion in 1.5M

H,SO, solution at different temperatures

The later parameter gives a measure for th
inhibitor performance. The kinetic parameters (Rl an
p") and correlation coefficient {r were estimated from

the straight lines shown in Fig. 1 and listed imlEa2.

Figure 2 shows the variation of IE% with the
concentrations of CU at different temperatures. t\dbs
the corrosion inhibition is achieved between 1% and
6% of CU with only small improvements at 10% or
higher. In general, the inhibitor efficiency wassebved
to be increased with increasing both CU concemtnati
and solution temperature.

The adsorption of inhibitor species, Inh, on aahet
surface in aqueous solution should be considered as
place exchanger reaction:

Inh,, +nH,0,, = Inh &+ nH O, 4)
where, n is the number of water molecules displdxed
one molecule of inhibitor.

When the equilibrium of the process described in
Eq. 4 is reached, it is possible to plot the deg&e
surface coverage 8 as a function of inhibitor
concentration at constant temperature by different
mathematical expressions which are called adsarptio
isotherms models. Several adsorption isotherms were
tried and was found the best description of the
adsorption behavior of the studied inhibitor is tine
Langmuir adsorption isotherm Eq. 5:

Con. =—+Cy (%)

where, Kgs is the equilibrium constant of adsorption
process. The plot O]CEiTnh versus Gy, for CU at different

temperatures gives a straight line as shown in Fidt is
found that all the linear correlation coefficier(td) are
approximately equal to 1.00 and all the slopes ey
close to unity. From the intercepts of the stralgtgs, Kgs
values at different temperatures were obtained
It is well known that the free energyG,qs of

adsorption is related to K by Eq. 6 (Noor and Al-
Moubaraki, 2008):

AG’ads. (6)

109K ss = 7100 C 10 =5 2 0aRT

where, C, , is the concentration of water molecules
and must have the same unit as that used for tohibi
The standard free energies of CU adsorptiag2(,) at
different temperatures were calculated. A ploAG,ys
versus T in Fig. 4 gave the heat of adsorptitH (9

@nd the entropy of adsorptioA%,q) according to the
thermodynamic basic Eq. 7 (Babakhowyal., 2010):

AGads =AH ads TAS ad (7)
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Table 3: Adsorption parameter§kgas AGags AHags and BSued for  Table 4: Activation parametersEf,,, AH* and AS) for mild steel
CU on mild steel surface in 1.5M 80, solution at

different temperatures corrosion in 1.5M HSO, solution in absence and presence

of different concentrations of CU

t(°C) Kaas AGags AHags ASas N .
M) (Wmd)  (Imd) (I Kmol) Con S AH A8’
30 0.0404 -9.330 mL% (kJ mat) (kJ mor?) (3 K'mol™)
40 01702  -13.40
50° 0.1941 -14.18 B0 231 0 79.17 76.49 -90.82
60° 0.4735 -17.10 1 41.92 39.24 -217.44
70° 07738 -19.03 2 27.97 25.29 -264.04
6 28.87 26.19 -267.45
200) 10 30.73 28.06 -264.51
160 14 18.01 15.33 -308.12

120

80

Can /Oy mL LYY

The thermodynamic data obtained for CU
using the adsorption isotherm are collected in

40

0

0 20 40 60 80 100120 140 160 Table 3.
Ciee (mL L) . . .
180 180 The thermodynamic activation parameters were

150 150

calculated from Arrhenius-type plot (Eq. 8) and
transition state equation (Eq. 9) (Faiku al.,
2010):
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where, E;,, AH" and AS’ are the apparent activation

Fig. 3: Langmuir isotherm for adsorption of CU on energy, the enthalpy of activation and the entropy
mild steel surface in 1.5M 430, at different activation. A is the frequency factor which has shene

temperatures unit as that of the corrosion rate.
3 Figure 5 shows the typical plots of hngersus%
= . . p 1, .
-10 while Fig. 6 shows the plots Otbg¥ versus?, straight

lines with good correlation coefficients were ohtad.
All  thermodynamic activation parameters were
= estimated and listed in Table 4.
@ Figure 7 gives the dependence of béfl), andaH*
16 of mild steel corrosion in 1.5 M 430, on the
concentration of CU.
s Figure 8 illustrates thhe optical micrographs for
mild steel surface before and after immersion fo
20 . . ‘ ‘ 90 min in 1.5 M HSQ, at 30 and 70°C. While
300 310 320 330 340 350 Fig. 9 and 10 illustrate the structural featucds
T(K) mild steel surface in 1.5M 130, in absence and
presence of 1 and 10% of CU at 30 and 70°C,
Fig. 4: The variation ocAG,4swith T respectively.
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Fig. 5: Arrhenius plots for mild steel corrosiorte® in
1.5M H,S0O, in absence and presence of
different concentration of CU
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Fig. 6: Transition state plots for mild steel caiom
rates in 1.5M HSQ, in absence and presence of
different concentration of CU
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Fig. 7: Dependence of both apparent activationgner «
and enthalpy change of mild steel corrosion in
1.5 m HSQ, on the concentration of CU
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” Fig. 8: Micrographs for mild steel surface befor® (

and after immersion for 90 min in 1.5M,$0,
at 30°C (B) and 70°C (C)

DISCUSSION

Effect of CU concentration on mild steel corrosiorat
different temperatures: The collected data in Table 1
can be summarized as follows:

At constant temperature, mild steel corrosion rate
tends to decrease dramatically with increasing CU
concentration. This result indicates the good
inhibitive properties of the studied inhibitor

At constant concentration, mild steel corrosior rat
increases with increasing solution temperature
obeying Arrhenius relationship
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50 pum

Fig. 9: Micrographs for mild steel surface in 1.5M
H,SO, in absence (A) and presence of 1% (B)
and 10% (C) of CU at 30°C

The present results are in good agreement with
those obtained previously by (Noor, 2004) when CU
had been studied as corrosion inhibitor for mikksin
HCI solution at different temperatures. On the opthe
hand, The data in Table 2 was interpreted as below:

* As was observed the reaction constants (B) have
negative sign, indicating that the mild steel
corrosion rate is inversely proportional to the
concentration of CU. However, the absolute value
of constant B increases with increasing temperature
up to 50 °C and then no change in B value was
observed with further increase in temperature. Thi
result indicates that CU becomes more effective a
corrosion inhibitor with increasing temperature and
at relatively high temperatures no appreciable

change in the inhibition efficiency was observed ~ Fe& + Inh = Fe(inh), -

1358

Fig. 10: Micrographs for mild steel surface in NI.5

H,SQ, in absence (A) and presence of 1% (B)
and 10% (C) of CU at 70°C

The obtained correlation coefficients
(0.94r°<0.99) indicate that the corrosion rates of
mild steel in the presence of different
concentrations of CU fit well Eg. 3. Additional
evidence of the quality of fit is presented in Fig.
11 in which predicted valuesf p are plotted
against the corresponding experitted values of
different concentrations of CU. Reasonable
agreements between experimental and predicted
results are obtained

The inhibitor action could be explained by

e(Inh)gs reaction intermediate as follows Eq. 10
Dubey and Singh, 2007):

Fé + Ink n (10)
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49 e The increase in IE% with increasing temperature
® 30°C was interpreted in the literature by different ways
A 40°C Amar and El Khorafi (1973), related this to spexcifi
N e 30°C interactions between the metal surface and the
so°c inhibitor molecules. Considered that with increase
v %occ in temperature some chemical changes occur in the
=

inhibitor molecules leading to an increase in the
electron densities at the adsorption centers of the
molecule causing improvement in inhibitor
efficiency finally. Considered that the increase of
- IE% with increasing temperature is a result of
change in the nature of adsorption mode; the
inhibitor species are being physically adsorbed at
lower temperatures while chemisorption is
favoured as temperature increases

Pexp.0’ (zem Zmin 1)
3]

Pesp-10” (gem 2 min™) To prove the chemisorption process for CU species
on mild steel surface, some thermodynamic
Fig. 11:Experimental values against predictedeslof ~ considerations for both inhibitor adsorption and
mild steel corrosion rate in 1M,80, solution  corrosion activation must be evaluated.
containing different concentrations of CU at
different temperatures Thermodynamic-adsorption considerations
Obviously, Fig. 4 shows the dependence@ qson T,

The adsorbed layer combats the action of sulfurigndicating a good correlation among the
acid solution and enhances protection of the metaihermodynamic parameters. The negative values of
surface (Quraishiet al., 2000). When there is AG,s (Table 3) emphasize the spontaneity of the
insufficient Fe(Inh)ysto cover the metal surface (if the adsorption process and the stability of the adgbrbe
inhibitor concentration was low or the adsorptiater layer on the steel surface. As was observed theesal
was slow), metal dissolution would take place ##ssi of AG,,s become more negative with increasing
on the mild steel surface which are free of Fedgh) temperature, indicating that the adsorption power o
With high inhibitor concentration a compact and CU increases with the increase of temperature.h@n t
coherent inhibitor layer forms on mild steel sugfac other hand, the high positive value f&ifl,qs (Table 3)
reducing the attack on the metal surface. Henae, thensures that CU species adsorbed chemically on mild
inhibition efficiency is then directly proportiontd the  steel surface, while the accompanied large, pasitiv
fraction of the surface covered with adsorbed iitbib value of AS, (Table 3) indicates that an increase in

~ Figure 2 implies that most of the corrosion gisordering takes place in going from reactantshto
inhibition is achieved between 1% and 6% of CU W|thmeta|_adsorbed Species reaction Comp|ex‘ Similar

only small improvements at 10% or higher. In gehera results were reported in recent works (Bentssl.,

the inhibitor efficiency was observed to be inche@s 2005; Noor, 2007).

with increasing both CU concentration and solution

temperature. These results can be discussed awsoll Thermodynamic-activation ~ considerations: The

obtained data in Table 4 can be interpreted asabelo

e The increase in IE% with increasing CU
concentration is attributed to the interaction. The values of bottE!
between the inhibitor species and mild steel serfac . .
leading to adsorb the former on the latter. The presence Of. dlf_ferent concentrations of CU are
adsorbed quantity increases with inhibitor positive, |nd|cat|ng that the corrosion process is
concentration and accordingly more active endothermic . N )
corrosion centers were reduced (Shettgl., 2006; ° The lower values oE;,, in the inhibited solutions
Acharyet al., 2008). On the other hand, the limited as compared to that of the uninhibited solution
change in IE% at relatively higher concentrations  suggest chemisorption mechanism for the CU
of CU may be related to surface saturation with  species on mild steel in the studied medium
inhibitor species (Noor, 2009) (Popova et al., 2003). This result is in good
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temperature from 30-70°C. Figure &d 10 show
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agreement with the obtained thermodynamic datdbecomes smooth not only by increasing CU
of adsorption (Table 3) concentration but also by increasing solution

The decrease i}, with CU concentration (Fig. 7) temperature, emphasizing the chemisorption

supports the idea of chemisorption mechanism. Thighechanism suggested previously.

was attributed by (Hoar and Holliday, 1953) to a

slow rate of inhibitor adsorption with a resultant Inhibitor constituents and adsorption mechanism:
closer approach to equilibrium during the Table 5 illustrates the main constituents of Clgiasn,
experiments at the higher temperature. Furthermoreyhile Fig. 12 represents the molecular structurehef
(Riggs and Hurd, 1967) explained that the decreasmain organic constituents of CU and their IUPAC
in activation energy of corrosion at higher levels names. Inspection of CU constituents, reveals ttiat
inhibition arises from a shift of the net corrosion organic components can be classified as nitrogenous
reaction from that on the uncovered part on theorganic compounds. N-containing organic compounds
metal surface to the covered one were reported in the literature as effective cdoos
E..» ~Cinn relation (Fig. 7) shows a plateau in the inhibitors for mild steel in acid solutions (Sheétyal .,
concentration range from 2-10% which may be2006; Popovat al., 2003; Muralidhararet al., 1995;
attributed to that with increasing inhibitor Ebenscetal., 1999; Noor, 2005).

concentration, the covered area with inhibitor =~ Chemisorption process involves charge sharing or
species increases and the metal surface becomebarge transfer from the inhibitor molecules to the
close to be saturated, leading to limited change inmetal surface. This is possible in case of positige
the apparent activation energy. While at 14% ofwell as negative charges on this surface. The poese

CU concentration a drop ing;, value was of inhibitor molecules having relatively loosely val

observed which indicates that the metal surfacélectrons or hetero atoms (nitrogen in the presenk)
may be completely blocked with chemically With lone-pair electrons, with a transition metaving
adsorbed inhibitor species leading to furthervacant, low-energy  orbital facilitates the
decrease in the’,, chen;_isorpticigs rrt:echani;,m (Benttﬂalo.', 2g05)_. _

igure shows the suggested chemisorption
As expe#ctedAHf# yalues have the game trend asmechzgnism between the vaca%tgd-orbital of Fe arioms
that forg;,,, noticing that the latter is larger than i, mijq steel surface and the nitrogen atoms of CU
the former. Noor (2007) attributed this result to organic constituents. It is impossible to say which
the gaseous reaction (hydrogen evolution)one of these organic constituents is responsibie fo
associated with the corrosion process which mayCU inhibitive action. So CU can be treated as a
lead to a decrease in the total volume of thepackage of inhibitors which may act synergistically
corrosion system. So, according to the basis of

thermodynamics the inequa“@:pp > AH" is true. Table 5: (':I'he al\’/erage concentration level of thenrnanstituents of
amel's urine

Large and negative values ns’ imply that the  Theconstituent Urea  Uricacid Creatinine ChlorRleosphate Sulphate
activated Comp]ex in the rate determining StepThe.f:oncentration 0.195 6.041 0.052 0.45 0.171 677

represents an association rather than a dissatiatic>
step, meaning that a decrease in disordering takes

place on going from reactants to the activatec p=

complex (March, 1992). However, the valueAs’ - ‘: .::.. e

decreases with increasing CU concentrations o e . =

<
. . . . TR H (11 i
Surface morph(_)log_lcal studies: Inspection Fig. 8_ %»\. i =<N _\II, —~ e P s o
through A to C indicates that the amount of cownsi 0 N gy 1§ - /
products as well as the size of pits on mild sseeface i = :
are proportional to the solution temperature, megni Creatinine Utic acid Urea
i i 2-amino- 1 -methyl- 7, 9-dihydro-1H-purine Diamninomethanal

that mild steel surface attacked severley by rgishe S i 6.8 (3 s

interesting behaviour with the addition of 18fd 10%
CU at low and high temperatures. This is that mildFig. 12: The molecular structure and the IUPAC name
steel surface in the presence of CU is modified and of the main organic constituents of CU
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steel by 3-formyl-8-hydroxy quinoline in

reatine o s hydrochloric acid medium. Mater. Chem. Phys.,
. T & . 107: 44-50. DOI:
¢ 0: *9." e 10.1016/j.matchemphys.2007.06.038
k. “® Amar, I.LA. and F.M. El Khorafi, 1973. Adsorbabilitf
Cr % i i ' i thiourea on iron cathodes. Mater. Corros., 24: 702-
4 y Vv .V W___p_' ) 707. DOI: 10.1002/maco0.19730240806
i S A4 A A A Benabdellah, M., M. Benkaddour, B. Hammouti, M.
. — v, T ’ =i Bendahhou and A. Aouniti, 2006. Inhibition of

steel corrosion in 2 M PO, by artemisia oil.
) ) ) ] Applied Surf. Sci.,, 252: 6212-6217. DOI:
Fig. 13: The suggested chemisorption mechanism 10.1016/j.apsusc.2005.08.030
between the vacant d-orbital of Fe atoms ingapakhouya, N., S.Boughrara and F. Abad, 2010.
mild steel surface and the nitrogen atoms of the  kinetics  and thermodynamics of Cd(ll) ions

organic constituents of CU sorption on mixed sorbents prepared from olive
stone and date pit from aqueous solution. Am. J.
CONCLUSION Environ. Sci., 6: 470-476. DOl

10.3844/ajessp.2010.470.476

Bentiss, F., M. Lebrini and M. Lagrenee, 2005.
Thermodynamic  characterization of metal
dissolution and inhibitor adsorption processes in

* CU acts as a good inhibitor for the corrosion of
mild steel in 1.5 M HSQO. The inhibition
efficiency values increase with the inhibitor
concentration and the solution temperature mild steel/2,5-bis(n-thienyl)-1,3,4-

© The adsorption_ .Of CU on t.he mild s_teel_ surface thiadiazoles/hydrochloric acid system. Corros.,Sci.
obeys the Modified Langmuir adsorption isotherm  47. 59155931, DOI: 10.1016/j.corsci.2005.05.034
suggestion monolayer adsorption of CU species Chauhan, L.R. and G. Gunasekaran, 2007. Corrosion

* The negative values ofAG;,) emphasize the inhibition of mild steel by plant extract in dilute
spontaneity of the adsorption process and the HCI medium. Corros. Sci,, 49: 1143-1161. DOI:
stability of the adsorbed layer on the steel serfac 10.1016/j.corsci.2006.08.012

* AGY, values become more negative with Dubey, A.K. and G. Singh, 2007. Corrosion inhibitio

increasing temperature, indicating that the  Of mild steel using Brij-30. Portu, Electrochim.

adsorption power of CU increases with the increase ~ Acta, 25: 205-219. .
of temperature Ebenso, E.E., U.J. Ekpe, B.I. Ita, O.E. Offiong &hd.

+ The estimated high, positive value &, ensures Ibok, 1999. Effect of molecular structure on the
efficiency of amides and thiosemicarbazones used

for corrosion inhibition of mild steel in

. . ) ) hydrochloric acid. Mater. Chem. Phys., 60: 79-90.

* All values of E,, for mild steel corrosion in DOI: 10.1016/S0254-0584(99)00074-7
inhibited solutions were lower than that for the El-Etre, A.Y., 2006. Khillah extract as inhibitasrfacid
uninhibited solution indicating the occurrence of corrosion of SX 316 steel. Applied Surf. Sci., 252:
chemisorption mechanism for the CU species on  8521-8525. DOI: 10.1016/j.apsusc.2005.11.066
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e The surface morphology of mild steel in absence  and A. Maxhuni, 2010. Part I: Removing of Zn(ll)
and presence of inhibitor revealed that with from polluted water: Determination of precipitation

that CU species is adsorbed chemically on mild
steel surface

increasing both CU concentration and solution limt of 2zn(ll) ion with 2-hydroxy-1,2,3-
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