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ABSTRACT

The location of different materials in the netwarkirrigation has a great importance. In our
previous works, we have illustrated the major rofewater containing cuprous ions in local
destruction of mobile material of irrigation (MMI)Yhe origin of these ions comes from the
attacked of irrigation network caused during streamater that's contain sulphides ions.
Therefore, our study deals the effect of irrigatisater polluted by these sulphides ions on the
corrosion resistance of copper. In fact, the micotdigical analyses that we have made show
that this water is infected by sulfito-reductricackerium. These later are responsible of the
reduction of the sulphates to sulphides. The resoititained by electrochemical method show
that a weak concentration of a sulphide as one ppowvokes a strong dissolution of copper in
the studied environment. This active process isealy the formation of a porous layer based
on sulphides compounds and on copper oxide nayuf@imed in the non-polluted environment.
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INTRODUCTION

Before the use of water stream in the irrigatiortha agriculture region of Agadir (south of
morocco), it crosses a complicated network. In,fante it's pumped to different drilling by a
pumping system containing copper alloy, water ithgad in a great basin whose capacity is
around 30 m From this basin, water is pumped for a secone timburied canalisations in
order to arrive to the boundary irrigation. Thos@alisations are related to a mobile material of
irrigation (MMI) by connectors in aluminium alloyand copper which are related to the
aspersers.
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Generally, one of the most frequent problems thapear on copper and its alloys is

microbiologically induced corrosion (MIC), which rcdoe attributed to the presence of bacteria
that changes the condition in the metal/electralyterface and promote localized corrosion. The
mechanism typical of this kind of attack has betrdised in carbon steels [1,2], where the

phenomenon is well understood particularly for tdase of sulphate-reducing bacteria. This
interest has also expanded to other materials asidtainless steels [3,4] and copper-alloys [5-
7], which are generally resistant to corrosion.

In our previous works, we have studied the behavadtMMI in simulated irrigation water and
we have exanimate the effect of certain chemicatpmunds either on the activation or on the
inhibition of the corrosion of MMI [8-15].

The sulfidation of metals is a process of practicglortance as well as of theoretical interest as
oxidation. From the theoretical point of view, sdétion reactions afford important parallels and
contrasts with the corresponding oxidation reastio8toichiometric and non-stoichiometric
copper sulfide films have been widely used in digle metallization [16] and as ion specific
electrode [17], when soluble sulfides are presenpatable water or seawater, a thick black,
poorly adherent scale forms on copper or brasase(fL3].

In a previous study [19], we showed that the caorogproduct formed on a copper surface in
anaerobic 5 xI3 mol dm™® N&S + 0.1 mol dri NaCl solution was a single-layered compact
CwS film, whose growth kinetics appeared to obey ralpalic law over an exposure period up
to ~ 1700 h. However, the results of Smith et20-21] showed that the properties of the sulfide
film formed on copper depend on the solution cotregions of both sulfide and chloride. In
solutions with a high chloride to sulfide concetitna ratio, the sulfide film possessed a cellular
structure.

We found that the pollution of irrigation waterdaused by Cu2dissolved from copper alloys

existing in MMI. Moreover, we suggest studying tiehaviour of copper in irrigation water and
examining in particular the effect of the contanima of water by the sulphides ions in the
maintenance of material of irrigation.

MATERIALSAND METHODS

The potentiokenitique current-voltage charactersstire recorded with a potentiostat (Amel 550)
using a linear sweep generator (Amel 567) and Xe¥order (Amel 580) at scan rate of 10
mV/min. All measurements are carried out in a comiemal three-electrode glass cell. The
working electrode, in the form of a disc cut froopper sheet (99.8% of purity), has a geometric
area of 0.5 cm2. A saturated calomel electrodeE(S&hd a platinum electrode are used as
reference and auxiliary electrode. Before each mx@at, the electrode surface was polished
mechanically and rinsed with bidistilled water.

Bacteriological and chemical analyses that we hstuglied are described before [2]. The
electrochemical investigation was carried out afC0dn synthetic irrigation water (see
composition in table 1). Each solution was prepasgth Merck analytical grade reagent and
bidistilled water. The sulphide was added to théutsm from NaS solution. The exact

concentration of sulphide was determinated by icgtloimmmethods [16] and the solution pH was
adjusted at value 8. The test solution is de-agréde with pure nitrogen. Gas pubbling is
maintained prior and through the experiments.
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RESULTSAND DISCUSSION

3.1. Analysisof irrigation water

3.1.1. Chemical analysis

Table 1 gathers the chemical analyses of two sangifl@rigation water : The first is from the
perimeter of Souss where the problem of MMI cownsexists and the second samples is from
the perimeter of Massa where we notice the absehdhis problem. The water of this last
perimeter has its source in Youssef Ibn Tachfinedge. We observe that the main difference
between the two samples is the presence of aggeesEments as sulphate and TAC which are
present a highest concentration in the case ofsSeater. We note also the weak concentration
of oxygen in Souss water in the condition of staigmeand in the presence of cuprous ions.

Table.1 Results of chemical analyses of irrigation water

Concentration (°F)Perimeter of SousPerimeter of Massa

Cl 452 4.30
SO, 7.15 411
TAC* 31.6 8.83
TH** 33.1 9.33
Na" 7.14 6.0
K* 2.30 2.05
O, dissous (ppm) 2.4 7.7
Cu* (ppm) 2.08 -

* Complet alcalimetric titre ; ** Total hardness

3.1.2. Bacteriological analysis

In the present work, we are interested in underinaerobic bacterium sulphito-reductrice. In
fact, the composition of water of irrigation (seable 1.) gives good conditions to the
development of such bacterium. The culture of th&terium is done in their adequate
conditions [22]. After 48 hours, we have noticec thppearance of a black precipitate
characteristic of sulphides ions. So, the preseaighates in the environment are reduced to
sulphide by the action of these bacterium accortbrige following reaction:

2CH;CHOHCOONa + S¢F° - 2CHCOONa+2CQ+2H0 + <
>’ Fét . FeS

3.2. Results of electrochemical tests

3.2.1. Variation of corrosion potential in function of time

Fig. 1 represents the evolution of the corrosiotepial E, of copper in function of time in
non-polluted and in polluted irrigation water affelient concentration of S2

In the non-polluted environment, we notice tha§ Enoves slightly towards a cathodic values
when the time immersion increases. This phenoménpnobably due to the lack of oxygen in
the solution which contributes to the destabilmatof the passive sheet in a well-ventilated
environment. The same phenomenon is observed lotgdlwater by the sulphides ions at a
weak concentration (1 ppm). However, at high cotregion (10 and 100 ppm), it's remarkable
that Eor decreases towards a more active values after taicemmersion time. This time
depends on the contents of sulphides ions in théigo. It decreases from 18 minutes at the
concentration 10 ppm?Sto a few seconds in the case of 100 ppm. Thisatian of Eo is
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accompanied with the formation of non adhesive bEteet based on the sulphides of copper
[23].
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Fig. 1. Variation of the corrosion potential E,, of copper in function of thetimein water irrigation at
different sulphide concentrations

3.2.2. Studies of cyclic voltmeter

3.2.2.1. Non-polluted Sousswater
The recorded successive voltamogrammes of coppeonrpolluted water between —1.2 and 0

VISCE are represented in Fig. 2.
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Fig. 2. Voltamper ometric curves of copper in non-polluted overall irrigation water

Fig. 2 indicate that the course of the potentighie anodic sense shows a p&akollowed by a
continuous increase of the anodic current dendityis peakla represents the reaction of
oxidization of Cu/Cu(l) [24]. In the cathodic sensiee overvoltage involves the appearance of
two peakdc andllic. The pealdc characterizes the reaction of reduction of CuCuil) and the
peakllc corresponds to the reduction reaction of Cu(l){€b]. We have to notice that the
intensity of the peakt andlc decreases when the number of the cycle increases.result
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may be interpreted by the decrease of the quaofithe Cu? in solution during the time of
maintenance in &

3.2.2.2. Polluted Souss water by the sulphidesions
The recorded voltamogrammes of copper between atd?2 0 V/SCE at different sulphide
concentrations are represented in Fig. 3.
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Fig. 3. voltamperometric curves of copper in synthetic water of irrigation at different sulphide concentrations

From Fig. 3, we note the appearance of an anodik Ifee followed by a wide landing of current.
The intensity of this peak becomes important whendulphides concentration increases in the
solution. It's referred to the formation of cuprasidphide according to the following reactions
[23]:

Cu —> Cu + 1€
2cd + & 9 — G8

In the cathodic domain, it's appeared that ther lsnding current pedk found in the case of
non-polluted environment. This result shows thatgbllution of water by sulphides ions favours
the crossing of Cii in solution and the formation of copper sulphidegipitate on the surface.
The peakilc which becomes more intense at a weak sulphideseotration (1 ppm) doesn’t
remain at high concentrations (10 ppm).

Table 2. Electrochemical parameters of copper in syntheticirrigation water in function of the sulphide concentration

[S7] (in ppm) Econ (MV/SCE) la (peakila) (uA/cnt) Ip (wA/cnf)

0 -85 -
1 -170 44 07
10 -840 260 62
100 -880 490 200

The electrochemical parameters values relatedetdéhaviour of copper in polluted and in non-
polluted environment by sulphides ions are gatheredable 2. Fig. 4. illustrate also the
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evolution of the densities of the currdat(peaklla) and the landindp in function of sulphide
concentration.
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Fig. 4. Evolution of the current density of peak activity la (peak I1a) and the landing I p in function of
sulphide concentration

CONCLUSION

In this work, we have studied the behaviour of @pp polluted and in non-polluted water of
irrigation by sulphides ions. The results obtaisbdw that the composition of this water affects
the copper corrosion processes. Particularly, énalisence of sulphides ions, this process has no
intense. The weak quantity of past copper in sotuteturn to the presence of aggressive ions
such as hydrogenocarbonates which favour a chemissblution of passive film according to
the following report [26].

2HGO+ CyO —> CuCO + 2OH
CuCQ + HCOy3, — [Cu(CQ) > + H

In a polluted environment by sulphides ions, thiera formation of non adhesive black sheet
based on the sulphide of copper. This porous staatyses the crossing of copper in solution
and prevents the natural growth of protector ofiide These results show the importance of the
location of different materials in the network afigation. Thus, the contamination by the
anaerobic bacterium sulfato-reductrice provokespiiution of Souss water by the sulphides
ions. Moreover, they stimulate the dissolution opger in solution and they contribute to the
pollution of water by cuprous ions which are resgpble of the MMI destruction.
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