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Abstract

This paper presents the results of a comprehensive study of water scale found in water distribu-
tion system of Taliouine city in the south of Morocco. Physico-chemical properties of drinking wa-
ter supplied to the city were evaluated. The data showed a high level of soluble salt in water. Con-
centrations were calcium 108 - 143 mg/1, magnesium 80 - 96 mg/1, bicarbonate 660 - 750 mg/1
and hardness degree 660 - 690 mg CaCO3/1. The water samples contain high amounts of minerals
in the form of ions, especially the metals calcium and bicarbonate, which precipitated out and
caused problems in water conducting or storing vessels like pipes. Scales were removed from the
inside of two old pipes which transported drinking and hot water in the downtown of Taliouine
city. Scale samples were investigated by XRF, XRD, SEM, DTA, TGA and SEM’s analytical techniques.
This study was able to identify scales formed in pipes of water distribution systems. It was found
that water scale in this city contains 53% of calcium oxide and 43% of organic matter. The XRD
and SEM results revealed that calcite was the main crystalline structure in drinking water scale.
Nevertheless, scale deposited in hot water pipe is well crystalline with peaks corresponding
mostly to aragonite (88%) along with calcite (12%). The thermal behavior of scale samples con-
firms that calcium carbonate was the main compound in the scale samples. Further studies are
needed to find an efficient antiscale in drinking water of this city.
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1. Introduction

Water distribution system is a key to public health. Water distribution network cannot be considered as an inert
system. Many reactions take place and solid deposit is formed on the walls of the water distribution equipments.
These deposits cause serious technical and economic consequences such as total or partial obstruction of pipes
leading to a decrease in flow rate; reduction of heat transfer, obstruction of the drains, thermal loss of effective-
ness in boilers or heat exchangers, the filling of the filters, etc. [1]-[4]. In one word, the consequences of scale
deposition are of different types: hydraulic, thermal and mechanical.

In this paper, we were interested to study water scale found in water distribution system in the downtown of
Taliouine. This town is located on the border of the Anti-Atlas and High-Atlas, near the city of Taroudant, in the
southern Souss region of Morocco. In fact, changing pipes transporting water from time to time is necessary be-
cause the scale formed in their interior wall decreased their diameter leading to poor performance. Henseg, it is of
vital importance to investigate this scaling problem in the water distribution system. Then, drinking water was
firstly analyzed. Physico-chemical parameters analyzed include pH, hardness, electrical conductivity, Ca®*,
Mg, K*, Na*, HCO,;, NO;, SO:, CI- and dry matter. Secondly, water scale samples were carefully col-
lected from the inside wall of pipes that were recently removed. In this work, two pipes were used: one transported
drinking water and the second transported hot water in a Moroccan steam bath. Several analytical techniques were
used: X-ray fluorescence (XRF), X-ray diffraction (XRD), differential thermal analysis (DTA), thermogravimetry
(TG) and Scanning electron microscopy (SEM) in order to identify and characterize scale samples.

2. Materials and Methods
2.1. Drinking Water Sampling

Sampling is the process of obtaining, containerizing, and preserving a potable water samples. In this work, water
samples were collected in terminal tap each month in the downtown of Taliouine city. Taps selected for sample
collection are supplied with water from a service pipe connected directly to the potable water network and are
the most frequently used. The faucet of spigot was turned on at one-half to three quarters flow, and then the tap
ran for approximately ten minutes to remove any stagnant water in the plumbing network. After this period, the
flow was reduced to a trickle and samples were placed in PEHD bottles (V = 5 L). Observations and sample
times were recorded on sampling sheets.

The Taliouine city is a Moroccan town located in Taroudant Province in Souss Massa Draa region. It is fam-
ous with a spice called Saffron. The weather in this city is semi-arid and water resources are limited. Summer is
hot and temperature reached more than 40°C.

The (Figure 1(a)) presents a general map showing the situation of the Souss Massa Draaregion in Morocco.
The detailed map (Figure 1(b)) shows the location of Taliouine city in the Souss-Massa Draa region.

2.2. Physico-Chemical Analysis

2.2.1. Drinking Water Analysis Methods
Water parameters such as pH, EC, Alkalinity, hardeness, ... fundamentals and characteristics elements were
measured by standard methods of water analysis [5]. pH, Temperature and Electrical Conductivity (EC) were
measured immediately after samples collection using Xplorer GLX PASCO PS-2002.

Total hardness was determined using method of complexometric titration EDTA in which Eriochrome Black
T (ErioT) is used as the indicator. The quantitative chemical analysis of sodium and potassium was performed,
using a flame atomic absorption spectrometer VARIAN. Sulfate was determined by a gravimetric method in
which sulfate is precipitated as barium sulfate. The absorbance of the barium sulfates formed is measured by a
spectrophotometer and the sulfates ion concentration is determined by comparison of the reading with a standard
curve. Nitrates content were determined by visible spectrophotometry. In the presence of sodium salicylate, ni-
trates give sodium paranitrosalicylate with yellow color which can be determined by colorimetric assay. Mea-
surements were carried at the wavelength of 415 nm. The titration of chloride concentrations in water samples
was done by mercuric nitrate method.

2.2.2. Water Scale Characterization Techniques
Two removed pipes were used to collect the scale formed in their walls: a drinking water pipe and a hot water
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Figure 1. (a) General map showing the location of souss massa draa (SMD) region in morocco (in northern
africa); (b) Detailed map showing the location of taliouine city in the souss-massa draa region of morocco.

pipe (in a Moroccan steam bath). Analytical techniques were used to identify and characterize the water scale
samples [6]. Qualitative and quantitative chemical analysis was carried with PAnalytical Axios X-Ray Fluores-
cence Spectrometer. The scale morphology was investigated by FEI Quanta 200 scanning electron microscope
(SEM). X-ray diffraction (XRD) was recorded using a PANalyticalX’Pert PRO diffractometer (Cu-Ka radia-
tion). Thermogravimetric analysis (TGA) and Differential thermal analysis (DTA) were carried out on a Shi-
madzu DTG-60 thermal analyzer, water scale samples were heated from 0°C to 820°C with a heating rate of

10°C min*.
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3. Results and Discussion
3.1. Physico-Chemical Analysis of Drinking Water

The physical and chemical properties of water samples including pH, temperature, electrical conductivity, total
hardness, calcium bicarbonate, magnesium, potassium, sodium, nitrate, sulfate, chloride and dry matter, were
determined. The analytical results ranges are summarized in Table 1.

The chemical composition of water samples shows that pH values ranged from 7.3 to 7.8 pH is one of the
most important factors that servers as an index for the quality. It was found to be neutral to slightly alkaline. The
electrical conductivity is relatively high. The EC average is 1.45 mS/cm. The high level of the calcium, bicar-
bonates and hardness in the drinking water reflect the soil and rock nature in the region. It is constituted by
clay-limestone (80%) and sand-silt (20%). As water moves through soil and rock, it dissolves minerals and
holds them in solution like Ca®* and Mg which increase the degree of hardness (69 French degrees).

The water samples analysis show that anions concentrations are below permissible levels as per standards [7].
The calcium is the abundant major cation. Its concentration reached 143 mg/l which is out of acceptable limits
[8]. It can enhance corrosion in water pipes. Magnesium and bicarbonate amount are also important and varied
respectively from 80 to 96 mg/l and from 660 to 750 mg/l. Those dissolved cations are the most common miner-
als that make water hard. Moreover, the values of sodium are high and ranged from 81 to 111 mg/l that in-
creased water scaling in the presence of chloride which reaches 90 mg/I.

During their movement, these waters give rise to the phenomenon of scaling. When waters were supersatu-
rated, those dissolved salt were deposited in pipe wall and equipment in the form of scale. The increase of scale
layer involved flow decreasing caused the seizing of the valves and taps. In hot water, it decreased the operating
efficiency of pipes and caused serious failures of other equipment because of the low thermal conductivity of the
solid layer.

3.2. Water Scale Analysis

3.2.1. XRF Analysis
The X-Ray Fluorescence (XRF) measurement identifies many chemical elements in the scale samples. In drink-
ing water scale, the Calcium is the major component element besides Iron (Figure 2). It’s followed by Magne-
sium, Silicon, Chromium then Sulfur, Oxygen, Chlorine, Phosphorus and trace amount of other elements such as
Sodium, Barium, Zinc, Potassium, Titan, Manganese and Nickel.

The same in hot water pipe, XRF analysis of the scale formed inside show that the main element is calcium
and the second element is iron (Figure 3). Then beside Iron, are Chromium, Silicon, Magnesium, Oxygen, Sul-
fur, Nickel and Strontium. Other elements are present in very low concentrations like Zinc, Barium, Copper,

Table 1. Physico-chemical analysis of drinking water in the downtown of Taliouine.

Parameters Minimum Maximum
pH 7.3 7.8
T(C) 17 21
EC (mS/cm) 14 15
HCO; (mg/l) 660 750
TH (F) 66 69
Ca** (mg/l) 108 143
Mg?* (mg/l) 80.3 96.5
K* (mg/l) 11 14
Na* (mg/l) 81 111
NO; (mg/l) 5.7 74
SO (mg/l) 190 257
Cl" (mg/ny 70 90
Dry matter (mg/I) 900 1095

680



N. Hafid et al.

L — — e e — —
< ; ; ' ' CaKA! -
]
g
Tt e T T

SR S— SR E— S SR
- | CaKB
| | | A KKA |
—_r
0.28 0.32 0.36
A (nm)

Figure 2. Examples of spectrums of XRF qualitative analysis of scale deposited in hot water pipe.
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Figure 3. Examples of XRF profile of scale collected from hot water pipe.

Chlorine, and Sodium which can be mobilized into drinking water [9]. Peng reported that the deposits formed
within drinking water distribution systems had the potential to retain inorganic contaminants [10].

Quantitative XRF analysis results are presented in Table 2. Scale samples were ignited at 975°C for 30 mn.
The loss on ignition both in the scale collected in drinking water and hot water pipes is 44 wt%. This percentage
main that all scale samples contain a high level of organic materials.

The scale calcination produces calcium oxide CaO which is a very corrosive product [11]. This oxide consti-
tutes 53% in the two types of scale. Other oxides were detected in very low quantities. Silica is found in water
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scale samples in a percentage of 1.15 wt% and 0.1 wt% respectively in drinking and hot water. Magnesium
oxide (MgO) weight percent is more important in hot water scale (2.40 wt%). Potassium oxide is not detected in
all of samples. Other oxides like iron oxide Fe,Os, sodium oxide Na,O and phosphorus pentoxide P,Oswere de-
tected in trace quantities (<1 wt%). Chloride in drinking water scale (460 ppm) is more important than in hot
water scale (297 ppm).

Calcium carbonate is the predominant component of scale deposited from drinking water, not only in
processes involving heat transfer but also in case without a temperature gradient as the transport of potable water
[12].

3.2.2. X-Ray Analysis

Scale samples were analyzed by X-Ray diffraction (XRD) method to determine scale crystalline structure. In
Figure 4 are the diffraction diagrams of drinking water scale (a) and hot water scale (b). The narrow peaks ob-
served indicate high crystallinity of the scale samples. It is seen that samples scale present different crystalline
structures.

X-ray diffraction results show two calcium carbonate polymorphs, the aragonite and calcite. Both minerals
have their highest intensity peaks at different positions, and overall appearance of the two modes is different. In
Figure 4(a), the peak at 26 value of 29.4° with a very high intensity indicates that only calcite was formed in
drinking water pipe.

However, Figure 4(b) presents peaks of the two polymorphs with different intensities. It can be seen that
aragonite has its greatest peak (111) at 20 = 26.25° followed in order of intensity decreasing by peak at 46°, 27°
and 33" and several lesser peaks, while calcite has a peak of 104 (29.4°) booming (Figure 4(a)). It should be

Table 2. Quantitative chemical analysis of water scale by X-ray fluorescence (weight %).

Compound Drinking water scale Hot water scale
Calcium oxide (CaO) 53.42 52.80
Weight in ignition 43.18 44.16
Silica(Si0,) 1.15 0.10
Iron oxide (Fe,05) 0.79 0.03
Magnesium oxide (MgO) 0.75 2.40
Alumina (Al,05) 0.20 0.00
Phosphorus pentoxide (P,Os) 0.18 0.14
Sodium oxide (Na,O) 0.14 0.10
Sulfur trioxide (SO3) 0.00 0.22
Potassium oxide (K,O) 0.00 0.00
oy 2
= =
L1 MM b |
10 20 30 40 50 60
20
@

Figure 4. XRD of water scale formed in: (a) drinking water pipe and (b) hot water pipes.
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noted that the calcite peak at 26°, 25° decreased in intensity in hot water scale (Figure 4(b)). Thus comparison
of the most intense peaks allows using the aragonite peak 221 (26 = 46°) as an indicator of the abundance of
aragonite. Another approach that provides a more intuitively acceptable result is to compare the calcite peak 113
at 26 = 43° and the aragonite peak 221 at 26 = 48° vertices. In this case, the hot water scale is a mixture of calcite
and aragonite which generates various high peaks, facilitating rapid approach glance. The aragonite percentage
is found to be 88% and the calcite is 12% in the hot water scale. In Figure 4(b), only the intensities correspond-
ing to the aragonite form have great intensity. The increasing of temperature in pipe transporting hot water fa-
vors the formation of aragonite which is metastable at normal ambient temperatures. Those two crystalline
forms of CaCOj;calcite and aragonite both natural and synthesized are the most studied. Their transformations
have been the subject of extensive and varied research, both experimentally and theoretically [13]-[19]. Their
structure has been also studied in different conditions by a variety of methods [20]-[28].

3.2.3. SEM Analysis

In many natural water, when the concentration of calcium carbonate exceeds the saturation level, its precipita-
tion is of concern. The crystallization of CaCOj3gives birth to agglomerate of particles which present different
morphologies depending on the conditions. The SEM micrographics in Figure 5 show different CaCOscrystal-
lization in scale samples. In drinking water scale, the calcium carbonate shows regular shape structure. The
crystals are rhombohedra-like and cubical (Figure 5(a)).

While, in hot water pipes, the needle-like aragonite crystals are observed in mixture with calcite crystals
(Figure 5(b)). The amount of calcite crystal decreases and aragonite crystal dominated. Conditions were favora-
ble for the formation of elongated shape crystals of aragonite [29]. Due to the crystal morphology we assume
that the needle-like crystals refer to aragonite and the rhombohedric to calcite. It is reported by literature that
calcium carbonate can precipitate in three types of crystal structures [30]: aragonite, calcite and vaterite. These
forms are reversible under some conditions [31] [32] affecting the mineralogy of the CaCOj; formation [11].
Basically, the solubility data show that calcite scale formation increases with a decrease in CO, gas partial pres-
sure, increase in temperature and pH, and decrease in the salinity of the solution [33] [34]. In other words, Ca-
CO;s scaling is a function of ionic strength of the solution, temperature, pH, calcium-cation concentration, and
bicarbonate anion concentration [35]-[38].

3.2.4. GTA and DTA Analysis of Water Scale

Thermogravimetric analysis was used as a complementary to DTA as it provides continuous weight variation
data relatable to DTA peaks. The curves obtained are given in Figure 6. The DTA thermograms exhibit one en-
dothermic peak with the maximum at 790°C. It shows the decomposition process of calcium carbonate which
starts slowly at about 350°C. This decomposition is accompanied of a mass loss of about 43% and 44% respec-
tively for a drinking water scale and a hot water scale. This is in reasonable agreement with XRF results above
and the literature value of 44% attributed to the decomposition of CaCOs into CaO with the loss of carbon dio-
xide [39]-[42].

4. Conclusions

The physico-chemical analysis of drinking water in the Taliouine downtown shows that it contains high amounts

Figure 5. SEM photograph of scale in: (a) drinking water scale and (b) hot water scale.
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Figure 6. Thermogravimetric and differential thermal analysis curves of scale samples in: (a) drinking
water scale and (b) hot water scale.

of minerals ions especially calcium cation and bicarbonate anions. These minerals ions precipitate and cause
problems in both drinking and hot water piping. Such ionic deposits leading to the formation of scale on the in-
side of the pipes are harmful because, first, they lead to a gradual clogging of pipes and, secondly, they promote
and facilitate the implementation and development the biofilm microorganisms.

The combination of XRF, XRD, SEM, GTA and DTA has been very useful to identify and characterize the
water scale deposited in pipes that were transporting drinking water and hot water. Analytical results show that
scale samples are rich in calcium oxide (53 wt%). Loss on ignition which is roughly equal to the amount of or-
ganic matter present was found to be 43 wt%. DTA and GTA curves confirm those results. The XRD results re-
veal that scale deposited in hot water pipe is well crystalline with peaks corresponding mostly to aragonite (88%)
along with calcite (12%) which are confirmed by SEM images. We can conclude that water scale samples depo-
sited in the two removed pipes are calcium carbonate which is related to the movement of the calco-carbonic bal-
ance.
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