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Accepted 24 Dec 2016 Pliocene clays from Tangier area (Northern Morocco) were stuttietest their
suitability as raw material for fired brick production. To assess their behaviour
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! Morocco, and apparent density of clays were determined. The chemical composition cor
! Tangier, mainly of SiGQ (32 B 60%), AbO; (7 B 30%), andCaO (0.5 b 32%). SSA and CEC
! Industrialclays, values of all the samples were low. The apparent density, pore volume, and mic
! Fired bricks properties, values were almost simila€lay bricks were prepardsy forming and shaping, and the
1

Technologicabehaviour  fired in the range of 80D1100;C. Firing shrinkage, loss mass and water absorptic
! capacity were done in order to characterize clays after fiiogt of the clay samples
Meriam.ElOuahabi@ulg.ac.be have the necessary properties for the manufacturing of brick products. However,
Tel: +32. (0)4. 366.2210 clay samples were above the norm of loss on weigiet ainly to their high amount o
carbonates. Furthermore, some kaolinitic samples from Pliocene blue marls
Cretaceous marls are inappropriate for buildielated brick fabrication, because of tt
development of portlandite in brick, when in contaghwnoisture of the airHowever
it will be necessary to mix them with other clays with little or no carbonate to d
their carbonates content and then enhance their workability.

1. Introduction

Bricks are the bedtnown type of building materiald, 2]. The customer is primarily interested in appearance
thickness, durability and few or no flawEhe suitability ofa clay source materiafor the manufacture of a
structural clay product depends principally onkiehaviourduring forming (shaping), drying and firing. This
behaviouwill determine the final properties of the brick, including its porosity and duraflity

The brick manufacturing process requitée monitoring of three main steps: drying, firing and sintering
processBrick bodiesmustbe dried befordiring; the drying time can vary from 18 to 60 hourdepending on
the nature and the moisture content of gheen warebody. Distortionand cracking carmccurif the drying
procesds too rapid or the interal thermal gradient i®o high; therefore the dying processnustbe carefully
controlled[3, 4]. The specific surface area (SSA) has been used extensively to interpret physical characteri
such as shrirkkwell potentials[5] as well as the Atterberg limit6]. This information appears quite
fundanental, because it relates to the thickness and arrangement of particles and, in consequence, the sv
behaviourresulting from the interaction of water with the partickurfacqd7]. The specific surface area of the
clay raw material indicates the water quantity needebe brick moulding procegs].

Firing is also a significant step duritige brick manufacturing processhere under the influence of heat effect,
sintering occurs to bind the clay particl@$is improves durability and strength o€lay brickswith respect to
the unfired ond4]. Bricks maythenbe expected to meet specific water absorption, fire resistance and thern
insulation criterid3]. Transformations in the firing profile can be divided into two processes: carbona
decomposition and phase transformation. The decomposition and phase transformations influence the evao
and intensity of the sintering procg$}. Thesetransformationsre accompanied by shrinkage and weight loss
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of the fired clay bodiesThe firing shrinkage indicates the degree of densification during sintering, and is vel
important for the dimensnal control of the finished ceramic products.

In Morocco, semindustrial and traditional fired bricks production doesn®t take into account the chemical :
mineralogical characteristics. Very limited studies on the quality and potential use of Moroccan clays have |
done, although clayey materiala primary material for local ceramic manufacturers. In the northern east regi
of Morocco,traditional firedclay bricks are important construction materigspecially in Tangier regioifhe
manufactures use the nearby clays from Cretaceous Rliocene outcrops located around the city of Tangier
Artisans reportedmproper brick productiordue to lack ofknowledgeof firing cycle and technological
properties The mineral composition of these clay materials was characterized in a previougl§tudangier
clays werediversifiedand consisted mostly of quartz, calcite, kaolinite, and.illieaddition,vermiculite and
smectite were present in some of the studied samilés.known thatball claysare the most suitable for
structural ceramic productiofB]. It was found that montmorillonite or illite confer high plasticity and high
shrinkage and tend to be nogfractory, with a short vitrification range, while aluminum hydroxide or kaolinite
confer refactory properties and have a long vitrification rgddgClays rich insmectite and veniculite ae
characterized bgwelling behaviourdue to highmoisture retention ability than other clay mineréibspractice
clays with a high amount of smectite are used in tikkkaitks making as additives to enhance plasticity of too
lean clay bodiefl?2].

The aim of this work is to study the suitabilitygroups ofclay raw materials having diverse clay mineralogical
composition in building bricks production. The clay samples belong to different outcragiffesént ages
(Table 1]J10]. The clayey materialselongedmainly toCretaceous and Pliocetays The behaviourfor brick-
making was studiedccordingto their dominant clay mineral.

2. Material

Twenty-threeclay samplesverecollected fromthe Tangierarea locatedin the Tangier Unit in the Rif domain

of Morocco (Fig. 1). From the east of the town of Tangier, g@mples were taken from marly limestone and
clay facies, while in the western area, the samples were collected from Pliocene sandy marls and L
Tortonian blue marls.

N

A

<. ~.]1: Forcland bascment

2: Meseta and Atlas
cover series

:] 3: Foredeep basins
I: 4: Detached Atlasic
cover at Prerif front

E[[D 5: Prerif
6: Alpujarrides-Sebtide

nappes

N 7: Intrarif, Mesorif, Rif

nappes

[:] 8: Sud-Betic Zone

:] 9: Maghrebian Flyschs

[-=-7] 10: Dorsale calcaire
units

- 11: Malaguide-Ghomaride
nappes

Strait of Gibraltar

Meseta

100 km Middle Atlas

Figure 1: Location and geologicahap ofthe study areanfodified after Saadi et la., 19885]).!

Based on the abundance of clay minerals, three groups of clay sampleistiegeiished: kaolinitic, illitic, and
smectitic and vermicultic clays. The kaolinitic clays were divided into twegsabps: kaolinitic clays, which

were rich in carbonates and kaolinitic cldygTable 1). The samples were marked as follows: TA stéod
Tangier region, K for kaolinite, | for illite, S for smectite and V corresponds to Vermiculite.

3. Experimental

Specific surface area was characterized by the analysis of nitrogen ad&bigsimnption isotherms, performed
at 77 K. The measurementgme performed using a sorptomatic Carlo Erba 1900, controlled by a computer.




Table 1: Description of the studied samples: Ch: chlorite; Il: illite; Ka: kaolinite; Sm: smectite; Ve: vermiculite
IC: interstratified clay minerals [10].

. Colour range  Carbonates Clay mineralogy

Samples Lithology of the material (%) (%)

Ch Il Ka Sm Ve IC
K-TAl Cretaceousnarlylime stoneFlysh  Reddishbrown 7 I 29 57 13 ! I
K-TA2 Cretaceouslay Yellow 29 I 1 B3 24 24
K-TA3 Cretaceouslay Yellow 35 13 19 68 ! I I
K-TA4 Cretaceouslay Gray green 15 17 24 50 ! ! 9
K-TA5 Cretaceousnarly lime stoneFlysh  Gray 34 I 1 84 | 16 |
K-TA6 Cretaceousnarly lime stoneFlysh  Yellow 38 I 23 65 | 13 !
K-TA7 Cretaceousnarly lime stoneFlysh  Gray 59 12 20 63 4 | I
K-TAS8 Pliocenebluemarls Gray 44 6 28 66 ! I I
K-TA9 Cretaceouslay Dark Gray 2 I 10 79 | 7 3
K-TA10 Cretaceousnarlylimestond-lysh Gray - 8 8 82 ! I 2
K-TA11l Cretaceousnarlylimestond-lysh Gray 18 5 6 82 ! I 6
K-TA12 Cretaceousnarlylimestond-lysh Gray 5 12 17 64 ! I 7
I-TA1 Cretaceousnarly lime stoneFlysh  Gray - I 55 37 8 | I
I-TA2 Cretaceouslay Gray green 23 7 80 13 ! ! !
I-TA3 Pliocenebluemarls Gray 8 I 64 | 36 ! I
I-TA4 Pliocenebluemarls Reddishbrown - I 59 41 | I I
I-TA5 Pliocenebluemarls Reddishbrown 22 11 68 22 ! I I
I-TAG Pliocenesandymarls Beige 29 I 84 5 11 ! I
V-TAl Cretaceouslay Gray 48 ! 129 | 71 !
V-TA2 Cretaceouslay Gray green 25 ! 1 33 48 20
V-TA3 Cretaceouslay Yellow 44 I 1 34 | 66 !
STAl Pliocenebluemarls Light gray 22 I 30 I' 70 ! I
STA2 Pliocenesandymarls Light gray 34 I ! I 96 | 4

The analysis of the isotherms was performed according to the methodoldgyclofix (1981)13], which
provides specifc surface area ggr), micropors volume calculated by the DubiiRadushkevichequation
(VDUB) and total pore volume calculated from the adsorbed volume at saturatiorB(\MpXensity {'s) was
determinedby helium pycnometryon the powdered samplesing Micromeritics Accupyc 1330 Textural
analysis(Sger, VDUB and Vp)wasdonein the laboratory of Industrial Chemist(idepartment of Chemistry,

ULg)

Cationexchangecapacity (CEC) was measuredingthe Schollenberger methdd4]. The samplg werefirst
saturatedvith ammonium acetate (1NInd then the ammonium ions in the supernatant were deprotonated in
ammonia with sodium hydroxide solution (0.1N). The amiaaontent was determined by distillation into a
known amount of acid and batikrated by the Kjeldahl methdd 5].
The concentrationf majorelements (Si, Al, Fe, Ca, Mn, Mg, Na, K, Ti,&d S)in the samples was measured
on 2 g of dried and homogenized loose powder using a Bruker S8 Tiger wavalmpgisive XRay
Fluorescence (WEXRF) spectrometer equipped witlin Rh anticathode. Calibration was made using 35
commercially available certified refence materials of similar matrix (sedimentary rocks, river, lake and marin
sediments, sandsand soils). The accuracy rangdbm 3 to 7% except for S (25%) and P (20%).
Reproducibilty is above 99% except for S (89%) and P (97%). More details abouméteod and the
calibration can be found if16]. Later, the same powder samples were heated to O 2h to determine the
Losson Ignition (LOI).

Differential scanning calorimetry (DSC) and thermograviméirg) were conducted simultaneously using a
NETZSCH STA 409 PC instrument (Industrial Chemistry, Department of Chemistry, ULg). Samples wx
heated from room temperature to 0@t 1QC min-1 under atmospheric fir7].

Technological testing consisy of a simulation of théndustrialprocessvas performed on a laboratory scale.
After drying, the samples were grounay crushing €2 mm)and theneach clay sample as wetted with
distilled water to obtain homogeneous pdsterder to achieve the propplasticity for modding. They were

left to rest for 24 h in sealed nylon bags to obtain homogenous moist distribithiemthe paste wamade by
hand in a mld. The samples obtained with these shaping techniquegtararong, 2cm wide and 2cm thick.
These samples were then drieith a shadedand ventilatedroom. Ther mass anddimensions(measured
diagonally)were measuretb calculate the dryinghrinkageollowing different drying times




The dried sample§l8 h in a shaded roomand therduring 12 h at105/C in oven)were kilnfired at different
temperaturesg00, 850, 900, 950, 1000, 1058nd 110QC) over 1hThe linear contraction (LG)ascalculated
as LC (%) = (LibLy)/Li#100, where: LC- linear contraction (%); .- initial length of thespecimenL;- final
length of thespecimenThe water absorption capacity (WAC) was determiimefired clay pieces after each
heating cycleaccording to standard procedWw®E [18].After preliminary measurements aktend of firing
and cooling, tk bodiesof each lot were kept dry ianoven untilbeing subjectetb water absorption. Each dry
and cootd specimen was weighed (P1) and then immersed into clean watgiCafd2 24 h. The specimens
were removed from the water, their surfaces were widédarmd the weight (P2) of each was measured
immediately. The water absorpticapacity(WAC) was calculated a8/AC (%) =(P2 P1)/P#100.

The analysis of mineralogical phases of the fired samples was carried odtayydifraction (XRD, Bruker
D8-Advance diffractometer with CuUK radiations) on powdered bullDiffraction patterns were recorded
between 2 45j Zpat a step size of 0.02%2The X-ray powder patterns were treated by the DIFFRAEpIu
EVA software to remove the background noise and to calculate profile parameters suneh @osilion and
intensity peak.

4. Results and discussion

4.1} Physicochemical properties

The physicechemical properties of the ceramic materials be producedlependhighly on the raw clay
composition[19] and thetextural properties (&A, CEC,porevolume micropore values and apparent density
The specific surfacarea (SSA) ofheclay samplesanalyzd herevasquite variableandranged from 13 to 49
m’g™* (Table 2.

Table 2 Cation exchange capacit€EC), Specific surface area (SSA), pore volume (Vp), micropore values
(VDUB), and apparerdensity of clay samples

Samples| SSA (nfd®) | Vp(cm’gd) | VDUB (cm’d?) CEC (mEq100 d) [Apparent density (a/cth
+5 +0.05 +0.01 +5 +0.02
K-TAl1l 49 0.09 0.02 17 2.72
K-TA2 20 0.08 0.01 21 2.66
K-TA3 17 0.07 0.01 20 2.78
K-TA4 22 0.07 0.01 22 2.68
K-TA5 28 0.07 0.01 18 2.71
K-TAG6 27 0.06 0.01 11 2.76
K-TA7 28 0.04 0.01 12 2.8
K-TA8 27 0.04 0.01 22 2.73
K-TA9 35 0.06 0.02 17 2.68
K-TA10 22 0.04 0.01 13 2.74
K-TAl1l 39 0.10 0.02 24 2.73
K-TAl12 13 0.08 0.01 16 2.73
I-TAL 26 0.07 0.01 11 2.76
I-TA2 35 0.09 0.02 9 2.61
I-TA3 29 0.04 0.01 15 2.7
I-TA4 20 0.03 0.01 13 2.75
I-TAS5 24 0.04 0.01 12 2.72
I-TAG 25 0.09 0.01 19 2.74
V-TA1 35 0.06 0.02 21 2.61
V-TA2 19 0.07 0.01 21 2.67
V-TA3 27 0.04 0.01 18 2.71
STA1 24 0.04 0.01 13 2.71
S-TA2 40 0.08 0.02 17 2.76

The CEC values of the samples were low and within a similar range from 9 to 22 meq/100 g. Pore volt
micropore, andapparent densityalueswere almost similafor all clays(Table 2) Generally, kaoliniticand
sone illitic and vermiculitic claysamples showed the lowest CEC and SSA values. According to the literatu
[20-23)], kaolinite has a lower SSA value (D@20 nfg™) than illite (659100 nfg™) and smectite (50800 nfg’

. The variability of SSA and CEC between samples is toueariable argillaceouslay fractions, the clay
mineralogy and the particlize distributior{24, 25]. The higher specific surface area of some clay$4A3, K-
TA1l and KTAL) indicatesthe need for more water being used in the brick shaping process.

The chemical composition of the samples is presented in Table 3. In all of the sampl@2%iO60.2%) and
Al,0O5 (7.1 D30.9%) are the major components, because of the presence of clay minerals ard @u&dsO;

is also a main constituent, especially, in the smectitic £81%.6%) and illitic clays (5.D 18.6%). CaQis




anothermajor component, in the vermiculitic clays (182822.1%) and kaolinitic clays (1.8 32.3%).Alkali

oxides (KO, NgO) are mostly presd in smaller amounts, varying between @%.2% and 0.0® 1.46%,
respectively, for KO and NaO. The mostmarkedvaluesof K,O (1.596.2%)are presenn the illitic clays[26,

27]. A relatively high MgO (2.2D 7.2%) content is also present in the illitic claysT/AL and KTA12. All

clays show a significant LOI, especially for samples rich in Ghi®josson ignitionis associatedo cartonate
decompositiorf28, 29|, and clay dehydroxylation.

Table 3. Chemical analysis (wt. %). LOI: Loss On Ignition.

Samples SiO,  Al,O- CaOo MnO MaO NaO K,O TiO, P,Os SO L.O.1
% % % % % % % % % % % %
K-TAl1 46.9 30.3 13.4 1.1 0.1 1.8 1.1 40 087 0.17 0.28 11.3
K-TA2 49.2 18.1 7.8 13.6 0.0 9 04 1.6 0.58 0.72 0.02 17.4
K-TA3 459 26.2 11.1 9.0 0.0 1.4 0.7 2.2 0.82 0.63 0.02 15.8
K-TA4 50.2 20.1 14.6 11.8 0.1 2.1 0.6 1.9 0.63 0.42 0.50 15.0
K-TA5 471 21.9 9.0 14.9 0.0 1.0 04 2.1 0.72 0.63 0.02 19.1
K-TA6 456 21.9 10.7 16.7 0.0 1.0 04 2.2 0.73 0.67 0.02 19.9
K-TA7 328 15.2 10.4 32.3 0.0 2.2 0.2 1.2 0.43 0.41 0.38 29.1
K-TA8 43.7 26.8 11.3 12.5 0.2 1.8 1.2 40 0.75 0.21 0.48 14.8
K-TA9 542 31.0 13.6 15 0.1 2.0 1.2 29 093 0.14 0.04 11.7
K-TA10 49.9 30.7 16.0 2.1 0.1 2.1 1.0 2.7 1.08 0.26 0.28 94
K-TA11 47.2 25.3 9.8 8.8 0.0 1.9 1.0 2.8 0.77 0.48 0.30 15.1
K-TA12 44.6 7.1 3.8 21.9 0.2 7.1 0.1 0.7 0.25 0.73 0.30 24.9
I-TA1 48.2 26.6 15.6 0.6 0.1 2.2 1.3 50 0.73 0.19 0.04 9.1
I-TA2 41.2 204 8.3 14.4 0.1 2.8 0.8 42 0.67 0.44 0.02 16.6
I-TA3 58.8 17.9 8.0 3.9 0.1 7.0 04 2.7 053 1.08 0.04 11.7
I-TA4 52.6 29.8 18.6 0.5 0.1 2.4 1.5 6.2 0.77 0.27 0.04 7.1
I-TAS 455 23.8 10.1 6.8 0.1 3.4 0.8 43 0.68 0.37 0.10 13.2
I-TA6 60.2 11.2 5.2 9.8 0.2 7.2 0.2 1.5 0.35 0.67 0.02 17.9
V-TAl1l 354 146 12.5 19.2 0.1 0.9 0.2 1.3 0.50 0.47 0.02 22.6
V-TA2 442 184 12.2 18.9 0.1 1.2 0.5 1.7 0.58 0.49 0.02 21.3
V-TA3 38.2 15.6 6.2 22.1 0.0 1.2 0.2 1.5 0.53 0.33 0.02 23.8
STAl 59.3 19.9 9.0 4.2 0.1 7.4 0.5 2.8 058 0.76 0.44 11.4
STA2 49.0 30.8 15.6 2.5 0.1 1.9 0.8 29 0.98 0.37 0.12 11.2

The amount of silica and aluminum have a decisive influence on the mechanical resistance of the final proi
[30]. The presence of silica prevents cracking, shrinking, and warping of raw bricks and also provides unif
shape to the bricks (Rajput, 2004). The relatively high amount,@fEesesa redcolour afterfiring. However,
Fe0sis notthe only factor responsible for the coloration of ceramic wares. Similarly, i3 #&soresponsible

for the dark colourCaO, KO and MgO are alkali and alkaline earth metals acting as flux in relation to cla
minerals, they reaction with increasing temgtere results in liquid phase at lower temperature than that o
melting. The alkali and alkaline oxides can induce early vitrification, increase the firing shrinkagieapdse
the firing temperature, with a corresponding energy saj@ig 32]. The DTA results for the Tangier clay
samples (Table 4 and Fig. 2) revealed that endothermic peak shown around 95 to 150;C was due to the r
of adsorbed watef33]. The broad exothermic peak in the temperature region!2480;C is dueto the
combustion of organic materials present in the clay sam8i4s the organic matter content was ranging
between 0.96 to 3.50%.

The endothermic peaks at 580/00jC, with a maximum at 540 and 650;C, are due to the dehydroxylation ¢
clays, specifically kaolinit¢35, 36]. The TGcurves of Tangier clays (Table 4) show a slight mass loss belov
150;C, associated with the loss of loosely adsorbed water. A small mass loss was observed between
450jC and a slight mass loss (2.17%.78%) was observed between 500 and 550;C, folldwed major mass
loss (3.16! 7.73%) event between 600700;C. The main mass loss for the Amadcareous clay resulted from
dehydroxylation of clayg37]. In general, both kaolinite and illite are dehydroxylated atB580;C[38], while
smectites are dehydroxylate in the range of B860vC and 6@700v4C depending on its composition and the
cis/trans vacancid89].

4.2 Drying behaviour

The drying capacities suggedtey the Bigot curvep4(Q] for the investigated clays were carried out by
drying results obtained in laboratory simulatimndrying in air for 48 hBigot's curvels mainly used




as preliminary indicators in the choice of raw materials for ceramic indi4sl43]. BigotOsurves
expressed by mass loss in terms of drying shrinkageation andcritical points Kt) coordinates are
given in Fig. 342, 44].
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Figure 2: Schematic representation of clay samples transformation by thermogravimetric and differen
thermal analysis (T®DTA).

The drying process behaveésferently for the three categories aoflay. The Bigot's curvegxhibit the two
characteristic phases of the drying process: the firstionbaracterized by initial weight loss associated with
shrinkage and the second successive pimasearked by weight loss with no further shrinkage (Fig.3). The
kaolinitic claysshow a largewvariation inbehaviour during the first phase of drying, where we can see twi
categories of behaviour3he first one (kaolinitic claya) has a mass loss between 5 and 1886l shrinks
9%during the first phase of BigotOs diagidiig.3). Kadlinitic clays-b) lose 4 to 13% of their masshile
showing between 4 and 12% of shrinkaghke illitic clays lose between 2 and 15% of weight ahdnk by
15%Vermiculitic and smectitic clays show a larger weight loss %), with a slight shrinkageanging
between 7 and 9%.All the clay bodies stabilized between 20 and 27% weight loss during thedsgangnd
phase The highest drying shrinkage value occuilire®-TA7 (15%), which caused crack orthebody surface

is mainly due to fine grain size tfe mostaolinitic claysb[9]. There were alsemall cracks in some smectitic
and vermicultic clays (§A1 and TA2), due to the presence sivelling mineralsDrying shrinkage occurs
when grains are approaching each other. In the first time of dryamt), garticle in the body is separated by
water film. The water film becomes thinner until the Ocritical pointO, at which the rate of drying and shrink
sharply change, and the particles come into contact, occupying the open space left by the rele48d wal
44].The samples having the high drying shrinkage need sand addition to decrease the drying shrinkage &
prevent cracks. In this way, the reduction in the drying shrinkage brings several advantages; these are: a
drying process, a decrease in energpsumption, and a smaller risk of developing cracks and dimensionz
effects[30].




Table 4: Themass losses (%) registered on TG curves

Endothermigpeak Exothermicpeak Endothermigeak Endothermigeak

Samples
(95! 150;C) (243! 450iC) (500! 550;C) (600! 700;C)
K-TA1 0.87 2.57 5.52 7.61
K-TA2 1.26 1.99 4.04 5.85
K-TA3 1.35 2.14 5.09 7.29
K-TA4 0.35 1.23 3.31 4.45
K-TA5 0.71 2.45 4.62 6.50
K-TA6 1.59 2.52 3.34 6.04
K-TA7 0.67 1.68 2.80 4.61
K-TA8 0.98 1.75 4.68 6.42
K-TA9 0.93 2.16 4.34 6.00
K-TA10 0.81 1.76 4.17 5.67
K-TA1l 0.83 2.20 4.41 6.02
K-TA12 0.32 0.96 2.51 4.05
[-TAl 0.25 1.34 5.97 5.76
[-TA2 0.71 1.31 3.06 3.85
[-TA3 0.72 1.44 3.81 4.47
I-TA4 0.64 1.31 3.65 5.20
[-TA5 0.78 1.07 2.74 3.98
[-TA6 0.89 1.95 3.89 5.52
V-TA1l 0.95 3.49 5.23 7.73
V-TA2 0.78 1.53 2.41 4.48
V-TA3 0.67 1.99 3.12 5.08
STAl 0.30 1.14 3.07 3.16
S-TA2 0.75 1.90 7.78 !
- : P

©
L

)
L

Drying shrinkage (%)
Drying shrinkage (%)

T T T T T J T T T T T d
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Weight loss (%) Weight loss (%)
14
14 Kaolinitic clays-a
- = = K-TAll
12 e
— — — K-TAS
10 10 K-TA3

Drying shrinkage (%)
Drying shrinkage (%)

0 5 10 15 20 25 30 0 5 10 15 20 25 30
Weight loss (%) Weight loss (%)

Figure 3: BigotOs diagram of the examined clay sanffiestitical point

4.3) Firing behaviour

The sintered specimen(&ig. 4) showedan increasén firing shrinkagewith increasing firing temperatufer all
samples. However, the sinterelhy samples showed more significant increasén shrinkageat higher firing
temperaturesThe firing shrinkage behavedifferently below and above 950. This is related to the distinct
sintering mechanisms in these temperature ramgtsvee®00and50;C, there is a small firinghrinkage @b




3.3%).At this temperature thelay structure break down and the vitreous phases begin to famd moreover
thermal decomposition of carbonatescurs Above 1000;C, the curves of firing shrinkage sham increasén
firing shrinkageBy comparing firing temperatures of 1000 and 1@Qahe firing shrinkages allitic, smectitic

and vermicultic, kaolinitiEa, and kaoliniti&b clays increased from 3.2 to 812.7 to b, 2.5 to 9.46 and 6.3

to 9.4%, respectivelyThis sudden changie associated with a more significant liquid phase formation.

The presence of quartz in clay samples will decrease the firing shripdslg®elated tahe transition of alpha

to betaquartz involves a volume increase, on cooling wherré¢lersible reaction back to alpha quartz takes
place it leaves open space on the sintered 8laginkage may increase in the presence of alkali, iron, and alka
earthg/46], This is due to the formation of a liquid phase, which leads to the densification of the ceramic pie«
With regard to geochemistrifable 3), illitic, smectitic, and some kaolinitic clays have high alkaline fluxes
(K20 + NaO), which stenfrom smectite micaceous minerals, and feldspaohtained in théaolinitic clayslt

can be seen thahe shrinkage at 1100;C tends to be slightly lower for most of the clay samples, except
kaolinitic clayb, vermiculitic clays, and-TA2, due to their high FeO contenivhich resulted in the
densification(Table 3) Normally, a good quality brick exhits a total shrinkage below 8§47], andmost of

the Tangier clays have shrinkage values from 2.7 to 7.7%, which are within the limits for industrial br
production.As an exception, KTAl11l and kTA12 areslightly abovethe limit, with a firing shrinkage value of
9.4%. Increasing the firing temperature resulted in an increase in brick weight loss, related to the evolutio
volatiles and the sintering of specimens, which are characterized by the transformation of the crystalline pt
(Fig. 5).
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Figure 4: Influence of firing temperature on the shrinkage

While it is well known that brick weight loss depends on the inorganic substances in clay being burnt off du
the firing procesq8]. A significant weight loss is observed up to 850;{C for most of the clay samples at
thereafter we note a slight increase in loss in weight of the fired specimens. At 1100iC, there is a wide varii
in loss on mass from 4.9 to 32.8%. This high loss oightés observed particularly for-KA6 (18.9%), KTA9
(18.2%), FTAG6 (19.1%), VFTA3 (25.1%), and KTA7 (32.8%), which is due to the high content of CaO (Table
3). The loss of weight criterion for clay brick is 19%8], and most of the bricks made for this study meet the
weight loss criterion, except for some kaolinitic clay6-TA5, K-TA6, K-TA7, K-TA9, and KTA12),
vermiculitic clays(V-TA2 and \*TA3), STA2 and FTA6 which are above the normilowever, it might be
useful to mix these raw clays with other noalcareous ones, or to add additives in order to dilute thei
carbonate content and subsequently reduce their weightDassg the heatingt 1000;C the K-TA8 and k

TA7 sintered sample (from Pliocene blue marls and Cretaceous marls, respectively) showed small white g




("1 mm) that were discernable with the naked eye, and also a domed surface (Fig. 6). A white fiboraftea
covered the upper surface of theTKR8 and KTA7 fired bricks at 1000;iC and a small crack was observed.
This surface deformation and cracks development can be explained by the reduction of the porosity, whi
related to carbonate decompositiordahe formation of CaO. Furthermore, the hydration of CaO can cause tt
expansion and the initiation of cracks.
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Figure 5: Firing temperature in tergof the loss on weight variation
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Figure 6: Powder Xray diffraction patterns of KIA8 heated bricks

If the gases do not have sidient time to diffuse into or out of the brick during firing, the brick bleEkTo

explain theformation of small white grains at the surface of tfieed brick, K-TA8 specimenssintered at
different temperatures wemmalysed by XRD in powder form The white grainswere identified ashydrated
calcium carbonatesThe X-ray diffraction patterns othe fired K-TA8 also show greigite (F&'Fe™*,S,)

formationfrom 95Q Cwithhighpeakntensity at 100QC(Fig. 6).The inel phase is formed at 98D, followed

by cristobalite formation at 1000. Hematite is detected at 1@ Small white grainswvere identified as
hydrated alcium carbonates (Ca(OH)2)which results from the combination @aO andH,O at high
temperature to forn€a(OH)2 where the Ca is present originally as calcium carbonate in the rasv thay
calcium carbonate CaGQs transformedto CaO at higher taperature Carbonate decompositiottiggers
shrinkage of the bridkQ]. In contact with the moisture of the airurnt lime (CaO)easily transforms into
portlandite according to the followirrgaction[51]:




CaQs)+ H,O (1) & CaH)2(s)

This process generates crystallization pressure in confined spacassehe brick poresreoccupied byCaO,
which leadsto cracks developmen{Table 5.

It can be assumed that Ca angDHhave combined to form portlandite during heating. CaO is slightly high ir
concentration in this raw clay, about 12.5 and 8843, respectively, for KTA8 and KTA7 (Table3). To make

the K-TA8 and KTA7 clays suitable for brick manufacture, the carbonates content must be diluted by blend
these two clays with little or no calcareous clays. Another solution can be to heat these clays at Ic
temperature (below 950;C) tov@id the formation of lime (CaO).Water absorption capacity is an importan
factor affecting the durability of bricks. The less water that infiltrates the brick affects their resistance i
durability. Water absorption is measured to investigate the eafesnsification in the fired body and also
used as an expression for the open pores. The results indicated that water absorption is a function of
temperature (Fig. 7). For all clays, the water absorption values decreased when the firing tenipersases,
because of the vitrification of the clay. An increase in sintering temperature causes a decreagmir tspalce

in the structure, and then decrease the permealilly Water absorption is related to the open pores, and the
is related to densification. The water alpgimn of the clays decreases sharply above the temperature of 1000
(Fig. 7),dueto the sinteringandthe formation of theylassy phaseAt 1100;iC, a remarkable decrease of water
absorption iobservedMost of the clays have values from 0.1 to 8.9%hit firing temperature.
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Figure 7: Variation in water absorption with firing temperature

As exceptios, I-TAB, I-TA5, and STA2 have high water absorption capastof 15.26, 14.26, and 11.4%,
respectivelyThe variations observed in the wasdrsorption capacity aggartly due tothe varationin chemical
composition Table 3. The high water absorptidar I-TA6 is related tasmall amourg of flux (NaO and KO),
which reflects high permeability associated with high porosibpve 110QC, the densificatiolehaviourof the
clay is influenced by the presence of flux materials such,@s KaO, Fe,0;, andCaOin theraw clays which
may contribute to vitrificatioi53, 54].According toMilheiro et al., 20059], the acceptable values of water
absorptionarelower than25% for bricksandlower than 206 for roofing tiles andall of the Tangierclayshere
showacceptable values for both bricks and tiles abc@0iC.

4.41The appearance of bricks bodies

The colourand appearance of the fired ceramic pieces were examatn®@0;C (Table 5. Thecolour of the

bricks have not been compared to standaadisur charts, they are made by our subjective observaltiast of

thefired brick pieceswerered or dange rd due tothe high amount of iron oxidia the clays (Table 3.A light

creamor grey colour is observed in4dTA6, S TA2, and STAL. Thelight colouris due tothe presence afmall

amountof FeOand CaO, whichgive a buff/yellow colour. Most ofthe brick piecesdo not showany aesthetic
default with the exception ofthe appearance of som#hite spotsin K-TA8 andafine film of carbonatesn the

surface ofK-TAS8 fired brick It shouldalsobe notedthe persistence of cracksrmedduringthedrying process
for V-TA3 and STAL.




Table 5: The appearance dfebrick bodies at 1000{C

Clay samples Colour The shape of the surface
Kaolinitic-claysa
K-TA2 orangered
K-TA3 orangered
K-TA4 orangered
K-TA5 orangered
K-TA6 darkgrey
K-TA7 orangered  white film at surface and small cracks at drying and firing
Kaolinitic-claysb
K-TA1l red
K-TAS8 red small white spotsjomed surface and small cracks at firing
K-TA9 orangered
K-TA10 red
K-TA11l red
K-TA12 red
Iliticclays
I-TA1 red
I-TA2 red
I-TA3 red
I-TA4 red
I-TA5 orangered
I-TAG light cream
Smectitic and vermiculiticclays
V-TA1l red
V-TA2 orangered
V-TA3 orangered small crack at drying
STAl light grey small crack at drying
STA2 light cream
Conclusion

In this research, the suitability of groups of cays from northern Morocco (Tangier region), having a dive
mineralogical composition as the raw material for brick making was investigated. The clay materials belon
Cretaceous and Pliocene deposits. Tday fraction consists of kaolinite, illite, chlorite, smectite and
vermiculite. Chemical analysis results of the clay fractions confirmed th@t Ahd SiQ, accompanied by a
significant amount of iron oxides are the major components. CaO is anothmeraoajponent in vermiculitic
and kaolinitic clays. The alkali oxides {&, N&O) are present in small amounts.

The present investigation can help to improve the Cretaceous and Pliocene clays used for bricks as w
contributing to correct exploratiomhe studied clays show mostly good drying properties. Furthermore, firing
shrinkage and water absorption of the bricks were in compliance with the criteria for buildingBiAgk (
2006. In accordance witlthe loss of weight criterion for a normal clay brigk8], some kaolinitic and
vermiculitic clays are above the norm.

From the pait of view of the industrial application for Cretaceous and Pliocene clays, it can be stated t
according to their composition and behaviour, they are mostly suitable as raw material for fired bricks.
positive results obtained in this set of preliamyptests lead us to envisage new research focused on testing the
on a semindustrial scale, and assessing the effective possibility of using them as raw materials for bi
manufacturing in local ceramic industry. But, the high linear shrinkage, hegihtoss and cracks observed on
some specimens indicated that degreasers are necessary, in order to reduce their plasticity and to dilut
carbonates content before using in brick production. Further applied tests on the clays studied haveed be c
out to determine the best formulations for fired brick products.
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