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ABSTRACT

The relationship between composition and physical parameters such as
specific surface area, cationic exchange capacity and plasticity is studied
with the aim of devel oping regression model sthat would permit the prediction
of clay properties. These models could be useful for mineralogists and
industrial applications. Nineteen representative clay sampleswere collected
from Jebel Ressas in north-eastern Tunisia. Mineralogical data show that
clay samplescover avery large variety of minerals. Themainclay minera is
illite (50-60 wt.%), secondary minerals including quartz, calcite and minor
amounts of Na-feldspar. This study reveals that the average amount of
silica(Si0,) and dumina(Al,O,) are51.9 and 19.6 wt.%., respectively. The
contents of lime (CaO) and iron (Fe,0,) vary between 4 and 8 wt.% whereas
the amount of alkalis (Na,0 + K,0) ison average 4.1 wt.%. The grain size
dataindicates a significant amount of silt fraction, and the fraction < 2 um
varies between 23 and 35 wt.%. Valuesfor plasticity index rangefrom 16 to
28 wt.%. The cation exchange capacity and the specific surface values are
34.1 — 45.7meq/100g of air—dried clay and 302 — 374 m?/g, respectively.
Lastly, regression models are used to correlate the properties with the
mineraogical and chemical compositions. The significanceand thevalidity
of model swere confirmed by statistical analysisand verification experiments.
The regression models can be used to select the clay properties (plasticity
index, cation exchange capacity and specific surface) in relation with clay
minerals proportions and the finer fraction amounts.
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INTRODUCTION

Clay materials are secondary sedimentary prod-
uctsfound in many parts of theworld. They occur es-
sentialy ingeologicd formationsof Mesozoicand Ceno-
zoicera. They havebeen animportant natural raw ma-
terial, and havealarge variety of usesin geology, agri-

culture, condruction, engineering, processindustriesand
environmental applications. In particular, clays are
widely used inthe manufacture of many traditiona ce-
ramics. Each ceramic body-product requiresclayshav-
ing particular and appropriate compositions. In order
to havethe best quality of the end product, we must
identify theraw material and know therelationship be-
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tween minera ogica and physical parameters.

Our study areaincludes Jebd Ressasin north-east-
ern Tunisia the clay sedimentsarecomposed of Aptian
claysalternating with occasiond sandstoneunits(Fig-
urel). Theaveragethickness of useful claysis380 m.
Thegeology of thestudy areaand itssurroundings have
been reported by!33102L1 This work is integrated
within theresearch program dedling with the character-
istics(minerdogical, chemicd and physicd properties
ceramic) of theraw materiaslocated intheregion proxi-
md totheceramicfactories (30-40 km from Tunis, the
Tunisancapitd).

Many studieg¥22272028124139 ghow that the plas-
ticity isgresatly related to theamountsof clay minerals
and finer fractionin theclays. On the other hand, the
argillaceousrocksare characterized by aspecific sur-
face and cation exchange capacity, which vary when
the proportions of clay minerals and finer fraction
vary!®4 centred on the establishment of amathemati-
ca mode between minera ogica—granulometric analy-
sesand physical parameters. No study has been estab-
lished for smultaneous optimisation of theTunisanclay
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Figurel: (a) Thegeographic; (b) geological situation of the
study sector (Turki, 1988); (c) synthetic lithostratigraphic
log of J. Ressas
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properties up-to-date. Themineraogica and physica
propertiesof Aptian claystaken from Jebel Ressaswere
measured to assessits suitability asraw materialsfor
traditiond ceramics.

MATERIALSAND METHODS

Nineteen samplesweretaken from the study area.
Inorder to ensure arepresentative sample, no lessthan
5kg of clay was collected from Jebel Ressasin north-
eastern Tunisia, every 20 m-along aline. Theraw ma-
terialswereinitially dried at 105 °C until a constant
weight was achieved, and they were powdered for 30
min. To prepare the oriented aggregates, the clay-size
fractionwaspurified by classica methods. Infact, the
raw materia was completely decarbonated by adding
asmall amount of 1N HCI, and treated withH,O, to
eliminate organic matter. Themateriad waswashed five
timeswith 1 N NaCl, excess salt being removed by
dialyss. Thefraction < 2um was separated in a centri-
fuge, and the suspension wasdried at 60 °C2431.21,

Themineraogica anaysesof sasmpleswerecar-
ried out by X—ray diffraction (XRD) analysiswith a
Philips X Pert diffractmeter using CuKa radiation
(1.5418 A). Diffraction data were collected in the range
from 2° to 70°. The accelerating voltage and filament
current weremaintained at 40 kV and 40 mA, respec-
tivey.

The concentrations of mgor elementsof theraw
meateria sweredetermi ned with atomic absorption goec-
troscopy, after tri—acid digestion of each sample in mix-
turesof HCl - H,SO, - HNO,. Lossonignition (LOI)
was measured from total weight after ignition at 1000
°C for 2 h. The experimental error is + 2%.

The cation exchange capacity (CEC) ismeasured
using the standard acetate ammonium procedure®,
Each cation was measured in meg/100g and after the
sum of exchangeabl e baseswas determined.

Specific surface areawas determined with methyl-
ene blueindex method. A suspension of 10 g of pow-
dered clay and 100 mL of distilled water was prepared
and mixed with amethylene bluesolution (10g/L). One
drop of thissuspensionisthen placed upon filter paper
and thevaluefor the specific surfaceisderived from
the quantity of adsorbed methylene blue™?. Itisused
to classify theargillaceousfraction activity and to de-
tect expandable clay minerdslikesmectite.
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TABLE 1: Themineralogical and chemical analyses of studied clays. Cm: Clay minerals, Qz: Quartz; Cc: Calcite; Fel:

Feldspar
Chemical compositions (%) Mineral ogical compositions (%)

SO, Al,0; Fe0; CaO MgO Na,O KO TiO, MnO LOI Cm Qz Cc Fel
JR1 534 186 6.1 54 18 0.9 31 0.4 0.3 9.2 48 23 18 n
JR2 501 201 55 7.2 15 08 32 03 03 107 42 28 23 07
JR3 521 184 6.1 8.2 1.3 09 38 02 02 78 57 21 15 07
JR4 492 192 7.6 6.6 12 0.5 3.0 0.4 05 111 53 18 20 09
JRS 484 191 6.7 7.5 10 0.7 3.9 0.6 03 1.2 51 23 20 06
JR6 542 174 5.8 69 09 06 33 04 02 94 60 19 15 6
JR7 558 172 5.1 69 07 06 29 02 03 97 65 15 12 08
JR8 48.6 187 74 1.7 0.6 0.3 3.3 0.2 0.2 123 51 18 18 13
JR9 478 213 7.6 6.9 0.7 0.8 35 0.3 03 104 55 20 17 08
JR1I0 521 208 5.8 74 04 06 32 02 04 83 49 17 26 08
JR11 548 235 6.2 46 05 08 25 01 06 63 50 20 20 10
JR12 556 186 5.6 7.9 0.2 0.4 4.0 0.2 0.6 6.2 47 24 18 n
JR13 517 20.6 6.7 5.8 0.4 0.6 3.2 0.4 0.3 9.8 45 24 20 n
JR14 511 208 5.4 68 03 09 37 03 03 99 42 24 20 14
JR15 489 225 6.3 59 04 08 38 05 04 97 40 27 20 13
JR16 475 198 7.3 6.4 0.8 0.9 3.8 0.6 03 1.7 44 30 18 08
JR17 525 19.2 4.2 7.2 13 0.8 3.7 0.3 0.5 9.5 44 27 20 09
JR18 56.6 19.8 55 4.2 1.2 06 38 05 05 67 48 22 18 12
JR1I9 559 205 41 51 1.9 07 34 05 03 69 45 24 23 08

TheAtterbergLimitsindudeliquidlimit (LL), plas-
tic limit (PL) and plastic index (PI), where PI
=LLPL[?"1%24 These parameters were determined
by the Casagrande method (Casagrande; 1948), in
accordance with the French Standard NF P 94-051.

For thefractioninferior to 63 mm, thegrain-size
distribution was determined by aMicromeritics 5000
sedigraph.

RESULTSAND DISCUSSION

Clay characterization

The X-ray diffraction analysis of the total samples
(TABLE 1) indicatesthe dominance of clay minerals
(40-65 wt.%), moderate presence of quartz and cal-
cite(15-30 wt.% and 15-26 wt.%, respectively) and
minor amountsof feldspars (6-14 wt.%). The purified
fraction showsillitic clayswith moderate amounts of

kaoliniteand minor proportionsof interstretifiedillite/
smectite (Figure2). Theseillitic compositionsare suit-
ablefor traditiond ceramicand smilar tothosereported
intheliterature51223%,
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Figure2: XRD patter nsof bulk sampleand finefraction of
studied sample; N: Normal; EG: saturated with ethylenegly-
col; H: heated at 550°C; Q: quartz; Ca: calcite; F: feldspars;
I:illite; K: kaoliniteand |/Sm: inter stratified illite/ smectite

20 (CuKa)
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Theresultsof theconcentrationsof mgjor e ements
arereportedinTABLE 1. SO, contentisbetween 47.5
and 56.6 wt.%, with an average value of 51.9 wt.%.
Thewt.% of AlO, variesbetween 17.2 and 23.5wt.%,
with an averagevaueof 19.6 wt.%. Theaverageratio
for SO,/ALO, concentrationis: 2.64, indicatesthat the
claysaremixed 1/1 with 2/1 dioctahedrd phyllosilicates.
Onthe other hand, thisvalueisslightly highwith re-
gardsto the classic value which equals 2 due to the
presence of freesilica®!. The study samplesal so con-
tain concentrationsof Fe, O, (average 6 wt.%), respon-
siblefor reddish colour of thefired productg*9. This
meansthat theclaysaresuitablefor traditiona ceramic.
These clays show that the average amount of alkalis
(Na,0 + K,O) is 4.1 wt.%, explaining why these
samples mature at relatively low temperatures. The
study sampl es appear to be chemically homogeneous,
having nearly thesamegeochemica characteristics. On
thisside, wecan consider that the studied sector con-
gituteamineof clays.

Thegranulometricanayss(TABLE 2) reved sthat
thefraction <2um varies between 23 and 35 wt.% but
thefraction > 63um is very minor (average 11 wt.%).
Thegrain sizedataindicate asignificant amount of silt
meaterid.

Atterberg limitsfor the study samples(TABLE 1)
areliquidlimit LL (40+4 wt.%) and plastic index PI
(22+ 6 wt.%), which indicates that these clays belong
tothedomain of illitic clays (Figure 3), having moder-
ateplastic propertiesaccording totheHoltz and Kovacs
(1981) diagram. These parameters, plotted in the
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Figure 3: Plot of the study clays on the Holtz and Kovacs
diagram (Holtzand K ovacs, 1981)
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Casagrande chart® indi cate that these samples have
optimum properties(Figure4) and aresuitableand en-
couraging for optimal behaviour in pressing (cohesion)
and drying (negligible contraction) which arein agree-
ment with therangedefined in theliteraturefor ceramic
productiont®. The plasticity resultsagreewith minerd-
ogicd results.
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Figure4 : Plot of study samples on the Casagrande chart
(Casagrande, 1948)

The CEC and SSarelistedinTABLE 2. Thegresat-
est value of CEC and SS are 45.7meq/100g of air—
dried clay and 374 m?/g, respectively and indicatethe
lack of expansible clay minerals such as smectiteand
vermiculite. Theseresultsarein agreement withtheplas-
ticity data
Simultaneousoptimisation of clay properties

Based on the data obtained (TABLE 1), regres-
sonequationscan bethought for the propertiesandysed
of each clay sample. Themathematical equations (1),
(2) and (3) are expressed in their canonical form as
second-degree polynomials, these Egs. can relate each
property with theclay mineras(c) and thefiner (g) frac-
tion (< 2um). The mathematic model is valid, when the
error ¢ (e: difference between measured and ca cul ated
vaues) isuncorrelated and randomly distributed witha
zero mean va ueand acommon variance %68,

n ‘
Pl(cg)=Y oic g 1)
1=0
n
. i _n-1
SS(co)=Y Bicg
(c.2) IZ:([? cg 2)
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TABLE 2: Thegeotechnical and physical parameter sof studied clays. LL: liquid limit; PL: plasticlimit; PI: plasticindex;

CEC: cation exchange capacity; SS: specific surface

Plasticity
(Wt.%) Microgranulometry (wt.%) Physical analyses
L Pl P > 63 50- 50~ 10- 10- <2  CEC (meqg/100 of air- SS
pm 63um  20um  20um  2pum  pm dried clay) (m?g)
JR1 38 18 20 16.2 8.7 16.1 22 12 25 39.1 321
J2 38 19 19 131 14.7 14 245 12.7 21 341 309
JR3 40 16 24 114 121 10.7 19 16.8 30 43.8 357
JR4 40 17 23 6.2 114 18 20 16.4 28 40.8 350
JR5 40 17 23 6.8 12.9 17 20 16.3 27 419 342
JR6 4 18 26 12 9.6 10 23.2 13.2 32 43.9 370
JR7 4 16 28 6.1 9.7 10.2 23 16 35 457 374
JR8 4 21 23 103 12.9 16.4 134 20 27 40.5 344
JO 4 20 24 131 8.9 20.1 14 14.9 29 43.1 351
JR10 42 23 19 137 11.6 19.8 18.5 124 24 38.2 348
JR11 40 21 19 125 125 16.8 17 16.2 25 39.8 324
JR12 38 18 20 101 13.7 19.7 145 18 24 39.1 351
JR13 38 18 20 123 14.6 10 16.9 22.2 24 38.7 316
JR14 36 19 17 107 14.2 9.2 20 229 23 36.5 312
JR15 40 22 18 9.3 134 10 19.6 247 23 37.1 302
JR16 40 21 19 9.8 10.6 12 204 20.2 27 374 312
JR17 36 20 16 124 131 14.3 15.2 20 25 37.6 307
JR18 38 19 19 11 10.6 15.1 18.7 18.6 26 39.9 319
JR19 36 18 18 104 7.1 14.7 224 194 26 38.6 314
n 1.7661 g + 146.6228 5)
. B - _ 2 _ —
CEC (c.0) :i:% Licgh! A $§5c6 (g}g)z .—1;)%(;36902 0.1442 22— 0.0029 cg 3.03%)”

wherePl: Plastic Index; SS: Specific Surface; CEC:
Cation Exchange Capacities; cisthewt. % of theclay
minerds, gisthewt. % of thefiner fraction (< 2um); o,
eER;BeR ;A eR andie[02].
Theexperimentd resultswereused to calculatethe
coefficientsof theregression equationsrelatingthe M,
SSand CEC with the proportion of cand gintheraw
materials. The calculations were carried out with

MATLAB 7.5.0.
PI (c, g) =—0.004 ¢+ 0.0329 g+ 0.0031 cg + 0.6693 c— 1.78
g+ 17.2602 4

SS (¢, g) = 0.0071 & - 0.0993 g? + 0.0121 cg + 3.5718 ¢ +

TheEgs. (4), (5) and (6) arethefinal resultsand
the va ues obtai ned from these mathematical models
show that PI, SS and CEC are 16.95-28.91 w.%
300.07-376.48 m?/g and 36.71-45.39 meg/100g, re-
spectively. The significance and the validity of the
mathematica modelscan also be evaluated by com-
paring the experimental and the calculated error
(TABLE 3). The margin of error between the calcu-
lated and the measured valuesisless than 7.9 w.%.
Indeed, the ca culated va uesreved that theseclaysare
characterised by amoderate plasticity, havinglow CEC
and SS. Thissuggeststhat the developed mode isvalid,
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TABLE 3: Theerrorsbetween measured and calculated values. Pl wt.%; CEC: meg/100of air-dried clay; SS: m2/g; Error:
wt.%

Pl Pl CEC CEC SS SS

measured  calculated Error measur ed calculated Error measured  calculated Error

JR1 20 19.9531 0.23 39.1 39.2085 0.27 321 331.0376 3.12
JR2 19 18.1779 4.32 34.1 34.3337 0.68 309 313.1318 1.33
JR3 24 23.9253 0.31 43.8 43.8947 0.21 357 357.5873 0.16

JR4 23 22.0511 4.12 40.8 41.8761 2.63 350 345.4281 13
JR5 23 21.1833 7.89 41.9 40.8596 248 342 339.2084 0.81
JR6 26 25.6998 1.15 43.9 44,5587 15 370 364.5548 1.47
JR7 28 28.9197 3.28 45.7 45.3920 0.67 374 376.4858 0.66
JR8 23 21.1833 7.89 40.5 40.8596 0.88 344 339.2084 1.39
JR9 24 22.9651 431 43.1 42.8878 0.49 351 351.5544 0.15
JR10 19 20.3279 6.98 38.2 39.2305 2.69 348 338.1073 2.84
JR11 19 20.6627 8.75 39.8 40.2225 1.06 324 340.1778 4.99
JR12 20 19.6085 1.95 39.1 38.3583 1.89 351 329.0197 6.26
JR13 20 18.8571 5.71 38.7 37.7813 2.37 316 319.9889 1.26
JR14 17 17.7735 4.54 36.5 36.7125 0.58 312 319.9889 2.56
JR15 18 16.9483 5.84 37.1 36.8677 0.62 302 300.0774 0.63
JR16 19 18.5723 2.25 374 38.1261 1.94 312 307.1974 1.53
JR17 16 19.9531 247 37.6 38.0661 1.23 307 312.9276 1.93
JR18 19 19.9998 5.26 39.9 30.3711 1.32 319 328.3202 2.92
JR19 18 18.8661 4.81 38.6 38.4123 0.48 314 314.6801 0.21
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Figure5: Response surface plot of Pl asfunction asthe  Figyre6: Response surface plot of SSasfunction asthe
amountsof clay mineralsand finer fraction amountsof clay mineralsand finer fraction

Snoivonmental Science =
A Jndian W



ESAlJ, 10(7) 2015

Salah Mahmoudi et al.

Cation exchange capacity : CEC (meq/100g)

P ’ ’ K P s . s
f;c‘___'__r___'__g___‘__;'{Z_4__/__/

Figure7: Responsesurfaceplot of CEC asfunction asthe
amountsof clay mineralsand finer fraction

asthepredicted values are consistent with theresults
obtained from experimental resultsand theregression
equationsarecons dered statistically sgnificant.

Figures5, 6 and 7 show theresponse surface plots
for Pl, SSand CEC, respectively. The 3D surfaceplots
arethegraphicd representation of the Egs. (4), (5) and
(6) and alow for easy and rapid predictive estimate
over theentirepropertiesunder investigation. Figures
4,5 and 6 show that PI, SSand CEC increasewith the
increaseof (c) and (g) amounts. Another way of visua-
izing theeffect that changesin clay properties(cand g)
might haveonthePl, SSand CEC and provetheinter-
pretation of the statistical resultsthrough theuseof re-
sponse plots. In thisway, the effect of each property
canbevisudized.

CONCLUSION

This study presented the compositions and the
propertiesof Tunisian claysbased on chemica analy-
Sis, X—ray diffraction, microgranulometry, Atterberg
Limits, CEC and SS. Themajor oxidesinthe samples
aeS0,andAl O, indicative of thedominanceof clay
minerals. Thedominant mineralsareillite, kaolinite,
quartz, calcite, with accessory phase of illite/smectite
interstratified mineralsand Na—feldspar. Particle size
distribution showsthat themost claysareclayey silts.
Although, thesampled rawv materidsarenot highly plagtic
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(Pl =22+ 6 wt.%), their chemical and mineralogical
compositions suggest that they could have potential as
raw materia sfor ceramic uses. The CEC and SSval-
ueswere34.1—45.7meq/100g of air—dried clay and
302374 m?/g, repectively, confirming that theseclays
arenot swdling clays.

Regresson modelswereca culated, corrdatingthe
physica propertieswiththe compositions. It appears
that the clay characterization, in conjunction withre-
gressonsmodelscould beinstructivefor minera ogists
and speciaistsin geotechnical and industria applica
tions.
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