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Ahstract
7'his stttdl' estttblished ta inve.rtigale the feasihility af using ntony types oJ' local tav) materiafs in

I,lurdistun .ior bric k ntan\{acture. In this u,ark fout"teen D)pes rsJ clal, wsyg ie/ectitl from diffirent localities
in ike region The plasricity values af rav,tnaterisls are indicate the direct reiation ti ntineralagical
coniposiriort. Tite .ramples, vthieh corrtain high perecent o! smectite and iltite, hm'e high to moierate
plcstic:i-', on rhe olhev hand the satnples vtilh high quartT canleltt show law plasticity. The g,rain si:e
ortahsis jttiicales tke suitabiti4, of usittg rtnt ntaterials Jrom some locctlitie.:; in the siudieJ area fortnanufdcrt*'ing the perforate hricks. dncl olhers .fctr ro.{ing tiles awl sowe oihers for thix y,,al! pracluct.
Semi'tlU method af fctrming eightl,fcur riies ttnder loiri /ikN,,,nrn2 u,ere adapiei anr)firett ot ilso, qsO
and 1050 oC. Four characterisiics ofthe prepared tiles n,hich are;linear sirinkage, it,ater absorptian,
bulk densittt and compressive strength are determined andfourulthat some af thise rav,maleriols are
suitable for man4tacturing tlte solid and perforate hricks.

Kewords; Petforate bricks, rooJing tile,s, briquettes, *nd effiarestenc{:.
Introductisn
/-\ lays have traditionaily been used for
\-rmanufacturing bricks and other
ceramie building materials. Many recent
studies were carried out in ihis direction.
Gindy and Al -Rarvi [1] used the Gaara
clays for manufaciuring engineering
bricks, floor tiles, acid -resistant tiles and
sewer pipes . The vanous characteristics
of the end prcduct shorv that they are
compatible r.r.ith the international
specifications. Dondi and others [2] used
seventy five clays belonging to
Quaternary alluvial deposits for
produeticn of ltalian heavy-clay industry.
The results stiow that roofing tiles and
paving bricks are produced through
complex bodies which are rnainly
constitueted of non carbonatic clay, while
carbonate-free ciav is never employed for
the hollow,products, Barson and Ferro 13]
studied the process change in the ceramic.
industries over the past ten years. The
change are mainl.v due to sl-rorrer flring
clays, new glaze and iiecoration

application methods and restriction on the
use of glaze rav/ rnaterials. .fhey
r:oncluded that the changing be made in
coinposition as well as the suspension of
ceramic glazes" Al-Flazaa and Tammer [4]
evah"ratecl the kaolinite clay from Amij
Formation (lt1[.Jurassic), silica sand from
Rutba Formation(Cenomarrian) and glass
pieees fiom Rumady factory fcr
manufacturing of ceramic unglazed acid
resistance tiie, The result shows that some
r:f tiles which are fired at temperature
tr 200"C are suitable for this puryose.
l\{erza [5] evaluated some clay deposits
ftom tl:e upper part of Gercus lrormation
(1t{.Hocene) , NE Iraq, for brick
manufacture. The i.,arious characteristics
of the end product shr:w that some of the
samples that are fired at 900.C, 1000.C
and 1 100"C are useful in brick
manufacture. Recentiy, Merza[6] used the
recent deposits ,silty ciay arourrd the
Aliawa viilage , south of Sulain:ani city
lor production of glazed ceramic tiles
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through mixing recent deposits, Sirwan

river deposits and groge. She found that

some of the raw materials are suitable for
manufacturing ceramic tiles for covering

the walls of kitchens, public building
balaconies arid baths. The research

programme concerning the raw materials

from different localities in Kurdistan.

Fourteen samples were collected which
are representing the clays from Gercus,

Sarmord, Tanjero, Kolosh, Qulqula, Red

Bed Sories, Fatha and trnjana Fomations.
Tire locations of studied samples are

shown in figure 1.

In order to point out the different
parameters, which are conditioning the

behavior of the rarv materiais and their
suitability for ceramic industry. especially

brick industry, many tests are made on the

collected raw materials such as plastic

properties ancl grain size distribution'

Qualitative rnineralogical investigations

\ryere can'ied out bY means of X-raY

diffraction (with Cu ku radiation) on

random powder samples. Quantitative
rnineral composition rvas then caicuiated

through rational eomputing method [7]"

Geological DescriPtions
The raw rnaterials were collected from
rlifferent formations and localities in

Kurdistan (Fig. 1). l-he geological

descriptions are listed in table 1' Many

references are used for age determinations

as well as for detailed descriptions such as

[8, 9].

Methodology
Eighty-foLrr rectangular sample briquettes

measuring 80 x 40 x 10 mm. were forrned

from the collected raw materials after

crr-rshing and grinding the samples by

mortar and pestle to grairr size below

0. i8mm. by using semi-dry Pressing
78kN/mrn2 and about 20% moistttre

content. The sarnples are fired in kiln at

temperatures of 850, 950 and 1050'C
(risirrg tennperature in 50 oC and soaking

time I hour).
Physicai and mechanical properties cf
tested tiles namely linear shrinkage [10],
porosity, t"rater absorption and bulk

density [11], compressive strength [12]
and efflorescence [13] are established'

Results And Discussions
The X-ray diffractograms show that the

sarnples are consist of clay minerals,

quartz, calcite, dolomite, plagioclase, talc

and hematite. As far as the clay rninerais

are concemed, smectite, illite,
palygorscite and chlorite are prevalent,

rvhile kaolinite seem to be present only in
trace ( Fig.2).
Rational mineralogical data confirm the

quantitative indication deduced lrom the

diifractograrns, quartz 3.3-45oh, calcite 3-

7l%. dolomite 3-27yo, plagioclase 0-

0.9a/o, talc 0-10,3%, hematite 1.75-6 yo,

illite 0-70%, smectite A-59oh, kaoliniteO-

5%, palygorskite 0-49lo and chioriteAS9%
(Table 2).
The results of particle size anaiyses based

on [14] were grollped into three fractions(

"21t ,2-20'Sm and >20 prn)(Tabie 3) for
plotting on the Winkler diagram fbr

evaluating the suitabilitl' fcr different

ceramic products 115l (Fig. 3). It can be

concluded that the sampies 2. 4, ?. 10 and

i 3 used to manufacture perforate bricks.

the samples 5. 9, 11 and 12 are used to

manufacture roofing tiles and samples 3

and 14 could be used for manufacturing

thin wall products.

The plasticity values (Table 4) are directly
related to the mineralogical composition

[16, 17]. Based on the classification of
BudnikovllSl rvhich is depending on

plastisity index, the sample no'7 is super

plastic, samples 13 and 14 are poorly
plastie and the r€st of samPles are

moderately plastic.
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Tatrle L, Geological descniption of the studied raw materials (studied samples) from youngest to
oldest..

S.No, Formation Description of the samples

".''.--..'..".".-.....r
l

Composed o{white, friable limc-rich
soil, Its thickncss rangcd from 3 to 3.5m,

The mineralogical analysis indicate to
caltit( as essentifll mineral .

The lithology is rnostly composed of red
or grey eoloured silty marlstone,

claystone snd siltrtoEe, which haYe

thicknesses ranged from l to 2m. The
essential mineral is illite. while smecfitc,

Quaternary

Latc \,Iiocede

Sulaimani, Ch*arta,
Semmerg.

Kirkuk, Kalar

Falhs

kaolin, and chlorite lre less common.

Characlerized bv red treds ofclastics
which are composed of reddish

mudstone and siltstone. The thickness
about I (o l.5nr. The essenhal clay

minernl is illite, rhile smectite, kaoline,
and ch!orite are present as traces.

c"ffi
nrudstone, sandy and grilt] mBrl' The

thichness of red mudstone beds are
ranged between I to 2m. The essentirl
clay mineral of these samples is illite,

while smecfite, chlorite and pal]..gorskitc
are less common.

ll{iddle l[liocene Sulrimari Takya.

I, 10, 12

rltl
I S.\ol Duhok near the l

I dam. s.to.l0, Haibsl

I Sultao }Iounein. 
IEocene I i

I s.Not2 sulaimsni. i

I Qaradagh(Baranan I

I mountain), 
i

Lower part ofRed
bed Series

Composed of dark red and ferrogireous"
silicious silfy shale with beds of bluish

grey siltsone. The thickness is 3.5m. The
essential clay mineral is smectite rYhile

chlorite is l€ss common.

Palsaetre-Early Eo€cne
Suleimatri, Chwarta, nesr

'fagarsn villsge.

7 Kolosh

Composed of bro*r shale u hich has

thiclmess raDged from 1 to 2m. The
essential minerals are chlorite and cslcite

while illite is common and kaolin rirh
quartz are less comnron.

I

- i Sulaimani, Zirguez
PaleocentsL.ocene II village

ll, 13
Ntiddle parf of Red

bed Series

Composed of purple and dark reddish
siltstoneand mudstone and shsle. The
thicknesses renged from 2 to 3m, The
common clay minerals of s.no.1l are

smectite and chlorite, whilr for s,no.13
ere illite and chlorite.

Paleocene
Sulaimani, S,No,1l,

Maukatra orea,
S,No13, Kanarue village.

4 Tnnjero

Cotnposed ofclayey siltstone which has

thickness about -50cm to 75cm. The
sscnlial minerals are chlorite and

calcife, while illite, kaolin and quarfz are
lcss common.

L.Campanian
M6strichtian

Sulaimani, Dokan

Qulqula

Composed of dark redtlish ferroginous-
silicious shale and mudstone. The

thickness is about 80cm to I m. The
common minerals are quarfz aod

smectitc whils ralcit€, hcmatite and illite
are less tommon.

Pl.Cretaceous
Sulainrani, Kanaroe

village.

6,8 Samord

They are consist of marls and tlayey
limestone, the colour is varied befween
white to grey. Thickness r&tged from
50cm to 75cm.'l'he msenrial mioeral is

calcite, the common clay tnineral of
s,no.6 is illite while for s.no.8 is smectite'

Albian
Sulaimani Piramagroon,

Zewe gorge.
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Table 2. Mineralogical composition percentage of the studied samples.
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Table 3. I'he particle size distributi

for the studied samples(Y,).

i,

62

x

ln general, a Rieke index less than 10 is
desirable for ceramic industries 1191.
Hence the samples 3, f. iC" 12, 13 and 14

ma:/ be suitabie tbr this pltrpose.
The resuits of linear shrinkage, apparent
porosity, water absorption, bulk density
and compressive strength are sholn in
tables 5, 6,7,8 and 9. Figures 3,4, 5, 6
and 7 are show the results as diagrams.
The sampies i, 2, 3,4.6,7,10.11 and i2
under went linear shrinkage at
temperatures 950 and 1050 'C (Fig.4).
Tliis is directly related to wa,.er of
plastisity and parlicle size" lt increases as
the water of plastisity increases, and the
paertricle size decrease[3, 5, 191. The
linear shrinkage values (Table 3) for
sampies 5 and 8 were not recorded
because sample 5 broke at temperature
1050 'C and sample 8 broko at

temperature 950 and 1050 "C .This is due
to high content of calcium carbonate
which is begin to decompoced at
temperatureS50"C ttrat increase the cracks
and cause

Table 4. The results of Atterberg

limits and tr{ieke index for the studied samples.

7

88i 10

9

1

,
,

i

ts I 7s 1 7

q;llih% 2-20 um96. >r*, i
pm%

1 6{t 25 l5

1 30 50 20

28 60 t2

.t J3 5S 10

43 5

34 4

48 20

,0 10

49 3J 18

l0 42 36

ll 46 J3

t2 5.1 40 6

13 3',1 58

1.4

s.
:l

l,H$.:

P-.,fnqtl,*it

i r;t*4,,r.f

r0.8 t0

, 17.72 28.57

3 14.11 9.32

7.81 ll.tE

5 t2 l5

6 '/.465 10.5

25.33 t0

9.85 ll.4
i,

10 lo. /5 7.34

ll 15"2,,1

t1 t?.41 5.35

t3 6.33 6^t

14 5 6
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breaking of these samples at temperatures
950 and 1050 'C [16]. While samples 9

and 14 melted at temperature 1050 'C.
This is due to high percent of flux material
content such as FeO, MgO, CaO, NazO,

KzO,.. etc[20, 2L). Minerals illite,
smectite, chlorite and hernatite are souraes

of these materials(table 2).

According to Rhoades[22] the linear
shrinkage less than &Yo may be used in
ceramic industries. Hence all fired
samples at temperature 950 oC, except
samples I and 13 may be used for this
purpose.
In general, above the temperature 850 oC

the water absorption eapacity decreased,

and the porosity diminshed(Tables 6,

T.Figers 5,6). The bulk density rvith
compressive strength increased
abruptly(Tables 8 and 9, Figures 7 and
8)for all fired samples, except sample 8

u,hich is broke and sample 7 and 10 are

increased. This is orving to vertification
and decomposition of minerals content of
raw materials and the crystallization of
new silicate minerals

filling the pores presented between the
particles or creat during the drying and

firing of tile slZ, 5, 211.

According to 123] for the effloresence test

of fired briquettes at temperature 850 oC,

the samples may be classified as follou's;
samples 2, 4, 8,9, 71, 72, 13 and 14 are

heavy efflorescence (more than 50% of
the area covered by deposits and salt). The

samples 1, 7 and 10 are moderatelY

efflorescence (10-50% ofthe area covered

by salt), while samples 3, 6 and 13 are

slightly efflorescence because less than

l0% ofthe surface area covered by salt. In
general for all fired samples that are

remained at temperatures 950 and 1050
oC, the effloresence test shorvs the

decreasing of covered area by deposits

and salt. So the samples with healY

effioresence change to moderate and those

with moderate change to slightlY

efflorescence. This is related to escaping

of volatiles such as SO:, Cl,,,etc during
the increasing of firing tempreature and

lowering the percentage of salt content in
raw materials[2. l6].

Table 5. The results of linear shrinkage 7o of fired tiles at temperatut'es 850,

950 and 1050 oC.

Note : - Broken tiles + Melted tiles.
Table 6. The results of apparent porosity "/o far fired tiles at temperatures

S.No. Linear /o S. No. Linear shrinkage 7o

850 0c 950 0c 1050 0c 850 0c 950 0c I050 0c

I 2.92 4.65 t't.36 0.39

2 2.i2 4.32 7.82 9 1.54 1.55

3 4.t 4.s0 ('l? 0 2.r2 2.50 2.80

4 1.89 1.62 17.17 I 0.86 1.80 1.63

5 1.84 0.88 2 1,64 2.00 7.33

6 3.19 3.25 4.00 3 10.50 9.'7 8.75
1 8,51 7.94 9.00 4 1.31 0.35

950 and 1050 oC 
.

S.No. Aroarent oorositv 7o S. No. tpparentjoSsitv %

850'C 950'C 1050 "c 850 "C 950 "C 1050 "u

I 38.50 42.80 36.30 8 45.31

2 50.90 40.10 35.40 9 27.11 27.27

1 36.17 35.92 30.91 10 30.90 34.50 37.50

4 42.62 50.90 13.00 11 J J. -1J 3i.25 30.00

5 40.90 37.12 12 42.11 41.30 36.36

6 36.36 34.s4 JJ.JJ 13 2',7.20 37.00 36.95
,| JJ.JJ 4',7.68 46"30 l4 27,86 38.59

Note : - Broken tiles * Melted tiies.
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Water absorption 7o

B5o;--i-e-50 "c

4e.oo l54xo
59.50 I 40.30

33.30 lslSA,O0
3no f q fzrjj

l0 i 2-i.00
28.57 I :8,57
42,11 | 46.15

13 i 29.s0

1.IZS)Journal oJ Zankoy Sulaimoni,dec, 200S, I(1) Fart,4

- Table 7. The results of water atrsorption Yo of firee! tiles at temperatures 850,
950 and 1050 oC.

S.No. Water a tion Yn

850 "C--j 950 "C 1050
oc

31.00
52.00
35"40

, JJ.JJ 33"92 25.00
45.60 48.30 24.28 33.84

I.,lote : - Broken * Melted tiles.

Tatrle 8. The results of Lrulh densiff (gmlcmr) tbr fired titres at temper*tures 85{1,
950 and 1050 oC 

"S.|;o. Bu[.$_"!$Algryffi
No.

Bulk densitv {em/cm
i 850 oc I 950.c i 1050.c
i___i1-_ B5O "C 950 0c 1050

"CI I t.a2 I 1.05 ; t.Oq+- I L.t)
I_i Ii2 i r60 j r66 I 1.27 1.36 *
J ' I.06 I l.l0 Lig 10 1.8r1 1.42 t)
4 | 1.07 I 1,03 I t..cz 11 11 1.29 32
5 r 1.41 53 12 I .00 r.03 776 I r. r0 t.02 1.33 l3 1.10 t.25 307 | t.03 i r.oo i r.o+ L4 1.15 1" 14 {.

Nate : Broken tiles + N,{elted tiles.

Table 9. The results of compressive strcmgth (Nrmm2 ) for firetl tiles at

l6
j7

temperatures 850,950 and 1050 oC.
T.N; I -cor-1r"isi-€:t*',grh--l S"- -(';*pGsl;;"e,,gth I

I (N/mrn') ' Io. ' (IrJ/mm2 ) It 'j t' rr"rr I

850 0c 950 0c 1050 0c :

Irr/mrn2; - 
i

xo "c 
-1-rosn-l

oc

-l
/.J3
's.at

- reri

3.91 24.97 s.44
i8.29 76.30

4.98
12.80

15.12

xiI

8.68

24.43 9.82
26.65
22.72

0"0510

1I
t2
13

850 0c I 950 0c
I

I

112.08

Note : * Broken

34.18

41
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Conclusions
From this study the following poilrts can

be conclr.rded:

1. According to the results of particle size
analyses and plotting on the Winkler
diagram, samples 2. 4.7,10 and 13 may
be used for manufacturing perforated
bricks, the samples 5" 9, i I and 12 arc
suitabtre for manufacture roofing tiles and
the samples 3 and 14 could be used for
manufacturing thin wall products.
2, The plasticitl, values show that sample
no. 7 is super plastic, samplesl3 and 14
are pLrorhi plastic while the other samples
are moderatly plastic. The Rieke index
indicates that samples 3, 9, 10, 12,13 and
14 are suitable for ceramic industries.
3. X-ray diffractograms shorv that the
samples are consist of elal' minerals (i.e"
smectite, illite, palvgorskite. kaolinite and
chlorite) and non-clay minerals:
qtartz, calcite, dolornite, plagiociase, talc
and hematite.
4. The linear shrinkage test shorvs that all
sarnples fired at 950 oC, except 8 and 1-?

may be used for cera.mic industries.
5. Above temperature 850 'C the water
absorption capacity decreased, the
porosity diminished and the density
increased in ali samples, except samples T,
8 and 10. According tc [24] the accepted
percent of water absorption ranges
between I to 3? ok, hence all fired
sampies at temperature 10,50 oC, except
samples 5, 7, 8. 9 and 14 could be suitable
for manufacturing clay building bricks.
6.According to [25] the sampie no.9 that
is fired at 950 oC may be used for
manufacturing of solid bricks w,hich are
used in loaded bearing wali not subjected
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