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Abstract During this study some selected Tertiary and Quaternary clays with some additive raw materials were assess for ceramic industries. The studied samples are located in the Northeastern of Iraq. The clay raw materials that almost are Neogene succession and are taken from the Fatha Formation (Middle Miocene) and Injana Formation (Upper Miocene) in addition to recent valley deposits from Garmian area as well as Red Bed Series (PaleoceneMiocene) from Chwarta area. The additive raw materials are granite of Mawat ophiolite complex (Cretaceous) from Daraban area, sandstone of Khabour Formation (Ordovician) from Kiasta village, North of Amadyia, kaolin from Ga′ara Formation (Middle Triassic) at the western desert of Iraq and limestone of Sinjar Formation (Palaeocene – Early Eocene) from Bazian area. The studied samples were evaluated physically, mineralogically and chemically. Physical properties including grain size analysis and Atterberg limits shows that the raw materials consist mainly of silt and clay with minor proportion of sand. Variation in the plasticity index among the samples showed clay and silt low plasticity, silt and organic clay low plasticity and clay low plasticity. Mineralogical study revealed that the major clay minerals are chlorite, illite, kaolinite, mixed layer and smectite in addition to non-clay minerals such as quartz, calcite and feldspar. Chemical analysis of the studied samples were carried out, and showed that the clay raw materials composed mainly of silica and alumina. These two oxides are considered as refractory. In addition to that, there are different proportions of calcium, magnesium, potassium, sodium and iron oxides, which considered as flux oxides. The raw materials were ground and sieved; some of the raw materials were mixed in different proportions in order to prepare different mixtures. Five different mixtures were prepared using red clay sample, kaolin, granite, sandstone, and limestone. A total of 405 briquettes were molded from clay alone (A) and from different mixtures (B, C, F, D and E) using semi-dry pressing method (10 % moisture content and pressure 5.6 kn/cm²) in a dimension 5x5x1 cm. The briquettes were fired at three different temperatures (1125, 1150 and 1175°C) with soaking time of 30°C/ hour. The evaluation tests which include the physical and mechanical properties were conducted on the fired briquettes. The results show a decrease in apparent porosity and water absorption but an increase in bulk density and compressive strength with increase in II



firing temperatures. There was a general increase in the linear shrinkage ratio in most of the studied ceramic briquettes. Some of the studied ceramic briquettes showed an increase in length (negative shrinkage) after firing at different firing temperatures. Comparing the results with the American Society for Testing and Materials (ASTM) and Iraqi Standard (IQS), they shows that some of the studied clay samples are suitable for the production of floor tile, wall tile, facing tile and clay brick industry in case of using clay alone and in different types of mixture at different firing temperatures. It has been noted that the samples numbers 1, 5 and 7 from Fatha Formation; 8 and 9 from Injana Formation; 12 from Red Bed Series give the best results for the production of floor tile, wall tile, facing tile, and clay brick industry.
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Chapter One Introduction 1.1 Preface Clays are the main raw materials has been invested in the manufacturing of various ceramic products such as bricks, tiles, abrasives, pottery, porcelain refractory….etc. Furthermore, clays are used in many other industrial applications, for example filler and extenders, paper, paint, fiber glass, drilling mud, Iron Ore Pelletizing, and also in construction like hydraulic cement, aggregates….etc. Due to the increasing demand on ceramic products in Iraq, which currently imports at a considerable cost, the development of domestic ceramic industry has become a national motive. Extensive research work has recently been directed towards the exploration and evaluation of local raw materials such as (Merza, 2002, Merza, 2004, Merza and Mohyaldin, 2005, Aqrawi, 2008 and Hakeem, 2012). The word ceramic is derived from the Greek word Ke′ramos (Fournier, 1977) and its meaning of fired clay materials. Ceramics are inorganic, non-metallic materials that have been hardened by firing at high temperature (Ryan, 1978). There are two types of ceramic; first traditional ceramic (clay-based ceramic) and second is new ceramic (monolithic ceramic) (Kingery, 1963). Clays occur in deposits of greatly varying nature; no two deposits have exactly the same clay and frequently different samples of clay from the same deposit differ (Fakolujo et al., 2012). Therefore, in this research clays of some Formations were selected which consisted of the Fatha Formation, Injana Formation, Recent valley deposits, and Red bed series as well as the samples that are used as the additive materials including the kaolin of Ga’ara Formation, granite of Mawat Ophiolite, sandstone of Khabour Formation and limestone of Sinjar Formation. All these materials are located in the North and Northeastern part of Iraq except kaolin of Ga’ara Formation which is located in the Western of Iraq. This work evaluates the potential uses for the clays and mixtures on the basis of their mineralogical, chemical, physical and mechanical properties.
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1.2 Aims of the Study The main purpose of this research is accumulated in these points: 1. The assessment of Tertiary and Quaternary clays for ceramic industries. 2. The assessment of granite rock from Mawat Ophiolite complex, sandstone from Khabour Formation and kaolin of Ga’ara Formation as additive materials for improving the properties of Tertiary and Quaternary clays for manufacturing ceramic tiles.



1.3 Previous Studies Some studies have been done on using clays in ceramic industry in Kurdistan are: 1. Wasim, (1989) studied Iraqi soil and suitability for pottery through taking the different samples from Iraqi clays from different areas. He determined the affects of different temperatures on the color of the clay after firing in three different temperatures (900, 1000, 1100°C) and identified the color after firing processes. The researcher also used four types of glaze in 950°C and indicated the influence of clay to the composition of glaze by adding the chromium oxide and cupper carbonate in different ratio. The researcher indicated that all types of Iraqi clay that are studied in this research are suitable for ceramic application depending on the evaluation of all properties. 2. Merza, (1997) studied some Cretaceous and Tertiary clays from NE Iraq for ceramic industry. Through the chemical, mineralogical, physical and mechanical study of raw materials, and prepared fired tiles in different temperatures, she concluded that some of these clays are suitable for brick industry. 3. Al-Hakeem, (1998) studied some clays from Neogene at North and Northeastern of Iraq from Aqra, Hamam Alil, Bastura and Aski area for ceramics. He also showed that most of the clays from the selected areas were suitable for manufacturing various types of tiles and building bricks. 4. Merza, (2002) studied the clay from Gercus Formation (Middle Eocene) in Sulaimani area, Northeastern Iraq for brick industry. She concluded that the clay composition contain considerable amount of CaO in the form of carbonates and relatively low content of Al₂O₃ and SiO₂ and through the evaluation tests that included the physical and mechanical properties of ceramic specimens, she indicated that rising in linear shrinkage percent with increasing the firing temperature, the changes in apparent porosity, water absorption, bulk 2
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density and compressive strength results are related to the rising of firing temperature due to various containing of CaCO₃. 5. Merza, (2004) studied the possibility of production of glazed ceramic tiles from the recent valley fill sediments from Alliawa area, Sulaimani City, Northeastern Iraq. The researcher indicated that the recent deposits are silty clay with a medium plasticity as well as Sirwan River deposit is silty sand and non-plastic that serves with grog to reduce shrinkage and deformation of ceramic tiles. Her results of physical and mechanical tests of these ceramic specimens revealed that some of them to be used in manufacturing glazed ceramic tiles for covering the walls of kitchens, public building, balconies and bathrooms. 6. Merza and Mohyaldin, (2005) worked on fourteen types of clay from different localities of Kurdistan around Sulaimani area to evaluate the possibility of these clays to be used in manufacturing of brick tiles. Depending on the mineralogical component and chemical properties of raw materials as well as physical and mechanical properties of the ceramic specimens, the researchers indicated that the most suitable sample for brick manufacture is a sample taken from the Fatha Formation (Takya), Gercus Formation (Haibat Sultan mountain) and Middle part of Red bed series (Maukaba area, Kanarwe village). They also revealed 950°C as the best firing temperature. 7. Aqrawi, (2008) studied the improvement of the clay utilized by the Duhok Brick Factory, Duhok, Iraqi Kurdistan Region. His research was for the purpose of minimizing the macroand micro cracks in brick production by Duhok Brick Factory. He solved this problem by adding non-plastic materials such sand to reduce its plasticity and obtain suitable manufacturing properties. The researcher indicated that the fracture is decreased by increasing sand addition. The researcher also revealed that sand addition increases the number of bricks without fractures up to 81% after drying. 8. Hakeem, (2012) studied the sedimentology and suitability of Beduh Formation Lower Triassic, Northern Thrust Zone, Kurdistan Region-Iraq for some ceramic industries. The mineralogical study showed that the shale are composed mainly of clay minerals such illite in major proportion with kaolinite, chlorite, smectite and mixed layers in minor proportions. Through the evaluation tests of the ceramic specimens, the researcher indicated that the deposits of Beduh Formation can be used for brick, floor tiles, wall tiles and roofing tiles as well as chemical resistance tiles and light weight aggregate.
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9. Muhammad, (2013) studied the possibility of using Iraqi Kurdistan clays from selected area in producing monoclonal ceramic industry (pottery) in different sites of Kurdistan. The researcher indicated that linear shrinkage and apparent porosity increases with increasing the firing temperature. Also the bulk density of some of the fired samples increases with the firing temperature since the raw materials contain a good proportion of fluxing materials such as (K₂O, Na₂O and Fe₂O₃). These oxides are contributory in speeding the vitrification processes. He concluded that the glaze by using lead glaze formula and alkaline glaze formula for most of the samples acceptable without any problem.



1.4 Geographical Locations of Studied Area In this study, twelve clay samples (25 kg of each sample) were collected from Fatha Formation (Middle Miocene) (samples no. 1, 5, 6 and 7), Injana Formation (Upper Miocene) (samples no. 8, 9 and 10) and Recent valley deposit (samples no. 2, 3 and 4) located in the Low Folded Zone from Garmian area and Red Bed Series (Paleocene - Miocene) in the High Folded Zone from Azmar-Chwarta area (samples no. 12 and 13). In addition, some additive raw materials such as granite from Mawat ophiolite complex (Cretaceous) (sample no. 14), sandstone from Khabour Formation (Ordovician) (sample no. 15) located in the Northern Suture Zone and kaolin from Ga′ara Formation (Middle Triassic) (sample no. 11) at the Stable Zone were taken. Detail descriptions and location of all samples used in this study are shown in Table (1-1) and Figures (1.1 and 2).



1.5 Geology of the Studied Area The study area is located in the Low Folded Zone, High Folded Zone and Suture Zone at the North and Northeastern of Iraq according to the Tectonic subdivision of Iraq (Buday and Jassim, 1984). Low Folded Zone is characterized by long anticlines with Neogene cores and broad synclines containing thick Miocene – Quaternary molasse. High Folded Zone is characterized by anticline of high amplitude with Palaeogene or Mesozoic carbonates exposed in their cores, that includes the mountain areas and Suture Zone is an uplifted zone which develops along the plate margin (Iranian border and Turkish border) during the Cretaceous and is characterized by thrusted anticlinal structure (Jassim and Buday, 2006). The clay raw materials were collected from the different Formations and localities that almost are Neogene succession. A number of clay samples have been taken from Fatha Formation (Middle Miocene), Injana Formation (Upper Miocene) and Recent valley deposits 4
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at the Low Folded Zone from Garmian area, as well as Red Bed Series (Paleocene-Miocene) at the High Folded Zone from Chwarta area, some additive samples such as granite from the Mawat ophiolite complex (Cretaceous) from Daraban area and sandstone of Khabour Formation (Ordovician) from Kiasta Village, North of Amadyia located in the Northeastern and Northern Suture Zone respectively were taken. Kaolin of Ga′ara Formation (Middle Triassic) was taken from the western desert of Iraq located in the Stable Zone but this sample was received from the Department of Ceramic-School of Fine Arts/ University of Sulaimani. The stratigraphic description of all Formations and deposits are given below from the youngest to oldest:-
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Figure 1.1: Google Earth image of the studied area showing location of the studied samples (A) Clay raw materials, (B) additive materials; granite (14) and sandstone (15).
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Figure 1.2: Geological map of the studied area (GEOSURV, 2002) with the location of the samples.
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1.5.1 Recent Valley Deposits Quaternary sediments are well developed in the Low Folded Zone, especially in the trough of wide synclines (Sissakian and Al-jibouri, 2012). The study area is characterized by the presence of recent deposits as a result of weathering and erosion of the surrounding rocks which has caused the formation of the clay deposits of yellow to light brown. The thickness of these deposits in the study area is about 4-15m with lateral extension of 200-500 m. Generally these deposits in the study area have the high reserve (Fig. 1.3). Three samples were collected from this deposit at Sarqalla and Qaratapa areas which represented by the samples number 2, 3 and 4, the detail description of these samples as in Table 1-1. In ceramic industry clays are the main constituents of the ceramic bodies which they confer plasticity and green strength during the forming stages, so they are the main source for silica (SiO₂) and alumina (Al₂O₃) that is important for sintering aids and contains some oxides (CaO, K₂O, Na₂O, MgO, Fe₂O₃) that acts as a flux that is involved in the consolidation mechanism of the ceramic body during the firing (Manfredini and Hanuskova, 2012).



1.5.2 Fatha Formation (Middle Miocene) The name of “Lower Fars Formation” in Iraq changed to Fatha Formation (Al-Rawi et al., 1992), in Iran its name was changed to the “Gachsaran Formation” (Jassim and Buday, 2006). The Lower Fars Formation was defined from Agha Jari Oil field of South West of Iran according to (Ion et al., 1951) in (Bellen, 1959), ( Jassim and Buday, 2006; Buday, 1980 ) and the age of it is (Middle Miocene) (Bellen et al., 1959). The Fatha Formation shows a large variation in its characteristics and thickness. In this study the Formation generally consists of reddish brown claystone, siltstone and sandstone as well as thin beds of limestone and gypsum (Fig. 1.4). The thickness of the Fatha Formation is changed from different localities of the studied area in general the thickness ranges between 3-8 m with lateral extension of 200-500 m. Four samples were taken from this Formation from Darbandikhan city, Banikhellan village, Zardalikaw village and Sangaw Township that is represented by the samples 1, 5, 6 and 7 respectively, the detail description of these samples as in Table 1-1.
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1.5.3 Injana Formation (Upper Miocene) The name of “Upper Fars Formation″ in Iraq was changed to the “Injana Formation″ after (Al-Rawi et al., 1992) and (Jassim et al., 1984) in (Jassim and Buday, 2006). The Upper Fars Formation was described from Agha Jari Oil field of south west Iran (Ion et al., 1951) in (Bellen et al., 1959). According to (Bellen et al., 1959; Jassim and Buday, 2006) the age of this formation is Upper Miocene. Injana Formation in the studied area consists of clastic rocks generally including sandstone, siltstone and claystone with brown to red brown color (Fig. 1.5). The thickness of the Formation is variable from the study area to another place. Mostly in the study area the thickness is about 3-10 m with lateral extension about 150-400 m. Three samples were collected from this Formation at Shiwasur and Takya Township represented by the samples 8, 9 and 10. Detailed description of them is shown in Table 1-1.



1.5.4 Red Bed Series (Suwais Red Beds Group) (Paleocene-Miocene) The Red Bed series was introduced by Bolton 1958 in (Jassim et al., 2006; Buday, 1980), which described them from the Ranya area near the Suwais village that designated in the intermediate (now imbricate) zone (Buday, 1980). The age of Red bed series is (PaleoceneMiocene) according to (Buday, 1980) and (Al-Mehaidi, 1975). The Red bed series in ChwartaMawat area is subdivided into six units by Al-Barzinjy (2005), these units are designated by (Unit one, Unit two, Unit three, Unit four, Unit five and Unit six ). In this study two clay samples from the Red Bed series were taken: one sample from the middle part of Red Bed Series at Qallachwalan area which consisted brown to pale brown clay deposits with thickness of 10-12 m with lateral extension of 50-60m and represented by sample 12, the second sample taken from the upper part of Red Bed Series at Shakhasur resort which composed of red colored claystone and siltstone with the thickness of about 10 m and extend over the large area as well as thick beds of conglomerate present at the top and represented by sample 13 (Fig.1.6). Detailed description of these samples as in Table 1-1.
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Figure 1.3: Clay deposits of recent valley deposits (Sarqalla Township)



Figure 1.4: Clay deposits of Fatha Formation (Sangaw Township).
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Figure 1.5: Clay deposits of Injana Formation (Shiwasur before barrage of Shiwasur).



Figure 1.6: Clay deposits of Red bed series (upper part) at Shakhasur resort
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1.5.5 Granite from Mawat Ophiolite Complex (MOC) (Cretaceous) The name of Mawat Ophiolite complex was introduced by Buday (1975) for the ultra basic and basic rock suites, which were connected genetically and stratigraphically with the Qulqula Group and with the Khwakurk series (Buday, 1980). Mawat ophiolite complex is one of the major Cretaceous ophiolite complexes in northeastern Iraq and is situated at about 30 km north east of Sulaimani; it represents part of the Iraqi Zagros Suture Zone (Mirza and Ismail, 2007). The Igneous mass in Mawat ophiolite complex is mainly composed of basic, ultrabasic rocks with minor acidic intrusion of granite. Granite in Mawat ophiolite complex is white in color consisting mainly of quartz and alkali feldspar, muscovite with rare Ca-plagioclase (depending on XRD chart in the next chapter). It appeared in different areas as discontinuous dykes within the ultrabasic rocks of Mawat ophiolite. The largest body is about 30m by 15m in dimension which can be seen in the high mountain and the other bodies are smaller in size ranging between 0.5m to 3m which is the small intrusion hosted in a serpentinized ultramafic unit of Mawat ophiolite complex. The field description of granite sample shows that some minerals such as feldspar, quartz, muscovite and tourmaline can be identified (Fig.1.7). Qaradaghi (2012) studied the petrography of granite of Mawat ophiolite and showed that Daraban granitoid is medium to coarse grained, whitish granite having phaneritic textures and essential minerals such as quartz, plagioclase (albite), K-feldspar (orthoclase-microcline), muscovite, and tourmaline. While brown biotite, corundum, Fe-Ti oxides, monazite, zircon, apatite are the subordinate phases. Also fluorite and calcite (appeared in small veins) are secondary minerals. In this study one sample was taken from granite of Mawat ophiolite complex near the Daraban village and was used as additive materials to achieve feldspar and quartz. It is represented by sample 14 with its detail descriptions in Table 1-1. In ceramic industry, feldspar is used as a flux due to the presence of the alkalis (K₂O and Na₂O) in its structure. The flux controls the degree of vitrification of the ceramic body during firing that lowers the melting point and shortens the time of the process it also provides the proper densification of the fired material (Lewicka, 2010).
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1.5.6 Ga′ara Formation (Middle Triassic) This Formation is a clastic unit out cropping in the center and rims of the Ga′ara morphological depression (Buday, 1980; Jassim, 2006). Other type locality of this Formation are Tel AaFair and west of Iraq at Latitude 33˚ 31′ N, Longitude 42˚ 28′ E (Bellen et al., 1959). Detailed geological mapping by GEOSURV and data from 50 shallow boreholes and tens of trenches indicate the Ga′ara Formation contains of sandstone, siltstone, green and whitegrey kaolinitic mudstone and red-green mudstones, overlain by purple to red Ironstone (Tamar-Agha et al., 1984). The age of the Formation determined as (Middle Triassic) by (Jassim, 2006; Bellen et al., 1959). In this research the white-grey kaolin of Ga′ara Formation is used as an additive material and as a source of SiO₂ and Al₂O₃ these two oxides are consider as refractory. This type of clay was obtained from School of Fine Art-Department of Ceramic/University of Sulaimani and represented by sample 11 and detailed description of it as in Table 1-1.



1.5.7 Khabour Formation (Ordovician) Khabour Formation was first introduced by Wetzel in 1950 for an 800m section exposed in the Khabour valley in the Northern thrust Zone of Iraq (cores of Ora and Kiasta anticlines) (Bellen et al., 1959; Buday, 1980; Jassim, 2006). It is comprised of thin-bedded, fine grained sandstone, quartzites and silty micaceous shale with olive-green to brown in color (Bellen et al., 1959; Buday, 1980; Jassim, 2006). The sandstone of Khabour Formation is characterized by yellowish red to reddish brown color and relatively tough. The sandstone in Kiasta village makes a major constituent besides the shale and mud rocks. Omer (2012) studied the petrography of sandstone of Khabour Formation and showed that quartz with monocrystalline slightly undulose extinction is a predominant constituents of framework grains besides feldspar, rock fragments, mica, matrix, phosphate and pyrite the minor constituent. The age of the Formation is Ordovician (Bellen et al., 1959; Buday, 1980). In this study the sandstone of Khabour Formation was used as additive material for the source of silica and located in the North of Amadyia near Kiasta village. It is represented by sample 15, the detailed description of this sample as in Table 1-1 and Figure 1.8. In ceramic industry silica is used as a filler and binder and decreases the linear shrinkage and increases the apparent porosity of ceramic body after firing (Aqrawi, 2008). So the silica is a refractory 13
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oxide which has a high melting point that provides the densification of the ceramic body and increases the resistance of the body for the environmental aging processes such as wet-dry cycle (freezing and thawing).
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Figure 1.7: Granite of Mawat Ophiolite Complex (Mawat area).



Figure 1.8 : Sandstone of Khabour Formation (Kiasta village).
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Table 1-1: Location and field description of the studied raw materials Sample.



Formation



Darbandikhan (200m



Fatha



N 35˚ 07′ 17.7″



Composed of reddish brown claystone, the thickness about 4-



after the Tunnel in the



Formation



E 45˚ 41′ 37.3″



5m interbeds between sandstone. with some beds of gray



Elevation:



color marlstone and thin beds of fossiliferous limestone about



No. 1



direction



2



Location of samples by



Location



Field description



GPS and elevation



of



601m



Darbandikhan city).



20cm.



Before



This clay deposits have overlain the conglomerate of Bai-



Sarqalla Recent valley N 34˚ 42′ 50″



township.



deposits



E



45˚ 07′ 29.8″



Elevation: Sarqalla township. 3



332m



Hassan Formation, yellow to brown color and the thickness is about 5m with lateral extension 200m.



Recent valley N 34˚ 43′ 58″



Consisted of typical mudstone overlain conglomerate of Bai-



deposits.



E 45˚ 04′ 38.5″



Hassan Formation, yellow to light brown color with the



Elevation: 338m



thickness of about 15m and extend over large distance more than 300m.



Qaratapa. 4



Recent valley N 34˚ 38′ 13.3″



Composed of clay deposits mostly mudstone with pale brown



deposits



to brown color; the thickness about 1m.



E 44˚ 54′ 31.2″ Elevation: 174m
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Table 1-1: Location and field description of the studied raw materials (continued) Sample.



Location



No.



Banikhellan 5



Formation village Fatha



Location of samples by



Field description



GPS and elevation N 35˚ 03′ 54.7″



Consisted of dark brown claystone locate between the



directly near the main Formation



E 45˚ 39′ 26.6″



sandstone beds which show the repetition of claystone and



road.



Elevation: 427m



sandstone with thickness of 3m and 0.5m respectively, with lateral extension more than 500m.



About 6



500m



after Fatha



N 35˚ 08′ 32.9″



Composed of alternate brown claystone and sandstone with



Zardalikaw village in Formation



E 45˚ 24′ 50.3″



the thickness of 5m and 2.5m respectively, as well as extend



the



Elevation: 1026m



over large area.



N 35˚ 22′ 59.2″



Composed of repetition of reddish brown claystone and



Sangaw township in Formation



E



sandstone, predominantly consisted of claystone that its



the



Elevation: 596m



thickness is more than 8m with lateral extension about 300m.



N 35˚ 26′ 17.9″



Composed



E 44˚ 57′ 09.8″



considerable thickness of sandstone, brown to dark brown



Elevation: 539m



color; the thickness of mudstone about 1m.



direction



of



Sangaw township. About 2km after 7



direction



Fatha



of



45˚ 06′ 25.6″



Chamchamal city. Shiwasur, 8



(before Injana



barrage of Shiwasur).



Formation
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Table 1-1: Location and field description of the studied raw materials (continued) Sample.



Location



No.



9



10



Formation



Location of samples by



Shiwasur (about 8km Injana



N 35˚ 28′ 39.4″



Composed of brown to dark brown clay deposits with 2.5m



before



E 44˚ 54′ 27.7″



thickness with lateral extension more than 150m.



Shorsh Formation



township).



Elevation:



Takya township (near Injana



N 35˚ 36′ 35.7″



Consisted of brown to red color clay deposits with the



Aso Brick Factory).



E 44˚ 56′ 37.5″



thickness of about 10m and extended over a large area.



Formation



Elevation: 11



Field description



GPS and elevation



Western



desert



Iraq



of Ga′ara



557m



823m



N 33° 31′



Formation



E



Kaolin of Ga′ara formation is white-gray color, fine grain size, soft, greasy and massive. This sample received from School of



42° 28′



Fine Art-Department of Ceramic/ University of Sulaimani. Qallachwalan 12



Middle



part N 35˚ 42′ 00.9″



Consisted of brown to pale brown clay deposits, with the



of red bed E 45˚ 31′ 55.2″



thickness of about 10-12m with lateral extension about 50-60



series



m.



Elevation:



887m
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Table 1-1: Location and field description of the studied raw materials (continued)



Sample. No.



Location



Shakhasur resort. 13



14



Formation



Location of samples by



Field description



GPS and elevation



Upper part of N 35˚ 42′ 52″



Composed of red colored claystone and siltstone with the



red



thickness of about 10m and extended over a large area, thick



bed E 45˚ 30′ 04.3″



series.



Elevation: 900m



beds of conglomerate present at the top.



Mawat area (near the Mawat



N 35˚ 51′ 27.4″



Granite of Mawat ophiolite is white in color, and it appears in



Daraban village)



ophiolite



E 45˚ 32′ 11.1″



several different areas as discontinuous dykes within the



complex



Elevation: 2001m



ultramafic unit of Mawat ophiolite, some minerals such as feldspar(light grey), quartz (white), muscovite (transparent), biotite brown color and tourmaline (dark greenish brown color) can be observed in the field.



15



Amadyia (near Kiasta Khabour



N 37˚ 15′ 54.5″



Composed of thin bedded, fine grained sandstone and silty



village)



quartzite



E



micaceous shale. The thickness is about 800m with lateral



Formation.



Elevation: 974.3m



43˚ 09′ 08.9″



extension about 500m; hence reserve of this formation is very high.
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1.6 Methodology 1.6.1 Field work Four field trips were carried out for collecting 14 samples from different localities to study the possibility of some selected Tertiary and Quaternary clays and some additive materials such as granite, kaolin, quartzite and limestone for ceramic industry. The study areas are located in the Low Folded Zone, High Folded Zone and Thrust zone at North and Northeastern of Iraq. During the field work approximately 25kg from each clay sample was taken as well as determined the location of samples in the studied area by using Global Positioning System (GPS) with the field description of each sample that collected from these localities: 1- Garmian area: ten samples were taken from these localities (Darbandikhan, before Sarqalla Township, Sarqalla Township, Qaratapa, Banikhellan village, about 500m after Zardalikaw village, about 2km after Sangaw township, Shiwasur before the barrage, Shiwasur 8km before Shorsh township and Takya near Aso Brick Factory) which consisted of samples (1,2,3,4,5,6,7,8,9 and 10) respectively. 2- Western desert of Iraq (Stable Zone): one sample was taken for about 20 kg from kaolin of Ga′ara Formation, this sample received from School of Fine Art-Department of Ceramic/ University of Sulaimani that is represented by sample (11). 3- Chwarta area: two samples were taken from these areas (Qallachwalan and Shakhasur resort) which consisted of samples (12 and 13) respectively. 4- Mawat area: one sample was taken for about 5 kg from granite of Mawat ophiolite complex near Daraban village that is represented by sample (14). 5- North of Amadyia area (Northern Thrust Zone): one sample was taken for about 10 kg from the sandstone of Khabour Formation near Kiasta village which is the sample (15).



1.6.2 Laboratory Works The raw materials were studied physically by determining the grain size distribution in Sulaimani Architecture Laboratory and Atterberg limits in Seko Engineering House in Sulaimani city. Mineralogical analysis was established using X-Ray Diffraction technique (XRD) in X-Ray Laboratories of the Iraqi Geological Survey-Baghdad using standard work procedure, part 2 (Al-Janabi et al., 1992) and kaleseramik Fizik Laboratuvari (Turkey). Chemical analysis was carried out using X-Ray Fluorescence (XRF) in Washington State University. 405 20
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briquettes were formed by semi-dry pressing method using 5.6 kn/cm² and fired in three different temperatures (1125, 1150 and 1175°C) with soaking time 30°C/hr. Physical and mechanical tests were carried out after firing to assessment the briquettes for different ceramic industries.



1.6.2.1 Physical Properties of the Raw Materials 1.6.2.1.1 Grain Size Analysis Ceramic properties, like green strength, drying behavior, drying and firing shrinkage and vitrification characteristics are generally influenced by the size of the particles (Khalfaoui and Hajjaji, 2010). The grain size analysis determines the percentage of sand, silt and clay in the raw materials. It has an important role in the determination of the properties for ceramic product. Small to minute particles are needed in ceramic industries, in order of the raw material must be mixed with water; this mixing can only be optimal when the particles are small and during the last stage of the heat treatment, the sintering process it is better that the particles exhibit maximal surface contact for them to adhere to their neighboring particles present (Bormans, 2004). The most used methods for grain size analysis are pipette, hydrometer and sieve. The grain size distribution of the studied raw materials was measured in Sulaimani Architecture Laboratory by using hydrometer and sieve analysis according to British Standard (BS 1377 1967) as shown in appendix (1).



1.6.2.1.2 Atterberg Limits Plasticity is an important property for the purpose of ceramic industries because the paste with good plasticity is easy to work in terms of formation of molds and even manual molding without the appearance of cracks (Grim, 1962). Plasticity affected by the size of the particles and the typology of the clayey minerals present, plasticity is increased due to the presence of clayey minerals in which the layers are weakly bound (minerals of montmorillonite and/or illite nature), as well as reduced the size of the particles, low order crystal structure and the presence of the organic substance (Manfredini and Hanuskova, 2012). The water content which transfers the clays from one state to another is called Atterberg limits, these limits can be defined according to Krynine and Judd, 1957 as: 21
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The liquid limit is defined as the moisture content at which the clay passes from a plastic state to a liquid state; at this limit the sample becomes a semi-fluid. Plastic limit is defined as the moisture content at which the clay passes from a plastic state to a brittle state; in this limit the samples begin to crumble while being rolled into a 3mm diameter thread. The numerical difference between the liquid limit and plastic limit is called “plasticity index” that is the range of moisture content in which a soil is plastic. For this study in Seko Engineering House both tests of liquid limit and plastic limit were carried out according to ASTM D423 and AASHTO (T 89/2002-T90/2004).



1.6.2.2 Mineralogical Constituent of the Raw Materials The mineralogical constituent is important in the identification of mineral content of the raw materials. It is used as a guide for selection of suitable raw materials for different ceramic industries. The mineralogical constituent of raw materials was carried out by X-ray diffraction method. For determining the mineralogical constitute of the raw materials, X-Ray Diffraction technique was applied on eleven samples (1, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 13). This technique was carried out in X-Ray Laboratories of the Iraqi Geological Survey-Baghdad, using Philips diffractometer model PM 8203 with CuKα radiation tube and Ni filter. Two types of slide were prepared from each sample using the procedure defined by (AlJanabi et al., 1992) the first type is unoriented slide that represents bulk components to determine the type and proportion of non-clay minerals, where the sample ground to fine size (< 200 Mesh) and placed in a special container then ready to test by XRD in the angle 2θ: 3˚- 50˚. The second type is oriented slide to identify the type and proportion of clay minerals; therefore, the clay fraction (< 2μm) is separated from other sizes that have been prepared by pipette method to obtain a good reflections by XRD technique. Primarily analyze the first oriented slide of any samples by XRD as normal sample (N), then analyze the second oriented slide that is treated by ethylene glycol (EG) vapor and heating (H) the third oriented slide to 550°C for 2hours then analyzed by XRD. All oriented slides tested by XRD in the angle 2θ: 3˚20˚. Also the mineralogical constitute of granite and limestone was established by X-Ray Diffraction technique.
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1.6.2.3 Chemical Analyses of the Raw Materials The chief factor which governs the quality and degree of purity of the investigated clays is their constitution. Hence the chemical analysis data would give an idea about any characteristics which influences to great extent the suitability of the clays used for application in ceramic industry and precaution in forming and firing (Khalfaoui and Hajjaji, 2010). Determination of the proportion of the major oxides of the raw materials gives an idea about the properties of the ceramic product. Some oxides acts as a flux such as K₂O, Na₂O, CaO, MgO, Fe₂O₃ (Riley, 1951; Rattanachan and Lorprayoon, 2005; Fakhfakh et al., 2007) as well as some oxides are chromospheres which affect on the color of the ceramic body after the firing like Fe₂O₃ and TiO₂ and some others are refractory such as SiO₂ and Al₂O₃ which impact on the physical and mechanical properties of the ceramic product (Shreve and Brink, 1977). All studied samples were analyzed chemically by X-Ray Fluorescence (XRF) to identify the major oxides and loss on ignition (L.O.I) at the geo analytical lab of School of Environmental Science at Washington State University.
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1.6.2.4 Molding of Samples 1.6.2.4.1 Samples Preparation The samples have been ground to fine size (powder); the object is to obtain a powder which yields the desired microstructure generally dense and homogeneous during shaping and on the other hand ensures a satisfactory densification during sintering (Chartier, 2007). The clay samples (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13) were powdered for two sizes: they are 90 μm and 180 μm but the rock samples (14 and 15) were powdered to 63 μm, by using onerous cast iron which has a circular shape manually at home. After adding 10 % water for the sample (clay alone or mixtures), the moisture samples passing through sieves (sieve No.8 and sieve No.16) with openings of (2.362 mm and 1.19 mm) respectively for homogenizing the samples , then the samples were kept inside nylon bags in the refrigerator for about 24hours, to get a better homogeneity of the moisture in the sample.



1.6.2.4.2 Mixtures Preparation Outside of the preparations of the samples of clay alone (samples 1- 13) and signed by A which formed 9 briquettes from each samples of clay, five types of mixture were prepared by the same procedure from the raw materials which follow: Mixture B and mixture C were prepared for all clay samples except Kaolin (sample 11). It means that each clay sample was mixed with the additive materials in the following proportions and formed 9 briquettes for each of them (Table 1-2).



Table 1-2: Type and proportion of the raw materials used in the preparation of mixture B and mixture C. Type of mixture



Kaolin %



Red clay %



Sandstone %



Limestone %



Granite %



Mixture B



35



37



15



3



10



Mixture C



35



35



10



0



20



Mixture F was prepared for these clay samples (2, 3, 4, 6, 10, and 13). It means that each clay sample was mixed with the additive materials such kaolin and granite, also nine 24
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briquettes were formed for each of them. In this mixture the grain size of the clay samples and kaolin were in size of 180 μm as shown in (Table 1-3). Table 1-3: Type and proportion of the raw materials used in the preparation of mixture F. Type of mixture



Red clay %



Kaolin %



Granite %



Mixture F



50



25



25



Two types of studied clay samples were selected for mixture D and mixture E including clay sample of Qaratapa (sample 4) and Takya clay sample (sample 10) that were mixed with the additive materials (kaolin, sandstone, granite and limestone) in different proportions. Nine briquettes for each mixture were prepared (Table 1-4). Table 1-4: Type and proportion of the raw materials used in the preparation of mixture D and mixture E. Type of



Kaolin



Clay (Takya)



Sandstone



Limestone



Clay



Granite



mixture



%



%



%



%



(Qaratapa)%



%



Mixture D



35



26



15



3



21



0



Mixture E



35



15



10



0



20



20



Limestone which was used in some types of mixture was in the size of 90 μm. It was received from the Mass Cement Factory that taken from the Sinjar Formation.
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1.6.2.4.3 Forming Method Semi-dry pressing method was used to mold the samples. Some advantages of this method are the high strength of molded green ware that will reduce the problems that may be exposed to ceramic body during the transfer before firing and the low moisture content of the green ware it also reduces the linear shrinkage and cracks during the firing (Budnikov, 1964). This pressing was carried out at the Department of Geology, School of Science/University of Sulaimani, by using the Point Load machine by some treatment (Fig.1.9).



Figure 1.9: point load machine used for pressing the samples.



Fifty five grams from every prepared sample was placed in the mold and pressed at 5.6 kn/cm² (571 kg/cm²) pressure to produce briquettes having dimensions 1x5x5 cm. Nine briquettes were formed for each clay sample alone and for each case of mixture (3 tiles for every firing temperature) (Fig.1.10).
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1.6.2.4.4 Drying and Firing The ceramic briquettes were dried in oven at temperature 105°C for about 24 hours. This process avoided the occurrence of cracks due to the rapid expulsion of water during the firing process in which the temperature increased relatively fast, it also gave a suitable strength of ceramic sample to facilitate the process of transferring without causing cracks (AlNuaimy, 1996). Generally the strength of dried briquettes increases with increasing the proportion of clay minerals in the body and decreasing the size of particle of the clays (Ryan, 1978). During the firing process minerals in clay bodies undergo chemical and structural modifications such as dehydration, dehydroxylation, decomposition, and the formation of new phases and vitrification. These processes are mainly influenced by the chemical and mineralogical composition of the original clay (Medhioub et al., 2010). The studied ceramic briquettes were fired in electric furnaces with a special firing program and temperatures (1125, 1150 and 1175°C) with temperature rise 30°C/hour, and briquettes were left in the furnace to cool and give enough time to complete the process of crystallization of new minerals. The drying and firing process were carried out in the furnaces of School of Fine Arts – Department of Ceramic /University of Sulaimani.
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Figure 1.10: Some of the prepared molded samples after drying and firing at temperatures (1125, 1150 and 1175°C) 28
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1.6.2.5 Evaluation Tests of Ceramic Bodies 1.6.2.5.1 Physical Tests 1.6.2.5.1.1 Color Color is an important character of clay deposits which is mainly related with the mineralogical and chemical composition. The main controls on color are the organic matter, pyrite content and the oxidation state of the iron. With an increasing amount of organic matter and pyrite, the mud rocks will appear in dark grey to black colors. The red, purple and brown colors reflect the presence of ferric iron and the green color reflects the presence of ferrous iron (Tucker, 1991). The responsible factor of the color for ceramic product is not only the Fe₂O₃, other constituents such as CaO, MgO, Na₂O and TiO₂ can appreciably change the color of the fired clay (Medhioub et al., 2010). Generally the iron content is responsible for red firing color and the calcium content for yellow color; when the iron content is low and enough aluminum oxide is present, the free iron oxide will bind with the silicate to form yellow compound (Bormans, 2004). After firing, the intensity of the color depends on the content of the oxides and their transformation in ceramic body as well as firing temperature and firing environment. The color of the studied ceramic briquettes has been measured before and after firing at temperatures 1125, 1150, 1175°C by visual inspection.



1.6.2.5.1.2 Linear Firing Shrinkage At firing of the clay bodies to high temperatures, reactions will occur between the constituent materials of the body which form glass phases, solidify at cooling leading to the convergence of grains and thus shrinking of the ceramic body. Therefore, determining the linear shrinkage is important to give an idea of the changes that occur during the firing process (Merza, 1997). In some cases the briquettes may be exposed to elongation (negative shrinkage) due to expansion of some present minerals and growing new phase minerals (Bonnet and Gaillard, 2007; Hakeem, 2012), others may be exposed to increase shrinkage with increasing the firing temperature (Merza, 1997; Merza, 2004; Merza and Mohyaldin, 2005).
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Linear shrinkage during the firing is affected by some factors such as grain size distribution. Finely-grained materials are shrinked more than those of coarser grain (Oloruntola et al., 2010). In addition to the forming method there is another important factor where the percentage of shrinkage will be reduced in the case of dry pressing and semi-dry pressing while it increases in the case of wet pressing because of increasing the proportion of water in the wet state and vaporize during the firing (Al-Hakeem, 1998). The linear shrinkage was measured by using Vernier Dial Caliper model (MITUTOYO) and the percentage of linear firing shrinkage was calculated according to ASTM C326, 76 (1982) by using the following equation: Lf % = [(L₁ - L₂)/L₁]*100 Where: Lf = linear firing shrinkage. L₁ = sample length before firing. L₂ = sample length after firing.



1.6.2.5.1.3 Apparent Porosity Apparent porosity has been defined as a percentage of the volume of voids to the total volume of the ceramic body. There are two types of porosity: the first is called “virtual or open porosity” which is connected to the outer surface of the ceramic body and has a significant impact on the thermal, electrical and mechanical properties (Al-Khalissi and Worral, 1985). The second type of porosity is called “closed porosity” that is not connected with each other and it has a slight effect on ceramic body. The sum of the two types of porosity is called “total porosity” (Viaene, 1999; Grimshaw, 1971). Porosity depends on the grain size and distribution, forming method and amount of pressure used during the pressing process, and firing program. In addition to that, decomposition of calcium carbonate will be happened leaving voids in the ceramic body as well as the formation of glass phase and products of the chemical reactions that fill these voids (Al-Hakeem, 1998). The apparent porosity of the studied ceramic briquettes fired at 1125, 1150 and 1175°C was calculated according to ASTM C373-72 (1986) as shown in appendix (2).
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1.6.2.5.1.4 Water Absorption The water absorption is the percentage of water absorbed that fill the pores inside the ceramic body. The water absorption is one of the important properties of ceramic body because determines the extent of the body to accept the glaze and also absorbs building material association. The percentage of the water absorption depends on the porosity (virtual porosity) and bulk density of the ceramic body as the higher virtual porosity increased the water absorption and vice versa for the bulk density (Warrir et al., 1989). Also the ratio of the water absorption depends on the same factor that the porosity depends on (Bauluz et al., 2003; Gonzalez et al., 1998). The water absorption of the studied ceramic briquettes fired at 1125, 1150 and 1175°C was calculated according to ASTM C 373-72 (1986) as shown in appendix (2).



1.6.2.5.1.5 Bulk Density Bulk density is defined as a ratio of specimen weight to the total volume which represents the volume of the solid materials with the porosity volume (opened and closed). Determining the bulk density, it is important to know the mechanical and thermal properties of ceramic body and this property is associated with the resistance of the body to the shocks. The high bulk density ratio increases the resistance of the body to the thermal shock and increases the durability and hardness and vice versa (Al-Taey, 1981 in Muhammad, 2013). The bulk density depends on the same factor that the porosity depends on, in addition to the chemical composition of the raw materials and firing temperature. Also, it has a direct relationship with the compressive strength and an inverse relation with the porosity. Decrease in porosity ratio causes increase in compressive strength and bulk density and vice versa (Kitouni and Harabi, 2011). The bulk density of the studied ceramic briquettes fired at 1125, 1150 and 1175°C was calculated according to ASTM C 373-72 (1986) that shown in appendix (2).
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1.6.2.5.2 Compressive Strength Compressive strength is a determination of the resistance of the body to the axially directed pressure. It is clear that the compressive strength has a direct relationship with the bulk density and an inverse relationship with the porosity. The high compressive strength is obtained when the open porosity reaches a minimum value (Kitouni and Harabi, 2011) as well as homogenous distribution of grains and pores is probably responsible for the high strength (Medhioub et al., 2010). On the other hand, the increase in densification causes increase in compressive strength and the densification depends on both calcareous content and maximum firing temperature that affect the formation of calcium silicate phase and this phase plays an important role in densification of the ceramic body (Sousa and Holanda, 2005). This test was conducted on the studied ceramic briquettes fired at 1125, 1150 and 1175°C, according to ASTM C133-1969 by the point load machine with some treatment, as shown in Figure (1.11), at the Department of Geology, School of Science/ University of Sulaimani. Then the compressive strength was calculated according to the following equation: S = W/ A Where: S = compressive strength (kg/cm²). W = Pressure value at collapse (kg) A = Area of ceramic specimen (cm²).
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Figure 1.11: Point load machine used for determining the compressive strength for the studied ceramic briquettes with some treatments.
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Chapter Two Results of Mineralogical, Physical and Geochemical Properties of Studied Raw Materials 2.1 Introduction This chapter exhibits the results and interpretation of the mineralogical, chemical and physical properties of the studied raw materials.



2.2 Mineralogy of the Clay Samples Mineralogical analysis of the clay samples was carried out by X-Ray Diffraction (XRD) technique in X-Ray Laboratories of the Iraqi Geological Survey- Baghdad. Many types of clay and non-clay minerals have been identified on the basis of their diffraction pattern. Semiquantitative analyses were used for calculating the percentage of clay minerals and non-clay minerals (Table 2-1 and Figures 2.1, 2, 3, 4 and 5).



2.2.1 Identification of Clay Minerals Economically, the study of clay minerals and the determination of their types are important because these minerals are used in many industrial applications like ceramic, cement, paper, paint, drilling mud…etc. In this study the type and the proportion of the clay minerals and non-clay minerals for the studied samples are determined from analysis of the prepared oriented (normal, glycolated sample, and heating to 550°C for 2hour) and non oriented slides (bulk sample), (Table 2-1 and Figs.2.1, 2, 3, 4 and 5). The existing clay minerals in studied samples were identified according to the basal reflections.



2.2.1.1 Chlorite The identification of chlorite is difficult (Pulkkinen, 2004), chlorite rich in Fe provide relatively weak about 14˚A (001) and 4.7˚A (003) reflections and strong 7˚A (002). Mg-rich chlorite provides a strong reflection at 13.6-14˚A (001) and 7˚A (002) and weak 3.5˚A (004) reflection (Grim, 1968). Heating of chlorite to about 550°C creates an increase in the intensity of (001) reflection (Figs. 2.1, 2, 3 and 5) and decrease in the intensities of 002, 003 and 004 and it remains unchanged by ethylene glycol treatment (Carroll, 1970; Brindley and Brown, 34
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1980). Chlorite is present in all studied clay samples in various proportions (Table 2-1 and Figs. 2.1, 2, 3, 4 and 5).



2.2.1.2 Illite The term “illite” can designate all types of small mica and sometimes corresponds to a mixture of micaceous minerals of different origins (Chamley, 1989). It is recognized by strong first order basal reflection at 10˚A (001) which remains unchanged after heating and ethylene glycol treatments (Figs. 2.1, 2, 3, 4 and 5) (Grim, 1968). Illite has also second order 4.9˚A (002)reflection, when illite is heated to 550°C its basal reflection intensity tends to increase, where some clay minerals such as smectite by heating also loses its interlayer water, then shifts to illite structure (Carroll, 1970; Pulkkinen, 2004). Illite is present in some of the studied samples in various proportions and mostly present as a mixed layer with smectite (Table 2-1 and Figs. 2.1, 2, 3, 4 and 5).



2.2.1.3 Smectite Smectite is recognized by strong first order basal reflection at 2θ˚ 5.95, 6.5 and 7.2 that corresponding to d-spacing 14.98˚A, 13.59˚A and 12.27˚A respectively (Figs. 2.1, 2, 3, 4 and 5) this referred to difference in water molecules present in the structure of smectite (OH)₄ Al₄ Si₈O₂₀.nH₂O (Bates, 1969). Smectite affected when treated with ethylene glycol that expands to about 17˚A for the first reflection because the basic structure of smectite is consisted of three layers that the gibbsite sheet being sandwiched between the two sheet of silica tetrahedral layers, each three-layer unit is loosely bound to its neighbors in the c-direction by water that has absorbed organic matters (ethylene glycol) and expanded their structure (Bates, 1969). When smectite is heated to 550°C, its d-spacing becomes 9˚A for the first reflection due to the loss of interlayer water (Carroll, 1970). Smectite mineral is another type of clay mineral identified in all studied samples in little proportions (Table 2-1) mostly present as a mixed layer with illite.



2.2.1.4 Kaolinite Kaolinite is the most common mineral in sample 11 and less dominant in other samples (1, 3, 4, 5, 6, 7, 8, 9 and 10). Kaolinite is identified according to basal reflection (001) which appears in 7.1˚A (2θ˚ 12.33) (Fig. 2.1, 2, 3 and 4). The reflection is not affected by ethylene 35
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glycol while on heating in 550°C the peak of kaolinite will disappear (Carroll, 1970) because it collapse structure (Grim, 1968). Kaolinite present in most of the studied samples in various proportion, show very high proportion in sample no.11 (Table 2-1 and Figs. 2.1, 2, 3 and 4).



2.2.1.5 Mixed-Layers Clay Minerals Clay minerals that consist of interstratified layers of different minerals are of very common occurrence in sediments, due to degradation of through weathering or in diagensis processes (Carroll, 1970). Mixed-layer structures may form between two or more clay mineral species (Grim, 1968). It is present in most of the studied samples in various proportion (Table 2-1), and mostly occurred between illite and smectite minerals.



2.2.2 Non-clay Minerals Depending on XRD pattern for the selected studied samples, the bulk rock mineralogy indicates the presence of phyllosilicate minerals with abundant non-clay minerals such as calcite, dolomite, hematite, detrital quartz and few and locally feldspar contents. In addition to the clay minerals a number of non-clay minerals are identified in the studied clay samples (Table 2-1 and Figs. 2.1, 2, 3, 4 and 5). The type and proportion of non-clay minerals was determined by the analysis of the prepared non-oriented slides by XRD. The following nonclay minerals are identified in the studied clay samples:



2.2.2.1 Quartz Quartz is present in high proportion in most of the studied clay samples (Table 2-1), quartz has a strong basal reflection 001 on the 2θ˚ 26.65 as well as weak reflection appears at the 2θ˚ 20.85, 36.6, 39.5 and 42.5 (Figs. 2.1, 2, 3, 4 and 5).



2.2.2.2 Calcite Calcite mineral is present in a various proportion in the clay samples (Table 2-1), this mineral has a major reflection at the 2θ˚ 29.5 as a high intensity and low intensity reflection at 2θ˚ 23.1, 36, 43.2, 47.6 and 48.6 (Figs. 2.1, 2, 3, 4 and 5). Calcite and phyllosilicate show opposite behavior; this may be explained the carbonate dilution by land derived terrigenous materials (Balaky, 2012)
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2.2.2.3 Feldspar Feldspar is another non-clay mineral which is present in low proportion in most of the studied clay samples (Table 2-1) in the form of plagioclase (albite) reflected at 2θ˚ 28 as a high intensity as well as at 2θ˚ 24.1, 24.3, 22.1 as a very low intensity (Figs. 2.1, 2, 3 and 5).



2.2.2.4 Dolomite This mineral is found only in sample no.13 which is present in high proportion (Table 21).This mineral has a high intensity at 2θ˚ 31 and is reflected in low intensity at 2θ˚ 41.1 and 45 (Fig. 2.5).



2.2.2.5 Hematite This mineral is found only in sample no.13 which is present in very low proportion (Table 2-1) Hematite is reflected at 2θ˚ 33.6 as high intensity and at 2θ˚ 35.6 as a low intensity (Fig. 2.5). Hematite may be the weather product of surrounding rock such as the igneous rocks of Mawat ophiolite complex.
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Table 2-1: Semi-quantitative analysis (percentage) of clay minerals and non-clay minerals in selected studied samples.
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Figure 2.1: X-Ray Diffraction pattern of clay deposits from Fatha Formation. (Sample no. 1)



A: Bulk sample. 39



B: Oriented sample.
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Figure 2.1: Continued (Sample no.5). 40
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Figure 2.1: Continued (Sample no.6). 41
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Figure 2.1: Continued (Sample no.7). 42
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Figure 2.2: X-Ray Diffraction pattern of clays from recent valley deposits. (Sample no.3)



A: Bulk sample



B: Oriented sample 43
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Figure 2.2: Continued (Sample.no.4). 44
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Figure 2.3: X-Ray Diffraction pattern for clays from Injana Formation. (Samples no.8)



A: Bulk sample



B: Oriented sample 45
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Figure 2.3: Continued (Sample no.9). 46
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Figure 2.3 : Continued (Sample no.10). 47
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Figure 2.4: X-Ray Diffraction pattren for kaolin of Ga′ara Formation. (Sample no.11)



A: Bulk sample 48



B: Oriented sample
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Figure 2.5: X-Ray Diffraction pattern of clays from Red Bed Series. (Sample no.13)



A: Bulk sample 49



B: Oriented sample
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2.3 Mineralogy of the Additive Materials 2.3.1 Granite Mineralogical analysis of granite was determined by using X-Ray Diffraction technique (XRD) in Kaleseramik Fizik Laboratuvari (Turkey). The granite from Mawat ophiolite at the studied area is mostly composed of quartz, albite and muscovite as major component, as well as minor proportion of microcline and titanite as in Figure (2.6).



2.3.2 Sandstone The sandstone unit of the Khabour Formation at the studied area is composed of predominate detrital quartz (both mono – and poly crystalline), with a ratio of feldspar (alkali feldspar, plagioclase), rock fragments (sedimentary, metamorphic), phosphates and high percent of mica; sometimes reaches 6.5 % (Omer, 2012).



2.3.3 Limestone Mineralogy of Limestone was established by using X-Ray Diffraction technique (XRD) in XRay Laboratories of Iraqi Geological Survey-Baghdad. Limestone from Sinjar Formation is almost pure consisting mainly of calcite for about (94.13 %) with small percentage of quartz for about (5.87%) as in Figure (2.7).
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Figure 2.6 : X- Ray Diffraction pattern of granite from Mawat ophiolite complex.



C : Calcite Q : Quartz



Figure 2.7: X-Ray Diffraction pattern of limestone from Sinjar Formation. 51
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2.4 Results of Physical Properties of the Clay Samples 2.4.1 Grain Size Analysis The grain size of clay raw materials influences their behaviour during the technological drying and firing processes and affect many properties of the building clay products such as the microstructure and the mechanical properties of fired materials (Dondi et al., 1998). The grain size analysis for all studied samples has been determined by using sieve analysis and hydrometer according to British standard (BS 1377-1967), the results is shown in Table 22 and Figure 2.9. The results of sieve analysis for studied samples show that the samples are composed mostly of Silt (4-63 μm) and clay (< 4 μm) and they range between 59.09 – 77.52 % and 13.44 – 34.88 % respectively, with a minor proportion of sand (63 μm-2 mm) their percentage ranges between 1.41 – 18.07 % , except samples (8 and 11). Sample no.8 is composed mainly of silt (49.33 %) and sand (41.57 %) with minor proportion of clay (9.1 %) while sample no.11 is composed of a considerable proportion of clay (59.11 %) and silt (39.69 %) with a deficient proportion of sand (1.2 %) as shown in Table 2-2 and Figure 2.9. The results of grain size analysis of the studied samples are plotted on the Folk′s (1980) classification triangle in order to classify the samples, was based on the proportion of sand, silt and clay (Table 2-2). It revealed that the samples (1 and 11) are plots on the field of mud , where samples (2, 3, 4, 5, 6, 7, 9 and 13) are plots on the field of silt, and samples (8, 10 and 12) is located on the field of sandy silt (Fig.2.8).
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Figure 2.8: Relative distribution of sand, silt and clay portions of studied samples (after Folk, 1980) .
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Figure 2.9 : Grain size analysis diagram for the studied samples
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Figure 2.9 : Continued.
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Figure 2.9: Continued.
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Table 2-2: Grain size analysis for the studied samples using sieve analysis and hydrometer.



Sample no.



Sand %



Silt %



Clay %



1



2.19



62.93



34.88



2



1.41



77.52



21.07



3



1.66



69.86



28.48



4



2.27



73.97



23.76



5



3.83



63.88



32.29



6



4.82



77.37



17.81



7



6.14



72.62



21.24



8



41.57



49.33



9.1



9



4.81



69.12



26.07



10



18.07



59.09



22.84



11



1.2



39.69



59.11



12



14.06



72.5



13.44



13



6.09



74.62



19.29
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The amount of particles less than 2 μm largely determines the importance of clays when used in ceramic industry. This is due to the fact that such fraction indicates a large amount of clay minerals and consequently greater plasticity. Winkler (1954), produced the diagram for evaluating the suitability of clay samples in different ceramic products depending on the percentage of fine particles sized ( < 2μm , 2-20 μm and >20μm). For this purpose for all studied clay samples the percentage of particles < 2μm , 2-20 μm and >20μm



were



calculated (Table 2-3). According to Winkler diagram (Fig. 2.10) the samples 6, 7 and 12 can be used to manufacture solid bricks, samples 2 and 13 are suitable to manufacture vertically perforated bricks, samples 3, 4 and 10 can be used for manufacture of roofing tiles and light weight blocks and the samples 1, 5 and 9 are suitable to be used as a thin walled hollow bricks, while the samples 8 and 11 are neither siutable for manufacturing bricks nor for roofing tiles.



57



Chapter Two



Results of Mineralogical, Physical and Geochemical Properties of Studied Raw Materials___________



Table 2-3: The percentage of grain size (< 2μm , 2-20 μm and >20 μm) for the studied samples.



Sample.No.



< 2 μm %



2-20 μm %



>20 μm%



1



36



44



20



2



21



29



50



3



24



29



47



4



23



32



45



5



34



48



18



6



18



44



38



7



18



42



40



8



6



21



73



9



26



45



29



10



22



32



46



11



60



25



15



12



13



40



47



13



20



41



39
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A: Solid bricks B: Vertically perforated bricks C: Roofing tiles, light weight blocks D: Thin walled hollow bricks



Figure 2.10: Winkler diagram (Winkler, 1954) for the technological classification of bodies for structural clay products and plots of the studied samples.
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2.4.2 Atterberg Limits Atterberg limits that includes the liquid limit, plastic limit and plasticity index were determined for all studied samples at Seko Engineering House/Sulaimani city, according to ASTM D423 and AASHTO (T89/2002 - T90/2004). The results of these tests are shown in Table (2-4). The liquid limit ranges between 21.85 – 47.92 %. The plastic limit ranges between 16.72 – 31.85% and the plastcity index ranges between 4.12 – 19.35.



Table 2-4: The results of Atterberg limits for the studied clay samples.



Sample.No.



Liquid limit %



Plastic limit %



Plasticity index



1



29.85



21.33



8.52



2



28.65



20.3



8.35



3



47.92



31.85



16.07



4



28.65



19.3



9.35



5



27.4



18.2



9.2



6



29.03



21.3



7.73



7



25.2



18.95



6.25



8



21.85



17.73



4.12



9



25.7



17.02



8.68



10



26.8



19.02



7.78



11



45.9



26.55



19.35



12



21.87



16.72



5.15



13



32.7



25.95



6.75
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The plasticity increases with the increase of the percentage of fine particles (Clay %) (Fig. 2.11) because plasticity is mainly caused by the sheet-like structure of the clay minerals as well as by water which is both physically and chemically buond to these sheet; the sheets slide over each other (Bormans, 2004). The low plasticity of most of the studied samples are due to the high percentage of silt and low percentage of clay in addition to the persence of sand (Table 2-2). The plasticity of clay is evaluated by plasticity index, which is determined by the difference in moisture content between liquid limit and plastic limit. The plasticity chart by (Krynine and Judd, 1957) was used for classification of the studied samples (Fig. 2.12) which represents the relation between plasticity index [PI= 0.73 (LL-20)] and liquid limit (LL %). Depending on this chart the studied samples are located within three different fields: the samples 7, 8 and 12 are located on the field of clay and silt low plasticity, while the samples 1, 2, 4, 5, 6, 9, 10 and 11 are located on the field of clay low plasticity and the samples 3 and 13 are located on the field of silt and organic clay low plasticity. Grimshaw (1971) prescribed the range of plastic limit as (10 – 60 %) for clay used in ceramic production. Depending on this range and on the results of plastic limit percentage (Table 2-4) for the studied samples, all samples are suitable for ceramic production. The clay workability chart (Fig. 2.13) was used depening on the plastic limit and plasticity index for evaluating the suitability of these studied samples in different ceramic industries. According to this chart (Fig. 2.13) all of the studied clay samples (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13) are suitable for Brick industry with some treatments.
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25
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13.44 12



13 19.29



7 21.24



Figure 2.11: The relationship between the plasticity index and percentage of clay of the studied samples.
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Liquid limit % Figure 2.12 : Plasticity chart by Krynine (1957) and plots of the results of the studied samples. 63
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Figure 2.13 : Clay workability chart (after Bain and Highley, 1978) and plots of the studied samples.
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2.5 Chemical Analysis of the Raw Materials The results of chemical analysis of the studied clay samples are shown in Table (2-5). They reveal that the clays are composed mainly of silica (SiO₂) that ranging between 31.56 – 55.07%. Also the clay samples contained of agood proportion of alumina (Al₂O₃) ranging between 5.36 – 29.13 %, high proportion of two oxides referred to the facts that both oxides are the main components of the clay minerals and they have a decisive influence on the refractoriness and mechanical resistance of the final product (Medhioub et al., 2010). On the other hand, silica is important for controlling the firing shrinkage that causes decreases the linear shrinkage and increases the apparent porosity as well as provides the densification of the ceramic product (Aqrawi, 2008). Inspite of the presence of calcium oxide (CaO) in a relatively high proportion ranging between 2.61 - 22.77 % this proportion is due to the presence of carbonate minerals epecially calcite in most of the studied clay samples. This oxide acts as a flux that affects the formation of the liquid phase at a relatively low temprature and is used as one of the methods for controlling the firing shrinkage (Das et al., 2005). It also provides the densification of the ceramic body at high firing temperature (Sousa and Holand, 2005). The magnisum oxide (MgO) ranging between 0.76 – 17.37 % that refers to the clay minerals especially smectite and chlorite but the high proportion was observed in sample no. 13 due to the considerable amount of dolomite mineral in this sample (Table 2-1 and Fig.2.5). Magnisum also participates in the structure of clay minerals, according to (Medhioub et al., 2010) MgO acts as sintering promoters on the vitrification. The total MgO and CaO content vary from 3.37 – 29.55 % in all clay samples which have got bleaching effect on the fired clay especially when vitrification was very low. The total coloring oxides (Fe₂O₃ + TiO₂) vary from 3.064 – 7.986 %. The Iron oxide (Fe₂O₃) is the main colorant in the clays, being responsible for the reddish color after firing (Mohsen and El-maghraby, 2010). Accordingly, the studied samples produce variuos degree of red color after firing from dark reddish brown color to yellowish brown and pale brown (Fig. 1.10). On the other hand, the iron oxide acts as a flux, iron oxide with other fluxes increasing the chance to form a considerable amount of liquid phase at a relatively low firing temperature that accelarates the vitrification (Gonzalez et al., 1998; Medhioub et al., 2010).
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In general the TiO₂ content of the studied samples are low and accounted their red color particularly after firing (Manfredini and Hanuskova, 2012). Also the chemical analysis for the clay samples shows a moderate amount of alkali content (K₂O + Na₂O) ranging between 0.37 – 4.35 %. The K₂O depends on illite content (Sousa and Holanda, 2005; Mohsen and El-maghraby, 2010). These two oxides act as a flux and the flux controls the degree of vitrification of the ceramic body during firing and provids the densification of the fired products (Lewicka, 2010). Fluxes are constituents which melt when the ware is fired and the temperature at which the individual fluxes start to melt is largely dependent on the total alkali content and on the particle size of the material (El Nouhy, 2013). The oxides (P₂O₅, MnO and SO₃) are present in low proportion in the studied clay samples. According to (Medhioub et al., 2010) the oxides CaO, MgO, Na₂O, TiO₂ and Fe₂O₃ can appreciably modify the color of the fired clay. Loss On Ignition (L.O.I) was determined in all studied samples by firing at 1000°C and ranges between 10.15 – 25.71 %. The considerable amount of Loss On Ignition (L.O.I) is due to the decomposition of carbonate minerals and escaping of the CO₂



gas, as well as



attributing to the molecular and adsorbed water present in and on the crystal structure of the clay minerals (Hakeem, 2012). Figure 2.14 shows the relationship between the refractory oxides (SiO₂ and Al₂O₃) and fluxing oxides (CaO, MgO, Fe₂O₃, K₂O and Na₂O) of the studied clay samples. From this figure noted that has inverse relation between them. Based on the results of chemical analysis for the studied clay samples (Table 2-5) and the triangular diagram that is proposed by Fabbri and Fiori (1985) and Fabbri and Dondi (1995) Figure (2.15), the samples (1, 5, 6, 7, 8, 9, 10 and 12) may be used as a feeding material for porous red tiles, sample (11) is suitable for making white stoneware, while samples (2, 3, 4 and 13) are unsuitable for stoneware and porous tiles uses because the samples (2, 3 and 4) are high lime content (Table 2-5), this attributes to high carbonate content such as calcite (Table 2-1 and Figure 2.2) and sample (13) contains high content of dolomite and smectite (Table 2-1 and Figure 2.5) (Gonzalez et al., 1998). Most of the studied raw materials require the addition of some SiO₂ and Al₂O₃ if they are to be used for making high grade products.
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Flux (CaO+MgO+Fe₂O₃+K₂O+Na₂O) %
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Figure 2.14: Relationship between refractory oxides (SiO₂ + Al₂O₃) and fluxing oxides (CaO + MgO + Fe₂O₃ +K₂O + Na₂O) for the studied clay samples.
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100 SiO₂



60 Al₂O₃



60 TiO₂ + Fe₂O₃ + MgO + CaO + Na₂O + K₂O



Figure 2.15: Clay chemical composition domains for preparing stoneware tiles (white (A) and red (B) bodies) and porous tiles (C and D) for the studied clay samples by (Fabbri and Fiori, 1985; Fabbri and Dondi, 1995).



The chemical analysis of the rocks used as additive materials (granite, sandstone and limestone) in this study is shown in Table (2-5). Granite is used as a source of feldspar and quartz, is composed of the high proportion of silica (75.74 %) and alumina (13.37 %) with the considerable proportion of alkali K₂O (3.37 %) and Na₂O (4.73 %). These two oxides act as a flux in ceramic industries. sandstone is rich in silica (74.39 %) that is used as a source of silica and as a filler in ceramic industries. Another material used as additive is limestone which is used as a source of lime (CaO) that acts as a flux and provides the densification of the ceramic body, composed of the high proportion of CaO (55.37 %).
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Table 2-5: Chemical analysis of the studied clay samples and additive materials. Samples



Clay samples



Additive materials



1



2



3



4



5



6



7



8



9



10



11



12



13



Granite



SiO₂



48.68



35.03



39.58



50.16



51.54



45.17



49.72



48.60



48.56



48.08



48.45



55.07



31.56



75.74



74.39



0.49



TiO₂



0.836



0.523



0.591



0.453



0.755



0.531



0.706



0.665



0.678



0.621



1.304



0.695



0.252



0.69



0.68



-----



Al₂O₃



15.29



7.36



8.57



6.83



14.58



9.43



13.56



11.78



12.49



11.58



29.13



13.69



5.36



13.37



11



0.63



Fe₂O₃



7.15



3.36



3.95



3.06



6.18



4.19



5.20



4.92



5.10



4.93



1.76



5.99



5.95



0.24



4.47



0.24



MnO



0.085



0.074



0.095



0.078



0.080



0.102



0.077



0.096



0.104



0.085



0.014



0.096



0.120



----



----



----



MgO



3.46



3.28



2.86



2.48



4.13



2.81



3.18



3.77



3.36



2.74



0.76



3.06



17.37



0.77



2.10



----



CaO



7.62



22.77



19.89



16.80



6.83



15.80



10.02



11.71



10.96



13.04



2.61



6.97



12.18



0.28



0.86



55.37



Na₂O



0.88



0.87



0.30



0.59



1.30



0.38



1.18



1.47



1.17



1.00



0.22



1.58



0.22



4.73



2.08



----



K₂O



3.47



1.15



1.27



1.15



2.89



1.51



2.52



1.99



2.06



1.53



0.59



1.89



0.15



3.37



2.09



----



P₂O₅



0.173



0.116



0.117



0.130



0.173



0.104



0.139



0.153



0.128



0.107



0.043



0.112



0.011



----



----



----



SO₃



0.02



0.65



0.01



0.03



0.01



0.00



0.03



0.02



0.03



0.00



0.05



0.01



0.00



----



----



----



LOI (%)



12.52



23.17



21.88



17.53



11.09



18.84



12.61



13.80



14.15



15.68



13.99



10.15



25.71



0.6



2.24



42.81



99.79



99.91



99.54



Oxides %



Total



100.17 98.36 99.12 99.29 99.54 98.89 98.96 98.97 98.78 99.41 98.93 99.32 98.88



MgO + CaO



11.08



26.05 22.75 19.28 10.96 18.61



10.03 29.55



----



----



----



Fe₂O₃+TiO₂



7.986



3.883 4.541 3.513 6.935 4.721 5.906 5.585 5.778 5.551 3.064 6.685 6.202



----



----



----



K₂O + Na₂O



4.35



2.02



----



----



----



1.57



1.74



4.19



1.89



13.2



3.7



15.48 14.32 15.78



3.46



3.23



69



2.53



3.37



Sandstone limestone



0.81



3.47



0.37
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Chapter Three Physical and Mechanical Properties of Fired Prepared Mold 3.1 Introduction The previous chapter exhibits the results and interpretation of mineralogical, physical and chemical properties of the studied raw materials. For evaluating the suitability of the studied raw materials in ceramic industries, 405 briquettes were formed from clay alone (A) and different prepared mixture (B, C, F, D and E) (Table 1-2, 3 and 4) that molded by semi-dry pressing method through using point load machine with some treatment (Figure 1.9), this pressing was carried out at the University of Sulaimani / School of Science – Department of Geology. Fifty five grams from every prepared sample (clay alone or mixtures) was placed in the mold and pressed at 5.6 kn/cm² (571 kg/cm²) pressure, to produce briquettes having dimensions 1x5x5 cm. Nine briquettes has been formed from each clay samples alone and for each case of mixture (3 briquettes for every firing temperature). The prepared molded specimens were dried in oven at temperature 105°C for about 24 hour and fired in electric furnaces with special firing program and soaking time of 30°C / hour at temperatures (1125, 1150 and 1175°C). The drying and firing processes were carried out in the furnaces of Department of Ceramic, School of Fine Arts/University of Sulaimani. This chapter demonstrates the results and interpretation of the physical and mechanical properties of the fired briquettes.



3.2 Physical Properties 3.2.1 Color The color of the studied ceramic briquettes prepared from the studied raw materials was determined by visual inspection. The studied ceramic briquettes were viewed in different color before firing in the case of clay alone (A) and different types of mixture (B, C, F, D and E) which are very dark brown, dark and light brown, reddish brown, reddish and dark reddish gray, pinkish gray, strong pale brown, whitish and yellowish brown, white, yellowish white and pink color (Table 3-1and 3). These colors changed when the briquettes fired at temperature (1125 - 1175°C) to the reddish brown, dark and light reddish brown, yellowish 70
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brown, yellowish white, light brown, strong pale brown, pinkish white and light red (Table3-2 and 3 and Fig. 3.1). The dark and very dark brown, dark reddish gray and reddish brown color of some of the studied ceramic briquettes before firing (Table 3-1) attributed to the present of the medium amounts of iron oxide in the studied raw materials (Table 2-5). The reaction of iron oxide with calcium oxide during the firing at high temperatures causes the restriction of dark color especially dark and very dark brown and reddish brown color. The colors changed to light color appearing in the color of light brown, reddish brown and strong pale brown color (Table 3-2) after firing at temperatures (1125 – 1175°C) (Ryan, 1978; Merza, 1997, AlHakeem, 1998; Bormans, 2004; Bonnet and Gaillard, 2007). The light colors such as white, light brown, strong pale brown and yellow color of some of the studied ceramic briquettes before firing (Table 3-1) referred to the low amount of iron oxide and high calcium oxide in the raw materials (Table 2-5). A slight change is noticed in these colors after firing at temperatures (1125 - 1175°C) which is appeared in color of strong pale brown, yellowish brown, yellowish white and pinkish white (Table 3-2) because generally iron oxide responsible for the red firing color and calcium content for yellow color (Bormans, 2004). The present of titanium oxide in the raw materials causes yellow color after firing at temperatures (1125 - 1175°C), but because of the low percentage of titanium oxide in the studied raw materials and medium amounts of iron oxide the effect of titanium oxide is not clear on the samples. Rhodes (1975) believes that the presence of iron oxide does not only influence the color, but the firing temperature and firing environment also have an important role in determining the final color.
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After drying



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



Figure 3.1: Some of the prepared molded samples after drying and firing at temperatures (1125, 1150 and 1175°C)
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Table 3-1: The color of the studied ceramic briquettes before firing



Sample no.



Color of the briquettes before firing Clay alone A



Mixture B



Mixture C



Mixture F



1



Very dark brown



Dark brown



Dark brown



------



2



strong pale brown



Yellowish white



Yellowish white



Whitish brown



3



Strong pale brown



Yellowish white



Yellowish white



Whitish brown



4



Light brown



Yellowish brown



Yellowish brown



Pinkish gray



5



Dark reddish gray



Reddish gray



Reddish gray



--------



6



Light brown



Whitish brown



Whitish brown



Pinkish gray



7



Dark brown



Reddish brown



Reddish brown



-----



8



Dark brown



Reddish brown



Reddish brown



-----



9



Dark brown



Reddish brown



Brownish gray



-----



10



Light brown



Whitish brown



Whitish brown



Pinkish gray



11



White



-----



-----



-----



12



Very dark brown



Dark brown



Dark brown



-----



13



Dark reddish brown



Light red



Light red



Reddish brown



Note: ----- not prepared.



73



Chapter Three



Physical and Mechanical Properties of Fired Prepared Mold



Table 3-2: The color of the studied ceramic briquettes after firing at temperature 1125, 1150 and 1175°C Color of the briquettes after firing Sample no.



Clay alone A



Mixture B



Mixture C



Mixture F



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1



Reddish brown



Reddish brown



*



Light reddish brown



Light reddish brown



Reddish brown



Light reddish brown



Light reddish brown



Light reddish brown



-----



-----



-----



2



Yellowish brown



Yellowish brown



Light brown



Yellowish white



Yellowish brown



Light brown



Yellowish brown



strong pale brown



Light brown



Light reddish brown



Light reddish brown



Light reddish brown



3



Yellowish white



Yellowish white



Yellowish brown



strong pale brown



strong pale brown



Light brown



Light brown



Light brown



Light brown



Light brown



Light brown



Light brown



4



Light brown



Yellowish brown



Light brown



strong pale brown



strong pale brown



Light brown



Yellowish brown



Yellowish brown



Light brown



Light brown



strong pale brown



strong pale brown



5



Reddish brown



Reddish brown



*



Light reddish brown



Light reddish brown



Dark brown



Light reddish brown



Light reddish brown



Light reddish brown



-----



-----



-----



6



Light brown



Yellowish brown



Light brown



strong pale brown



strong pale brown



Light brown



Light brown



Light brown



Light brown



Light reddish brown



Light reddish brown



Light reddish brown



7



Light brown



Light brown



Light brown



Light reddish brown



Light reddish brown



Light reddish brown



Light reddish brown



Light reddish brown



Light reddish brown



-----



-----



-----



8



Light brown



Light brown



Light brown



Light reddish brown



Light reddish brown



Light reddish brown



Light reddish brown



Light reddish brown



Light reddish brown



-----



-----



----



9



Light reddish brown



Light reddish brown



Light brown



Light reddish brown



Light reddish brown



Light reddish brown



Light reddish brown



Light reddish brown



Light brown



-----



-----



-----



10



Light brown



Light brown



Light brown



Light brown



Light brown



Light brown



Light reddish brown



Light reddish brown



Light brown



Light reddish brown



Light reddish brown



Light reddish brown



11



Pinkish white



Pinkish white



Pinkish white



-----



-----



-----



-----



-----



-----



-----



-----



-----



12



Reddish brown



Reddish brown



Dark reddish brown



Light reddish brown



Light reddish brown



Reddish brown



Light reddish brown



Light reddish brown



Light reddish brown



-----



-----



-----



13



Light brown



Light brown



Light brown



strong pale brown



strong pale brown



strong pale brown



strong pale brown



strong pale brown



strong pale brown



Light red



Light brown



Light brown



Note: * melted



------- not prepared.
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Table 3-3: The color of the studied ceramic briquettes in mixture D and mixture E before firing and after firing at temperatures 1125, 1150 and 1175°C.



Type of mixture



Color of the briquettes before firing



1125°C



1150°C



1175°C



Mixture D



Light brown



Light brown



Light brown



Light brown



Mixture E



strong pale brown



Light brown



Light brown



Light brown



Color of the briquettes after firing



75



Chapter Three



Physical and Mechanical Properties of Fired Prepared Mold



3.2.2 Linear Firing Shrinkage: The individual grains in a compacted clay material may shrink within themselves at a high temperature, but an overall shrinkage of the clay can occur only when the reaction between adjacent grains take place (Prentice, 1988). Linear shrinkage for the studied ceramic briquettes fired at 1125, 1150 and 1175°C was measured by using Vernier Dial Caliper model (MITUTOYO) and the percentage of linear firing shrinkage was calculated according to ASTM C 326, 76. The results as in Table 3-4 and Figure 3.2 show the relation between shrinkage percentages with increasing the firing temperatures. In the case of clay alone A, the samples 1 and 5 underwent shrinkage at 1125 and 1150°C ranging between 3.15 – 9.91 % (Table 3-4 and Fig. 3.2) the significant deformation of both sample at 1175°C hinder the determination of the linear shrinkage value because of the production of a relatively glassier material and less high temperature crystalline phases at this temperature this is due to high percent of flux material content such as Na₂O, K₂O, CaO, MgO Fe₂O₃,….etc (Fiori et al., 1989; Gonzalez et al., 1992). The samples 2 and 4 were exposed to negative shrinkage (elongation) in their length at the temperature 1125 and 1150°C range between - 0.98 and – 2.13 % (Table 3-4 and Fig. 3.2), at firing temperature 1175°C a slight shrinkage was noticed and ranged between 0.39 – 1.58 % which can be related to the vitrification of clay at this temperature. As well as the samples 3 and 6 show decrease in linear shrinkage over the temperature range 1125 to 1150°C due to crystallization of new silicate minerals resulted in expansion of the materials (Gonzalez et al., 1992) and it increased at 1175°C due to vitrification at this temperature. The samples 7, 8, 9, 10, 11, 12 and 13 show increase in linear shrinkage with increasing the firing temperatures from 1125 to 1175°C that ranged between 0.58 – 8.02 % (Table 3-4 and Fig. 3.2) this is attributing to the absence of carbonate materials at the high temperature and starting the vitrification which leads to filling the pores with glass melt that causes decreasing the porosity and increasing the bulk density and then tends to volume shrinkage (Gonzalez et al., 1992). Mixture B and mixture C were prepared for all studied clay samples except sample 11 which represent kaolin. These two types of mixture were prepared from red clay sample that is mixed with additive materials (kaolin, sandstone, granite and limestone) in different proportions (Table 1-2). In mixture B if compared to the case of clay alone A the samples 1, 3, 5, 7, 8, 9, 10, 12 and 13 show decrease in linear shrinkage at all firing temperatures (Fig. 3.2) 76
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and some of the studied ceramic briquettes slightly increased in linear shrinkage which are the samples 4 and 6 at all firing temperature, and sample 2 at 1125 and 1150°C (Table 3-4 and Fig. 3.2). The percentage of linear shrinkage for all the studied ceramic briquettes in mixture B ranged between 0.19 – 3.79 % as shown in Table 3-4. In mixture C the percentage of linear shrinkage for all the studied ceramic briquettes ranged between 0.1 – 2.15 % (Table 3-4). When it was compared to the case of briquettes prepared from clay alone A it is noted that the samples 1, 3, 5, 7, 8, 9, 10, 12 and 13 decreased in linear shrinkage at all firing temperatures (Fig. 3.2) reducing the linear shrinkage for these samples in both type of mixture B and C referred to the addition of additive materials as a source of silica, alumina and fluxing agent. Both silica and alumina are considered as refractory oxides decreasing the shrinkage and deformation and prevent the cracking in the bodies (Gindy and Al-Rawi, 1987), fluxing agent lowering the firing temperature and enhancing the vitrification, while some of the studied ceramic briquettes show a slight increase in linear shrinkage like the samples 4 at all firing temperature, sample 2 at 1125 and 1150°C, and sample 6 at 1150°C (Table 3-4 and Fig.3.2). Because these samples are high CaO content which show elongation and low shrinkage in case of clay alone A but through the addition of additive material each CaO reacts with silica to form new crystalline phases at high temperature. It is available in the samples with high carbonate content (Gonzalez et al., 1990) which filled same of the pores between the particles that causes increase the linear shrinkage and decreased the porosity. Mixture F was prepared for the sample 2, 3, 4, 6, 10 and 13. For the preparation of this mixture each clay sample was mixed with additive materials (kaolin and granite) (50 % clayey sample, 25 % kaolin, 25 % granite). In this type of mixture the samples 2, 4, 6 and 10 show negative shrinkage ranging between - 0.2 and – 0.87 % and the samples 3 and 13 decreased in linear shrinkage compared to the case of clay alone A ranging between 0.1 – 0.49 % as in Table 3-4 and Figure 3.2. This reduces in linear shrinkage is due to the size of the clay samples (red clay and kaolin) which are in the size of 180 μm in this mixture but are in size of 90 μm in case of clay alone A and other types of mixture because the finely-grained materials shrink more than those of coarser grain (Oloruntola et al., 2010), Another factor is the effect of additive materials (kaolin and granite). Both granite and kaolin were added to the red clay as a source of silica, alumina and fluxing agent which serve to reduce shrinkage and deformation, and prevent cracking during drying and firing of the bodies (Gindy and Al-Rawi, 77
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1987). The fluxing agent feldspar from granite rock lowers the firing temperature and enhances vitrification (Jindi and Ibrahim, 1982). Mixture D and mixture E were prepared from the clay sample of Qaratapa (sample 4) and Takya (sample 10) by mixing with additive materials in different proportion (Table 1-4). In mixture D linear shrinkage increased with increasing the firing temperature (Fig. 3.2) and ranged between 0.59 – 0.87 %, and in mixture E the studied ceramic briquettes show increased in linear shrinkage from temperature 1125 to 1150°C, and decreased at 1175°C (Fig. 3.2). The linear shrinkage for the studied ceramic briquettes in this type of mixture ranged between 0.29 – 0.68 % (Table 3-5). The presence of quartz mineral in the studied clay samples (Figs. 2.1, 2, 3, 4 and 5) is one of the causes that lead to expansion (elongation in their length) the ceramic body, quartz mineral expands with increasing the firing temperature due to phase transformation of quartz mineral (Budnikov, 1964; Bonnet and Gaillard, 2007). Also liberating of CO₂ as a result of carbonate decomposition prevents the convergent of the grain from each other (AlHakeem, 1998; Hakeem, 2012) and retards the densification process (Sousa and Holanda, 2005). This is referred to the presence of high calcareous content in some of the studied clay samples. According to Rhoades (1975) linear shrinkage less than 8 % may be used in ceramic industries, hence all studied ceramic briquettes fired at temperatures 1125, 1150 and 1175°C may be used for this purpose except sample 1 at 1150°C (9.91 %) and sample 12 at 1175°C (8.02 %) as in Tables 3-4 and 5.
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Table 3-4: The results of linear shrinkage for the studied ceramic briquettes after firing at temperatures 1125, 1150 and 1175°C. Linear shrinkage % Sample no.



Clay alone A



Mixture B



Mixture C



Mixture F



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1



6.94



9.91



*



1.37



1.19



2.77



1.56



1.74



2.15



---



---



---



2



- 1.78



- 2.13



1.58



0.29



0.69



0.87



0.2



0.1



0.58



- 0.29



- 0.79



- 0.58



3



1.78



1.38



3.3



1.07



0.97



1.92



0.97



1.06



2.13



0.1



0.29



0.39



4



- 1.36



- 0.98



0.39



0.3



0.19



1.16



0.1



0.19



0.68



- 0.39



- 0.87



- 0.78



5



3.15



7.62



*



1.36



0.98



3.79



1.44



1.19



1.88



---



---



---



6



0.68



0.1



1.47



0.89



1.18



2.44



0.68



0.49



0.88



- 0.2



0



-0.58



7



1.16



1.27



2.56



0.58



0.49



0.29



0.87



0.68



1.36



---



---



---



8



0.69



1.65



7.17



0.49



0.78



0.49



0.39



0.99



1.07



---



---



---



9



0.58



1.77



3.7



0.58



0.69



1.37



0.58



0.78



1.94



---



---



---



10



0.59



0.9



0.97



0.49



0.2



0.88



0.29



0.78



0.9



- 0.29



- 0.48



- 0.48



11



5.89



5.97



5.99



---



---



---



---



---



---



---



---



---



12



0.99



1.07



8.02



0.49



0.58



0.79



0.97



0.97



1.07



---



---



---



13



1.19



1.28



1.46



0.87



1.27



0.99



0.88



1.28



1.36



0.19



0.39



0.49



Note: * melted.



--- Not prepared.



79



Chapter Three



Physical and Mechanical Properties of Fired Prepared Mold



Table 3-5: The results of linear shrinkage for the studied ceramic briquettes in mixture D and mixture E at temperatures 1125, 1150 and 1175°C.



Type of mixture



Mixture D



Mixture E



Firing temperature



Linear shrinkage %



1125°C



0.59



1150°C



0.79



1175°C



0.87



1125°C



0.29



1150°C



0.68



1175°C



0.58
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12%



2.0%



S.No.1



1.5%



10%



1.0% Firing shrinkage



Firing shrinkage



8% 6% 4%



0.5% 0.0%



-0.5%



1125°C



1150°C



1175°C



-1.0%



2%



-1.5%



0% 1125°C 1150°C Firing temperature clay alone(A)



1175°C



Mixing 1(B)



clay alone(A)



-2.0%



Mixing 1(B)



-2.5%



Mixing 2 (C)



Firing temperature



Mixing 2 (C)



Mixing 3 (F)



1.5%



S.No.3



3.5% 3.0%



S.No.4



1.0% Firing shrinkage



2.5% Firing shrinkage



S.No.2



2.0% 1.5% 1.0%



0.5% 0.0% 1125°C



1150°C



1175°C



-0.5%



0.5% -1.0%



0.0% 1125°C 1150°C Firing temperature clay alone(A) Mixing 2 (C)



clay alone(A) Mixing 2 (C)



7%



2.5%



6%



2.0% Firing shrinkage



5% 4% 3% 2% 1%



clay alone(A)



Mixing 1(B)



1175°C



S.No.6



1.5% 1.0% 0.5% 0.0% -0.5%



0%



-1.0%



1125°C



1150°C



1175°C



Firing temperature clay alone(A) Mixing 2 (C)



Mixing 2 (C)



Mixing 1(B) Mixing 3 (F)



3.0%



S.No.5



1125°C 1150°C Firing temperature



Firing temperature



-1.5%



Mixing 1(B) Mixing 3 (F)



8%



Firing shrinkage



1175°C



Mixing 1(B) Mixing 3 (F)



Figure 3.2: The relationship between linear shrinkage percentage with firing temperatures (1125, 1150 and 1175°C).
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3.0%



8%



S.No.7



2.5%



6%



Firing shrinkage



Firing shrinkage



2.0% 1.5% 1.0% 0.5%



5% 4% 3% 2% 1% 0%



0.0%



1125°C 1150°C 1175°C Firing temperature



1125°C 1150°C 1175°C Firing temperature clay alone(A)



Mixing 1(B)



clay alone(A)



Mixing 2 (C)



3.5%



1.0%



3.0%



0.8%



2.5% 2.0% 1.5%



0.2% 0.0%



0.5%



-0.4% -0.6%



0.0%



Mixing 1(B)



1175°C



Firing shrinkage



5.98% 5.96% 5.94% 5.92% 5.90%



1125°C



1150°C



5.88% 5.86% 5.84%



S.No.12



clay alone(A)



clay alone(A)



Figure 3.2: Continued.
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Mixing 1(B) Mixing 3 (F)



9% 8% 7% 6% 5% 4% 3% 2% 1% 0% 1125°C



1125°C 1150°C 1175°C Firing temperature



1175°C



Firing temperature clay alone(A) Mixing 2 (C)



Mixing 2 (C)



S.No.11



6.00%



S.No.10



0.4%



-0.2%



clay alone(A)



Mixing 2 (C)



0.6%



1.0%



1125°C 1150°C Firing temperature



Mixing 1(B)



1.2%



S.No.9 Firing shrinkage



Firing shrinkage



4.0%



Firing shrinkage



S.No.8



7%



1150°C Firing temperature Mixing 1(B)



1175°C



Mixing 2 (C)
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1.6%



S.No.13



1.2% 1.0%



Firing shrinkage



Firing shrinkage



1.4%



0.8% 0.6% 0.4% 0.2% 0.0% 1125°C 1150°C Firing temperature clay alone(A) Mixing 2 (C)



1175°C



1.0% 1.0% 0.9% 0.9% 0.8% 0.8% 0.7% 0.7% 0.6% 0.6% 0.5%



Mixing 4 (D)



1125°C 1150°C Firing temperature



Mixing 1(B) Mixing 3 (F)



Mixing 4 (D)



Mixing 5 (E)



0.8% 0.7% Firing shrinkage



1175°C



0.6% 0.5% 0.4% 0.3% 0.2% 0.1% 0.0% 1125°C 1150°C Firing temperature



1175°C Mixing 5 (E)



Figure 3.2: Continued.
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3.2.3 Apparent Porosity, Water Absorption and Bulk Density Apparent porosity, water absorption and bulk density test were carried out on the studied ceramic briquettes fired at temperature 1125, 1150 and 1175°C according to ASTM C373-72. The results of these tests shown in Tables 3-6, 7 and 8 respectively, and Figures 3.3, 4 and 5, show the relationship between results of these tests with increasing firing temperatures. In case of clay alone A it revealed that apparent porosity values for the samples 2, 3, 4, 7, 8, 9, 11, 12 and 13 decreased with increasing the firing temperatures from 1125 to 1175°C (Fig. 3.3) that ranged between 13.02 – 48.61 % (Table 3-6), water absorption rate followed similar trend to that of porosity as seen from Figure 3.4 and ranged between 7.32 – 44.95 % (Table 3-7). Also from the figure 3.5, it can be noted that the bulk density of these samples increased with rising the firing temperature ranged between 1.08 – 1.78 (Table 3-8) it is a natural behavior of ceramic body (Mustafi et al., 2011). This is owing to vitrification and decomposition of minerals content of raw materials and the crystallization of new silicate minerals filling the pores presented between the particles during the firing of the studied ceramic briquettes that cause decreasing apparent porosity and water absorption and increased bulk density (Dondi et al., 1992; Gonzalez et al, 1992; Merza, 2002). Above the temperature 1150°C apparent porosity increased, the water absorption value was diminished and the bulk density decreased for both samples 6 and 10 while the sample 1 and 5 changed to glassier material at 1175°C (Tables 3-6, 7 and 8, and Figs. 3.3, 4 and 5). These results depend on the type of component of the fired materials (chemical composition), their particle size, the firing temperature and the duration of the firing and time of maturity (Grim, 1968; Ryan, 1978). In mixture B and mixture C when compared to the case of clay alone A it is noted that the samples 2, 3, 4, 6 and 13 decreased in porosity and water absorption and increased in bulk density (Tables 3-6, 7 and 8, and Figs.3.3, 4 and 5) because these samples are high carbonate content (Table 2-5 and Figs. 2.1, 2 and 5) due to CO₂ libration during the carbonate decomposition causes the formation of the new pores (Jain, 1980; Gonzalez et al., 1992; Bill et al., 1992), this causes the formation of high porosity and water absorption and low bulk density in the case of clay alone A but due to the addition of additive materials (sandstone, granite , kaolin and lime) the above reaction is modified; silica reacts with each CaO to form new crystalline phases at high temperature which are alumino-silicate of calcium, it is 84
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available in the samples with high carbonate content (Gonzalez et al., 1990) that filled certain ratio of pores between particles, as well as kaolinite mineral causes increase in shrinkage and feldspar acts as a flux that accelerates the vitrification, altogether decreasing the apparent porosity and water absorption and increasing the bulk density. The samples 1, 5, 7, 8, 9 and 12 in mixture B and mixture C show increase in apparent porosity and water absorption capacity and decrease in bulk density compared to the case of clay alone A, (Tables 3-6, 7 and 8, and Figs. 3.3, 4 and 5) because these samples are low carbonate content and generally rich in silica (Table 2-5 and Figs. 2.1 and 3) which formed nearly low porosity in case of clay alone A, through the addition of additive materials the percentage of bonding materials (clays) decrease and quartz mineral increased in the mixture, that causes decrease the linear shrinkage and quartz mineral expand with increasing the firing temperature due to the phase transformation of this mineral (Budnikov, 1964; Bonnet and Gaillard, 2007). That causes decrease in the linear shrinkage and relatively increase the apparent porosity and water absorption as well decrease the bulk density (Tables 3-6, 7 and 8, and Figs. 3.3, 4 and 5). Sample 10 increased in apparent porosity and water absorption value and decreased in bulk density in both mixing at the temperature of 1150°C (Tables 3-6, 7 and 8, and Figs. 3.3, 4 and 5) which may be referred to the crystallization of new silicate minerals resulted in expansion of the materials (Gonzalez et al., 1992). Mixture F was prepared for the samples 2, 3, 4, 6, 10 and 13. For the preparation of this mixture each clay sample was mixed with additive materials such granite and kaolin (%50 clay sample, 25 % granite, 25 % kaolin). When compared to the case of clay alone A it is noted that the apparent porosity decreased, the water absorption capacity diminished and the bulk density increased in all studied ceramic briquettes (Tables 3-6, 7 and 8, and Figs. 3.3, 4 and 5) because these samples are high carbonate content (Table 2-5 and Figs.2.1, 2, 3 and 5) due to the decomposition of carbonate and CO₂ libration the high percentage of pores is formed in the case of clay alone A, through the addition of additive materials such as granite and kaolin especially when a high percentage of granite is used (Table 1-3) this causes decrease these pores because both granite and kaolin are the source of silica, alumina and fluxing agent which cause good sintering properties on firing and undergo filling the pore and space between the particles, feldspar accelerated the vitrification due to the fluxing effect of this mineral (Medhioub et al., 2010). 85



Chapter Three



Physical and Mechanical Properties of Fired Prepared Mold



Mixture D and mixture E were prepared from clay samples of Qaratapa (sample no. 4) and Takya (sample no. 10) by mixing with additive materials (kaolin, sandstone, granite and limestone) in different proportions (Table 1-4). In mixture D over the temperature range 1125-1150°C, the crystallization of new silicate minerals resulted in the expansion of the materials (Gonzalez et al., 1992). The apparent porosity and water absorption capacity slightly increased, and bulk density decreased (Table 3-9 and Figs. 3.3, 4 and 5). Above 1150°C contraction increased owing to the vitrification that causes decrease in apparent porosity and water absorption as well as increase in bulk density (Table 3-9 and Figs. 3.3, 4 and 5). In mixture D the range of apparent porosity, water absorption and bulk density are between 34.63 – 35.94 %, 27.38 – 29.21 % and 1.23 – 1.26 respectively (Table 3-9). In mixture E, the apparent porosity decreased, the water absorption capacity diminished and bulk density increased with increasing the firing temperatures from 1125 to 1175°C (Figs. 3.3, 4 and 5) that ranged between 33.9 – 36.21 %, 26.13 – 28.07% and 1.29 – 1.3 respectively as in Table 3-9. This is referred to the addition of additive materials especially granite because a high content of fluxing oxides K₂O, Na₂O in the system help the formation of glassy phases (Mustafi et al., 2011) that cause the formation of the high amount of liquid phase with increasing the temperature (Gonzalez et al., 1992) and filled a certain ratio of pores between the particles.
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Table 3-6: The results of apparent porosity for the studied ceramic briquettes after firing at temperatures 1125, 1150 and 1175°C. Apparent porosity % Sample no.



Clay alone A



Mixture B



Mixture C



Mixture F



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1



4.66



13.08



*



31.51



32.79



27.99



31.31



30.26



30.6



---



---



---



2



47.83



48.61



43.4



39.48



38.52



37.83



38.45



37.57



37.76



32.38



39.14



36.23



3



48.2



48.26



45.44



41.31



40.68



38.84



39.09



39.38



39.21



35.04



39.32



39.72



4



44.41



42.1



42.8



39.35



38.26



38.91



36.78



37.69



37.6



28.59



35.47



36.33



5



25.26



17.28



*



31.66



32.77



27.39



29.63



31.5



31.94



---



---



---



6



37.76



37.74



40.23



37.7



36.89



34.31



34.47



36.3



35.11



29.81



32.87



33.3



7



31.84



29.99



29.04



32.87



34.01



35.43



32.63



32.25



32.54



---



---



---



8



33.13



30.95



21.44



33.64



33.59



32.95



32.42



32.87



32.56



---



---



---



9



29.97



27.2



25.33



32.59



34.29



31.42



32.35



33.19



31.86



---



---



---



10



35.71



32.12



35.29



34.51



35.4



35.41



32.34



36.16



33.14



26.77



31.78



28.37



11



33.03



31.83



31.44



---



---



---



---



---



---



---



---



---



12



27.57



27.41



13.02



33.22



31.03



31.52



31.98



30.79



29.83



---



---



---



13



47.04



47.81



46.88



40.39



39.22



39.27



37.1



37.46



35.44



35.46



37.54



35.99



Note: * melted.



--- Not prepared.
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Table 3-7: The results of water absorption for the studied ceramic briquettes after firing at temperatures 1125, 1150 and 1175°C. Water absorption % Sample no.



Clay alone A



Mixture B



Mixture C



Mixture F



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1



2.48



7.66



*



22.39



23.82



19.18



22.47



20.93



22.03



---



---



---



2



42.84



44.95



37.57



31.36



30.94



30.89



30.07



29.73



30.01



23.23



30.58



28.32



3



43.45



43.46



38.75



33.53



32.44



31.84



30.8



30.78



31.33



26.33



31.14



31.53



4



38.39



35.93



36.03



30.6



30.53



30.25



28.3



29.46



28.05



19.75



27.24



27.17



5



16.7



10.98



*



23.96



24.25



19.05



20.79



22.66



22.32



---



---



---



6



29.25



32.09



31.7



30.02



28.99



25.64



25.62



27.63



26.14



20.64



25.08



24.73



7



22.55



20.97



20.22



24.07



24.99



26.27



24.21



23.69



23.49



---



---



---



8



24.07



22.7



13.44



24.68



23.84



24.21



23.92



24.62



24.38



---



---



---



9



21.89



19.46



16.9



23.99



24.75



22.76



24.33



25.23



23.61



---



---



---



10



27.84



23.71



26.71



25.61



26.37



26.09



24.15



27.56



25.39



18.49



22.27



19.54



11



23.96



23.16



22.51



---



---



---



---



---



---



---



---



---



12



18.96



17.64



7.32



23.31



22



22.49



23.52



23.11



22



---



---



---



13



39.44



38.67



38.41



31.85



30.43



29.59



29.15



30.32



28.14



25.6



27.49



26.61



Note: * melted.



--- Not prepared.
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Table 3-8: The results of bulk density for the studied ceramic briquettes after firing at temperatures 1125, 1150 and 1175°C. Bulk density gm/cm³ Sample no.



Clay alone A



Mixture B



Mixture C



Mixture F



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1125°C



1150°C



1175°C



1



1.88



1.71



*



1.41



1.38



1.46



1.39



1.45



1.39



---



---



---



2



1.12



1.08



1.16



1.26



1.24



1.22



1.28



1.26



1.26



1.39



1.28



1.28



3



1.11



1.11



1.17



1.23



1.25



1.22



1.27



1.28



1.25



1.33



1.26



1.26



4



1.16



1.17



1.19



1.29



1.25



1.29



1.3



1.28



1.34



1.45



1.3



1.34



5



1.51



1.57



*



1.32



1.35



1.44



1.43



1.39



1.43



---



---



---



6



1.29



1.18



1.27



1.26



1.27



1.34



1.35



1.31



1.34



1.44



1.31



1.35



7



1.41



1.43



1.44



1.37



1.36



1.35



1.35



1.36



1.39



---



---



---



8



1.38



1.36



1.59



1.36



1.41



1.36



1.36



1.34



1.34



---



---



---



9



1.37



1.4



1.5



1.36



1.39



1.38



1.33



1.32



1.35



---



---



---



10



1.28



1.35



1.32



1.35



1.34



1.36



1.34



1.31



1.31



1.45



1.43



1.45



11



1.38



1.37



1.4



---



---



---



---



---



---



---



---



---



12



1.45



1.55



1.78



1.43



1.41



1.4



1.36



1.33



1.36



---



---



---



13



1.19



1.24



1.22



1.27



1.29



1.33



1.27



1.24



1.26



1.39



1.37



1.35



Note: * melted.



--- Not prepared.
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Table 3-9: The results of apparent porosity, water absorption and bulk density for the studied ceramic briquettes in mixture D and mixture E at temperatures 1125, 1150 and 1175°C.



Type of mixture



Mixture D



Mixture E



Firing temperature



Apparent porosity %



Water absorption%



Bulk density



1125°C



35.81



28.69



1.25



1150°C



35.94



29.21



1.23



1175°C



34.63



27.38



1.26



1125°C



36.21



28.07



1.29



1150°C



34.71



26.81



1.29



1175°C



33.9



26.13



1.3
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35%



S.No.1 Apparent porosity



Apparent porosity



25% 20% 15% 10% 5% 0% 1125°C 1150°C Firing temperature clay alone(A)



Mixing 1(B)



54%



40% 36% 32%



1125°C 1150°C Firing temperature clay alone(A) Mixing 2 (C)



Mixing 2 (C)



1175°C Mixing 1(B) Mixing 3 (F)



50%



S.No.3



S.No.4



46% Apparent Porosity



Apparent porosity



44%



28%



1175°C



50% 46% 42% 38% 34%



42% 38% 34% 30% 26%



30%



22% 1125°C 1150°C Firing temperature clay alone(A) Mixing 2 (C)



1175°C



1125°C 1150°C Firing temperature clay alone(A) Mixing 2 (C)



Mixing 1(B) Mixing 3 (F)



34%



1175°C



Mixing 1(B) Mixing 3 (F)



S.No.6



S.No.5 40% Apparent porosity



30% Apparent porosity



S.No.2



48%



30%



26% 22%



36%



32%



18% 28%



14% 1125°C 1150°C Firing temperature clay alone(A)



Mixing 1(B)



1125°C



1175°C Mixing 2 (C)



1150°C 1175°C Firing temperature



clay alone(A)



Mixing 1(B)



Mixing 2 (C)



Mixing 3 (F)



Figure 3.3: The relationship between apparent porosity percentage with firing temperatures (1125, 1150 and 1175°C)
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S.No.7



34%



Apparent porosity



Apparent porosity



36%



32%



30%



32% 28% 24% 20%



28% 1125°C clay alone(A)



1125°C



1150°C 1175°C Firing temperature Mixing 1(B)



36%



Mixing 1(B)



S.No.9



Mixing 2 (C)



S.No.10 38%



32%



Apparent porosity



Apparent porosity



1150°C 1175°C Firing temperature



clay alone(A)



Mixing 2 (C)



34%



30% 28% 26% 24% 22%



clay alone(A)



Mixing 1(B)



33.5%



34% 30% 26% 22%



1125°C 1150°C 1175°C Firing temperature



1125°C



1150°C 1175°C Firing temperature



clay alone(A) Mixing 2 (C)



Mixing 2 (C)



Mixing 1(B) Mixing 3 (F)



34%



S.No.11



S.No.12



30% Apparent porosity



33.0% Apparent porosity



S.No.8



32.5% 32.0% 31.5% 31.0%



26% 22% 18% 14%



30.5%



10% 1125°C 1150°C 1175°C Firing temperature



1125°C



clay alone(A)



clay alone(A)



Figure 3.3: Continued.
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50%



36.5%



S.No.13



36.0% Apparent porosity



46% Apparent porosity



Mixing 4 (D)



42% 38% 34%



35.5% 35.0% 34.5% 34.0%



30% 1125°C 1150°C Firing temperature clay alone(A) Mixing 2 (C)



33.5%



1175°C



1125°C



Mixing 1(B) Mixing 3 (F)



1150°C 1175°C Firing temperature Mixing 4 (D)



36.5%



Mixing 5 (E)



Apparent porosity



36.0% 35.5% 35.0% 34.5% 34.0% 33.5% 33.0% 32.5% 1125°C 1150°C Firing temperature



1175°C Mixing 5 (E)



Figure 3.3: Continued.
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30%



50%



S.No.1 Water absorption



Water absorption



25% 20% 15% 10%



S.No.2



40% 30% 20% 10%



5% 0% 1125°C



0% 1125°C clay alone(A)



1150°C 1175°C Firing temperature Mixing 1(B)



S.No.3



46%



42%



42%



38%



Water absorption



Water absorption



50%



Mixing 2 (C)



38% 34% 30%



clay alone(A)



Mixing 1(B)



Mixing 2 (C)



Mixing 3 (F)



S.No.4



34% 30% 26% 22%



26%



18%



22% 1125°C



1125°C



1150°C 1175°C Firing temperature



clay alone(A) Mixing 2 (C)



Mixing 1(B) Mixing 3 (F)



clay alone(A) Mixing 2 (C)



1150°C 1175°C Firng temperature Mixing 1(B) Mixing 3 (F)



S.No.5



26%



S.No.6 32%



22%



Water absorption



Water absorption



1150°C 1175°C Firing temperature



18% 14% 10%



28% 24% 20% 16%



6% 1125°C clay alone(A)



12%



1150°C 1175°C Firing temperature Mixing 1(B)



1125°C 1150°C Firng temperature clay alone(A) Mixing 2 (C)



Mixing 2 (C)



1175°C



Mixing 1(B) Mixing 3 (F)



Figure 3.4: The relationship between water absorption percentage with firing temperatures (1125, 1150 and 1175°C).
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30%



26%



S.No.7 Water absorption



28% Water absorption



S.No.8



24%



26% 24% 22% 20%



22% 20% 18% 16% 14% 12%



18% 1125°C



1150°C



10%



1175°C



1125°C 1150°C 1175°C Firing temperature



Firing temperature clay alone(A)



Mixing 1(B)



clay alone(A)



Mixing 2 (C)



30%



Mixing 1(B)



S.No.9



Mixing 2 (C)



S.No.10



25%



Water absorption



Water absorption



28%



20% 15% 10% 1125°C



1150°C



24% 20% 16% 12%



1175°C



1125°C



Firing temperature clay alone(A)



Mixing 1(B)



24.5%



1150°C 1175°C Firing temperature



clay alone(A) Mixing 2 (C)



Mixing 2 (C)



S.No.11



Mixing 1(B) Mixing 3 (F)



S.No.12



24% Water absorption



Water absorption



24.0% 23.5% 23.0% 22.5% 22.0%



20% 16% 12% 8% 4%



21.5%



1125°C 1150°C 1175°C Firing temperature



1125°C 1150°C 1175°C Firing temperature



clay alone(A)



clay alone(A)



Figure 3.4: Continued.
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42%



29.5%



S.No.13



29.0% Water absorption



38% Water absorption



Mixing 4 (D)



34% 30% 26%



28.5% 28.0% 27.5% 27.0%



22% 1125°C



1125°C



1150°C 1175°C Firing temperature



clay alone(A) Mixing 2 (C)



Mixing 4 (D)



Mixing 5 (E)



28.0% Water absorption



1175°C



Firing temperature



Mixing 1(B) Mixing 3 (F)



27.5% 27.0% 26.5% 26.0% 1125°C



1150°C



1150°C 1175°C Firing temperature Mixing 5 (E)



Figure 3.4: Continued.



96



Chapter Three



Physical and Mechanical Properties of Fired Prepared Mold



2.0



1.5



S.No.1



1.4



1.7 1.6 1.5 1.4 1.3 1125°C clay alone(A)



1.2 1.1 1.0 1125°C



1150°C 1175°C Firing temperature clay alone(A) Mixing 1(B) Mixing 3 (F) Mixing 2 (C)



1150°C 1175°C Firing temperature Mixing 1(B)



1.4



Mixing 2 (C)



1.50



S.No.3



S.No.4



1.45 Bulk density gm/cm³



1.3 Bulk density gm/cm³



1.3



0.9



1.2



1.3 1.2 1.2 1.1



1.40 1.35 1.30 1.25 1.20 1.15 1.10



1.1 1125°C



1125°C



1150°C 1175°C Firing temperature



clay alone(A) Mixing 2 (C)



Mixing 1(B) Mixing 3 (F)



1.60



clay alone(A)



Mixing 2 (C) 1.6



S.No.5



1.56



1150°C 1175°C Firing temperature Mixing 1(B) Mixing 3 (F)



S.No.6



1.5



1.52



Bulk density gm/cm³



Bulk density gm/cm³



S.No.2



1.8 Bulk density gm/cm³



Bulk density gm/cm³



1.9



1.48 1.44 1.40 1.36 1.32



1.4 1.3 1.2 1.1 1.0



1.28 1125°C clay alone(A)



1125°C



1150°C 1175°C Firing temperature Mixing 1(B)



Mixing 2 (C)



clay alone(A) Mixing 2 (C)



1150°C 1175°C Firing temperature Mixing 1(B) Mixing 3 (F)



Figure 3.5: The relationship between bulk density with firing temperatures (1125, 1150 and 1175°C).
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1.46



1.7



S.No.7



S.No.8



1.42



1.6



Bulk density gm/cm³



Bulk density gm/cm³



1.44



1.40 1.38 1.36 1.34



1.5 1.4 1.3



1.32 1.30 1125°C



1.2



1150°C 1175°C Firing temperature



clay alone(A)



Mixing 1(B)



1125°C clay alone(A)



Mixing 2 (C)



1.55



Mixing 2 (C)



S.No.10



1.45 Bulk density gm/cm³



Bulk density gm/cm³



Mixing 1(B)



1.50



S.No.9



1.50 1.45 1.40 1.35 1.30 1.25



1.40 1.35 1.30 1.25 1.20



1.20 1125°C



1125°C



1150°C 1175°C Firing temperature



clay alone(A)



Mixing 1(B)



1.400



1150°C 1175°C Firing temperature



clay alone(A) Mixing 2 (C)



Mixing 2 (C)



Mixing 1(B) Mixing 3 (F)



1.9



S.No.11



S.No.12



1.8 Bulk density gm/cm³



1.395 Bulk density gm/cm³



1150°C 1175°C Firing temperature



1.390 1.385 1.380 1.375 1.370



1.7 1.6 1.5 1.4 1.3 1.2



1125°C



1150°C



1175°C



1125°C



Firing temperature clay alone(A)



clay alone(A)



Figure 3.5: Continued.
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1.40



S.No.13



Mixing 4 (D)



1.27



Bulk density gm/cm³



Bulk density gm/cm³



1.35 1.30 1.25 1.20 1.15 1.10 1125°C



1.24 1.23



1125°C 1150°C Firing temperature



Mixing 1(B) Mixing 3 (F)



Mixing 5 (E)



1.295



1.29



1.285 1125°C



1175°C



Mixing 4 (D)



1.3 Bulk density gm/cm³



1.25



1.22



1150°C 1175°C Firing temperature



clay alone(A) Mixing 2 (C)



1.26



1150°C 1175°C Firing temperature Mixing 5 (E)



Figure 3.5: Continued.
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3.3 Compressive Strength The compressive strength tests were carried out on the studied ceramic briquettes fired at temperatures 1125, 1150 and 1175°C according to the ASTM C 133 – 1969. The results of the compressive strength test as shown in Tables 3-10 and 11. Figure 3.6 show the relation between these results and different firing temperatures. It is noticeable that the compressive strength values progressively increased at firing temperatures 1125°C to 1175°C. The reasons for the increase of compressive strength are attributed to the cohesion between the particles of the raw material by a glass liquid formed during firing due to sintering and vitrification processes (Boch and Leriche, 2007). From the results of the chemical analysis for the raw materials as shown in Table (2-5) it was observed that the samples composed of the low percentage of calcium oxide shows the high compressive strength such as in samples 1, 5, 11 and 12, and vise versa for samples 2, 3 and 13 (Table 3-10) because these samples composed of the low percentage of silica and high percentage of calcium oxide (Table 2-5) that was formed from the decomposition of calcium carbonate and increased these mineral and passing certain limits adversely affect the properties of ceramic body due to the decomposition during firing and tend to cracking and fracturing which causes increase the porosity and decrease the bulk density of the ceramic body. The compressive strength value for the briquettes was prepared from clay alone A fired at 1125, 1150 and 1175°C ranged between 759.67 - 2436.32 psi, so the compressive strength for the briquettes prepared from mixture B ranged between 1007.72 – 2663.75 psi, for the briquettes prepared from mixture C ranged between 1024.65 – 2034.79 psi and in mixture F ranged between 914.42 – 2170.77 psi (Table 3-10) and in mixture D and mixture E ranged between 1351.64 – 1475.81 psi and 1175.7 – 2067.36 psi respectively (Table 3-11). Generally, most of the studied ceramic briquettes in mixture B and mixture C showed the higher compressive strength than in the case of clay alone. This attributed to the addition of additive materials (kaolin, sandstone and granite) as a source of silica, alumina and fluxing oxide especially silica because increase in silica causes the formation of the largest amount of glass phases during the firing that connects the granules with each other. SiO₂ has the medium positive relationship the compressive strength, with increase the SiO₂ compressive strength increase but to a certain limit (maximum 50 %) and more than this percentage in the mixture causes the tiles be more vulnerable to poor bonding materials (clays) ( Jassim
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and Dabby, 2013). This can be noted from the samples 1, 4, 6, 9 and 12 in mixture C which show relatively low compressive strength than in case of clay alone A (Fig. 3.6). Mixture F showed a slight increase in compressive strength compared to the case of clay alone A which may be referred to the type and percentage of the raw materials that were used for the preparation of this mixture (% 50 red clay, % 25 Kaolin and %25 granite). Another factor is the size of the raw materials in this mixture, the size of clay sample (red clay and kaolin) was 180 μm while in the case of clay alone and others types of mixture the size of clay samples (red clay and kaolin) was 90 μm because the response of the fine-grained sample to the compressive strength greater than the response of the coarse-grained sample for this process (Warrir, 1989). On the other hand, this type of mixture was prepared for the samples that contain the high calcium oxide (Table 2-5).
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Table 3-10: The results of Compressive strength for the studied ceramic briquettes after firing at temperature 1125, 1150 and 1175°C in the case of clay alone A, mixture B, mixture C and mixture F. Compressive strength psi Sample no.



Clay alone A 1125°C



1150°C



Mixture B 1175°C



1150°C



1175°C



1125°C



1150°C



Mixture F 1175°C



1150°C



1175°C



---



---



---



1012.7



1098.04



1216.1



1826.85 2081.44



2



759.67



3



924.52



4



1198.46 1240.99 1482.36 1610.94 2179.02 2428.92 1024.65 1131.89 1165.46 1437.13 1389.91 1396.73



5



1213.25 1435.42



6



970.6



984.26



2148.72 2409.86 2663.75 1664.27 1895.55 2034.79



1125°C



1



909.3



*



1125°C



Mixture C



1007.72 1409.25 1440.26



1401



1136.45 1173.43 1893.55 1933.95 2172.62 1231.74



*



1937.65 2436.32



1433.14 1448.51 1443.1



1486.06 1022.66 1079.55 1077.42



1714.77 1849.75 2002.65 1192.06 1544.94 1574.38 1120.8



1975.05 2544.27 1413.52 1469.98



1514.5



---



---



---



1390.05 1508.67 2170.77



7



1161.48 1313.38 1350.79 1171.15 1348.94 1362.31 1292.76 1428.88 1449.07



---



---



---



8



1291.48 1362.45 1692.72 1455.76 1641.23 1823.57 1623.74 1719.74 1754.59



---



---



---



9



1266.16 1794.99 1881.04 1438.83 1586.33 1967.09 1272.56 1528.16 1694.28



---



---



---



10



1273.84 1317.22 1363.73 1187.36 1971.07 2198.64 1494.87 1434.57 1537.12 1223.35 1343.54



11



1374.97 1620.04 1935.37



12



1664.84 1756.16 1962.82 1406.55 1434.57 2484.68 1458.46 1576.94 1731.83



13



855.68



Note: * melted.



974.58



1093.63



---



1270



---



---



1318.51 1381.37



--- Not prepared.
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---



---



---



914.42



1124.07 1170.16



Chapter Three



Physical and Mechanical Properties of Fired Prepared Mold



Table 3-11: The results of compressive strength for the briquettes prepared from mixture D and mixture E after firing at temperatures 1125, 1150 and 1175°C. Compressive strength psi Type of mixture 1125°C



1150°C



1175°C



Mixture D



1351.64



1428.88



1475.81



Mixture E



1175.7



1805.65



2067.36
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Figure 3.6: The relationship between compressive strength with firing temperatures (1125, 1150 and 1175°C)
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Figure 3.6: Continued.
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Figure 3.6: Continued.
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Chapter Four The Evaluation of the Studied Samples for Ceramic Industries 4.1 Introduction Ceramic tiles are an important internationally traded commodity. While there can be significant differences in quality, some perceptions of quality have been distorted by competitive marketing strategies. The ultimate independent determines of tile quality are American Society for Testing and Materials (ASTM), British Standard (B.S), International Organization for Standardization (ISO), Iraqi Standard Specification (IQS)….etc. This chapter describes the predominant consensus standard specification for ceramic industry depending on obtained results. Many manufactures of man-made hand surface products, such as ceramic, glass and engineered stone, have their tile tested to provide information indicating that their tile pass “industry standard” for end users. If the tile passes the required standard ranges, they are comfortable with their choice. In this study all the obtained results were compared with ASTM and IQS No.25 to evaluate their suitable uses.



4.2 Comparison with ASTM C 57 (1978) for Structural Clay Floor Tile For evaluating the suitability of the studied samples for floor tiles the results of the evaluation tests have been compared with ASTM standard specification for structural clay floor tile C 57 (1978). This specification divided the floor tiles into two grades depending on the compressive strength values and water absorption percentages which are Grade FT1 and Grade FT2 (Table 4-1 and 2). Both grades are suitable for use in flat or segmental arches or in combination tile and concrete ribbed-slab construction. Both grades FT1 and FT2 are used in end and side construction floor tiles depending on the resistance of applied forces either vertical or horizontal. The end construction floor tiles are designed to resist the force in parallel direction while the side construction floor tiles are designed to resist the force in perpendicular direction.
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Table 4-1 shows the suitability of the studied samples for end construction floor tiles and their grades. In the case of clay alone A the samples (1 and 12), (1, 5, 9, 11 and 12) and (8, 9, 11 and 12) fired at 1125°C, 1150°C and 1175°C respectively are suitable for end construction floor tile in grade FT2 (Table 4-1). In mixture B it has been noted that the sample 1 fired at temperature 1150°C and the samples 1 and 12 fired at temperature 1175°C are suitable for end construction floor tile of grade FT1. So the samples (1, 5, 8, 9 and 12), (5, 8, 9 and 12) and (5, 8 and 9) fired at temperatures 1125°C, 1150°C and 1175°C respectively are suitable for end construction floor tile in grade FT2 (Table 4-1). In mixture C the samples (1, 8, 10 and 12), (1, 5, 7, 8, 9 and 12) and (1, 5, 7, 8, 9, 10 and 12) fired at temperature 1125°C, 1150°C and 1175°C respectively are suitable for end construction floor tiles in grade FT2. In mixture F the samples (4), (6) and (6 and 10) fired at temperatures 1125°C, 1150°C and 1175°C respectively are suitable for grade FT2 of end construction floor tile (Table 4-1). Table 4-2 shows the suitability of the studied samples for side construction floor tiles. It reveals that only sample 2 in mixture F at temperature 1125°C is suitable for side construction floor tile in the grade FT2 and other samples which are suitable for side construction floor tile are in the grade FT1. In case of clay alone A the samples 7, 8, 9, 11 and 12 at all firing temperatures, samples 1 and 5 at 1125°C, 1150°C and sample 10 at 1150°C are suitable for end construction floor tile in grade FT1 (Table 4-2). In mixture B the samples 1, 5, 8, 9 and 12 at all firing temperatures and sample 7 at 1125°C and 1150°C are suitable for end construction floor tile in grade FT1 (Table 4-2). In mixture C it is revealed that the samples (1, 5, 7, 8, 9, 10 and 12), (1, 5, 7, 8 and 12) and (1, 5, 7, 8, 9 and 12) fired at temperatures 1125°C, 1150°C and 1175°C respectively are suitable for end construction floor tile in grade FT1 (Table 4-2). In mixture F the samples 6 and 10 at all firing temperatures and sample 4 at 1125°C are suitable for side construction floor tiles in grade FT1, while sample 2 at temperature 1125°C is suitable for side construction floor tiles in grade FT2 (Table 4-2). In view of the obtained results some of the studied samples are not suitable for the production of floor tiles such as samples 2, 3, 4, 6 and 13 in the case of clay alone A, samples 2, 3, 4 and 13 in mixture B, samples 2, 3 and 13 in mixture C and samples 3 and 13 in mixture F because these samples have high carbonate content and the decomposition during the 108
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firing causes the formation of the crack. This increases the porosity and water absorption; on the other hand, these samples low SiO₂ and Al₂O₃ content which are considered as refractory oxide decrease the shrinkage and deformation, and prevent the cracking in the bodies. The obtained results also show that both mixture D and E are not suitable for the production of floor tiles (Table 4-1 and 2).
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Table 4-1: ASTM standard specification for structural clay floor tiles (End Construction Floor Tile), C57 (1978), and distribution of the studied samples in case of clay alone A, mixture B, mixture C, mixture F, mixture D and mixture E at different firing temperatures 1125°C, 1150°C and



Grade



FT1



FT2



Maximum water absorption by 1-h boiling percent



1175°C.



25



25



Minimum Compress ive strength psi End Construct ion Tile



Distribution of briquettes on these grades Clay alone A



1125 °C



1150 °C



1175 °C



Mixture B



1125 °C



2250



1400



1, 12



1, 5, 9, 11, 12



8, 9, 11, 12



1, 5, 8 , 9, 12



Mixture C



1150 °C



1175 °C



1



1, 12



5, 8, 9, 12



5,8, 9



Mixture F



Mixture D



1125 °C



1150 °C



1175 °C



1125 °C



1150 °C



1175 °C



1, 8, 10, 12



1, 5, 7, 8, 9, 12



1, 5, 7, 8, 9, 10, 12



4



6



6, 10



110



1125 °C



1150 °C



1175 °C



Mixture E



1125 °C



1150 °C



1175 °C
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Table 4-2: ASTM standard specification for structural clay floor tile (Side Construction Floor Tile), C 57 (1978), and distribution of the studied samples in case of clay alone A, mixture B, mixture C, mixture F, mixture D and mixture E at different firing temperatures 1125°C, 1150°C and



Grade



Maximum water absorption by 1-h boiling percent



1175°C.



Minimum Compress ive strength psi



Distribution of briquettes on these grades Clay alone A



Mixture B



Mixture C



Mixture F



Mixture D



Side Construct ion Tile



112 5°C



115 0°C



117 5°C



112 5°C



115 0°C



117 5°C



112 5°C



115 0°C



117 5°C



112 5°C



115 0°C



117 5°C



1, 5, 7, 8, 9, 11, 12



1, 5, 7, 8, 9, 10, 11, 12



7, 8, 9, 11, 12



1, 5, 7, 8, 9, 12



1, 5, 7, 8, 9, 12



1, 5, 8, 9, 12



1, 5, 7, 8, 9, 10, 12



1, 5, 7, 8, 12



1, 5, 7, 8, 9, 12



4, 6, 10



6, 10



6, 10



FT1



25



1100



FT2



25



850



2



111



112 5°C



115 0°C



117 5°C



Mixture E



112 5°C



115 0°C



117 5°C
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4.3 Comparison with ASTM C 56-71 (1981) for Structural Clay Load-Bearing Wall Tile For evaluating the suitability of the studied raw materials for wall tile the results of the evaluation test have been compared with the ASTM standard specification for structural clay Load-Bearing wall tile C 56-71 (1981). This specification divided the wall tiles into two grades depending on the compressive strength values and water absorption percentages as follow: Grade LBX: suitable for general use in masonry construction and adapted for use in masonry exposed to weathering, provided they are burned to the normal maturity of the clay. They may also be considered suitable for the direct application of stucco. Grade LB: suitable for general use in masonry where not exposed to frost action or for use in exposed masonry where protected with a facing of 3 in. (76.2 mm) or more of stone, brick, terracotta or other masonry. Both grades LBX and LB can be used as end-construction tiles and side-construction tiles depending on their place in the wall either vertical or horizontal. The end construction tile is placed vertically while the side construction tile placed horizontally. The distribution of the studied samples on these grades of load-bearing wall tiles of both types of end- construction tiles and side-construction tiles as shown in Table 4-3, in the case of clay alone A it reveals that the studied samples 1, 5 and 12 fired at temperatures 1125°C and 1150°C and samples 8, 9 and 12 fired at temperature 1175°C are suitable for both end construction and side construction wall tiles in grade LBX. While samples 7, 8, 9, 10 and 11 fired at temperatures 1125°C and 1150°C, as well as the samples 7, 10 and 11 fired at temperature 1175°C are suitable for end construction and side construction wall tile in grade LB (Table 4-3). In mixture B it is revealed that the samples 1 and 5 at temperature 1175°C are suitable for end construction and side construction load-bearing wall tiles in grade LBX. While the samples 1, 5, 7, 8, 9, 10 and 12 fired at temperature 1125°C and 1150°C and samples 6, 7, 8, 9, 10 and 12 fired at temperature 1175°C are suitable for end construction and side construction load-bearing wall tiles of grade LB (Table 4-3). In mixture C the samples 1, 5, 6, 7, 8, 9, 10 and 12 at all firing temperatures and sample 4 at temperature 1175°C are suitable for end construction and side construction load-bearing wall tiles in grade LB (Table 4-3). Also, in mixture F it has been noted that the studied ceramic briquettes fired at 1125°C and prepared from sample 10 are suitable for end construction 112
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and side construction load bearing wall tile in grade LBX. While samples 2, 3, 4, 6 and 13 fired at temperature 1125°C and samples 4, 6, 10 and 13 at temperatures 1150°C and 1175°C are suitable for end construction and side construction load bearing wall tile in grade LB (Table 43). Mixture D fired at temperature 1175°C and mixture E at all firing temperature shows the suitability for end construction and side construction load bearing wall tile of grade LB as in Table 4-4.
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Table 4-3: ASTM standard specification for structural clay load-bearing wall tile (End Construction Tile and Side Construction Tile) C56-71 (1981), and distribution of the studied samples in case of clay alone A, mixture B, mixture C and mixture F, at different firing temperatures



Grade



LBX



LB



Maximum water absorption by 1-h boiling percent



1125°C, 1150°C and 1175°C.



19



28



Minimum Compressive strength psi



Distribution of briquettes on these grades Clay alone A



Mixture B



End Construc tion Tile



Side Construc tion tile



1125° C



1150° C



1175° C



1000



500



1, 5, 12



1, 5, 12



8, 9, 12



700



500



7, 8, 9, 10, 11



7, 8, 9, 10, 11



7, 10, 11



114



1125° C



1150° C



Mixture C 1175° C



1125° C



1150° C



Mixture F 1175° C



1, 5



1, 5, 7, 8, 9, 10, 12



1, 5, 7, 8, 9, 10, 12



6, 7, 8, 9, 10, 12



1125° C



1150° C



1175° C



4, 6, 10, 13



4, 6, 10, 13



10



1, 5, 6, 7, 8, 9, 10, 12



1, 5, 6, 7, 8, 9, 10, 12



1, 4, 5, 6, 7, 8, 9, 10, 12



2, 3, 4, 6, 13
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Table 4-4: ASTM standard specification for structural clay load-bearing wall tile (End Construction Tile and Side Construction Tile) C56-71



Grade



Maximum water absorption by 1-h boiling percent



(1981), and distribution of the studied samples in mixture D and mixture E at different firing temperatures 1125°C, 1150°C and 1175°C.



End Construction Tile



Minimum Compressive strength psi



Mixture D End Construction Tile



Side Construction Tile



LBX



19



1000



500



LB



28



700



500



1125 °C



1150 °C



Side Construction Tile



Mixture E



Mixture D



1175 °C



1125 °C



1150 °C



1175 °C



D



E



E



E



1125 °C



1150 °C



Mixture E 1175 °C



1125 °C



1150 °C



1175 °C



D



E



E



E



Note: Denomination of the studied ceramic briquettes referred to the name of mixture (D and E) which was prepared from two clay samples with additive materials.
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4.4 Comparison with ASTM C212 (1981) for Structural Clay Facing Tile For evaluating the suitability of the studied samples for facing tiles, the results of evaluation tests have been compared with ASTM standard specification for structural clay facing tile C 212 (1981). Structural facing tiles are tiles designed for use in interior and exterior unplastered walls and partitions of building.



4.4.1 Types of Structural Clay Facing Tile The ASTM standard specification for structural clay facing tiles C212 (1981) divided the facing tiles into two types depending on the water absorption percentages as follows: Type FTX: Smooth-face tile suitable for general use in exposed exterior and interior masonry wall and partitions, and adapted for use where tile low in absorption, easily cleaned, and resistant to staining are required and where a high degree of mechanical perfection, narrow color range and minimum variation in three dimensions are desired. Type FTS: Smooth- or rough-texture face tile suitable for general use in exposed exterior and interior masonry walls and partitions and adapted for use where tile is of moderate adsorption, moderate variation in three dimensions, and medium color range may be used and where minor defects in surface including small handling chips, are not injectionable. The distribution of the studied samples on these types of facing tiles as shown in Table 45, in case of using clay alone A it reveals that the samples (1), (1 and 5) and (12) fired at temperatures 1125°C, 1150°C and 1175°C respectively are suitable for facing tiles of type FTX. While the samples 5 and 12 fired at temperature 1125°C, as well as the samples 9 and 12 fired at temperature 1150°C and samples 8 and 9 fired at temperature 1175°C are suitable for facing tile of type FTS (Table 4-5). In mixture B it has been noted that only the samples 1 and 5 fired at temperature 1175°C are suitable for facing tiles of type FTS (Table 4-5). As well as in mixture F it revealed that only sample 10 which is fired at temperature 1125°C is suitable for facing tile of type FTS (Table 4-5). It has been noted that mixture C, mixture D and mixture E are not suitable for the production of any types of facing tiles (Table 4-5).
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Table 4-5: ASTM standard specification for structural clay facing tiles (types of structural clay facing tile) C 212 (1981), and distribution of studied samples in case of clay alone A, mixture B, mixture C, mixture F, mixture D and mixture E at different firing temperatures 1125°C, 1150°C and 1175°C.



Distribution of briquettes on these types



Types



Maximum water absorption by 1-h boiling percent



Clay alone A 1125 °C



1150 °C



1175 °C



FTX



11



1



1, 5



12



FTS



19



5, 12



9, 12



8, 9



Mixture B 1125 °C



1150 °C



1175 °C



Mixture C 1125 °C



1150 °C



1, 5



1175 °C



Mixture F 1125 °C



10



117



1150 °C



1175 °C



Mixture D 1125 °C



1150 °C



1175 °C



Mixture E 1125 °C



1150 °C



1175 °C
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4.4.2 Classification of Structural Clay Facing Tile The ASTM standard specification for structural clay facing tiles C212 (1981) divided the facing tiles into two classes depending on the compressive strength value as follows: Standard-Tile: Suitable for general use in exterior or interior masonry walls and partitions. Special Duty-Tile: Suitable for general use in exterior or interior masonry walls and partitions, and designed to have superior resistance to impact and moisture transmission and to support lateral and compressive loads more than standard tile construction. Table 4-6 shows the distribution of the studied samples on these classes of end construction tile, in case of clay alone A it reveals that the samples (1, 4, 5, 7, 8, 9, 10, 11 and 12), (3, 4, 5, 6, 7, 8, 9, 10, 11 and 12) and (3, 4, 7, 8, 9, 10, 11, 12 and 13) fired at temperatures 1125°C, 1150°C and 1175°C respectively are suitable for end construction tile of class standard while sample 1 fired at temperature 1150°C and sample 6 fired at temperature 1175°C are suitable for end construction tile of special duty (Table 4-6). In mixture B, it reveals that the samples (2, 3, 4, 5, 6, 7, 8, 9, 10, 12 and 13), (2, 3, 5, 6, 7, 8, 9, 10, 12 and 13) and (2, 7, 8, 9 and 13) fired at temperatures 1125°C, 1150°C and 1175°C respectively are suitable for end construction tile of standard class. While the samples (1), (1 and 4) and (1, 3, 4, 5, 6, 10 and 12) fired at temperatures 1125°C, 1150°C and 1175°C respectively are suitable for end construction tile of special duty class (Table 4-6). In mixture C it is noted that the samples 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12 and 13 fired at temperatures 1125°C and 1150°C as well as samples 2, 3, 4, 5, 6, 7, 8, 9, 10, 12 and 13 at temperature 1175°C are suitable for end construction tile of standard class; sample 1 at temperature 1175°C shows suitability for end construction tile of special duty (Table 4-6). In mixture F it reveals that the samples (2, 3, 4, 6 and 10), (2, 3, 4, 6, 10 and 13) and (2, 3, 4, 10 and 13) fired at temperatures 1125°C, 1150°C and 1175°C respectively are suitable for end construction tile of standard class. While sample 6 fired at temperature 1175°C is suitable for end construction tile of special duty (Table 4-6). Table 4-7 shows distribution of the studied samples for side construction tile of different classes, in case of clay alone A it is noted that the samples 2, 3, 6 and 13 fired at temperature 1125°C as well as the samples 2 and 13 fired at temperature 1150°C and sample 2 fired at temperature 1175°C are suitable for side construction tile of class standard. While the samples (1, 4, 5, 7, 8, 9, 10, 11 and 12), (1, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12) and (3, 4, 6, 7, 8, 9, 118
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10, 11, 12 and 13) fired at temperatures 1125°C, 1150°C and 1175°C respectively are suitable for side construction tile of special duty (Table 4-7). In mixture B and mixture C it is noted that the samples 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12 and 13 at all firing temperatures are suitable for side construction tile of special duty class (Table 47). The mixture F shows that sample 13 fired at temperature 1125°C is suitable for side construction tile of class standard. While the samples 2, 3, 4, 6 and 10 fired at temperature 1125°C and the samples 2, 3, 4, 6, 10 and 13 at temperatures 1150°C and 1175°C are suitable for side construction tile of special duty (Table 4-7). Distribution of the studied ceramic briquettes which are prepared from mixture D and mixture E for end construction tile and side construction tile for different class as shown in Table 4-8, mixture D and mixture E at all firing temperatures are suitable for both end construction and side construction tile of special duty class (Table 4-8).
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Table 4-6: ASTM standard specification for structural clay facing tiles (End Construction Tile) C 212 (1981), and distribution of studied samples, in case of clay alone A, mixture B, mixture C and mixture F, at different firing temperatures 1125°C, 1150°C and 1175°C.



Class



Standard



Special duty



Minimum Compressive strength psi End Construction Tile



Distribution of briquettes on these classes Clay alone A



1125°C



1150°C



Mixture B



1125°C



1150°C



1000



2, 3, 4, 1, 4, 5, 3, 4, 5, 3, 4, 7, 2, 3, 5, 5, 6, 7, 7, 8, 9, 6, 7, 8, 8, 9, 6, 7, 8, 2, 7, 8, 8, 9, 10, 11, 9, 10, 10, 11, 9, 10, 9, 13 10, 12, 12 11, 12 12, 13 12, 13 13



1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13



1, 2, 3, 2, 3, 4, 4, 5, 6, 5, 6, 7, 2, 3, 4, 2, 3, 4, 2, 3, 4, 7, 8, 9, 8, 9, 6, 10, 6, 10 10, 13 10, 12, 10, 12, 13 13 13



2000



1, 3, 4, 5, 6, 10, 12



6



1125°C



1



1150°C



Mixture F



1175°C



1



1175°C



Mixture C



1, 4



120



1175°C



1



1125°C



1150°C



1175°C



6
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Table 4-7: ASTM standard specification for structural clay facing tiles (Side Construction Tile) C 212 (1981), and distribution of studied samples in case of clay alone A, mixture B, mixture C and mixture F, at different firing temperatures 1125°C, 1150°C and 1175°C.



Class



Standard



Special duty



Minimum Compressive strength psi Side Construction Tile



Distribution of briquettes on these classes Clay alone A



Mixture B



1125°C



1150°C



1175°C



500



2, 3, 6, 13



2, 13



2



1000



1, 3, 4, 1, 4, 5, 3, 4, 6, 5, 6, 7, 7, 8, 9, 7, 8, 9, 8, 9, 10, 11, 10, 11, 10, 11, 12 12, 13 12



1125°C



1150°C



Mixture C



1175°C



1125°C



1150°C



Mixture F



1175°C



1125°C



1150°C



1175°C



13



1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13



1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13



121



1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13



1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13



1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13



1, 2, 3, 4, 5, 6, 2, 3, 4, 2, 3, 4, 2, 3, 4, 7, 8, 9, 6, 10, 6, 10, 6, 10 10, 12, 13 13 13
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Table 4-8: ASTM standard specification for structural clay facing tiles (End Construction Tile and Side Construction Tile) C 212 (1981), and distribution of studied samples, in mixture D and mixture E at different firing temperatures 1125°C, 1150°C and 1175°C.



End Construction Tile



Minimum Compressive strength psi



Mixture D



Class End Construction Tile



Side Construction Tile



Standard



1000



500



Special duty



2000



1000



Side Construction Tile



Mixture E



Mixture D



Mixture E



1125° C



1150° C



1175° C



1125° C



1150° C



1175° C



1125° C



1150° C



1175° C



1125° C



1150° C



1175° C



D



D



D



E



E



E



D



D



D



E



E



E



Note: Denomination of the studied ceramic briquettes referred to the name of mixture (D and E) which was prepared from two clay samples with additive materials.
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4.5 Comparison with Iraqi Standard Specification No.25 (1969) for Clay Brick Industry For evaluating the suitability of the raw materials for brick industry, the results of the evaluation tests (physical and mechanical) for the studied ceramic briquettes have been compared with Iraqi standard specification no.25 (1969). This specification classified the bricks into three classes depending on the compressive strength values and water absorption percentages as follows: Class A: This type of brick is used in building construction and foundation loaded with weights and exposed to severe corrosion by weather or natural factors. Class B: This type of brick is used in building construction loaded with weights and nonexposed for corrosion by weather or natural factors, like external walls. Class C: This type of brick is used in building construction that is not loaded with weights, like internal partition walls and columns, which are not exposed to severe corrosion by weather and/or natural factors. The distribution of studied samples on these classes is shown in Table 4-9 and 10, and it reveals that only the sample no.1 in mixture B, fired at temperature 1175°C is suitable for brick industry of class A. Some of the studied samples are not suitable for brick industry which are the samples 2, 3, 4, 6 and 13 in the case of clay alone A, as well as samples 2, 3, 4 and 13 in mixture B and samples 2, 3 and 13 in mixture C, because these samples contain high carbonate content which causes the formation of high water absorption and porosity and low bulk density. In case of using clay alone A it has been noted that the studied ceramic briquettes 1, 8, 11 and 12 fired at temperature 1125°C and the samples 1, 5, 7, 8, 9, 10, 11 and 12 fired at temperature 1150°C as well as the samples 7, 8, 9, 11 and 12 fired at temperature 1175°C are suitable for brick industry of class B, while the samples 5, 7, 9, 10 fired at temperature 1125°C and sample 10 at temperature 1175°C are suitable for brick industry of class C (Table 4-9). In mixture B it is revealed that the sample 1 fired at temperature 1175°C is suitable for brick industry of class A. The samples (1, 5, 8, 9 and 12), (1, 5, 7, 8, 9 and 12) and (5, 8, 9 and 12) fired at temperatures 1125°C, 1150°C and 1175°C respectively are suitable for brick industry of class B. While samples 7 and 10 fired at temperature 1125°C as well as sample 10 123
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fired at temperature 1150°C and the samples 6, 7 and 10 fired at temperature 1175°C are suitable for brick industry of class C (Table 4-9). In mixture C it is revealed that the samples (1, 7, 8, 10 and 12), (1, 5, 7, 8 and 12) and (1, 5, 7, 8, 9 and 12) fired at temperatures 1125°C, 1150°C and 1175°C respectively are suitable for brick industry of class B. While the samples 4, 5, 6 and 9 fired at temperature 1125°C as well as the samples 6, 9 and 10 fired at temperature 1150°C and the samples 4, 6 and 10 fired at temperature 1175°C are suitable for brick industry of class C (Table 4-9). In mixture F it has been noted the samples 4 and 6 fired at temperature 1125°C and samples 6 and 10 fired at temperatures 1150°C and 1175°C are suitable for brick industry of class B. While the samples 2, 3, 10 and 13 fired at temperature 1125°C and the samples 4 and 13 at temperatures 1150°C and 1175°C are suitable for brick industry of class C (Table 4-10). Mixture D at firing temperature 1175°C and mixture E at all firing temperatures are suitable for brick industry of class C (Table 4-10).
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Table 4-9: Iraqi standard specification for clay brick industry No.25 (1969), and distribution of studied samples in the case of clay alone A, mixture B and mixture C at different firing temperatures 1125°C, 1150°C and 1175°C.



Distribution of briquettes on these classes Brick class



Minimum compressive strength value psi (kg/cm²)



Maximum water absorption percentage



Clay alone A 1125°C



A



2560 psi (180 kg/cm²)



1150°C



Mixture B



1175°C



1125°C



1150°C



20



Mixture C 1175°C



1125°C



1150°C



1175°C



1



B



1280-1564.5 psi (90-110 kg/cm²)



25



1, 8, 11, 12



C



853.4-1280 psi (60-90 kg/cm²)



28



5, 7, 9, 10



1, 5, 7, 8, 9, 10, 11, 12



125



7, 8, 9, 11, 12



1, 5, 8, 9, 12



1, 5, 7, 8, 9, 12



5, 8, 9, 12



1, 7, 8, 10, 12



1, 5, 7, 8, 12



1, 5, 7, 8, 9, 12



10



7, 10



10



6, 7,10



4, 5, 6,9



6, 9, 10



4, 6, 10
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Table 4-10: Iraqi standard specification for clay brick industry No.25 (1969), and distribution of the studied samples in mixture F, mixture D and mixture E at different firing temperatures 1125°C, 1150°C and 1175°C.



Distribution of briquettes on these classes Minimum compressive strength value psi (kg/cm²)



Maximum water absorption percentage



A



2560 psi (180 kg/cm²)



20



B



1280-1564.5 psi (90-110 kg/cm²)



C



853.4-1280 psi (60-90 kg/cm²)



Brick class



Mixture F



Mixture D



1125° C



1150° C



1175° C



25



4, 6



6, 10



6, 10



28



2, 3, 10, 13



4, 13



4, 13



1125° C



1150° C



Mixture E 1175° C



1125° C



1150° C



1175° C



D



E



E



E



Note: Denomination of the studied ceramic briquettes referred to the name of mixture (D and E) which was prepared from two clay samples with additive materials. 126
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Chapter Five Conclusions and Recommendations 5.1 Conclusions At the end of this study the following conclusions have been achieved: 1. The results of the mineralogical analysis of the studied clay samples reveal that the clays are composed of a mixture of clay minerals in different proportions such as (chlorite, illite, kaolinite and smectite). In addition to the clay minerals a number of non-clay minerals are present in the clay samples such as (calcite, quartz, feldspar, dolomite and hematite). These characteristics that make the raw materials are suitable for some ceramic industries that do not require high purity such as brick and floor, wall and facing tile industry. 2. The results of the physical properties of the raw materials in terms of grain size distribution of the studied samples show that the samples are composed mainly of silt and clay with minor proportion of sand. Depending on plasticity index most of the studied samples have moderate to poor plasticity and this is related to the clay percentage in the studied samples which also have moderate content of clay. 3. Depending on the percentage of (SiO₂), (Al₂O₃) and (TiO₂ + Fe₂O₃ + MgO + CaO + Na₂O + K₂O) and using the triangular diagram proposed by Fabbri and Fiori, 1985 and Fabbri and Dondi, 1995 it is revealed that the samples 1, 5, 6, 7, 8, 9, 10 and 12 may be used as a feeding material for red porous tiles and sample 11 kaolin is suitable for making white stone ware, while the samples 2, 3, 4 and 13 are not suitable for stone ware and porous tiles because these samples contain a high percentage of carbonate mineral. 4. Chemical analysis of granite shows that granite can be used as additive material in ceramic industry because it contains considerable proportion of silica, alumina and alkali oxides. 5. The color of prepared ceramic briquettes shows various degrees of color before and after firing, and this variation is attributed to various content of coloring oxide (iron oxide) and bleaching oxide (CaO) in the studied samples.
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6. Results of the linear shrinkage measurement of the studied ceramic briquettes show that the linear shrinkage value for most of the studied ceramic briquettes increases with increasing the firing temperature due to decreasing the porosity and increasing the bulk density as a result of vitrification process. As well as some of the studied ceramic briquettes show increase in length (negative shrinkage). 7. In view of the results of apparent porosity, water absorption and bulk density can conclude that the samples (1, 5, 7), (8, 9) and (12) from Fatha Formation, Injana Formation and Red Bed Series respectively give the best results due to the high percentage of refractory oxides (SiO₂ and Al₂O₃) and low carbonate content. 8. It has been noted that the physical properties of the studied ceramic briquettes are affected by the percentage of refractory oxides (silica and alumina) and percentage of fluxing oxides especially the percentage of calcium oxide (present in high proportion in some of the studied sample). 9. The addition of some additive materials such as silica causes decrease the porosity and water absorption and increase the bulk density of the samples which are composed of high carbonate content because silica reacts with CaO to form new crystalline phases that fill some of the pores and spaces between the particles. But addition of silica for the samples which are composed of the considerable proportion of silica (high silica) and low CaO causes increase the porosity because the addition of silica causes decrease the bonding materials (clays) in the mixture and increase in silica which has the expansion properties that cause decrease the linear shrinkage and increase the porosity. 10. Compressive strength of the studied ceramic briquettes increases with increasing the firing temperatures. This is attributed to the formation of the large amount of glass liquid during the firing due to the sintering and vitrification processes that causes increase the cohesion between the particles. 11. The addition of silica causes increase the compressive strength but to a certain limit (maximum 50 %) and more than this percentage causes decrease the bonding materials (clays) in the mixture and relatively decrease the compressive strength.
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12. The results of the physical and mechanical properties of the studied ceramic briquettes compared with the American Society for Testing and Materials (ASTM) and Iraqi Standard (IQS), they show that some of the studied clay samples are suitable for the production of floor tile, wall tile, facing tile and clay brick industry in case of using clay alone and in different types of mixture at different firing temperatures. 13. It has been noted that the samples 1, 5, 7 from Fatha Formation; 8 and 9 from Injana Formation; 12 from Red Bed Series are give the best results for production of floor tile, wall tile, facing tile and clay brick industry at different firing temperatures.



5.2 Recommendations 1. Study the suitability of the raw materials for glaze industry. 2. Using granite rock as a source for silica, alumina and alkali oxides instead of sandstone. 3. Estimating the reserve of the studied raw materials in the studied area, and evaluating in economic terms to indicate the suitability for quarrying and factory.
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Appendix (1) Hydrometer method for determining the grain size distribution according to the British standard (BS 1377-1967) Take 50 gm of the sample with a grain size less than 63 μm and place it in a beaker with the size of 250 ml, and mix it with distilled water by an electric mixer for 15 minutes until the mixture is homogenous, and wait to stagnate and then add pure water to detect the dissolved salts by barium chloride (BaCl₂). When the solution is free from soluble salt, pull the excess water and then the distilled water is added and mixed by the electric mixer (shaker) so add 125 ml of dispersing agent which is the sodium meta phosphate with concentration of 4 %, and leave it for 16 hours; after this shake the stuck solution again by an electric mixer for 15 minutes until the stuck solution is well shaken and then take the solution into cylinder with the size of 1000 ml and complete the volume with distilled water .In order to performance the process (hydrometer) for the samples must be controlling the ingredient (components) of the cylinder (1000 ml) which is filled with distilled water and placed the thermometer for determining the water temperature which is represent the room temperature for the purpose of controlling the room temperature that should remain between (16-30°C) and for the correct reading the hydrometer must be suspended in the cylinder. Before you start take reading the stuck solution must be mixed by a hand mixer and then place hydrometer in the cylinder and begin to take the reading at different times which are 15 seconds, 30 seconds, 1 minute, 5 minutes, 15 minutes, 30 minutes, 1 hour, 2 hours, 4 hours, 24 hours. With each reading the temperature is measured and recorded and then performance the calculation process.



Appendix (2) The Procedure and Calculation of apparent porosity, water absorption and bulk density according to American standard (ASTM C 373 – 72) (1986) 1. Dry the samples at temperature 150°C in the oven for 5 hours then put them in the desiccators for cooling. Weight the samples directly to accuracy 0.01gm; this is a dry weight (D). 2. Put the samples in water (Tank), without any contact between the tank and samples. Heat the water to boiling point for 5 hours, and then allow cooling at room temperature for 24 hours. Weigh the hanged sample in water; this is suspended weight (S). 3. Remove the samples and wipe the wet surface with a damp cloth and weigh the sample, this is saturated weight (M). 4. Calculate apparent porosity, water absorption and bulk density according to the following equations: Exterior volume (V) = M-S Apparent porosity (P) % = [(M-D)/V] * 100 Water absorption (A) % = [(M-D)/D] * 100 Bulk density (B) = D/V gm/cm3
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ثوختة لة ماوةى ئةم تويَذينةوةيةدا هةنديَك لة نيشتووى قوورِي دياريكراوى ضةرخى سيانى و ضةرخى ضوارى لةطةلَ هةنديَك ماددةى خاوي زيادكراو هةلَسةنطيَنراون بؤ بةكارهيَناني لة ثيشةسازي سرياميك دا .منوونة وةرطرياوةكان كةوتونةتة باكورى رِؤذهةالَتى عرياق .ماددة خاوة قوورِيةكان كة بةزؤرى نيشتووى بةدوايةكداهاتووي نيؤجينن ( )Neogeneوةرطرياون لة



ثيَكهاتووى فةحتة مايؤسيين ناوةرِاست)



و



ثيَكهاتووى ئينجانة (مايؤسيين سةروو) هةروةها نيشتووة تازةكان لة ناوضةى طةرميان هةروةها زجنريةى تةبةقاتى سوور (ثاليؤسني  -مايؤسني) لة ناوضةى ضوارتا  ,ماددة خاوة زيادكراوةكان كة بةكارهيَنراون وةك طراناييت ماوةت ئؤفيؤالت (كريتاشيةس) لة ناوضةى دارةبةن  ,ساندستؤنى ثيَكهاتووى خابوور ( ئؤردؤظيذيةن) لةطوندى كيةستا لة باكورى ناوضةى ئةمادية  ,كائؤلني لة ثيَكهاتووى طةعةرة (ترايةسيكى ناوةرِاست) لة بيابانةكانى رِؤذئاواى عيَراق و الميستؤنى ( )Limestoneثيَكهاتووى سنجار (ثةاليؤسني – ئيؤسينى ناوةرِاست) لة ناوضةى بازيان  .ئةم ماددانة هةلَسةنطيَنراون لة رِيَي رِةوشتة فيزياوى و كانزاى و كيمياويةكانيان. رِةوشتة فيزياويةكان بريتى ية لة شيكردنةوةى قةبارةى دةنكؤلَةكان و سنوورى ئةتةر بيَرط ثيشانى دةدات ماددة خاووةكان بة شيَوةيةكى سةرةكي ثيَك ديَت لة ليتاوى قورِين (  )siltو قورِ (  clayب ِريَكى كةم لة مل ( . )sandطؤرِانكارى لة سنوورى ثالستيكى منونةكان دا هةستى ثىَ دةكرىَ كة بريتى ية لة قورِ و ليتاوى قورِين سنورى ثالستيكى نزم ( )clay and silt low plasticityو ليتاوى قورِين و قورِى ئةندامى سنورى ثالستيكى نزم  Silt and organic clay low plasticityو قورِ سنورى ثالستيكى نزم (.)clay low plasticity شيكارى كانزاي ماددة خاوةكان ئةوة نيشان دةدات كة خاوة قوورِيةكان كة هةن بريتني لة كلوَرايت ,ئياليت, كائؤلينايت و مسيَكتايت سةرةرِاى بوونى هةنديَك خاووى تري وةك كوارتز ,كالسايت و فيلدسثار. شيكارى كيمياوى بؤ منونةكان جيبةجيَكراوة و ئةوة نيشان دةدات كة ماددة خاوة قوورِيةكان بة شيَوةيةكى سةرةكى ثيَك ديَت لة سليكا ()silicaو ئةلومينا ( )aluminaئةم ماددانة دادةنريَن بة ئؤكسيدى بةرطري توانةوة ( )refractory oxideو ثيَكهيَنةرى سةرةكي خاوة قوورِيةكانن  .سةرةرِاى ئةوةش ِريَذةيةكى



جياواز لةئؤكسيدةكانى كالسيؤم  ,مةطنسيؤم  ,ثؤتاسيؤم ,سؤديؤم و ئاسنى تيَداية كة ئةمانة دادةنريَن بةئؤكسيدى يارمةتيدةر بؤ توانةوة (. )fluxing oxide دواى ئةوةى ماددة خاوةكان هارِدران و بة بيَذنط دا ( )sieveتيَثةرِكران هةنديَك لة ماددة خاوةكان تيَكةلَ كران بة ِريَذةى جياواز بة مةبةستى ئامادةكردنى تيَكةلَةى جياواز .ثيَنج جؤرى جياواز لة تيَكةلَة ئامادة كرا بة بةكارهيَنانى (منونةي طلَى سوور ,كائؤلني ,طرانايت ,كوارتزايت ,الميستؤن) ٥٠٤ .قالَب دارِيَذراوة لة نيشتووة قووريةكان بة تةنها ( )Aو لة تيَكةلَة جياوازةكان ( )E, D, F, C, Bبة ِريَطةى كةثسى نيمضة ووشك ( ِريَذةى شىَ  %٠٠و ثةستانى



 ,كنت/سم . )٢ثاشان ئةم منونانة سوتيَنران بةثىَ ى بةرنامةيةكى دياريكراو بؤ ثلةى



طةرماى  ٠٠٢٤و ٠٠٤٠و  ٠٠١٤ثلةى سةدى بة زيادكردني ثلةى طةرماى  ٠٠ثلةى سةدى بؤ يةك كاتذميَر . شيكارةكانى هةلَسةنطاندن كة رِةوشتة فيزياوى و ميكانيكيةكان دةطريَتةوة جيَبةجيَكراوة لة سةر منونة سوتيَنراوةكان .ئةجنامةكان ئةوة نيشان دةدةن كة  apparent porosityو  water absorptionكةم دةبنةوة بةالَم bulk densityو  compressive strengthزياد دةكةن بة زيادبووني ثلةى طةرماى سوتاندن .بة شيَوةيةكى طشتى  linear shrinkageزياد دةكات لة زؤربةى قالَبة ئامادة كراوةكان دا  ,هةنديَك لة قالَبة ئامادة كراوةكان زيادبوون لة دريَذيةكةيان دا دةردةكةويَت ( )negative shrinkageدواي سوتاندنيان لة ثلة طةرمى ية جياوازةكان دا. ئةجنامى ئةم تاقيكردنةوانةى سةرةوة بةراورد كراوة لةطةلَ كؤمةلَطةى ئةمريكى بؤ شيكاركردن و ماددةكان ( American Society for Testing and Materials )ASTMو ثيَوانةى عيَراقي (Iraqi )IQS  ,Standardلة ئةجنام دا دةركةوت كة هةنديَك منونةى نيشتووة قورِيةكان كوجناوة بؤ بةرهةم هيَنانى كاشى ئةرزى ( , )floor tileكاشى ديوار ( , )wall tileكاشى رِووثوش ( )facing tileو بؤ ثيشةسازى خشتى قورِ ( )clay brick industryلة حالَةتى بةكارهيَنانى نيشتووة قورِيةكان بة تةنها ( clay alone )Aو تيَكةلَة جياوازةكان كة ئامادةكراوة لة ثلةى طةرمى سوتانى جياوازدا. تيَبينى ئةوة كراوة كة منونةكانى ذمارة  ١ , ٤ ,٠كة وةرطرياون لة ثيَكهاتووى فةحتة( Fatha  )Formation؛  ٨و  ٩لة ثيَكهاتووى ئينجانة ()Injana Formationو  ٠٢؛ لة زجنريةى تةبةقاتى سوور



( )Red Bed Seriesباشرتين ئةجنام دةدةن بؤ بةرهةم هيَنانى كاشى ئةرزى ( , )floor tileكاشى ديوار ( , )wall tileكاشى رِووثوش ( )facing tileو بؤ ثيشةسازى خشتى قورِ (. )clay brick industry



هةلَسةنطاندني نيشتووة قورِيية دياريكراوةكاني ضةرخي سيانى و ضواري لةطةلَ هةنديَك ماددةى خاوى زيادكراو بؤ ثيشةسازيةكانى سرياميك , هةريَمى كوردستانى عيَراق نامةيةكة ثيَشكةش كراوة بة ئةجنومةنى فاكلَتى زانست و ثةروةردة زانستيةكان سكولَى زانست لة زانكؤى سليَمانى وةك بةشيَك لة ثيَداويستيةكانى بة دةستهيَنانى برِوانامةى ماستةرلة زانسيت جيؤلؤجي دا



لة اليةن



رِيَزان قادر فرج بكالوريؤس لة جيؤلؤجى (  , )٢٠٠٢زانكؤى سليَمانى



بة سةرثةرشتى



د .تؤلَة ئةمحةد مريزا ثرِؤفيسؤرى ياريدةدةر طةالَرِيَزان  ٢١٠٥كوردى



تشرينى دووةم  ٢٠٠٥زاينى
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