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Abstract 
Palygorskite-rich sediments in Digma (Maastrichtian) and Akashat 

(Paleocene) Formations, within the Western Desert of Iraq are studied in terms 
of mineralogy, geochemistry and some technical applications. The technical 
applications include the separation of palygorskite from raw sample and 
conduct set of laboratory experiments that would indicate the ability of 
palygorskite to absorb and adsorb the heavy metals from the liquid phase. For 
this reason, targeted sampling approach is used to follow-up and to collect the 
palygorskite-rich sediments from 17 sites, some samples were collected from 
each site and tested mineralogically to select the appropriate sample; then 
finally, one representative sample was chosen from each site. 

X-ray diffraction (XRD), scanning electron microscopy (SEM) and 
infrared (FTIR) techniques have been used together to study the raw samples 
(palygorskite-rich sediments) and the separated sample (palygorskite). 

The current study reveals the association of palygorskite with the 
siliceous rocks represented by poracellanite, Opal-CT (crystobalite and 
tridymite), a considerable amount of dolomite and kaolinite with little amount 
of calcite within marly limestone, and apatite in Digma Formation. While in 
Akashat Formation, palygorskite is associated mostly with montmorillonite, 
dolomite, marly limestone and little porcellanite represented by opal-CT 
(crystobalite and tridymite) and quartz. This facies indicates a shallow marine 
environment of inner platform. 

The present study suggests two models for the genesis of palygorskite; 
the first one is the reaction of pore water rich in silicic acid with dolomite to 
form sepiolite, which eventually transforms into palygorskite by taking 
alumina from the surroundings, and the second is the transformation of 
smectite to palygorskite in environment rich in Mg. 

In terms of geochemistry, the palygorskite-rich sediments and the pure 
palygorskite that had been separated from the raw sample are analyzed for 
SiO2, Al2O3, MgO, Fe2O3, TiO2, MnO, Na2O, CaO, K2O, P2O5, LOI. The 
content of MgO in the palygorskite-rich sediments varies between 0.61 to 
9.38%, where some of MgO comes from dolomite. In pure palygorskite, the 
high content of MgO (10.2%) with suitable LOI (19.1%) indicates a success of 
laboratory separation process which was enhanced by SEM. The structural 
formula of the separated palygorskite and the charge distribution in the 
octahedral layer, tetrahedral layer and interlayer were calculated. 

In term of technical applications, the pure palygorskite (separated from 
raw sample) is subjected to a set of laboratory experiments to test the 
efficiency of palygorskite for sorping the heavy metals (Pb, Cd, Ni, Cr, Co, V, 
Zn, Cu, Fe and Mn) as well as boron (B) in concentration of 10, 25, 50, 75, 
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100, 125, 150, 175, 200 and 225 ppm for each element. More than 110 
laboratory experiments are conducted as patch process at room temperature. 
The solid (palygorskite) to liquid ratio (initial solution) is determined to be 
(1gm/100ml), and the equilibrium reaction time is 1h. 

TDS and EC decrease with the trend of alkaline pH in the final 
solutions (after the end of the reaction). The tendency toward the alkaline 
occurs with the solutions of low concentration rather than the solutions of high 
concentration due to lack of cations competes the H+ on the negative site of 
palygorskite. 

The ability of palygorskite sorption (in percentage) increases when 
thermally activated, up to 93% at 600°C due to the driving of zeolitic water by 
heating, the surface area and thus the sorptivity is increased too. Whilst, at 
800˚C sorption decreases to minimum due to the collapse of palygorskite 
structure. 

The palygorskite is expressed as an active receptive of heavy metals, 
while Ca2+, Mg2+, Al3+ and K+ are desorb ions from the palygorskite into the 
solution indicating a one-to-one ion exchange mechanism is responsible for 
the incorporation of cations into the structure of palygorskite. The expulsion 
of these cations causes a decrease in positive charge on palygorskite which 
encourages additional cations to adsorb on surface. 

The efficiency of palygorskite sorption (%) of heavy metals varies 
depending on the nature of the metals. Laboratory experiments have identified 
a lot of relationships, from which the palygorskite sorption (%) for initial 
solutions of concentration 50 ppm can be ordered as follows: 

B < V < Mn < Ni < Co < Cu < Zn < Cd < Cr < Pb < Fe. 
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 Chapter	One	 Introduction

 

1 
 

1- Introduction 
 
1-1 Preface   

Palygorskite (Mg,Al)2Si4O10(OH). 4(H2O) is a rare fibrous clay which 
is also known as attapulgite or fuller’s earth. Palygorskite and attapulgite are 
two names of one minerals; the former is earlier and was used for a leather-
like Mg-Al hydrosilicate from Ural (Namecz, 1981). The name attapulgite 
was introduced by Bradley (1940) for the same mineral from attapulgus, 
Georgia (USA). Other names for the same mineral include pilolite and 
Lassallite, which are not in use now (Al-Bassam, 2000).  

Palygorskite is a phyllosilicate with a 2:1 layer having periodic 
inversions of the tetrahedral sheet after every two silicate “chains” to form 
“ribbons”. The octahedral sheet is thus discontinuous and a channel-like 
structure forms (Giustetto and Chiari 2004; Post and Heaney 2008) owing to 
octahedral cation substitutions involving Mg, Al, and Fe (Suárez et al. 2007). 

The palygorskite may be recovered from the dispersion and dried in 
such a manner to produce a finely sized powder from ore, without the need 
for any grinding or milling operation. The dried palygorskite has a little 
moisture content of 2-3%. Palygorskite plays important rules in many 
industries ranging from agricultural, wine clarification, medical, cosmetic 
applications and as an additive to drilling mud (Grim, 1962). Most of the 
palygorskite are formed less than 25 million years ago in the terrestrial and 
lagoonal environment (Galan and Castello, 1984; Pletsch, 2003).  
 
 
1-2 Location of the study area 

 
This study was carried on palygorkite-rich sediments exposed within 

Digma and Akashat Formations in the Western Desert of Iraq (Figure 1). 
These formations belong to the Masstrachtian and Paleocene age. Other 
formations exposed in the study area are Ga”ara, Mulussa, Zor Horan, Ms’ad, 
Hartha, Digma, Akashat and Ratga Formations. The study area includes a 
wide area extending from the northern part of the Ga’ara depression and 
Akashat on the north to the Tarifawi at the south along the exposure of 
Akashat and Digma Formations. 
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1-4 The previous studies 
       The palygorskite has been studied thoroughly in many places in Iraq. 
Distribution of Iraqi palygorskite in space and time is summarized by Al-
Bassam (2000) as localities in the Safra bed of Digma Formation, Traifawi 
Member, Dwaima Member, Gercus Formation, Nfayil Formation, Injana 
Formation (Late Miocene Pliocene) Fissure-and Fracture-fill in Injana (post 
Miocene) and  Dibdibba Formations (Pliocene). Palygorskite is found in all 
environments between the shore and shelf margin. 
     Tamer-Aga and Aljanabi (1997) studied the Tayarat Formation (Upper 
Cretaceous) in well KH-6, Ansab within the Western Desert of Iraq; they 
stated that the clay mineral distribution and abundance is controlled by the 
environment and the palygorskite is Polygenic.  Aswad et al., 1997 mentioned 
that the Safra bed (Masastrichtian) in Ga’ara-Akashat area is almost always 
associated with montmorillonite. They noticed that palygorskite is strongly 
associated with dolomite and there is negative correlation between 
palygorskite content and montmorillonite content; also they found that Na is 
the main exchangeable cation and it appears to have formed in-situ, mostly 
from the transformation of montmorillonite. 
       Zahra Formation (Late Pliocene-Pleistocene) is exposed as discontinuous 
belt extending in the Western Desert from Wadi Hauran in the north to the 
Iraqi-Saudi border in the south. Tamar-Aga et al. (1997) classified the orign 
of palygorskite into three catergories: detrital characterized by short fiber, 
transformational characterized by platy grains; and neoformational which is 
characterized by longer fiber forming tree-like texture. The palygorskite was 
formed by transformation of low-potassium smectites (montmorillonite).  
          Palygorskite of Traifawi (Early Paleocene) is believed to have 
originated by transformation of semictite (Aba-Hussain, 1986; Al-Bassam et 
al., 1990 and Qassim, 1993).   
          Dannoun and Al-Dabbagh (1988) studied the origin and chemistry of 
palygorskite-bearing rocks in the Gercus Formation (Middle Eocene) from 
north Iraq. They found that palygorskite is probably unstable in aqueous 
environment in this area. 
         Al-Bassam, et al. (2000) determined a new occurrence of palygorskite 
located about 100 km west of Ramadi, within Nfayil Formation (Middle 
Miocene).    
        Al-Baidari (1997) used Iraqi palygorskite in pottery. She tested 
palygorskite- rich mudstone collected from Injana Formation at Najaf area in 
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the production of pottery, and concluded that the investigated mudstone are 
suitable for pottery but mixing of various mudstone type is requires to obtain 
the proper mineralogical ingredients and grain size.    
 Al-Bassam et al. (1997) used Iraqi palygorskite (Digma and Injana 
Formations) in the dehydration hydraulic oil of electrical power stations. 
 Anton et al. (1997) used the Iraqi palygorskite (attapulgite) in oil well 
drilling, the laboratory results was carried out by drilling an oil well in the 
Northern field using the palygorskite clay of the Safra Beds in the preparation 
of the drilling fluid. The results were successful and the clay behavior was up 
to the required specification.   

 Al-Ajeel, et al. (1997) used the Iraqi palygorskite- rich clays in de- 
colorizing sun-flower oil. This application is used in the General Company of 
vegetable oils. 
  Aswad et al. (1997) studied the crystallochemical and thermodynamic 
characterization of Nineva palygorskite as microporous absorbent. He 
concluded that the average enthalpy of absorption is estimated to be 12 
Kcal/mol ranging from 10.388 to 16.408 Kcal/mol. 

Kadum (2009) Stated that the suggested origin for the palygorskite of 
the Gercus Formation is formed by transformation of preexisting materials 
and suggested two types of this transformation. First, was by transformation 
of montmorillonite with high content of Mg and trace elements. The second, 
by direct alteration of the basic rocks (may be serpentinite). 

 
1-5 Geological setting 

The landscape of the Western Desert of Iraq is not complex, but is 
characterized by a variety of forms; the study area is hilly and semi flat area. 
The lithology and hardness of rocks have played a role in the development of 
different landforms. For example, the hard rocks give the desert a plateau 
form. Interbedded rocks of variable hardnesses have accelerated the dissection 
of the plateau into steps or minor plateaus. The soluble rocks have led to 
forming karst units and features. Finally, the soft rocks contributed in the 
development of eolian units. 

The Western Desert of Iraq is featured by variety of suites of geological 
formations from Paleozoic (Premo-Carboniferous) to Cenozoic. The area 
covered by the study is involves the ages of Cretaceous to Late Paleocene. 
Geological setting explains the lithostratigraphy, tectonic and structure and 
geomorphology of the study area. They can be described as follows: 
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1-5-1 Lithostratigraphy  
The exposed rocks in the Western Desert are of both marine and 

continental origins. They are represented by limestone, dolomitic limestone, 
dolomite, sandy limestone, clayey limestone marl, sandstone, and claystone, 
with rare gypsum and phosphorite.  

 
1-5-1-1 Digma Formation  

The presence of the Digma Formation (Maastrichtian) in the Iraqi 
Western Desert was mentioned for the first time by Sattran and Mansour 
(1975) in Buday (1980). However, it is worth to mention that the mapped 
succession of Digma Formation by Buday and Hak (1980) and which was 
renamed as "Samhat Formation" by Jassim et al., (1984) is not the same 
succession considered by GEOSURV as the Digma Formation. The upper 
part of the so called Jeed Formation by Jassim et al. (1984) is identified as 
"Safra Beds" by Al-Bassam et al.. (1990). It is adopted by GEOSURV as the 
Digma Formation (Sissakian, 2000); Whereas, the lower part of the so called 
"Samhat Formation" is considered as Marbat Beds and the upper part as 
Tayarat Formation; moreover, the lower part of the so called "Jeed”.  

Al-Bassam et al., (1990) mapped the Digma formation as "Safra Beds" 
for the first time in the Western Desert as an integral part or unit in Digma 
Formation which represents the sixth sedimentary cycle of the Cretaceous 
Period. A supplementary type section is proposed by Al-Bassam et al., (1990) 
at Er Radhuma (Al-Safra), about 10 km southeast of Akashat mine. The 
original type locality is in oil well Anah 1 (Bellen et al., 1959); it is defined 
by the coordinates of Longitude 41° 15' 48" E and Latitude 34° 20' 24" N. 

The Digma Formation is exposed along the northern rim of Ga`ara 
Depression, from Marbat Al-Hasan hill and extends westwards, then extends 
along the western rim, farther southwards crossing the Highway No.1 and 
extends to the Iraqi – Saudi Arabian borders (Figure-1).  

In Traifawi vicinity, it extends eastward for about 60 km and 
northwards to about 35 Km, moreover towards southeast to Muger Al-Na`am 
vicinity. The subsurface extension of the Digma Formation is clear. It extends 
northwards from exposed areas to Khlesia passing through Anah trough, and 
west and eastwards along sides of the Rutbah Uplift. 

Buday and Hak (1980) described it as basal conglomerate, sandstone, 
siltstone, marlstone and organic limestone, beside yellow and green 
marlstone, thinly bedded calcareous claystone and calcareous siltstone are 
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present in the northern and northwestern parts of the Ga`ara Depression. Al-
Bassam et al., (1990) described the Digma Formation as "Safra Beds" as 
white to creamy limestone, dolostone with phosphorite horizon and green to 
ocher papery shale, with the oyster shell horizon. Hassan (1998) described it, 
in the Ga`ara vicinity as consisting of white, creamy dolomicrite, within 
phosphorite horizon, overlain by green papery shale and topped by 
phosphorite horizon consists of oyster rich limestone alternative with marl 
horizons. Southwards the fossiliferous limestone increases in thickness and 
passes laterally to shelly limestone, with chert nodules and geodes in the 
middle and upper parts of this unit. Al-Haza’a (2001) divided it into three 
parts: The lower part consists of dolostone with phosphorite horizon and 
porcellanite, in the base. The middle part consists of ocher marl, occasionally 
with oysters, whereas the upper part consists of oyster rich limestone (lopha 
bed) which alternates with dolostone. Southwards the upper shelly part 
increases in thickness and passes to bivalves-rich limestone. Formation is 
considered, by GEOSURV, as the upper part of the Tayarat Formation. 

The following thickness was recorded by different authors. In the 
supplementary type section, it is 23 m and 15 m in the northern rim of Ga`ara 
depression (Al-Bassam et al., 1990). It ranges between 12 to 20 m to west of 
Ga`ara depression and increases to more than 40 m (Al-Haza’a, 2001). 

The age of formation has been correlated and determined by fossils. 
The following fossils were recorded by different authors: Bellen et al., (1959) 
Corax pristadontus AGASSIZ, Lammina c.f. appendiculata AGASSIZ, 
Globotruncana stuarti (DE LAPPARENT), Glt. lapparenti bulloides 
VOLGER, Glt. Lapparenti, Globugerina cretacea DE ORBIGNY, 
Gumbelina globulosa (EHRENBERG), Vaginulina plummerae 
(CUSHMAN). Al-Bassam et al., (1990) recorded Rugogleobigerina 
macrocephala BRCNNIMA, Ruge. Bronnimanni EL-NAGGAR, 
Pseudotextularia elegans RZEHAK, Heterohlix striata (EHRENBERG), H. 
glbosa (EHRENBERG) and Guembelitria cretacea CUSHMAN. Hassan 
(1998) recorded mainly oysters (Lopha and Ostrea). Maastrichtian (Bellen et 
al., 1959 and Hassan, 1998), Early Maastrichtian (Buday and Hak, 1980) and 
Late Maastrichtian (Al-Bassam et al., 1990 and Al-Haz`za, 2001). 

Digma Formation has been deposited in shallow environment. Many 
authors have been suggested that it has littoral neritic condition (Buday, 
1980), shallow marine (Hassan, 1998), shallow water (mostly back reef and 
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lagoon), in the east and deep water, in the west of the exposure area (Al-
Haza’a, 2001). 

In term of contact, the Digma Formation is unconformably underlain by 
Ms`ad Formation (Buday and Hak, 1980). It is conformably underlain by the 
Tayarat Formation (Na`ja Beds), the contact is based at the top of a shelly 
limestone and first appearance of white siliceous micrite, with phosphorite 
horizon. In a very small part of the exposure area, east of MarbatAl-Hasan 
hill, it is underlain by "Marbat Beds" and is based at the top of last clastic 
horizon (Al-Bassam et al., 1990). Hassan (1998) mentioned that, it is 
underlain conformably by the Tayarat Formation and it is based at the top of 
silicified limestone and first appearance of a yellow marl or pale grey 
dolomicrite, with phosphorite horizon. Al-Haza’a, 2001 refer to that, it is 
underlain unconformably by the Ga`ara Formation, along the northern rim of 
the Ga`ara Depression, and marked by sandy, pebbly, phosphatic limestone or 
conglomerate, above the cross bedded sandstone of the Ga`ara Formation.  
 
1-5-1-2 Akashat Formation  

The Akashat Formation (Early - Late Paleocene) is recently added to 
the stratigraphic column of Iraq. Formerly, the succession was considered as 
Umm Er Radhuma Formation. The difference in lithological composition, 
facial development and Paleo-geographical distribution between Akashat and 
Umm Er Radhuma Formations were recognized by Bellen et al., (1959); Al-
Naqib (1960) and Powers et al. (1967) called it as Hibr Formation, Buday 
(1980) and Buday and Hak (1980) called it as phosphatic facies of Umm Er 
Radhuma Formation, Jassim et al. (1984) called it as Akashat Formation and 
Al-Bassam and Karim (1997) announced it officially as Akashat Formation. It 
is worth to mention that GEOSURV was using the name of Akashat 
Formation instead of Umm Er Radhuma Formation since 1990. 

The type locality of the Akashat Formation is located by Al-Bassam et 
al. (1990) in wadi Samhat, along the western rim of Ga'ara Depression, which 
is located 7 Km to the south of Akashat phosphate mines. It is defined by the 
following geographic coordinates: of Longitude 39° 50' 06'' E and Latitude 
33° 37' 30'' N. 

The Akashat Formation is exposed, only in the western and middle 
parts of the Iraqi Western Desert. It crops out in Qasir Al-Halqoom, along the 
northern rim of Ga'ara Depression, extends westwards (along the rim) till 
Akashat, then southwards to the Iraqi - Saudi Arabian borders, crossing Jabal 
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Al-Hirri, in a form of narrow strip 2-10 km till the Highway No.1, then it 
becomes10- 30km wide. The subsurface extension of Akashat Formation is 
almost uniform, it extends north and westwards. It is struck in oil wells Akkas 
1, Risha 1 (in Jordan). Towards north, it passes to Aaliji Formation and 
towards east and northeast; it is replaced by Umm Er Radhuma Formation, 
east and northeast of Rutbah Uplift. According to Al-Mubarak and Amin 
(1983) the lower part of Akashat Formation is included within the Hartha 
Formation by Buday and Hak (1980). 

The Akashat Formation, in the type locality consists of an alternation of 
grey phosphorites and limestones (Al-Bassam et al., 1990); it consists of 
phosphatic conglomerate or breccia, followed by oyster bed (biolitite), 
overlain by a sequence of calcareous siltstone, with layers of silty limestone 
and calcareous mudstone, locally phosphatic. Another fossiliferous limestone 
or Coquina bed occurs; followed by calcareous siltstone, with interbeds of 
limestone and chalky limestone, with abundant chert nodules, rare geodes and 
lenses of phosphorites, capped by violet, papery shale (Buday and Hak, 
1980). The Akashat Formation is divided into three members by Al-Bassam et 
al. (1990): 
A: Traifawi Member consists of an alternation of lime mudstone, shale and 

phosphorite. The cycle, which is repeated 2-3 times, consists of coarse 
grained phosphorite, green shale or marl, followed by creamy siliceous 
lime mudstone, usually with small chert nodules. South of Highway No.1, 
yellowish, quartzitic sandstone occurs in the middle part. 

 
B: Hirri Member consists of an alternation of phosphorite, shelly limestone 

and lime mudstone. The cycle is repeated 2-3 times. In Akashat - Ga'ara 
area, the upper part of Hirri Member consists of shelly (cardita) limestone, 
which reaches in thickness to 10 m.  

 
C: Dwaima Member consists of an alternation of grey phosphate, gray and 

pink, fissile, siliceous marl and phosphates, crystallized limestone, with 
shark teeth. 

The thickness of the Akashat Formation, in the type locality is 27 m 
(Al-Bassam et al., 1990). It is 25-35 m along the northern rim of the Ga`ara 
Depression (Buday and Hak, 1980). It is 23- 30 m (Jassim et al., 1984), about 
15 m in Tel Samhat, 25 - 30 m in Akashat, 54 m in Traifawi and increases 
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gradually towards north and west of the exposed areas (Al-Bassam et al., 
1990). 

The first paleontological study of the Akashat Formation was from 
subsurface sections, around Akashat. The following fossils were recognized 
by different authors: Karim and Ctyroky (1981); Karim and Jassim (1985) 
and Karim in Al-Bassam et al. (1990); Globigerina daubjergens, 
Globorotalia compresa (PLUMMER), Glt. Pseudobulloides (PLUMMER), 
Glt. Trinidodensis BOLY, Glt. Imitata SUBBOTINA, Glt. Vncinata BOLY, 
Globigerina haynesi EL-NAGGAR, G. triloculinoides (PLUMMER), 
Chilogucmbelina midawyensi (CUHMAN), Guembelitria 
cretacea(CUHMAN), Benthenic fauna asociación age: Gabonella sp., 
Lenticulina turbinate PLUMMER, Valvulinaria ravni REUSS and 
Anomalinoides midwayensis BROTZEN. The following fauna are recorded by 
Karim in Al-Bassam et al. (1990) from the Middle Paleocene: Globokotalia 
angulata, Glt. Psendobulloides PLUMMER, Glt. Quadrata WHITE, Glt. 
Haynesi EL-NAGGAR, Glt. Triloculinoides PLUMMER, Lenticulina 
midwayensis TENDAM, Valvulinaria ravni RUSS. They (op. cit) recorded 
the following fauna from the Late Paleocene: Globorrotalia velascensis, 
Globorotalia acuta TOUIMIN, Glt. Aequa CUSHMAN and RENZ, Glt. 
Esnaensis (LEROY), Glt. Irrerata LOEBLICH and TAPPAN, Glt. Woodi 
EL-NAGGAR, Glt. Occulosa LOEBLICH and TAPPAN. The recorded 
benthonic fauna are, Frondioularia phesphatica (REUSS) Vaginulopsis 
midwayensis (Fox and ROSO), Lenticulina midwayensis (KUSHMAN and 
PONION). All these fauna are indicative of Danian age (Al-Bassam et al., 
1997). 

The age of Akashat Formation has been determined depending on the 
fossils. Jassim et al., (1984) claimed late Early Paleocene age for the Akashat 
Formation. Later on Al-Bassam et al., (1990) confirmed that the age of 
Akashat Formation ranges from Early - Late Paleocene depending on the 
formation biozones. 

Akashat Formation is deeper and cooler shelf environment relative to 
that of Late Cretaceous (Al-Bassam and Karim, 1997). The middle Paleocene 
was more transgressive started in the early stages by central-shelf shoal facies 
to a deeper outer shelf peloidal phosphorite facies (Al-Bassam and Karim, 
1997). The Dwaima Member indicates inner shelf, central shelf, and outer 
shelf to shelf edges, under subtidal and warm conditions The Late Paleocene 
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cycle come to end by the development of inner shelf – shoal intertidal 
coprolitic shelly limestone (Al-Bassam et al., 1990). 

The Akashat Formation is mainly underlain by Cretaceous rocks. In the 
northern rim of Ga'ara Depression, it also was considered to be underlain 
unconformably by the Ga'ara Formation. Its contact was based on the top of 
last sandstone or conglomerate bed 

Jassim et al., (1984) and Al-Bassam et al., (1990) however recognized 
Marbat Beds instead of the Ga'ara Formation, the contact is unconformable. It 
is underlain unconformably by Mulussa Formation in the eastern rim of 
Ga'ara Depression and the Digma Formation in the northern and western rims 
(Buday and Hak, 1980). It is underlain by Safra Beds (Digma Formation). 
south of the Ga`ara Depression. The contact is based on the last appearance of 
loftusia and lopha bearing limestone, or first appearance of ocher, siliceous 
lime mudstone or shale (Al-Bassam et al., 1990). 

 
1-5-2 Tectonic and Structure 

The Western Desert is a gently sloping plain with a gradient of 5 m/km, 
towards east and northeast. The dip of the strata is almost horizontal, reaches 
1 - 2 degrees. In the western part, around Ga`ara Depression, the beds dip in 
all directions, while the east and middle parts the beds dip gently 
northeastwards. The gentle plain reflects the structural position of the Western 
Desert within the Stable Shelf (Buday and Jassim, 1984). 

Rutba Uplift has played a great role in the historical geomorphology of 
the Western Desert. According to Buday (1980) and Buday and Jassim (1987) 
the crest of the uplift had remained as a dry land during the Late Cretaceous. 
Since that time the gradual rise of the uplift has caused an increase of the dry 
land over the whole Western Desert, in the form of major plateaus. At the 
same time the plateaus were dissected into many blocks. The common 
structural features in the Western Desert are faults, joints, folds, grabens and 
ring structures. 

Qasir et al., (1992) determined four sets of faults are ascertained in the 
Western Desert by means of interpretation of Landsat images on basis of 
drainage, cliffs, distribution of mesas and orientation of depressions. The fault 
systems are N-S, NW-SE, E-W and NE-SW. The faults are related to very old 
Orogenies, Kibiran, Hijaz and Najid, which have been rejuvenated during 
Late Mesozoic and Tertiary by the Alpine Orogeny. Buday (1980) and Buday 
and Haq (1980) thought that the faults are to be dissected through the 
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basement and the overlying Paleozoic, Mesozoic and Tertiary sedimentary 
cover. The relation between drainage and faults is very visible on Landsat 
images and topographic maps. Most of the major valleys start on the plateau 
around Rutba vicinity and extend towards north, northeast and east. In each 
drainage basin of the main valleys, the valleys change their trends at variable 
angles, between (45-90), these changes coincide with the directions of fault 
systems. In addition to that the axes of the meanders that have developed 
along the courses of the valleys coincide with the trend of faults and joints. A 
third visible example is represented by the cliffs developed in Umm Er 
Radhuma Formation along N-S and E-W faults. Wadi Swab and Wadi Ratga, 
the west of the study area drain the northwestern part of the Western Desert 
toward Syria border, reflect clear relation between their trend and faults. The 
lower reaches of the wadies are in N-S direction and reflect their development 
along weak zone of the same trend. The tributaries of both wadies are also 
parallel to each other and are controlled by long joints of NW-SE and NE-SW 
directions. The western tributaries of Wadi Swab are toward NE direction, 
while the eastern tributaries of Wadi Ratga are toward NW direction. The 
upper reach of Wadi Swab is dissected by sets of NW-SE joints, resulted in 
formation of parallel tributaries and rectangular change of the Wadi course. 
The plateau on Hartha Formation is cut into well oriented mesas due parallel 
NW-SE trending joints. Al-Mubarak and Amin (1983) and Qaser et al. (1992 
and 1993) have identified many faults of the same above mentioned 
directions, they missed many other faults, which might not be visible due to 
low displacement or not observed along their traverses, during geological 
mapping. (Al-Kadhimi et al., 1996) edited tectonic map of Iraq shows also 
some faults, of the same directions which support the presentation above. 

Many ring structures are developed in the Western Desert. One ring 
structure is identified within Hussainiyat Formation in the upper reaches of 
Wadi Ghadaf. The diameter of the feature is about 500 m. Its formation is 
related to block movements. In the Western parts of the Western Desert, tens 
of ring structures are developed, they are either of karst origin or hydrocarbon 
explosion (Hagopian, 1979). The diameters range form few hundred meters to 
few kilometers which Usually from depressions on surface of the Ratga 
Plateau. Tens of circular and oval depressions of different sizes are located in 
the western part of the Western Desert. They are developed in flat areas, built 
up by Ratga Formation, locally are called "Faidhah". Some of them are 
interpreted by geophysical means as ring structures. 
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1-5-3 Geomorphology  
The Western Desert is considered as rocky desert of a large plateau 

comprising mainly carbonate rocks. It is characterized by low rainfall, Low 
seasonal vegetation like short grass and thick soil cover in general and tends 
to be featureless. It can to be described as flat to semi flat area, rises gradually 
from east to west to a maximum elevation of 987 m, above sea level. The 
main topographic features are positive and negative features. The main 
features are mesas, kuestas, Hogbacks, buttes, hills, cliffs, canyons, valleys 
and depressions. Several canyons cut the desert from the west towards north, 
northeast and east. The largest depression is represented by Ga`ara,  

The landforms of the desert are the result of the interaction between 
structure, lithology and climate, as indicated by the variable forms of the 
geomorphological units and features. The landforms of the Western Desert 
are grouped in many major units related to the agents and processes 
contributing to their development. Some of these units that are close to the 
study area are: Units of structural-denudational origin. Four types of 
landforms are developed under this topic, these are: Mesas, Cuestas, 
Hogbacks and Plateaus. The major plateau is: Plateau on Umm Er Radhuma 
Formation, Plateau on Tayarat Formation, Plateau on Mulussa Formation and 
Plateau on Ga`ara Formation. Units of Denudational Origin are characterized 
by Hills (Buttes) and Depressions in most. 
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2- Materials and Methods 
2-1 Preface 

Scientific contexts follow concrete steps to show the logical sequence 
for the conduct of scientific research. An urgent need to list and explain the 
most important methods of work used in this study, as well as the equipments 
and techniques used. Field, laboratory and office works are described in 
details that will provide the basic foundation and roadmap for this study.  
 
2-2 Field work 

Field work has been done on Akashat and Digma Formation in the 
Western Desert of Iraq. Before starting on detailed fieldwork, some of the 
requirements have been taken to make this mission a success. These 
requirements, were conducting reconnaissance field trip from Trafawi at the 
south of the study area to the Ga’ara depression to the north of the study area 
of about 80km north Rutba city (Figure 2-1). Through this trip, the nature of 
the area has been viewed and the accessible outcrops of the studied geological 
formations which contain palygorskite-rich sediments are determined using 
detail geological maps and GPS. Thereafter, many trips of detailed field work 
have been carried out. Clay deposits have been investigated and followed up 
in the field to search for palygorskite. Then the exposures of clay-bearing 
beds have been marked and sampled. Many stratigarphic sections representing 
different facies of the basin were investigated for the units of palygorskite. 
Palygorskite is commonly associated with phosphatic sediments, carbonates 
and siliceous rocks (Yalcin and Bozkaya, 1995).   

Samples are collected from the accessible geological sections and 
outcrops. Fifty samples are collected from 11 sites (Figure 2-1). These 
sampling sites with geographic coordination are listed in Table 2-1. Then the 
suitable samples were chosen, where the samples of no or poor palygorskite 
were then neglected. 

Sample 1D is collected from the trench of 2m depth, where porcellanite 
extends subsurface with thickness varying between 0.8 to 1 m within the 
Digma Formation (Figure 2-2). The main facies of Akashate Formation is 
marine phosphatic deposits (Figure 2-3). Safra Bed, a part of Digma 
Formation is well exposed near Akashat village on the right side of the main 
road between Akashat and Qaim (Figure 2-4). Facies of Digma Formation 
changes to kaolinte-palygorskite claystone interbeded with opal-CT eastward 
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(Figures 2-5 and 2-6). Sample 12D was collected from section rich with 
claystone and dolomite (Figure 2-7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2-1: Location map shows the study area and the sampling sites, (after Al-Basam, 

2007) 
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Table 2-1: Coordinates of samples and field and laboratory description. 
Sample
No.

Formation Elev.
(m) 

Longitude Latitude Discription

1D Digma 765 E 39 55 
50.3

N 33 12 
41.7

Porcellanite (opal-CT)-rich sediments, 
quartz, little dolomite and apatite 

2D 642 E 39 56 
44.6

N 33 38 
55.9

Phopsphate-rich clay

13A Akashat  E 30 57 
59.9

N  33 40 
24.5

Palygosrskite-rich claystone, Opal-CT, 
Quartz, calcite and apatite.

14A  E 30 57 
59.9 

N  33 40 
24.5 

Palygorskite –rich clay with siliceouse 
sediment and dolomite 

15A  E 39 57 
59.9

N  33  
40 24.5

Siliceouse claystone.

3DS Digma 597 E 40 02 
07.8

N 33 40 
35.2

Mainly dolomite with very little clay 
(Palygorskite).

4DS 597 E 40 02 
07.8

N 33 40 
36.2

Mainly dolomite with little clay 
 (Palygorskite). 

5DS 597 E 40 02 
07.8 

N 33 40 
36.2 

Mainly Montmorellonite and 
palygorskite with porcellanite (opal-
CT), quartz and dolomite.

6D 518 E 4019 
57.9

N 33 33 
31.3

Claystone (kaolinite) with porcellanite 
(opal- CT) and quartz.

7D 518 E 4019 
53.3 

N 33 33 
36.3 

Kaoloinitic rich caly (palygorskite)

8D  E 4019 
53.9 

N 33 33 
31.3

Claystone composed mainly of 
kaolinite and palygorskite with little 
porceallanite (opal-CT) and quartz.

9DN 585 E 40 08 
44.7

N 33 37 
38.3

Siliceiouse claystone (quartz and 
kaolinite).

10DN 585 E 40 55 
50.3

N 33 40 
24.5

kaolinite-rich clay with porcellanite 
(opal-CT), quartz and apatite.

11DN 585 E 40 07 55 N 33 38 
45.7

Siliceous- calcitic rich clay.

12D 585 E 40 07 55 N 33 38 
45.7

Palygorskite with little clay minerals 
and dolomite.

16AT Akashat 
Trafawi

744 E 39 50 
49.8

N 32 41 
64.0

Clay minerals (montmorillonite  and 
palygorskite) with silica as quartz and 
opal-CT and very little apatite.

17AT 744  E 39 50 
49.8

N 32 41 
64.0

Clay minerals (montmorillonite  and 
palygorskite) with silica as quartz and 
opal-CT and very little apatite.

 
D=Digma Formation; A= Akashat Formation; S=Safra bed, N=Na’aja unit; T=Traifawi 
member. 
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Figure 2-2: Porcellanite (opal-CT) facies (0.8-1m) of yellowish white color having 
conchoidal fracture, site of sample 1D. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-3: Phosphatic rocks (14m thick with carbonate rock overburden of 3.5m) at the 
main working face of Akashat mine, Akashat Formation. 
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Figure 2-4: View of Safra bed of Digma Formation which forms from claystone with 
dolomite. The samples 3DS, 4DS and 5DS collected from this site. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2-5: Kaolinite-palygorskite claystone interbeded with opal-CT in Digma Formation; 

Sample 8D was collected from this section. 
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Figure 2-6: Palygorskite-rich clay with porcellanite (opal-CT) and siliceous deposits in 

Digma Formation, sample 10DN. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2-7: Palygorskite-rich calystone with dolomite a part of Digma Formation; sample 

12D. 
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Trafawi site characterizes by claystone mixed with porcellanite of 
crystabollite and tridymite (opal–CT); dolomite also occurs in this facies 
(Figure 2-8). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-8: Traifawi section (2m thick) illustrates claystone with dolomite. At the ground, 

quarried bentonite of yellow color exists with papery texture. 

 
2-3 Laboratory work 

Laboratory work, as usual, is the work immediately follows the field 
work. Therefore, all the samples collected were transferred to the laboratory 
and prepared as necessary as for the purpose of mineralogical identification, 
chemically analyses and technical testing. Laboratory work focuses on 
examination of samples in a variety of ways for the purpose of selecting 
palygorskite-rich samples in order to concentrate (purify) this mineral 
practically. The laboratory steps are explained below:  

 
2-3-1 Sample preparation 

All samples (whole samples) are prepared in the Geochemisrty 
Laboratory, at Department of Geology, College of Science, University of 
Baghdad. Preparation processes including drying and gentle grinding. 
Palygorskite was dried in an electric oven at 80°C for several hours before use 
in the adsorption tests. Generally, samples are not hard, but dismantle, and 
after drying they are gently grinded with a plastic pestle and agate mortar. All 
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samples are subject to the preparation processes for different examination and 
analyses. 
 
2-3-2 Mineral identification 

To be sure of the diagnosis of mineralogical composition, many 
techniques have been used for this purpose. These techniques include the 
following:  
 
2-3-2-1 X-ray diffraction technique 

The XRD analysis is performed in the laboratories of the Iraqi 
Geological Survey. The samples are first ground, mounted on holders, then 
introduced for analysis. The source consisted of Cu Kα radiation (λ=1.54 Ǻ). 
Each sample was scanned with 2 theta range of 2-50 degrees.  

Palygorskite can be detected by means of x-ray powder diffraction 
analysis (Keller, 1979). This technique is used for the purpose of mineral 
identification. Fourteen samples were subjected to X-Ray diffraction method 
in three runs, normal, ethylene glaycolated and heated to 550˚C.  Then, one of 
these samples is chosen, according to its high concentration of palygorskite; 
that sample given the name (12D). This sample, then subjected to a series of 
investigation started from palygorskite separation according to Paul et al., 
(2000) and Robert (2002). These methods of separation of plygorskite 
depending on the assumption the specific gravity of the palygorskite are low 
(2.3) relative to other clay minerals. Carbonates are removed by treatment 
with the acetic acid. Procedures (normal, heated and glycolated methods) are 
applied to identify clay minerals. The general steps are as follows: 

  
A. Acetic Acid treatment  

It is necessary to dissolve the carbonates in some limestones and sediments 
before the clay mineral identification. However, treatment with strong acids to 
remove carbonate can attack the structure of clay minerals (trioctahedral 
minerals are often destroyed by such treatment), and even dilute acid can 
attack the silicate layers via interlayer regions and exposed edges. Generally, 
dilute acetic acid is preferred over hydrochloric acid because it is less likely to 
affect clay crystallinity. The procedure followed is described below: 

1. Add 1 part acid to 4 parts distilled water in the graduated cylinder and 
mix thoroughly with the glass rod. Caution: acetic acid can cause burns. 
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Wear safety goggles, plastic gloves, and an apron while working with 
this chemical. 

2. Label 300 ml beakers and add sample. 
3. Add 50-75 ml of the acetic acid solution slowly to avoid foaming and 

overflow of beaker. A glass pipette may be used to transfer the acid 
solution. When effervescence subsides, add another 50-75 ml of acid. 
Stir and allow standing overnight. Repeat until suspension no longer 
effervesces. 

4. Allow the suspension to settle and carefully siphon or pour off the 
supernatant liquid or wash sample by centrifuging. Dispose of acid 
waste properly. Sample now free of carbonate. 

 
B. Random powder mounts  

1. Tape the glass slide over the opening of the sample holder. Leave tabs 
on each side for later removal of this cover, but fold the extra tape 
against itself so that it will not stick to other objects or the sample. 
Place the holder glass side down on a piece of weighing paper. 

2. Grind the dried sample thoroughly so that it is easily brushed through 
the sieve. The particles should be much finer than 0.062 mm to avoid 
fractionation of the minerals. The sieve is used only to achieve even 
distribution and to ensure that the grinding is complete. 

3. Place a second holder over the first as a mask. This enables the buildup 
of a thick enough layer of sample for later packing, while maintaining a 
clean metal surface on the final holder. 

4. Place the sieve over the sample holder and brush the sample from the 
mortar.  

5. Use the spatula to loosen any sample that has stuck to the mortar and 
brush the material into the sieve. 

6. Brush the sample through the sieve into the cavity of the sample holder. 
The purpose of the brushing is to obtain an even distribution and to 
minimize preferred orientation of the particles. 

7. Remove the sieve and mask. 

8. Place the sample holder on a clean piece of weighing paper, tap the 
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powder remaining on the mask onto the first weighing paper, and 
replace the mask over the sample holder. 

9. Pour the excess powder onto first weighing paper into the sample 
holder. Distribute the powder evenly. 

10. Use a glass slide to pack the sample into the cavity firmly enough so 
that it will not fall out, deform, or slide, but not so firmly that preferred 
orientation will be produced on the opposite surface (which will later 
become the top surface). The glass slide can also be used to scrape any 
sample that has flattened onto the holder surface during packing back 
over the holder opening. 
 

C. Thermal treatment  
Thermal treatment at various temperatures is commonly used to help 

identify clay minerals by revealing changes in crystal structure spacing or loss 
of the structure. Depending on the temperature and the mineral species, these 
treatments can collapse the structure by dehydration, or in the case of other 
minerals destroy the crystal structures. However, it is important for the 
analyst to remember that some of the changes caused by the heat treatments 
may be temporary, and that partial or complete rehydration may occur during 
cooling. Samples are heated to 550˚C. Procedure is described below: 

1. Preheat the oven to 550˚C. 
2. Place the oriented aggregate mount in the furnace using the tongs. 

Leave sample in the furnace at 500˚C for 2h. 
3. Remove mount by pulling it forward with tongs. It is ready to be run on 

the diffractometer. 

Separated palygorskite is also activated by heating for 200˚C, 400˚C, 
600˚C and 800˚C to investigate the effect of temperature on 
palygorskite sorption. 

D. Ethylene Glycol vapor treatment 

Pour ethylene glycol to about 1 cm depth in base of desiccator. Place 
oriented aggregate mounts on the shelf of desiccator. Additional shelves may 
be stacked if necessary. Place desiccator in oven at 60 to 70˚C for about 4 
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hours or overnight. Longer times will not damage samples. Do not remove 
mounts until running in the X-ray diffractometer. 
 
2-3-2-2 Separation of palygorskite 

Since one of the objectives of this study is to test sorpative properties of 
palygorskite of some elements (Pb, Cd, Ni, Co, Cr, V, Zn, Cu, Mn, Fe and B), 
A sample of pure palygorskite must be prepared.To meet this issue, two major 
processes were performed. First is that, clay minerals are separated from the 
whole samples of palygorskite-rich sediments.  Second, palygorskite is 
separated from clay mineral suits to obtain a sample of as pure palygorskite as 
possible as. The detail procedures of Pual et al. (2000) and Robert and Dennis 
(2002) where done on whole sample (crude sample). It has been done for 
separating the clay mineral from whole sample, and then, palygorskite is 
extracted from clay minerals. The procedure followed is described below: 

 
1. Whole (crude) sample (12D) has chosen for extracting palygorskite, 

because of is rich with palygorskite according to the result of XRD and 
chemical analysis.  

2. The slurry was prepared by mixing of 50 gm of crushed crude sample with 
tap water 1.0 L; then stirs it at a speed of 1500 rpm for 30 minutes. 

3. Pass the slurry through sieve of 200 mesh US standard to separate clay 
which pass the sieve, while the non clay minerals retain on the sieve. 

4. Add dispersant agent (Tetra Sodium Pyrophosphate) 8 gm to 1L. 
5. Allow suspension to rest and hence separated by gravity sedimentation 

(settling).  
6. The clay suspension is decanted and subjected to be centrifuged at 2000 

rpm for 15 minutes. 
7. The result will be of pale gray residue at the bottom consisting of 

montmorillonite (sp.gr 2.53), dolomite (sp.gr 2.74) and kaolinite (sp.gr 
2.9). These specific gravity values are according to Grim (1968). 
Playgorskite will be at the top (sp.gr 2.3) which can be distinguished by 
its brown color (Figure 2-9). At every patch, 8 test tubes have been used, 
and for the purpose of obtaining a sufficient amount of palygorskite, 
enough to complete all the required tests, the separation process was 
repeated several times. The extracted palygorskite was wet, and then was 
dried and grinded gently (Figure 2-10). 
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Figure 2-9: Separated palygorskite from whole sample centrifugally, Sample no 12D. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-10: Wet (left) and dry samples (right) of separated palygorskite. 
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2-3-2-3 Scanning Electron Microscope (SEM) 
SEM is a powerful technique applied in micro-imaging of a variety of 

surfaces. This technique can be used in exploring the surface structure to 
determine particle size and texture on that surface.  
  Palygorskite can be detected with the use of transmission or scanning 
electron microscope (Zumwalde, 1976). Scanning electron microscopy (SEM) 
was used to study the morphology of the palygorskite powders (Figure 2-11). 
This technique is carried out the Nanotechnology and Advance Materials 
Research Center at the University of Technology with a device type of VIGA 
TESCAN II SBH MS12, and on the South Oil Company (SOC) in Basra. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-11: Studying the palygorskite mineralogy using SEM at the Nanotechnology and 
Advance Materials Research Center at the University of Technology with a device type of 

VIGA TESCAN II SBH MS12. 

 
 
2-2-2-4 FTIR technique 

Infrared spectroscopy is an important technique in mineralogy. It is an 
easy way to identify the presence of certain functional groups in a molecule. 
This technique measures the absorption of various infrared light wavelengths 
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by the material of interest. With the advent of Fourier Transform Infrared 
Spectroscopy (FTIR), the range of applications and the materials amenable to 
study has increased sensitivity, speed, wave number accuracy and stability. 
The FTIR instrument consists of an IR light source, a sample container, a 
prism to separate light by wavelength, a detector, and a recorder (which 
produces the infrared spectrum) (Connor et al. 2003). 

A Fourier transform infrared spectrometer (FTIR) was used to detect 
the absorption peaks of untreated and thermally treated palygprskite powders. 
The samples were prepared using the KBr pellet technique. Laboratory work 
at Ibn-Sina Company (Baghdad) was the laboratory in which the FTIR were 
performed. 

Thirty whole samples obtained from Akashat and Digma Formations as 
well as the separated palygorskite are tested by FTIR. The KBr and the 
powdered sample must be entirely dry. 
 
2-3-3 Laboratory experiment 

Laboratory tests included the preparation of stock solutions from 
standard solutions, and adsorption experiments. A set of 110 laboratory 
experiments (11 heavy metals for 10 different concentrations) was made at 
the Geochemistry lab in the Department of Geology at the University of 
Baghdad. 

 
2-3-3-1 Preparation of stock solutions 

Ten concentrations as stock solutions (10, 25, 50, 75,100, 125, 150, 
175, 200 and 225 ppm) for each of the elements (Pb, Cd, Ni, Co, Cr, V, Fe, 
Mn, Zn, Cu and B) were prepared. This means, this study dealt with a total of 
110 solution samples. These stock solutions were prepared by diluting the 
standard solutions with distilled water. The standard solutions that are used 
for preparing the stock solutions are listed in Table 2-2.  
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Table 2-2: Standard solutions used for preparation stock solutions. 

 
Element Concentration

(g/l) 
Compound Color 

Pb 1 Pb(NO3)2 Colorless 
Cd 1 Cd(NO3)2.4H2O Colorless 
Ni 1 Ni(NO3)2.6H2O Light Blue 
Co 1 Co(NO3)2 Red 
Cr 1 Cr(NO3)3 Blue 
V 1 VOSO4.H22  Blue 
Cu 1 Cu(NO3)2 Light Blue 
Zn 1 Zn(NO3)2.4H2O Colorless 
Mn 1 Mn(NO3)2.4H2O Colorless 
Fe 1 Fe(NO3)3 Light Blue 
B 5 H3BO3 Light Pink 

 
 
2-3-3-2 Laboratory adsorption experiment 

The sorption (adsorption and absorption) measurements are determined 
by the batch experiment style by adding 1 gm of pure palygorskite with 100 
ml of aqueous solutions of  Pb, Cd, Ni, Co, Cr, V, Fe, Mn, Zn, Cu and B 
separately in 200 ml beaker. The sorption mechanisms are carried out by 
preparing 10 different concentrations from each element of 10, 25, 50, 75, 
100, 125, 150, 175, 200 and 225 ppm. The time of reaction is determined to 
be 1h. The mass of palygorskite is determined to be 1 gm. 

The mixtures were stirred by magneto-stirrer at 1 hour. The initial and 
the final concentration of each of Pb, Cd, Ni, Co, Cr, V, Fe, Mn, Zn, Cu and 
B in the solution are measured by using inductively coupled plasma (ICP) in 
the Global ALS Laboratory Group in the Czech Republic-Prague Laboratory.  

Temperature, pH, Total dissolved solid (TDS), Electrical Conductivity 
(EC) and salinity were immediately measured for each experiment in the 
initial and final solutions. Initial solution means a solution contains a certain 
concentration of a metals before the start of the experiment; whilst, the final 
solution means that solution which represents the initial solution itself, but 
after the completion of the experiment. 
 
2-3-4 Chemical analyses 
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Whole samples of palygorsike-rich sediments and pure palygorskite 
separated from the raw samples were analyzed for SiO2, Al2O3, MgO, Fe2O3, 

TiO2, MnO, Na2O, CaO, K2O, P2O5, LOI., while solutions that prepared for 
testing the palygorskite sorption were analyzed as follow: 

 
2-3-4-1 ICP-AES method 

After completing experiments of heavy metals adsorption by 
palygorskite, all filtrate solutions were analyzed to determine the palygorskite 
sorption efficiency of the elements (Pb, Cd, Ni, Co, Cr, V, Fe, Mn, Zn, Cu 
and B) by inductively coupled plasma- atomic emission spectrometry. All 
solutions (110 samples) were chemically analyzed in the Global ALS 
Laboratory Group in the Czech Republic-Prague and Spain. Samples were 
fixed by nitric acid addition prior to analysis. The certification of analyses can 
be seen in appendices (Table Ap-1). 
 
2-3-5 Accuracy and precision  
2-3-5-1 Accuracy 

The accuracy is defined as the differences in the analysis results of the 
standard samples from the values installed globally (Maxwell, 1968). Standard 
samples represented by standard solutions of 100 ppm for each element were 
analyzed three times (Table 2-3). Here, The mean of the triplicate analysis (X) is 
compared and revealed that the results of the standard samples are close to the 
values installed globally (Table 2-3). For all results, the standard deviation is 
very small. Consequently, the results are accurate. 
 

Table 2-3: Accuracy and precision results of the standard sample compared with their 
global results; X= Mean; σ = Standard deviation; R. S. D= Relative standard deviation. 

Elements Standard
Solution 
(ppm) 

Number of analyses 
(ppm) 

X ±σ R. S. D% 

1 2 3 (σ /X)100 (2 σ /X)100
Pb 100 100 102 99.4 100.4 1.11  1.106  2.212 

Cd 100 99.8 100 100 99.9  0.09  0.094  0.188 

Ni 100 99.8 99.6 100 99.8  0.16  0.163  0.327 

Co 100 99.7 100.1 99.9 99.9  0.16  0.163  0.327 
Cr 100 100 100 99.6 99.8  0.18  0.188  0.377 

V 100 100.1 99.4 100 99.8  0.30  0.309  0.619 

Cu 100 99.5 100 99.8 99.7  0.20  0.205  0.411 

Zn 100 100 99.3 99.9 99.7  0.31 0.309  0.619 

Mn 100 100.2 99.5 99.7 99.8  0.29  0.294  0.589 

Fe 100 99.6 100 100.2 99.9  0.25 0.249  0.499 

B 100 99.5 100.2 100.2 99.9  0.33 0.330  0.660 

2-3-5-2 Precision 
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The term precision is defined as the range of the compatibility and 
harmony among different results of the sample were analyzed multiple times 
under the same conditions. For this study, the standard solutions of 100 ppm for 
each element were triplicates analyzed and the results were comparable together 
(Table 2-3). Standard deviation used for calculating precision. The following 
equation shows the relative standard deviation (R.S.D) from the confidence level 
of 63%, in this point; the precision will be acceptable to the 15% (Stanton, 
1966). 

 
R.S.D% = (σ/X) 100 
 

The following equation shows the relative standard deviation (R.S.D) 
from the confidence level of 93%, in this point the precision will be acceptable 
to the 25% (Maxwell, 1968).  

 
R.S.D% = (2σ/X) 100 

 
The relative standard deviation in both cases at a confidence level of 63% and 
93% showed that the results are acceptable.   
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3- Mineralogy 
 
3-1 Preface 

Common clays have a wide range of physical properties thus making 
them applicable to many different structural clay products. Palygorskite is a 
clay mineral with a wide variety of industrial applications. This mineral has 
some particularly desirable sorptive, colloidal-rheological, and catalytic 
properties, in comparison with other clay minerals (Jones and Galan, 1988). 

Samples are tested with a variety of techniques for the purpose of 
examining the mineralogy, as well as to determine the palygorskite content, 
and then to select richest sample in palygorskite as pure mineral to test its 
efficiency of heavy metal sorption (adsorption and absorption). The 
techniques that are used for mineralogical study are XRD, Scanning electron 
microscope (SEM) and Fourier transform infrared spectrometer (FTIR).  
 
3-2 Mineralogical study using XRD, SEM and FTIR 

Most palygorskite fibrous have a diameter below the resolution limit of 
the light microscope (Zumwalde, 1976; Bignon et al., 1980). Thus, the 
analysis of clays may require the use of both X-ray diffractometry and 
electron microscopy. When using X-ray powder diffraction analysis, the 
strongest line at 1.05 nm is best suited for the identification of pa1ygorskite 
(Christ et al., 1969; KelIer, 1979).  

In this study, there is a need to identify pakygorskite, then to be 
separated as a pure mineral as possible; therefore, the crude sample (whole 
sample) which represents palygorskite-rich sediment will be identified and 
pure palygorskite will be separated. Thereafter, the separated palygorskite 
will be subjected to many techniques in order to ensure that the separated 
mineral is palygorskite. Then the palygorskite will be subjected to many 
laboratory experiments to test its efficiency in adsorbing and absorbing heavy 
metals. The laboratory experiments are described in chapter four.  The 
mineralogy is described below:  
 
3-2-1 Mineralogy of raw samples 

The raw samples mean whole or bulk samples. The minerals that 
associate palygorskite can also be called as impurities. These impurities 
include both clay minerals (montmorellonite (smectite), kaolinite) and non-
clay minerals (quartz, calcite, dolomite, apatite, cristobalite and tridymite.  
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Some samples are tested by XRD to detect palygorskite. The d-spacing data 
for identifying palygorskite are listed in Table 3-2. 

palygorskite-rich clay (samples no 7D and 8D) are subjected to XRD 
test. Three parts are taken from this sample in order to prepare XRD slides as 
untreated, glycolated (treated with glycol ethylene) and heated to 550˚C. 
Following glycolation, there was no swelling in palygorskite and kaolinite, 
but kaolinite collapsed at 550˚C, whereas palygorskite remains unchanged. 
Figures 3-22, 3-23, 3-24, 3-25 explain this case. 

XRD patterns show that the untreated palygorskite appeared at 2-theta 
8.5° and d-spacing (10.4°A). Upon glycolation, the peak intensity of 
palygorskite peak tends to decrease and shift to 8.3° (10.7°A) (Figure3-22 to 
2-25). This agrees with Jeffers and Reynolds (1987). The observed shifting 
peak of glaycolated palygorskite causes expansion in one straight forward 
direction along a-axis (Jeffers and Reynolds, 1987). Heating at 550°C 
replaced palygorskite peak to 2 theta which is slightly greater than 2 theta of 
untreated sample. The micropores  parallel to the long axis of palygorskite (x-
axis) are the only sites in the structure that can accommodate ethylene glycol 
molecules. 

The fibrous nature of palygorskite precludes the production of oriented 
aggregate mounts to enhance the 001 reflection for X-ray powder diffraction 
(Wilson, 1994). However, strong reflections from the 011 planes yield intense 
peak at 10.4 or 10.5 angstroms. This peak is unaffected by treating with 
ethylene glycol, but changes during heat treatments.  
 
 

Table 3-2: XRD data of palygorskite under condition of Cu Kα λ 1.54056˚A. 
 

d (˚A) I h k l 
10.4 100 1 1 0 
6.36 20 2 0 0 
5.38 16 1 3 0 
4.46 20 0 4 0 
4.36 4 -1 2 1 
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sample that corresponds to Mg-rich palygorskites obtained by separation 
palygorskite from palygorskite–rich sediments. On the other hand, many of 
the whole samples that consist of palygorskite in little quantity are subjected 
to FTIR tests. The position of the bands identified in the FTIR spectra of the 
palygorskites studied is similar for all samples, but there are some significant 
differences in their intensity, which are significant. Regarding to the structure 
of palygorskite, there are several bonds that can give absorption effects in the 
IR region. The most intense absorptions are related to water and hydroxyl 
stretching bending vibrations. This mineral has three types of water in its 
structure (Suárez and Garcia-Romero, 2006). The spectra can be divided into 
two regions for simplicity, OH-stretching vibration region and the water 
bending vibration. OH-stretching vibration region in the higher wave number 
region of the samples studied, the following can be observed (Figure 3-27): 
(1) A sharp peak at 3614 cm-1 
(2) A peak or shoulder at 3541 cm-1, which appears only in some samples. 
(3) Peaks at 3400 cm-1 
       The first effect, at 3614 to 3616 cm-1, is described in all bibliographic 
references on FTIR of palygorskite (McKeown et aI., 2002; Chahi et al., 
2002) and it seems to be characteristic of this mineral. There is good 
agreement in the literature recording the position at water molecules 
(coordinated and zeolitic water), but according to Ausburger et al. (1998) the 
band at 3543 cm-1 is excessively strong and sharp to be assigned only to 
coordinate water. Absorbance peak at 3543 cm-1 can be attributed to the anti-
symmetric stretching modes of molecular water coordinated with the 
magnesium at the edges of the channel (Frost et al., 2001). The peak at 1654 
cm-1 is associated with the hydroxyl zeolitic water, and the peak at 984 cm-1 

with the bending vibration of OH group. The peak at 800 cm-1 indicates the 
presence of Si-O-Al and O-Al bonds (Augusburger et al., 1998). The typical 
FTIR of palygorskite published by Xu et al. (2009) is illustrated in Figure 3-
28. Palygorskite content varies from one sample to another, as the 
accompanying minerals (impurities) vary in type (montmorillonite, kaolnite, 
dolomite, calcite, cristabollite, tridymite, quartrz and apatite). All these 
mineral types are associated with palygorskite in different amounts and 
influence on the IR transmittance.  For this reason, the pattern of FTIR 
changes depending on these variables. Palygorskite associated with 
porcellanite (opal-CT), quartz and calcite illustrate a different pattern (Figure 
3-29), where Ca-O and C-O refer to calcite and Si-O refers to quartz, 
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It is well known that in the infrared spectra of amorphous silica the 
symmetrical bending vibration of the Si–O group found at 695 cm–1 is absent. 
Therefore, the symmetrical bending vibrations of Si–O group obtained at 695 
cm–1 is a diagnostic peak of the quartz, whether it is crystalline or amorphous 
(Saikia et al., 2008and Suárez and Garcia-Romero, 2006).  
 
 

Table 3-3: Characteristics of IR bands associated with quartz. V=vibration. 

SiO4 tetrahedra Type of IR band modes of vibration Frequency
(cm–1) 

V3 Si–O asymmetrical stretching vibration 1080–1175
V1 Si–O symmetrical stretching vibration 780–800 
V2 Si–O symmetrical bending vibration 695 
V4 Si–O asymmetrical bending vibration 464 

 
The crystallanity obtained from this infrared investigation represents 

the ratio of characteristic amorphous peak at 695 cm–1 and the tetrahedral 
characteristic peak at 778 cm–1 which is found to be good for structure 
elucidation. The presence of the 695 cm–1 peak and the crystallinity provide 
that the SiO2 mineral in all the samples is in crystallized form. From the value 
of crystallinity we can identify purity of the samples. 
 
3-3 Palygorskite separation from clay minerals 

In this study, for the purpose of obtaining a pure palygorskite, it has 
been separated from the clay fraction that was already separated mainly from 
the whole sample. The non-processed palygorskite called natural palygorskite 
or crude palygorskite which represents the whole sample, while the separated 
palygorskite is called separated or pure palygrokite.  The pure palygorskite 
(separted) is investigated by XRD and FTIR techniques (Figure 3-26 and 3-
27). The separation processes are carried out on sample no. 12D. 

Bish and Guthrie (1993) had mentioned that the palygorskite 
commonly is found with smectite, amorphous silica, and other minerals.  In 
the studied samples, palygorskite-rich sediment samples consist of 
palygorskite and considerable amount of impurities of clay minerals 
(montmorillonite and kaolinite) and non-clay minerals including calcite, 
dolomite, quartz, apatite, and opal C-T. All components other than 
palygorskite are considered as impurities.  
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In this study, palygorskite is separated using the procedure proposed by 
Paul et al., (2000) and Robert and Dennis (2002); and then it is concentrated 
for processing in the laboratory experiment to test the efficiency of 
palygorskite in adsorbing and absorbing the heavy metals.   

Since one of the objectives of this study is to test the sorption efficiency 
and sorpative properties of palygorskite of some elements (Pb, Cd, Ni, Co, Cr, 
V, Fe, Mn, Zn, Cu and B) with different concentrations (10, 25, 50, 75,100, 
125, 150, 175, 200, 225 and 250 ppm), so a sample of pure palygorskite must 
be prepared. To achieve this target, two major processes are performed. The 
first one is that, clay minerals are separated from the whole samples of 
palygorskite-rich sediments and the second is restricted to separate 
paltgorskite from clay mineral suits in order to obtain a sample of pure 
palygorskite as possible as. The detail procedures of Pual et al., (2000) and 
Robert and Dennis (2002) were done on whole sample (crude sample, 12D) 
was done for separating the clay mineral from whole sample, and then, 
palygorskite was extracted from clay minerals. The detail procedure is 
described in chapter two. The detailed identification of the pure palygorskite 
was confirmed by XRD and FTIR (See Figures 3-26 and 3-27 
respectively).These figures support the accuracy of the separation procedure. 
 
3-4 Origin of palygorskite 

Palygorskite are commonly associated with phosphatic sediments, salt 
deposits, sulfates, carbonates, zolites, and siliceous rocks (Jones and Galan, 
1988). It appears chronologically within Upper Cretaceous and particularly 
Tertiary age sediments (Yalcin and Bozkaya, 1995). Palygorskite occurs 
extensively in shallow water such as coastal lagoon, pedogenic (Singer, 
1984), and lacustrine environments (Jones, 1986); It is unique to deep sea 
sediments (Toyoda et al., 1990). Most major deposits were originally formed 
in shallow seas and lakes as chemical sediments or by the reconstitution of 
smectites, in open oceans by the hydrothermal alteration of volcanic 
materials, and in calcareous soils by direct crystallization (Calan and Castello, 
1984). 

The cohesion of the palygorskite with the smectite indicates that the 
origin of palygorskite is authigentic from transformation or alteration 
smectite. Palygorskite is bedded in Akashat and Digma Formations 
interstratified with dolomite, siliceous, calcarous clays and phosphatic zones. 
Lithology suite of dolomite, cherty dolomite, marly limestone, phosphatic 
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sediments, siliceous minerals such as tridymite and crystabolite indicates 
shallow marine environment of inner platform in arid and semi arid 
environment. 

There are no considerable differences among the study sites regarding to 
palygorskite characteristics. The in-situ replacement was the dominant 
process forming palygorskite by the transformation of montmorellonite with 
presence of Mg-rich solution. Occurrence of palygorskite with dolomite was 
interpreted as suggested authigenic origin rather than detrital (Esteoule-
Choux, 1984).  Two models are proposed: 
1- The reaction of pore water rich in silicic acid with dolomite suggests the 

sepiolite formation as below: 
 

8CaMg(CO3)2  +  12 H4SiO4  =  Mg8 Si12 O30 (OH)4 (OH)4. 8 H2O + 2H2O  + 8Ca2+   + 16HCO3
- 

 

Then the sepiolite was transformed to palygorskite (Mg,Al)2Si4O10(OH). 

4(H2O) by taking Al from the surrounding area. 
 

2- Transformation of smectite to form palygorskite: The transformation of 
another clay illite (Galan and Castillo, 1984), smectite (Singer, 1984) or 
detrital phyllosilicates (Torres-Ruiz et al., 1994) to generate palygorskite 
are proposed. There is evidence on SEM observation of palygorskites 
which was accompanied by smectite. Ca is generally related to the 
carbonate minerals in the surrounding area, Al and some Si are related to 
the other type of clay minerals, other few Si is originated from silicic acid. 
The presence of chert in the carbonate rocks indicates that the 
environment was saturated with silicic acid. 

 
3-5 Discussion 

Palygorskite is a crystalline hydrated magnesium aluminum silicate 
with a unique chain structure of unusual colloidal and sorptive properties. It 
consists of a double chain tetrahedra of silicon and oxygen (Si4O11) running 
parallel to the long axis. A layer of magnesium atoms in six-fold coordination 
links upper and lower parts of each double chain. The overall structure 
resembles a channeled wall where every second brick is missing (Haden and 
Schwint, 1967). Palygorskite has two unusual characteristics.  First, the clay 
cannot swell because the structure consists of three dimensional chains. 
Second, an unusual needle-like shape is formed by cleavage parallel to the 
110 plane along the Si-O-Si bonds holding the strips together. These needle-
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like formations generally remain in bundles, similar to haystacks, giving 
palygorskite products their principle structural feature (Haden, 1963). 

The detection of palygorskite by many technigues (XRD, SEM and 
FTIR) in most samples refers to the success of the sampling process. 
Investigation of the separated palygorskite sample again by these techniques 
and along treatment with heating confirms that the laboratory separation 
process is successful and the separated palygorskite becomes ready for 
subjecting to a set of tests such as its efficiency for heavy metals sorption 
which will be discuss in the next chapter. 

The position of the bands identified in the FTIR spectra of the 
palygorskites studied is almost similar for all samples, but there are some 
differences in their intensity, which are significant. Analyzing these 
intensities, valuable information about the distribution of cations along the 
octahedral sheet has been obtained (Suárez and Garcia-Romero, 2006). 

Palygorskite appears to be commonly associated with a component of 
montmorillonite and calcium carbonates, particularly dolomite. Therefore, 
arid conditions appear to be essential for the formation of palygorskite. These 
conditions presumably provide the high Mg concentration and the high pH 
necessary for its formation, where, arid climatic conditions also favour the 
formation of palygorskite in desert soils. 

Palygorskite is invariably associated with montmorillonite and in some 
situations is believed to weather to montmorillonite (Barshad et al., 1956) and 
by others to be transformed from montmorillonite by the addition of 
magnesium (Loughnan, 1959). A micro-grain of palygorskite was grown from 
diagenetic montmorillonite grains. It epigenetically originated from 
montmorillonite (smectite) with grain length varies from 0.5µ to 2.5 µ 
approximately as micro-grain growth outside smectite forming micro fan 
shape. Palygorskite is unstable in most soil environments and may be 
transformed to smectite again (Bighamm et al., 1980), but in this study there 
is no evidence refers to palygorskite alteration. 

Porcellanite (opal-CT) with phosphatic facies occur in association with 
palygorskite provide a significant environment evidence. Apatite in Marl- 
phosphatic facies may indicate shallow to deep inner platform. Phosphorite 
facies is characterized by discontinuous extension of thick light gray color 
bed reflecting a shallow water of inner platform. Porcellanite facies indicates 
open inner platform. 



 
 

Chapter Four 
Geochemistry and Sorption 

Efficiency 
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4- Geochemistry and Sorption Efficiency 
4-1 Preface 

Palygorskite has a high sorption capacity for cations. It is fibrous 
silicate clay mineral, called special clay and used in more than 100 different 
applications (Galan, 1996). The sorption capacity of palygorskite is 
experimented for eleven elements, these are lead (Pb), cadmium (Cd), nickel 
(Ni), chromium (Cr), cobalt (Co), vanadium (V), zinc (Zn), copper (Cu), iron 
(Fe), manganese (Mn), and boron (B). Absorption and adsorption are two 
properties related to the surface area of clay minerals.  

Absorption is the penetration of fluid molecules into the bulk of an 
absorbing solid, whereas adsorption implies some interaction between the 
fluid molecules and the solid surface. Both types of phenomena are 
encompassed by the term sorption. Technological applications are based on 
the mineral physicochemical properties, principally in composition, surface 
area, porosity, among others, and particularly in its fibrous structure.  

Influence of sorbent mass (solid to liquid ratio), equilibrium reaction 
time, Effect of concentration, effect of pH, effect of ionic potential and effect 
of calcinations at different temperatures are tested and discussed. 

 
4-2 Geochemistry 

In order to determine the best samples containing  palygorskite, seven 
samples rich with clay minerals have been chosen, and then analyzed for 
major oxides (SiO2, Al2O3, MgO, Fe2O3, TiO2, MnO, Na2O, CaO, K2O, P2O5, 

LOI). The results are listed in Table 4-1. 
Sample 5DS comprises clay minerals and opal-CT (crystobalite and 

tridymite), quartz, dolomite, montmorellonite, and palygorskite (Figure 3-4). 
MgO which has 4.42% arises mainly from dolomite and palygorskite. 
Consequently, palygorsklte can be considered as the mineral with low 
concentration in this sample. Sample 6D looks like it doesn’t contain 
palygorskite, where MgO is very low (0.61). The chemical composition 
appeared in Table 4-1 is a reflection of its mineralogical composition, where 
it consists of kaolinite quartz and opal-CT (cristobalite and tridymite) (Figure 
3-5). This sample contains the highest Al2O3 due to kaolinte content. 
Palygorskite is also found in the sample 8D, but of little quantity; where MgO 
(1.79%) is mainly originated and reflects palygorskite. This sample comprises 
kaolinite, palygorskite, quartz, and opal-CT (cristobalite and tridymite) 
(Figure 3-6). Sample 10DN tend to be free from palygorskite, while it 
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contains kaolinite, apatite, quartz, and opal-CT (cristobalite and tridymite) 
(Figure 3-8). Samples 8D, 10DN and 16AT contain iron oxide which has 
heterogeneous distribution. The irregular distribution of iron in the samples 
was reflected in the lack of appearance of iron by XRD, while it is reflected in 
the chemical analyses. Sample 12D is the richest within palygorskite. 
Consequently, all the chemical sorption tests have been carried on this 
sample. Sample 13A contain a wide suite of minerals, these are palygoskite, 
calcite, apatite, quartz, and opal-CT (cristobalite and tridymite) (Figure 3-10). 
Sample no. 16AT formed of montmorellonite, palygorskite, apatite, quartz, 
and opal-CT (cristobalite and tridymite) (Figure 3-11). MgO in this sample 
reflects the content of palygorskite. The association montmorellonite with 
paygorskite confirm the authigenic palygorskite which is formed in situ under 
arid climate. 

  
Table 4-1: Chemical analyses of the whole samples collected from Digma and Akashat 

Formations. 

Oxides
%

5DS 6D 8D 10DN 12D 13A 16AT

SiO2 40.09 41.12 38.85 41.21 17.9 39.09 39.80 
Al2O3 18.11 29.87 20.31 14.13 21.5 6.63 15.90 
MgO 4.42 0.61 1.79 4.20 17.11 2.51 4.03 
Fe2O3 8.55 5.73 10.13 10.24 3.73 5.13 6.58 
TiO2 2.80 4.06 3.06 2.81 0.9 1.86 3.29 
MnO 0.01 0.01 0.01 0.01 0.11 0.05 0.01  
Na2O 0.41 0.28 0.31 0.12 0.11 0.28 0.66 
CaO 8.41 1.86 12.32 11.35 8.5 16.55 11.19 
K2O 0.37  0.78 1.11 0.04 0.05 0.21 0.21 
P2O5 0.015 0.040 0.020 0.030 0.02 0.020 0.040 
LOI 16.06 14.85 13.02 15.21 29.5 26.87 17.51 
Total 99.24 99.21 100.9 99.35 99.61 99.2 99.22 

 
 
4-2-1 Geochemistry of separated palygorskite 

Concentration of palygorskite by separation of specific particle-size 
fractions was ineffective in improving the adsorption capacity (Kannewischer, 
2006). In this study, the separated palygorskite appears to be of high grade, 
with containing very few impurities. This means that the separated 
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palygorskite is not a mixed clay, but it is of high purity. An isomorphism is 
the essential process that happens between palygorskite and the surrounding 
environment. A specific evidence of isomorphism in palygorskite occurs and 
may involve: 

1- Substitution of Al for Si in positions of tetrahedral layer in the crystal 
lattice. 

2- Substitution of Fe for Al in octahedral layer. 
3- Substitution of Mg for Al in octahedral layer. 
4- Substitution of Ti for Fe in octahedral layer. 
5- Substitution of varied kind of cations like Ca, Na and K for other kinds 

of cations in interlayer positions. 
 

In nature, palygorskite contains substantial quantities of Al2O3 and there is 
no evidence for a continuous solid solution with sepiolite which is a hydrous 
magnesium silicates. Accordingly, it probably contains exchangeable cations 
like Ca, Na and K. Palygorskite occurs in soil, sediment (clay deposits) and 
alteration products of certain basic igneous rocks, sometime forms in situ 
from alteration of montmorillonite. 
 The raw sample (12D) is composed of a mixture of palygorskite and 
dolomite as well as a little amount of clay minerals. Consequently, it is 
distinct its enrichment with MgO (17.11), CaO (8.5%) and LOI (29.5%) 
(Table 4-2) reflecting a mixture of palygorskite and dolomite. The laboratory 
separation process of palygorskite from the raw sample (bulk sample) led to 
the decline of the content of alumina, magnesia and lime. This means the 
success of the separation process in the removal the both of dolomite and clay 
minerals. The separation process here is considered as palygorskite 
purification. The chemical composition of the separated palygorsikte is of 
high grade and fit or of minimal differences with the global palygorskite of 
Georgia and Pereja palygorskite; the chemical composition of separated 
palygorskite is seen in Table 4-2. It is characterized by containing a high 
MgO (10.2%) and high content of silica (52.5%). Such contents in 
palygorskite give its structure credibility as a good adsorbent. Loss on 
ignition (19.1%) fits with typical palygorskite and confirms that MgO belongs 
to palygorskite, and not dolomite. If dolomite exists, it will cause a significant 
increase in LOI. 

The A12O3/MgO ratio is relatively constant in palygorskite, varying 
from 0.64 to 1.08. The A12O3/MgO ratio in separated palygorskite in this 
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study is 0.86.  CaO, Na2O, K2O along with some of the magnesia, is probably 
present as exchangeable cations; however, in most samples these cations are 
more abundant than can be accounted for by the cation exchange values. 
Exchange values of 5-30 mequiv/100 g seem to be most characteristic of the 
relatively pure samples (Weaver and Pollard, 1973). The structural formula of 
palygorskite is computed (Table AP-2, see appendix). 
 
 

Table 4-2: Chemical results of whole palygorskite-rich sediments and separated 
palygorskite compared with palygorskite from world. 

Oxides  Palygorskite 
Raw 

sample 
(12D) 

Separated 
palygorskite

(12D) 

1Georgia 
palygorskite

2Pareja 
palygorskite 
(Tajo basin) 

SiO2 17.9 52.3 53.64 56.5 
Al2O3 21.5 8.8 8.76 7.87 
MgO 17.11 10.2 9.05 10.81 
Fe2O3 3.73 3.1 3.59 3.55 
CaO 8.5 5.2 2.02 0.2 
K2O 0.05 0.7 --- 0.28 
Na2O 0.11 0.13 --- 0.07 
TiO2 0.9 0.8 0.6 0.05 
MnO 0.11 0.1 --- 0.04 
P2O5 0.2 0.02 --- --- 
LOI 29.5 19.1 20.01 19.84 
Total 99.61 100.4 97.67 99.29 

     1:Bradley, 1940; 2: Lopez et al.,1996. 

 
4-2-2 Ionic substitutions  

Ionic substitution is described in tetrahedral layer, octahedral layer and 
interlayer 
 
A. Tetrahedral substitutions 

The structural formula of palygorskite is calculated (Table 4-3) 
depending on the basis of 20 oxygen atoms (Weaver and Pollard, 1973). In 
palygorskite, the ionic substitution most frequently observed in the tetrahedral 
sheet is Si4+ replaced by Al3+. The difference of valency between both ions 
produces a negative charge (0.14) which means positive charge deficiency 
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(Table 4-3) and changes the symmetry of the tetrahedral sheet. The overall 
positive charge in this layer within unit cell is 31.86 (Table 4-3). From the 
structural formula, it can be seen that there is very little tetrahedral Al for Si 
substitution (0.42), but it is relatively high in comparison with other clay like 
sepiolite resulting in an increase of the layer charge. 

 
 

Table 4-3: Cations and charge distribution of separated palygorskite. 

Cation Tetrahedral layer Charge 
Si4+ 7.86 31.44 
Al3+ 0.14 0.42 

 8.00 31.86 
 Octahedral layer  

Al3+ 1.42 4.26 
Mg2+ 2.30 4.60 
Fe2+ 0.35 0.70 
Ti4+ 0.08 0.32 

 4.15 9.88 
 Interlayer 

(Exchangeable cations) 
 

Ca2+ 0.84 1.68 
Na+ 0.04 0.04 
K+ 0.13 0.13 

 1.01 1.85 
 
 
B. Octahedral substitutions 

In octahedral layers, three types of ionic substitution are likely to happen, 
these are: 
a. Homovalent substitutions:  it happens between Al3+ and Fe3+ or between  

Mg2+  and Fe2+ 
b. Heterovalent substitutions: it happens between Fe3+, Fe2+ and Ti4+. The 

overall positive charge in this layer within unit cell is 9.88 (Table 4-3).  
In this layer, Mg is the dominant cation in the octahedral site, 

accompanied by minor amounts of Al, Fe and Ti. 
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C. Interlayer substitution 
This layer lies between tetrahedral and octahedral layers. It includes three 

cations (Ca, Na and K), that play a role in the ionic exchange process. These 
cations have a net valence of 1.85 in this layer (Table 4-3).   
 
4-2-3 Types of Solid Solution 

The three types of solid solutions in the clay mineral layers according to 
Meunier (2005) are: 

  
1. Substitution Solid Solutions: These are formed by the isomorphous 

replacement of ions or atoms in equivalent sites of the crystal structure. In 
the case of ions, valency must be identical. This is the case of Fe2+ 
replacing  Mg2+ in the octahedral sheet of phyllosilicates (the difference in 
their ionic radii is only 7.5%). 

2. Addition Solid Solutions: In the case of heterovalent substitutions, the 
electrical neutrality may impose the presence of additional ions that are 
located in particular sites. This is the case of the ions in the interlayer sheet 
of phyllosilicates. 

3. Omission Solid Solutions: As heterovalent substitutions change the charge 
balance, the latter is restored by the incomplete occupation of a 
crystallographic site (vacancies). This is the case of trioctahedral chlorites 
in which the substitution rate of R3+ for R2+ in the octahedral sheet imposes 
vacancies. 
 

4-2-4 Cation Exchange capacity (CEC) 
Two types (external and internal) of cation exchange capacity can be 

distinguished. The external CEC depends on the number of binding sites of 
cations on the external surfaces. These negatively charged sites correspond to 
charges resulting from the tetrahedral or octahedral substitutions of those 
sheets forming the (001) faces, or to defects emerging on these faces. The 
properties of external sites depend on pH. The internal CEC depends on the 
permanent charges of clay species. 

The exchange capacity is defined as the amount of cations retained by 
all the negative charges (permanent charges) in 100 g of clay at pH 7; while, 
Anion Exchange Capacity (AEC) of clays involves only those sites on the 
edges of crystals where OH groups cannot totally compensate for their 
valency (Hower and Mowatt, 1966). It is expressed in milliequivalents (meq) 
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per 100 g of clay. The milliequivalent is equal to (charge/ mass) ×1000; it 
equals to one centimole of unit charge per kilogram of dry matter (cmol kg−1) 
(Meunier, 2005). The exchange capacity is calculated following the relation: 
CEC = (charge/mass) × 1000 × 100 
The total CEC is equal to the sum CEC variable charges + CEC permanent 
charges. The CEC of palygorskite is reported to vary from below 10 to 35 
meq/100g 
 
4-3 Sorption efficiency of of palygorskite 

Palygorskite used in many applications omit industrially and 
pharmaceutically, where they are used as antidiarrhoeaics, dermatological 
protectors, as emulsions and creams, and in several other industrial 
applications (Carretero et al., 2006). Palygorskite particles can adsorb many 
exchange cations owing to isomorphic substitution during its formation. Its 
porous structure and absorbed cations provide it to be with large specific 
surface area and moderate cation exchange capacity (Galan, 1996), making it 
beneficial for the adsorption of heavy metals from solution. Technological 
applications are based on its physicochemical properties, principally in 
composition, surface area, porosity, among others, and especially in its 
fibrous structure. Bradley (1940) described the structure of palygorskite; as a 
2: 1 phyllosilicate in which the sheets of silica tetra-hedra are periodically 
inverted with respect to the tetrahedral bases. Owing to their absorptive 
properties, palygorskite is used commercially for many purposes as carriers, 
fillers, clarifying agents, and in used lubricant reclamation, Here, in this 
study, palygorskite adsorption tested for ten heavy metals as well as boron by 
conducting laboratory experiments which has explained below. 

 
4-3-1 Procedure of laboratory experiments 

A series of adsorption tests are conducted as kinetic batch experiments 
to test the sorption capacity of palygorskite using separated palygoskite and 
heavy metal ions of  Pb, Cd,  Ni, Co, Cr, V, Cu, Zn, Mn, , Fe, and B. The 
standard solutions used for preparing the stock solutions are listed in Table 4-
4. The stock solutions are prepared by dilution of Pb(NO3)2, Cd(NO3)2.4H2O, 
Ni(NO3)2.6H2O, Co(NO3)2, Cr(NO3)3, VOSO4.H22, Cu(NO3)2, 
Zn(NO3)2.4H2O, Mn(NO3)2.4H2O, Fe(NO3)3 and H3BO3 in deionized water.  

 Hundred mls from each stock solution are slowly added on 1gm of 
separated samples of dry palygorskite powder in glass beaker of 250 mls. For 
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these experiments, ten concentrations (10, 25, 50, 75, 100, 125, 150, 175, 200 
and 225  ppm) for each Pb, Cd, Ni, Co, Cr, V, Cu, Zn, Mn, Fe, and B are 
tested  with reaction time of 1h at room temperature. The reaction beaker is 
covered and stirred continuously using a magnetic stirrer. After finishing the 
reaction time, the samples are filtered. Patch reaction system is followed, 
where each concentration of each element is conducted separately.  
 

Table 4-4: Specifications of the standard solutions used for preparing the stock solutions 
that are used for laboratory experiments of palygorskite sorption. 

Element Concentration
(g/L) 

Compound Color 

Pb 1 Pb(NO3)2 Colorless 
Cd 1 Cd(NO3)2.4H2O Colorless 
Ni 1 Ni(NO3)2.6H2O L. Blue 
Co 1 Co(NO3)2 Red 
Cr 1 Cr(NO3)3 Blue 
V 1 VOSO4.H22  Blue 
Cu 1 Cu(NO3)2 L. Blue 
Zn 1 Zn(NO3)2.4H2O Colorless 
Mn 1 Mn(NO3)2.4H2O Colorless 
Fe 1 Fe(NO3)3 L. Blue 
B 5 H3BO3 L. Pink 

 
Adsorption experiments are carried out at the desired contact time, 

temperature, metal concentrations and palygorskite mass using the necessary 
adsorbents in a 250 ml conical flask containing 100 ml of metal solution, pH 
value,   initial solutions with different concentration of metals were prepared 
by proper dilution from stock standards. All experiments were conducted at 
room temperature. Solid to liquid ratio (1gm/100ml), conditioning time (1h), 
effect of solution pH, and effects of heavy metal ions was adjusted accurately.
  The palygorskite suspension was stirred for 1 h (as conditioning time 
reaction) with a magnetic stirrer. The palygorskite sample used in this study 
has been separated and purified from the raw sample (12D). It was collected 
from Digma Formation.  

After being stirred and filtered, filtrate solutions were collected in vials 
for analysis. Final metal concentration was determined using ICP in the  
Global ALS Laboratory Group in the Czech Republic-Prague Laboratory. 
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 All experiments were carried out in the Laboratory of Geochemistry at 
the College of Science, University of Baghdad. The sorption (%) of metals 
was calculated by using the following equation: 
 
Sorption (%) = [(Ci – Cf) / (Ci)] x 100 
  
Where, Ci and Cf are the initial and final metal ion concentrations, 
respectively. 
 
4-3-2 Laboratory experiment conditions determination 
 
4-3-2-1 Influence of sorbent mass (solid to liquid ratio) 

The sorption (%) of Pb on palygorskite is studied at different  
palygorskite masses (0.25, 0.5, 1.0, 1.5, 2.0, 2.5, and 3 g/100 ml) keeping 
initial Pb concentration (100 and 200 ppm), temperature (25 °C) and contact 
time (1 h) constant. The results of the experiment are listed in Table 4-5. 

Such approximate conditions have been used by Hefne et al. (2008). 
The results showed that with increase in the palygorskite mass, adsorption 
(%) of Pb increases and the maximum removal was observed with 1 gm dose 
(Figure 4-1). With increasing palygorskite mass, the corresponding increase 
in adsorption (%) is less, because the cations find difficult to approach the 
adsorption sites due to overcrowding of clay mineral particles (Palygorskite) 
termed as a kind of solid concentration effect (Garg et al., 2004). 
Accordingly, the solid to liquid ratio was determined to be 1gm palygorskite 
to 100 ml metal solution. 

Consequently, and depending on the result of the experiment, the 
sorption (%) of Pb, Cd, Ni, Co, Cr, V, Cu, Zn, Mn, Fe, and B on palygorskite 
was studied at palygorskite mass of (1.0 g /100 ml metal solution) and at 
concentrations of 10, 25, 75, 100, 125, 150, 175, 200, 225 and 250 ppm, 
keeping room temperature, stirring speed, and contact time (1 h) constant. The 
room temperature is changed slightly according to the atmospheric conditions. 
In addition higher adsorbent amount creates particle aggregation, resulting in 
a decrease in the total surface area and an increase in diffusional path length; 
both of which contribute to decrease in adsorbed amount per unit mass 
(Shukla et al., 2003). 
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Table 4-5: Results of sorption (%) on different masses of palygorskite. 

Mass (gm) Sorption (%) 
100 ppm 200 ppm 

0.25 20.0 12.0 
0.5 35.0 20.0 
1.0 83.0 82.9 
1.5 83.0 83.0 
2.0 82.6 83.1 
2.5 82.9 82.6 
3.0 83.0 82.8 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
Figure 4-1: Effect of palygorskite mass on adsorption % of Pb at different concentrations 

(100 and 200 ppm) and 25°C. 
 
4-3-2-2 Influence of the equilibrium reaction time 

These experiments are performed in order to know the time required for 
complete adsorption and absorption of metals onto palygorskite. In order to 
perform accurate sorption (%) experiments, the effect of conditioning time on 
sorption (%) of metals onto palygorskite must be determined. The results of 
conditioning time versus 100 ppm Pb sorption (%) are listed in Table 4-6. The 
sorption (%) increases proportionally to the time where the maximium 
sorption (%) can be seen at 60 minutes (Figure 4-2). On this basis, the 
equilibrium time is determined to be 1h.  
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Table 4-6: Results of sorption (%) of 100 ppm Pb (100 ml) onto 1 gm palygorskite with 
time. 

Time (Min.) Sorption (%) 
10 25 
20 47 
30 60 
40 70 
50 79 
60 89.9 
70 89.7 
80 89.8 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-2: Equilibrium time of sorption (%) of 100 ppm Pb onto palygorskite. 
 
4-3-3 Sorption experiments 
4-3-3-1 Lead (Pb) 

The experiment results of lead treated with palygorskite for ten 
concentrations are listed in Table 4-7. The Pb concentrations in the initial 
solutions that have been treated with 1 gm palygorskite are reduced after the 
end of the experiment. The adsorption (%) at the initial concentration (10 
ppm) is 99.8% and then begin to decrease with the increasing Pb 
concentration.  Pb adsorption (%) for the initial solutions (25, 50, 75, 100, 
125, 150, 175, 200, 225 ppm) is 96.72, 91.1, 81.9, 76.48, 67.2, 31.43, 23.5, 
22.2 %) respectively (Table 4-7). Figure 4-3a clearly shows the status of 
decrease adsorption efficiency with increase concentration.  
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Table 4-7: Results of laboratory experiments of lead (Pb) sorption on palygorskite in ten 
solutions of various concentrations. 
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0.2 99.5 9.95 0.05 24.6 960 482 7.0 24.5 1691 850 2.9 100 10 1Pb 

0.7 99.8 24.94 0.06 24.2 17608805.01 24.4 36102125 2.33 100 25 2Pb 
1.5 96.72 48.36 1.64 23.9 313020604.4 24.4 70204250 2.02 100 50 3Pb 
2.3 91.1 68.33 6.67 24 451031604.1 24.4 108206370 1.86 100 75 4Pb 
3.2 81.9 81.9 18.1 24.0 590040123.45 24.3 153008510 1.73 100 100 5Pb 
4.1 76.48 95.6 29.4 24.0 750054003.22 24.3 1802010600 1.62 100 125 6Pb 
4.8 67.2 100.8 49.2 23.9 860067102.97 24.3 2222512700 1.54 100 150 7Pb 
6.2 31.43 55 120 24.0 1090087202.48 24.2 2527914870 1.46 100 175 8Pb 
7.1 23.5 47 153 24.1 1240099202.32 24.2 3060017000 1.41 100 200 9Pb 
8.2 22.2 50 175 23.9 14000119002.37 24.1 3384019120 1.36 100 225 10Pb 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 

Figure 4-3: The effect of Pb adsorption on palygorskite; a: adsorbance (%) for ten initial solutions of 
different concentrations, b: the effect of concentration on adsorption, c: TDS pattern for initial solutions (blue 

line) before experiment and final solutions (red line) after experiment, d: changes of pH before the 
experiment (blue line) and after the experiment (red line). 
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It represents the amount of lead adsorbed onto palygorskite with 
increasing concentration of the initial solution. In case of the initial solution 
has 10 ppm, the amount of pb tend to be almost totally adsorbed (9.95 ppm); 
but in case of the initial solution has 150 ppm, the amount of pb that adsorbed 
on palygorskite is 100.8 ppm (Figure 4-1b); this is the maximal sorption (%) 
of  Pb on palygorskite. Amount of adsorption decreased sharply for solutions 
of high concentrations (175, 200 and 225 ppm) (Figure 4-3b). Basically, as is 
known, the Total Dissolved Solid (TDS) is directly proportional to the 
increase in concentrations; this means a positive relationship between TDS 
and concentration (Figure 4-3c). The decrease of TDS value is an evidence 
for adsorption (Figure 4-3c). TDS of initial solutions ranges between 850 ppm 
and 19120 ppm (Table 4-5) due to the Pb concentration in each solution. As 
the experiment ended, TDS decreased and became varies between 482 ppm 
11900 ppm indicating the adsorption process. For this set of experiments, pH 
(2.9-1.36) of the initial solutions is increased with the increase of adsorption 
until it varyies between 7.0-2.37 (Table 4-7 and Figure 4-3d). A significant 
amount of Pb adsorption is found at pH 2.97. 
 
4-3-3-2 Cadmium (Cd) 

The experimental results of cadmium treated with palygorskite for ten 
concentrations are listed in Table 4-8. The Cd concentration in the initial 
solutions (10, 25, 50, 75, 100, 125, 150, 175, 200, 225 ppm) that have been 
treated with 1 mg palygorskite were 0.004, 1.8, 4.9, 5.6, 22.5, 45, 67.9, 91.7, 
115 and140.8 ppm) respectively. This indicates that the sorption (%) was 
99.96, 92.8, 90.2, 92.5, 77.5, 64, 54.7, 47.6, 42.5 and 37.4%) respectively 
(Figure 4-4a). The maximal sorption of the Cd is 77.5% when the initial 
concentration was 100 ppm (Figure 4-4b). The sorption efficiency at the high 
concentration seems to decrease at initial solutions of 125 to 225 ppm, where 
it decreases from 64% to 37.4% (Table 4-8). This is very clear in the amount 
Cd sorption (ppm), where it reduces to range from 80 to 84.2 ppm for the 
initial solutions of 125- 125 ppm (Table 4-8). The decrease of sorption 
efficiency at solutions of high concentrations can be attributed to the strong 
competition between cations on the negative sites in palygorskite. 

Before the starting the experiment, TDS ranges between 933 and 20990 
ppm; then after the experiment, it clearly decreases between 468 and 6360 
ppm (Figure 4-4c and Table 4-8).  
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Table 4-8: Results of laboratory experiments of cadmium (Cd) sorption on palygorskite in 
ten solutions of various concentrations. 
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0.7 92.8 23.2 1.8 27.4 16628325.87 27.5 37302332 1.56 100 25 2Cd 
1.8 90.2 45.1 4.9 27.4 283014154.7 27.5 75104665 1.27 100 50 3Cd 
2.5 92.5 69.4 5.6 27.4 395019554.11 27.5 113306997 1.13 100 75 4Cd 
3.1 77.5 77.5 22.5 27.4 576024193.28 27.5 130659330 1.04 100 100 5Cd 
3.6 64 80.0 45 27.4 685028083.32 27.5 1655511660 0.92 100 125 6Cd 
5.0 54.7 82.1 67.9 27.4 896038522.03 27.5 2000013990 0.86 100 150 7Cd 
5.5 47.6 83.3 91.7 27.4 974038962.13 27.5 2267016320 0.81 100 175 8Cd 
8.0 42.5 85.0 115 27.4 1375055001.54 27.5 2612518660 0.75 100 200 9Cd 
9.4 37.4 84.2 140.8 27.4 1590063601.41 27.5 2938520990 0.73 100 225 10Cd 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 4-4: The effect of Cd adsorption on palygorskite; a: adsorbance (%) for ten initial solutions of 
different concentration, b: the effect of concentration on adsorption, c: TDS pattern for initial solutions (blue 
line) before experiment and final solutions (red line) after experiment, d: changes of pH before experiment 

(blue line) and after experiment (red line). 
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This proves that the absorption process has proceeded. Basically, the 
electrical conductivity (EC) is positively correlated with TDS. The hydrogen 
number (pH) was changed in the initial solutions from 1.9-073 toward 
alkaline between 6.77 and 0.73 (Table 4-8). The change in pH toward alkaline 
refers to the occupation of protons (H+) some negative sites in palygorskite 
structure. 

 
4-3-3-3 Nickel (Ni) 

The experimental results of Ni treated with palygorskite for ten 
concentrations are listed in Table 4-9. The Ni concentration in the initial 
solutions (10, 25, 50, 75, 100, 125, 150, 175, 200, 225 ppm) that have been 
treated with 1 gm palygorskite are 2.22, 7.8, 16, 25, 32.4, 50, 67.7, 87.6, 
111.5 and135.8 ppm) respectively. This indicates that the sorption (%) was 
77.8, 68.8, 68, 66.6, 67.6, 60, 54.8, 49.9, 44.3 and 39.6%) respectively 
(Figure 4-5a).  

The maximal sorption of Ni is 67.6% when the initial concentration 
was 100 ppm (Figure 4-5b). The sorption efficiency at the high concentration 
seems to decrease at initial solutions of 125 to 225 ppm, where it decreases 
from 60% to 39.6% (Table 4-9). This is very clear in the amount Cd sorption 
(ppm), which reduced to 75 to 89.2 ppm for the initial solutions of 125- 125 
ppm (Table 4-9). The decrease of sorption efficient at solutions of high 
concentrations can be attributed to the strong competition between cations on 
the negative sites on palygorskite. 

Before the start of the experiment, TDS ranged between 895 and 19327 
ppm; then after the experiment, it clearly decreased to between 394 and 6850 
ppm (Figure 4-5c and Table 4-9). This proves that the absorption process has 
happened. Basically, the electrical conductivity (EC) is positively correlated 
with TDS and also it decreased during the end of the sorption experiment. 

The hydrogen number (pH) was changed in the initial solutions from 
2.02-0.61toward alkaline between 6.85 and 2.05 (Figure 4-5d and Table 4-9). 
The change in pH toward alkaline is just referring to the occupation of 
protons (H+) some negative sites in palygorskite structure. 
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Table 4-9: Results of laboratory experiments of  Nickle (Ni) sorption on palygorskite in ten 
solutions of various concentrations. 

After  experiment Before  experiment 

S
am

p
le

 n
u

m
b

er
 

S
al

in
it

y 
(‰

) 

S
or

p
ti

on
 (

%
) 

S
or

p
ti

on
 

(p
p

m
) 

F
in

al
 c

on
c.

 
(p

p
m

) 

T
ᵒC

 

E
C

 (
µ

s/
cm

) 

T
D

S
 (

m
g/

l)
 

P
H

 

T
ᵒC

 

E
C

 (
µ

s/
cm

) 

T
D

S
 (

m
g/

l)
 

P
H

 

T
ot

al
 V

ol
 (

m
l)

 

In
it

ia
l c

on
c.

 
(p

p
m

) 

0.2 77.8 7.78 2.22 24.5 875 394 6.85 26.5 1716 859 2.02 100 10 1Ni 

0.8 68.8 17.2 7.8 24.5 1735 875 5.7 26.5 4295 2148 1.6 100 25 2Ni 
1.5 68 34 16 24.5 2880 1445 5.01 26.5 9050 4290 1.3 100 50 3Ni 
1.6 66.6 50 25 24.5 3070 1536 5.17 26.5 12240 6442 1.27 100 75 4Ni 
3.3 67.6 67.6 32.4 24.5 6040 3010 4.52 26.5 16750 8590 1.0 100 100 5Ni 
4.0 60 75 50 24.5 7220 3702 4.25 26.5 21151 10737 0.85 100 125 6Ni 
4.6 54.8 82.3 67.7 24.5 8290 4185 3.75 26.5 25512 12885 0.76 100 150 7Ni 
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Figure 4-5: The effect of Ni adsorption on palygorskite; a: adsorbance (%) for ten initial solutions of different 

concentration, b: the effect of concentration on adsorption, c: TDS pattern for initial solutions (blue line) 
before experiment and final solutions (red line) after experiment, d: changes of pH before experiment (blue 

line) and after experiment (red line). 
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4-3-3-4 Chromium (Cr) 
The experimental results of Chromium treated with palygorskite for ten 

concentrations are listed in Table 4-10. The Cr concentrations in the initial 
solutions that have been treated with 1 gm palygorskite were reduced after the 
end of the experiment. The adsorption (%) of Cr at the solution of initial 
concentration (10 ppm) was 99.8% and then began to decrease with the 
increased Pb concentration (Figure 4-6a).   

The Cr concentrations in the initial solutions (10, 25, 50, 75, 100, 125, 
150, 175, 200, 225 ppm) have been treated with 1 gm palygorskite, then 
became as 0.02, 0.2, 3.9, 12.4, 14.5, 18, 40, 50, 60, 75 ppm respectively. The 
Cr adsorption (%) for the initial solutions (25, 50, 75, 100, 125, 150, 175, 
200, 225 ppm) was 99.3, 92.2, 85, 85.5, 85.6, 73.5, 71.5, 70 and 66.7%) 
respectively. Figure 4-6a clearly shows the status of decrease adsorption 
efficiency with increase concentration.  

It represents the amount of Cr adsorbed onto palygorskite with 
increasing concentration of the initial solution.  In case of the initial solution 
has 10 ppm, the amount of Cr tends to be almost totally adsorbed (9.98 ppm); 
but in case of the initial solution has 100 ppm, the amount of Cr that adsorbed 
on palygorskite is 85.5 ppm, and the maximal adsorption (125 ppm) was with 
the initial solution of concentration 225 ppm (Figure 4-6b); this is the 
maximal sorption (%) of Cr on palygorskite. Basically as also known, the 
Total dissolved solid (TDS) is directly proportional with the increase in 
concentrations; this means a positive relationship between TDS and 
concentration (Figure 4-6c). The decrease of TDS value is just an evidence 
for the happening of adsorption process (Shukla, et al., 2003) (Figure 4-6c).  

TDS of initial solutions varies from 944 to 21240 ppm (Table 4-10) due 
to the Cr concentration in each solution. After the experiments; TDS clearly 
decreases and became varies between 413 and 8027 ppm indicating to the 
adsorption process. For this set of experiments, pH (2-0.65) of the initial 
solutions increased with the increase of adsorption until it reaches between 
6.17 and 1.78 (Table 4-10). The change in pH toward alkaline refers to the 
occupation of protons (H+) some negative sites in the palygorskite structure. 
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Table 4-10: Results of laboratory experiments of chromiun (Cr) sorption on palygorskite in 
ten solutions of various concentrations. 
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2.7 85 62.6 12.4 26.5 503025153.96 27.5 138067080 1.07 100 75 4Cr 
3.7 85.5 85.5 14.5 26.5 672033603.51 27.5 186909440 0.91 100 100 5Cr 
4.7 85.6 107 18.0 26.5 840142202.86 27.5 2348511800 0.86 100 125 6Cr 
6.1 73.5 110 40 26.5 1068063662.19 27.5 2832014160 0.82 100 150 7Cr 
7.3 71.5 125 50 26.5 1255568372.02 27.5 3254416520 0.8 100 175 8Cr 
8.5 70 140 60 26.5 1447073081.82 27.5 3776018880 0.71 100 200 9Cr 
9.4 66.7 150 75 26.5 1595080271.78 27.5 4205521240 0.65 100 225 10Cr 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-6: The effect of Cr adsorption on palygorskite; a: adsorbance (%) for ten initial solutions of different 

concentration, b: the effect of concentration on adsorption, c: TDS pattern for initial solutions (blue line) 
before experiment and final solutions (red line) after experiment, d: changes of pH before experiment (blue 

line) and after experiment (red line). 
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4-3-3-5 Cobalt (Co) 
The experimental results of cobalt treated with palygorskite for ten 

concentrations are listed in Table 4-11. The Co concentration in the initial 
solutions at the beginning of the experiments (10, 25, 50, 75, 100, 125, 150, 
175, 200, 225 ppm) that have been treated with 1 gm palygorskite were 
reduced to 2.21, 7.7, 14.7, 33, 50 66.4, 90, 113.5, 138.9 and 162.8 ppm) 
respectively. This indicates the sorption (%) was 77.9, 69.2, 71, 56, 50, 46.9, 
40, 35, 30.6 and 26) respectively (Figure 4-7a). The optimize sorption of Co 
is 46.9% when the initial concentration was 125 ppm (Figure 4-7b). The 
sorption efficiency at the high concentration seems to be slowly elevated as at 
initial solutions of 150 to 225 ppm, where it increased from 60% to 64% 
(Table 4-11). The decrease of sorption efficient at solutions of high 
concentrations can be attributed to the strong competition between cations on 
the negative sites on palygorskite. 

Before the start of the experiment, TDS was ranged between 968-21780 
ppm; then after the end of the experiment, it clearly decreased to be varied 
between 386 and 6245 ppm (Figure 4-7c and Table 4-11). This confirms that 
the absorption process was happened. Basically, the electrical conductivity 
(EC) is positively proportional with TDS. The hydrogen number (pH) 
changed in the initial solutions from 1.92-0.75 toward alkaline to between 
6.56 and 2.26 (Table 4-11). The change in pH to alkaline referring to the 
occupation of protons (H+) some negative sites in palygorskite structure. 
 

Table 4-11: Results of laboratory experiments of cobalt (Co) sorption on palygorskite in 
ten solutions of various concentrations. 
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0.7 69.2 17.3 7.7 27.4 16408215.78 27.4 46222420 1.54 100 25 2Co 
1.6 71 35.5 14.7 27.4 283014125.21 27.4 92444840 1.29 100 50 3Co 
2.4 56 42.0 33.0 27.4 452022604.89 27.4 138667260 1.16 100 75 4Co 
3.1 50 50.0 50.0 27.4 578028904.23 27.4 184889680 1.07 100 100 5Co 
4.3 46.9 58.6 66.4 27.4 776038802.3 27.4 2311112100 1.0 100 125 6Co 
5.1 40 60.0 90.0 27.4 903045152.34 27.4 2773314520 0.89 100 150 7Co 
5.8 35 61.5 113.5 27.4 1018050902.08 27.4 3235516940 0.83 100 175 8Co 
7.2 30.6 61.1 138.9 27.4 1428071401.54 27.4 3697719360 0.8 100 200 9Co 
8.3 28 64.0 162.8 27.4 1249062452.26 27.4 4159921780 0.75 100 225 10Co 
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Figure 4-7: The effect of Co adsorption on palygorskite; a: adsorbance (%) for ten initial solutions of 
different concentration, b: the effect of concentration on adsorption, c: TDS pattern for initial solutions (blue 
line) before experiment and final solutions (red line) after experiment, d: changes of pH before experiment 

(blue line) and after experiment (red line). 

 
4-3-3-6 Vanadium (V) 

The experimental results of Vanadium treated with palygorskite for ten 
concentrations are listed in Table 4-12. The V concentrations in the initial 
solutions that have been treated with 1 gm palygorskite were reduced after the 
end of the experiment. The adsorption (%) of V at the solution of initial 
concentration (10 ppm) was 86.1% and then started to decrease slightly with 
the increased V concentration (Figure 4-8a).  The V adsorption (%) for the 
initial solutions (25, 50, 75, 100, 125, 150, 175, 200, 225 ppm) was 86.1, 
78.1, 60.8, 58.6, 55, 50.4, 49.3, 47.4, 45.5 and 45.3) respectively. Figure 4-8a 
clearly shows the status of decrease adsorption efficiency with increase 
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concentration due to the competition among ions of positive charge on the 
negative sites on palygorskite. The V concentrations in the initial solutions 
(10, 25, 50, 75, 100, 125, 150, 175, 200, 225 ppm) decrease to be 1.39, 5.49, 
19.6, 31, 45, 62, 76, 92, 109, 123 ppm) respectively after end the experiments. 
It represents the amount of V adsorbed onto palygorskite with increasing 
concentration of the initial solution.  The relationship between the V adsorbed 
and concentration of the solution is found to be clearly positive (Figure 4-6b). 
In case of the initial solution has 10 ppm, the amount of V tends to be 
adsorbed (8.61 ppm) on palygorskite; but in case of the initial solution has 
225 ppm, the amount of V that adsorbed on palygorskite is 102 ppm which is 
45.3%.  Figure 4-8b illustrates the linear relations between concentration and 
adsorption. Basically is also known, the Total dissolved solid (TDS) is 
directly proportional to the increase in concentrations; this means a positive 
relationship between TDS and concentration and the decrease of TDS value is 
an evidence for the happening of adsorption process (Figure 4-8c). TDS of 
initial solutions varies from 1469 to 33052 ppm (Table 4-12) due to the V 
concentration in each solution. After the end of the experiments; TDS clearly 
decreased between 350 and 9622 ppm indicating the adsorption process. For 
this set of experiments, pH (1.78-0.650.73) of the initial solutions increased 
with the increase of adsorption until it became varying between 6.33 and 1.38 
(Table 4-12). The change in pH toward alkaline refers to the occupation of 
protons (H+) some negative sites in palygorskite structure. 
 
Table 4-12: Results of laboratory experiments of vanadium (V) sorption on palygorskite in 

ten solutions of various concentrations. 
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0.4 86.1 8.61 1.39 26.3 1176 530 6.33 27 2940 1469 1.78 100 10 1V 

1.0 78.1 19.51 5.49 26.3 203610205.05 27 77123672 1.69 100 25 2V 
1.8 60.8 30.4 19.6 26.3 311915614.02 27 145437345 1.28 100 50 3V 
2.4 58.6 44 31 26.3 455022873.73 27 2170311017 1.23 100 75 4V 
3.0 55 55 45 26.3 556028083.1 27 3099014690 1.13 100 100 5V 
3.4 50.4 63 62 26.3 629029952.48 27 3635618362 0.95 100 125 6V 
6.4 49.3 74 76 26.3 1140053521.63 27 4406222035 0.89 100 150 7V 
6.9 47.4 83 92 26.3 1200060911.65 27 5077125707 0.86 100 175 8V 
9.8 45.5 91 109 26.3 1650078571.4 27 5699729380 0.79 100 200 9V 
11.3 45.3 102 123 26.3 1900096221.38 27 6534433052 0.73 100 225 10V 
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Figure 4-8: The effect of V adsorption on palygorskite; a: adsorbance (%) for ten initial solutions of different 

concentration, b: the effect of concentration on adsorption, c: TDS pattern for initial solutions (blue line) 
before experiment and final solutions (red line) after experiment, d: changes of pH before the experiment 

(blue line) and after the experiment (red line). 

 
4-3-3-7 Zinc (Zn) 

The experimental results of zinc treated with palygorskite for ten 
concentrations are listed in Table 4-13. The Zn concentrations in the initial 
solutions that have been treated with 1 gm palygorskite were reduced after the 
end of the experiment. The adsorption (%) of Zn at an initial concentration 
(10 ppm) was 94%; then decreased slightly with the increase Zn concentration 
(Figure 4-9a).  The Zn adsorption (%) for the initial solutions of 25, 50, 75, 
100, 125, 150, 175, 200, 225 ppm was 92, 82.4, 69.3, 66, 64, 59, 56, 55 and 
50.2 respectively. Figure 4-9a clearly shows the status of decrease in 
adsorption efficiency with increase concentration due to the competition 
among ions of positive charge on the negative sites on palygorskite.  
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Table 4-13: Results of laboratory experiments of zinc (Zn) sorption on palygorskite in ten 
solutions of various concentrations. 
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0.8 94 9.4 3.29 26.7 1864 841 5.49 26.5 2250 1200 1.54 100 10 1Zn 

0.9 92 23 8.61 26.7 18889445.27 26.5 60003004 1.53 100 25 2Zn 
1.7 82.4 41.2 32.2 26.7 313115704.68 26.5 118306005 1.3 100 50 3Zn 
2.7 69.3 52 69.7 26.7 508025784.06 26.5 177699020 1.15 100 75 4Zn 
3.4 66 66 93.1 26.7 626031453.25 26.5 2346612034 1.07 100 100 5Zn 
4.3 64 80 112 26.7 772039604.16 26.5 2946515033 0.75 100 125 6Zn 
4.8 59 89 277 26.7 851029493.95 26.5 3409518038 0.89 100 150 7Zn 
6 56 98 176 26.7 1046053642.87 26.5 3974521030 0.83 100 175 8Zn 

6.2 55 111 187 26.7 1077054953.35 26.5 4756124021 0.77 100 200 9Zn 
7.2 50.2 113 207 26.7 1250063172.73 26.5 5675227025 0.71 100 225 10Zn 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 4-9: The effect of Zn adsorption on palygorskite; a: adsorbance (%) for ten initial solutions of 
different concentration, b: the effect of concentration on adsorption, c: TDS pattern for initial solutions (blue 
line) before experiment and final solutions (red line) after experiment, d: changes of pH before experiment 

(blue line) and after experiment (red line). 
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The Zn concentrations in the initial solutions (10, 25, 50, 75, 100, 125, 
150, 175, 200, 225 ppm) are decreased after end the experiments to be 3.29, 
8.61, 32.2, 69.7, 93.1, 112, 277, 176, 187, and 207 ppm respectively. The 
relationship between the Zn adsorbed and concentration of the solution is 
found to be clear positive linear (Figure 4-9b). The Total dissolved solid 
(TDS) is directly proportional to the increase in concentrations; Relationship 
between TDS and concentration of solutions before and after experiments 
shows how successful experiences in the processes of absorption on 
palygorskite (Figure 4-9c). TDS of initial solutions ranges from 1200 to 
27025 ppm (Table 4-13) due to the Zn concentration in each solution. After 
the end of experiments; TDS clearly decreased to between 841 to 6317 ppm 
indicating adsorption process. For this set of experiments, pH (1.54-0.71) of 
the initial solutions increased with the increase of adsorption until it became 
varying between 6.33 5.495.49 and 2.73 (Table 4-13). The changing in the pH 
after the end of the experiment is evidence of absorption, the change towards 
alkaline proof link protons in the negative sites. 

 

4-3-3-8 Copper (Cu) 
The experimental results of Zinc treated with palygorskite for ten 

concentrations are listed in Table 4-14. The absorbency of copper increases in 
solutions of low concentration and weaken in highly concentrated solutions 
maintaining positive relationship. Palygorskite adsorb Cu from initial solution 
of concentration 10, 25, 50, and 75 ppm with adsrorbance efficiency 99.9, 
98.7, 76.8, 66.6% respectively (Table 4-12) and Figure 4-10a. But for 
solutions of higher concentration (100, 125, 150, 175, 200 and 225 ppm), 
palygorskite has become low efficient for adsorbing Cu (65.5, 64, 63, 61.1, 
57.5, and 53.3 %) Table 4-14. Despite the decrease in absorption efficiency 
with high concentrations, but the relationship remains a positive correlation 
(Figure 4-10b). 

TDS actually has a positive relationship with the Cu concentrations of 
the initial solutions. TDS in the initial solutions varies between 870-19575 
ppm; then it decreases in the final solution (after experiments) ranging 
between 426 and 8525 ppm (Table 4-14). This relationship has changed in the 
final solutions, where Figure 4-10c shows significant decrease in the value of 
TDS referring to the changes happened in Cu concentrations in solution. This 
means that the effectiveness of the palygorskite to sorp   Cu from solution, 
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Table 4-14: Results of laboratory experiments of copper (Cu) sorption on palygorskite in 
ten solutions of various concentrations. 
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0.2% 99.9 9.99 0.01 26.5 899 426 6.62 26 1739 870 1.98 100 10 1Cu 

0.8% 98.7 24.7 0.3 26.5 18009005.74 26 40252175 1.58 100 25 2Cu 
1.7% 76.8 38.4 11.6 26.5 286014514.33 26 80474350 1.34 100 50 3Cu 
2.5% 66.6 50 25 26.5 392019903.70 26 117456525 1.13 100 75 4Cu 
3.4% 65.5 65.5 34.5 26.5 601630083.35 26 165258700 1.05 100 100 5Cu 
4.2% 64 80 35 26.5 760040002.66 26 2022510875 0.95 100 125 6Cu 
5% 63 97 53 26.5 900048642.44 26 2479013050 0.84 100 150 7Cu 

6.6% 61.1 107 68 26.5 1160061701.83 26 2892715225 0.79 100 175 8Cu 
7.7% 57.5 115 85 26.5 1330073881.75 26 3219517400 0.77 100 200 9Cu 
9.5%  53.3 120 105 26.5 1620085251.54 26 2725519575 0.76 100 225 10Cu 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-10: The effect of Zn adsorption on palygorskite; a: adsorbance (%) for ten initial solutions of 

different concentration, b: the effect of concentration on adsorption, c: TDS pattern for initial solutions (blue 
line) before experiment and final solutions (red line) after experiment, d: changes of pH before experiment 

(blue line) and after experiment (red line). 
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causing  enrich Cu on the surfaces of palygorskite and the depletion of Cu in 
the remnant solution. 

At the final solutions, pH changed to be ranged between 6.62-1.54, 
where, it was 1.98-0.76 at the initial solutions (Table 4-14). The changing in 
the pH is evidence of absorption, the change towards alkaline proof to link 
protons in the negative sites. 
 
4-3-3-9 Iron (Fe) 

The experimental results of Iron treated with palygorskite for ten 
concentrations are listed in Table 4-15. The Fe concentrations in the initial 
solutions that have been treated with 1 gm palygorskite were almost totally 
reduced after the end of the experiment. Iron followed a distinct behavior in 
absorption, where the sorption ability of palygorskite was very high at all 
concentrations. Adsorption (%) of palygorskite for the initial solutions (10, 
25, 50, 75, 100, 125, 150, 175, 200 and 225 ppm) was very efficient (99.8, 
99.92, 97.96, 99.97, 99.98, 99.59, 98.11, 99.54, 99.4 and 99.24%) 
respectively (Table 4-15 and Figure 4-11a). A positive relationship between 
initial concentrations and Fe adsorbed on palygorkite was revealed (Figure 4-
11b). 

TDS normally has a positive relationship with the Fe concentrations of 
the initial solutions. TDS in the initial solutions varies between 866-19485 
ppm; then it decreased and found to be in the final solution as 490-6848 ppm 
(Table 4-13). This relationship has changed in the final solutions. Figure 4-
11c presents a significant decrease in the value of TDS referring to the 
changes of Fe concentrations in the solutions. This means that the 
effectiveness of palygorskite to sorp Fe on the its surfaces (palygorskite) and 
depletion in the remnant solution. 

At final solutions, pH changes between 6.56-2.06; where, it was 2.03-
0.74 at the initial solutions (Table 4-15). The changing in the pH is evidence 
of absorption, the change towards alkaline proof to link protons in the 
negative sites. 
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Table 4-15: Results of laboratory experiments of iron (Fe) sorption on palygorskite in ten 
solutions of various concentrations. 
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0.3 99.8 9.98 0.02 27 973 490 6.56 25.9 1735 866 2.03 100 10 1Fe 

0.9 99.92 24.98 0.02 27 18529215.71 25.9 40752156 1.55 100 25 2Fe 
1.5 97.96 49.98 0.02 27 274113705.61 25.9 86604330 1.3 100 50 3Fe 
2.4 99.97 74.98 0.02 27 460018984.86 25.9 122756495 1.2 100 75 4Fe 
3.1 99.98 99.98 0.02 27 570028645.39 25.9 169738660 1.03 100 100 5Fe 
3.8 99.95 124.95 0.05 27 700035004.66 25.9 2132510825 0.85 100 125 6Fe 
4.8 98.11 147.17 2.83 27 861041003.84 25.9 2533012990 0.84 100 150 7Fe 
5.5 99.54 174.2 0.8 27 970051342.01 25.9 2985515155 0.83 100 175 8Fe 
7.3 99.4 198.8 1.2 27 1180059861.3 25.9 3360017320 0.78 100 200 9Fe 
10.5 99.24 223.3 1.70 27 1267068482.06 25.9 3799519485 0.74 100 225 10Fe 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-11: The effect of Fe adsorption on palygorskite; a: adsorbance (%) for ten initial solutions of 

different concentration, b: the effect of concentration on adsorption, c: TDS pattern for initial solutions (blue 
line) before experiment and final solutions (red line) after experiment, d: changes of pH before experiment 

(blue line) and after experiment (red line). 
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4-3-3-10 Manganese (Mn) 
 

The experimental results of manganese treated with palygorskite for ten 
concentrations are listed in Table 4-16. The Mn concentration in the initial 
solutions (10, 25, 50, 75, 100, 125, 150, 175, 200, 225 ppm) that have been 
treated with 1 gm palygorskite became 0.3, 7, 17, 30, 41, 52, 72.1, 91, 112.6 
and134.5 ppm) in the final solution respectively. This indicates that the 
sorption amount was 9.7, 18, 33, 45, 59, 73, 77.9, 84, 87.4 and 90.5 and the 
sorption (%) was 77.8, 68.8, 68, 66.6, 67.6, 60, 54.8, 49.9, 44.3 and 39.6% 
respectively. There is a negative relationship between absorption and 
concentration (Figure 4-12a). The optimize sorption of Mn is 58.4% when the 
initial concentration was 125 ppm (Figure 4-12b).  

 
The sorption efficiency at the high concentration seems to be 

decreased, where it recorded as 40.2% at initial solution of 225 ppm (Table 4-
16). The decrease of sorption efficient at solutions of high concentrations can 
be attributed to the strong competition between cations on the negative sites 
on palygorskite. 

 
Before the start of the experiment, TDS ranges between 964 and 21712 

ppm; then after the end of the experiment, it clearly decreases verging 
between 410and 6398 ppm (Table 4-16 and Figure 4-12c). This proves that 
the absorption process has happened. Basically, the electrical conductivity 
(EC) is positively correlated with TDS, and it also decreased during the end of 
the sorption experiment.  

 
The hydrogen number (pH) was changed in the initial solutions from 

1.94-0.65 toward alkaline ranging from 6.67 and 2.22 (Table 4-16 and Figure 
4-12d). The change in pH toward alkaline is just referring to the occupation of 
protons (H+) some negative sites in palygorskite structure. 
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Table 4-16: Results of laboratory experiments of manganese (Mn) sorption on palygorskite 
in ten solutions of various concentrations. 
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0.2 97 9.7 0.3 27 890 410 6.67 27.1 1935 964 1.94 100 10 1Mn 

0.8 72 18 7 27 17548746.0 27.1 47712410 1.52 100 25 2Mn 
1.6 66 33 17 27 278613255.0 27.1 96014825 1.27 100 50 3Mn 
2.5 60 45 30 27 483024304.24 27.1 151977237 1.11 100 75 4Mn 
3.1 59 59 41 27 580030523.91 27.1 193009650 1.04 100 100 5Mn 
4.2 58.4 73 52 27 750029143.88 27.1 2412412062 0.96 100 125 6Mn 
4.9 52 77.9 72.1 27 880044443.55 27.1 2851514475 0.85 100 150 7Mn 
5.7 48 84 91 27 1010051272.37 27.1 3546316887 0.75 100 175 8Mn 
6.5 43.7 87.4 112.6 27 1140060002.85 27.1 3840719300 0.68 100 200 9Mn 
7.3 40.2 90.5 134.5 27 1270063982.22 27.1 4559521712 0.65 100 225 10Mn 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-12: The effect of Mn adsorption on palygorskite; a: adsorbance (%) for ten initial 
solutions of different concentration, b: the effect of concentration on adsorption, c: TDS 
pattern for initial solutions (blue line) before experiment and final solutions (red line) after 
experiment, d: changes of pH before experiment (blue line) and after experiment (red line). 
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4-3-3-11 Boron (B) 
The experimental results of boron treated with palygorskite for ten 

concentrations are listed in Table 4-17. The B concentrations in the initial 
solutions that have been treated with 1 gm palygorskite were slightly reduced 
in the final solution (after the end of the experiment). The B concentrations in 
the initial solutions (10, 25, 50, 75, 100, 125, 150, 175, 200, 225) ppm 
became (8.9, 24, 45, 71.2, 89.8, 119, 146, 170.2, 193.8 and 222) ppm in the 
final solution, respectively. This indicates that the sorption amount was very 
little such as 1.1, 1, 5, 3.8, 10.2, 6, 4, 4.8, 6.2, and 3 respectively. 
Accordingly, the sorption (%) on palygorskite was 11, 4, 10, 5, 10.2, 4.8, 
2.66, 2.7, 3.1 and 1.3 respectively; it is very little and there in no clear trend 
(Figure 4-13a and b).  

TDS values at the beginning of the experiments varied between 205-
405 ppm, then it slightly decreased to 180-397 ppm (Table 4-17) in the final 
solution (after the end of experimental) indicating that the B adsorbed with 
very little amount (Figure 4-13).  

At the final solutions, pH changed from 8 to 8.7; where, it was 5.45-
5.76 at the initial solutions (Table 4-17). The changing of pH towards the 
alkaline refers to link protons in the negative sites on palygorskite and at the 
same time confirms the weak absorption of B on the surface of palygorskite. 
 
Table 4-17: Results of laboratory experiments of boron (B) sorption on palygorskite in ten 

solutions of various concentrations, Nd=not determined. 
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Nd 11 1.1 8.9 26.5 291 180 8.0 27.1 328 205 5.45 100 10 1B 

Nd 4 1 24 26.5 3452177.65 27.1 356220 6.02 100 25 2B 
Nd 10 5 45 26.5 3502207.6 27.1 398245 6.06 100 50 3B 
Nd 5.0 3.8 71.2 26.5 4102507.50 27.1 448264 5.87 100 75 4B 
Nd 10.2 10.2 89.8 26.5 4012497.4 27.1 461280 5.86 100 100 5B 
Nd 4.8 6 119 26.5 4832947.3 27.1 515302 5.82 100 125 6B 
Nd 2.66 4 146 26.5 5203207.34 27.1 567330 5.91 100 150 7B 
Nd 2.7 4.8 170.2 26.5 5373327.0 27.1 585351 5.82 100 175 8B 
Nd 3.1 6.2 193.8 26.5 6023567.01 27.1 650375 5.84 100 200 9B 
Nd 1.3 3 222 26.5 6353977.08 27.1 680405 5.76 100 225 10B 
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Figure 4-13: The effect of B adsorption on palygorskite; a: adsorbance (%) for ten initial 
solutions of different concentration, b: the effect of concentration on adsorption, c: TDS 
pattern for initial solutions (blue line) before experiment and final solutions (red line) after 
experiment, d: changes of pH before experiment (blue line) and after experiment (red line). 

 
 
4-4 Sorption efficiency 

There are three modes by which clay materials can exert adsorptive 
power on various molecules, from the liquid phase. These are: physical, 
exchange, and zeolitic action. Divalent Mg2+, Fe2+, Co2+,Ni2+, Zn2+, Cu2+ 
readily substitute for each other (homovalent substitutions) because their ionic 
radii are contained between 0.83˚A (Ni2+) and 0.92˚A (Fe2+). This is also valid 
for trivalent Al3+ and Fe3+. Trivalent (R3+) can be replaced by divalent (R2+) 

(heterovalent substitutions). 
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4-4-1 Cation exchange capacity (CEC) relationship with pH 

The elongated grain gave palygorskite a good property of metal 
adsorption due to the increase of the surface area. Its characteristic high 
surface area ranges between 150- 360 m2/g . The CEC ranges between 30-50 
meq/ 100g (Weiss et al., 1956). The CEC varies with pH conditions because 
H+ protons compete with other cations to fix the exchangeable sites (Meunier, 
2005). As pH increases, the concentration of H+ declines; the competitive 
adsorption of heavy metals slows down, the solubility of heavy metals is 
reduced However, acidic solution with a pH value of <4.5 releases Al3+ from 
palygorskite lattice. Notably, Al3+ in clay: generates adsorption sites, reducing 
the absorption of heavy metals from the soil (Wu-Chou et al., 2011). 
Palygorskite has high surface charges, and their CEC values are much higher 
than those of the same mass of non clay mineral. A low pH (acidic solution) 
can reduce negative charge, while a high pH (basic solution) increases the 
negative charge. Therefore, CEC increases as pH increases (Wu-Chou et al,. 
2011). 
4-4-2 Effect of concentration 

The effect of concentration on the uptake of aqueous Pb, Cd, Ni, Co, 
Cr, V, Cu, Zn, Mn, Fe, and B ions by palygorskite is investigated at the initial 
concentration of 10, 25, 50, 75, 100, 125, 150, 175, 200 and 225 ppm,  while 
keeping the mixing time fixed at 1 hours. Moreover, the data are used to 
calculate percentage sorption using the equation: 

Sorption (%) = [(Ci – Cf) / (Ci)] x 100 
Where, Ci and Cf are the initial and final (equilibrium concentration) metal 
ion concentrations, respectively. The calculated values for all ions are given 
in Tables 4-7 to 4-17. For the initial concentrations of 10 ppm, the results 
indicate almost a 100% removal of ions Pb, Cd, Cr, Cu, Fe, and Mn by 
palygorskite (Figure 4-14). The percentage sorption decreases with further 
increase in the initial concentrations up to the initial concentration of 225 
ppm.  The range of sorption (%) for all ions is illustrated in Figure 4-14. 

A negative relationship between concentration and sorption (%) was 
detected (Figure 4-15). The best absorption has been recorded with of Fe and 
Cr, where the sorption of Fe adsorbed on palygorskite from initial solutions of 
10-225 is 99.9-99.24(%) respectively. In the same manner, and from same 
initial concentrations, Cr is adsorbed on palygorskite by 99.9-66.7 (Figure 4-
14). Pb also responds and tends to be adsorbed on palygorskite particularly 
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for initial solutions of 10, 25, 125 ppm, where the sorption (%) is 99.5, 81.9 
and 76.5% respectively. Boron appears to have weak strength of adsorption; 
this may be attributed to the low ionic potential. Consequently, the sorption 
(%) of metals on palygorskite almost shows a marked trend as follows: 
 Fe>Cr>Pb>Cd>Cu> Ni> Zn >Mn>V>Co>B (Figure 4-16). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-14: The range of sorption (%) for metals on palygorskite. 
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Figure 4-15: Negative relationship between the concentration of initial metals and sorption 
(%) on palygorskite. 

 

 
 

 
 
 
 
 
 
 
 
 

Figure 4-16: Distribution features of the metal sorption (%) on palygorskite. 

 
4-4-3 Effect of pH  

The effect of solution pH on M2+ (divalent cations) adsorption is 
determined for the pH range of 2.0 - 11.0 which would normally be found in 
an electro kinetic soil reclamation process (El-mofty and El-Shall, 2008). 

The effect of pH on the sorption efficincy of palygorskite is studied 
through 110 experiments conducted on ten metals (lead (Pb), cadmium (Cd), 
nickel (Ni), chromium (Cr), cobalt (Co), vanadium (V), zinc (Zn), copper 
(Cu), iron (Fe), manganese (Mn), and boron (B)), with a variety of 
concentrations. Generally it is found that the pH is inversely proportional to 
the concentrations (Figures 4-3d to 4-13d). At low concentrations, the 
sorption ability of palygorskite seems to be higher than of its ability at high 
concentration, so to provide empty sites which contribute to the reception of 
cations. Significant amount of M2+ ions adsorption in the pH range of 2 – 7 
was found. All the lab experiments revealed that the initial solutions have 
more acidity than final solutions. The tendency toward the alkaline occurs 
with the solutions of low concentration rather than the solutions of high 
concentration (Figures 4-3d to 4-13d) as no further cations competes the H+ 
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on the negative site on palygorskite. The experiments of heavy metal ion 
adsorbed on palygorskite reveal that the absorbability by palygorskite 
depends on pH and concentration. Since the pH is a measure of the 
concentration of the Hydrogen (and the Hydroxyl) ions, for an acidic solution, 
the lower the pH, the higher the H+ concentration. Therefore, the availability 
of H+ which exchange with metals competing on negative sites and hence 
more H+ in the solution reduce the pH. 

TDS and EC decreases with the trend of alkaline pH, so that more of 
the positively charged metal ions in the solution are absorbed on negative 
palygorskite surface and thus the adsorption of metals increases. This 
conclusion is similar to that of Naidu et al. (1994). 
 Adsorption of metals always decreases with an increase in ionic 
strength. This result can also be explained by the following fact. There is a 
silanol groups (Si–OH) on palygorskite particles as functional surface (Serna 
et al., 1977). This group (Si–OH) may act as Lewis basis in form (Si–O–) to 
bind one or two Lewis metal ions. Hence, when the concentration of metals 
increases, they can form more monodentate or bidentate complexes with Si–
O–, and more H+ came into solution resulting in the decrease of pH of  the 
final solution. But this case is not observed. 
  The exchange of Ca2+, Mg2+, Al3+ and K+ from palygorskite indicates 
that the adsorption mechanism of heavy metal ions is governed mainly by ion 
exchange mechanism. For this reason, the final Pb solution of 175 ppm was 
analyzed for Ca2+, Mg2+, Al3+ and K+  (Table 4-18). The results listed in Table 
4-18 refer to the case of ionic exchange between the palygorskite and the 
solution. Here we can conclude that the sorption has been got physically and 
chemically. The expulsion of these cations causes a decrease in positive 
charge on palygorskite which encourages adsorption of additional cations on 
surface surfaces. 

Ca2+ , Na+ and K+ along with some of the Mg2+, are probably present as 
exchangeable cations; however, in most samples these cations are more 
abundant than can be accounted for by the cation exchange values. Exchange 
values of 5-30 mequiv. /100 g seem to be most characteristic of the relatively 
pure samples (Weaver and Pollard, 1973). 

The double-layer theory predicts qualitatively correctly that the affinity 
of the exchange of divalent ions is larger than monovalent ions and that this 
selectivity for ions of higher valence decreases with increasing ionic strength 
of the solution. However, according to the Gouty theory there should be no 
ionic selectivity of the exchange between different equally charged ions. 
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Table 4-18: Results of final Pb solution of 175 ppm. 

 
 

 
 
 
 

 
 
4-4-4 Effect of ionic potential 

Ionic potential is an ion's charge divided by its radius, and it is thus a 
measure of density of charge on the ion surface. Ionic potential gives a sense 
of how strongly or weakly the ion will be electrostatically attracted to ions of 
opposite charge, and to what extent the ion will repel other ions of like 
charge. The ionic potentials of chemical elements in this study are listed in 
Table 4-19, and it can be ordered from the highest to the lowest as:  

B > V > Mn > Cr > Fe > Ni > Cu > Zn > Co > Cd > Pb.  
The greater of ionic potential means greater of solubility. Consequently, the 
sorption of metals follow this rule in general, where we find that the sorption 
(%) of these metals in the initial solution of 50 ppm have ordered as: 

B < V < Mn < Ni < Co < Cu < Zn < Cd < Cr < Pb < Fe. 
The presence of some anomalies in some of elements is due to overlapping 
with other factors affecting absorption. 
 
  

Table 4-19: Ionic potential of elements. 
Elements Atomic radius 

(°A) 
Ionic Radius 

(°A) 
Oxidation 

states 
Ionic potential 

Pb 1.81 1.19 2 1.68 
Cd 1.71 0.97 2 2.06 
Ni 1.62 0.69 2 2.89 
Co 1.67 0.745 2 2.68 
Cr 1.85 0.52 2 3.84 
V  1.92 0.59 3 5.1 
Fe 1.72 0.645 2 3.1 
Mn 1.79 0.46 2 4.34 
Zn 1.53 0.74 2 2.7 
Cu 1.57 0.73 2 2.74 
B 1.17 0.23 3 13 

 

Elements ppm 
Ca2+ 768 
Mg2+ 339 
Al3+ 4.84 
K+ 1.1 
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4-4-5 Effect of calcination 
During calcination, the haystack structure of the clay becomes very 

porous. Pore volume is about 0.6 ml/g and pore diameter is about 200˚A. The 
creation of this porous structure is believed to be more important to sorptive 
capability than the high surface area of palygorskite (McCarter et al., 1950). 
palygorskite can take up water to 200% of its own weight. 

Palygorskite is a very important gel-forming clay. Compared to other 
clays, it gives stable suspensions of high viscosity at relatively low 
concentrations. Palygorskite is activated by heating, and therefore, it is 
subjected to calcinations at 200, 400, 600, 700, 800˚C at 2 hours. Then 1 gm 
of clacinated palygorskite is treated with 100 ml of initial solution of 100ppm 
Pb to investigate how calcination influences the sorption. The results are 
listed in Table 4-20. The internal arrangement of the tetrahedral and 
octahedral layers of palygorskite is unique in that there are channels through 
its structure. These channels are filled with what is termed zeolitic water. 
When this water is driven off by heating, the surface area and thus the 
sorptivity is increased, chemical compounds that are of the size that will fit 
into these channels are readily absorbed. The sorption increases with 
increasing temperature until 600˚C, which the maximum sorption (%) is 
recorded to be 93% (Table 4-20 and Figure 4-17). Thereafter, Sorption is 
declined to be 82% and 45% at 700˚C and 800˚C respectively. The results 
show that the channel of palygorskite is partial collapsed and the structure is 
not changed ultimately when thermally treated at 200, 400, 600, 700 oC. The 
structure of palygorskite gradually changes when the treating temperature is 
higher than 300oC and is damaged entirety till 800 oC (Zhang et al., 2011). 

 
 

Table 4-20: Sorption (%) of 100 ppm Pb onto 1 gm of activated palygorskite. 
 

Calcination˚C Sorption (%) 
200 85 
400 92 
600 93 
700 82 
800 45 
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Figure 4-17: The influence of heating on palygorskite sorption. 
 
 

4-5 Discussion 
The palygorskite applications were divided into two broad categories, 

colloidal and non-colloidal (Haden, 1963). The elongated shape of 
palygorskite results in unique colloidal properties (Murray, 2007).  An 
unusual needle-like shape is formed by cleavage parallel to the 110 planes 
along the Si-O-Si bonds holding the strips together. Consequently, it gives 
unusual colloidal and sorptive properties (Haden, 1963). 

The extremely large surface area of palygorskite, approximately167 
m2/g, makes it very sorpative in its natural form ((Murray, 2007). A large 
specific surface area and moderate cation exchange capacity (Galan, 1996) 
are beneficial for the adsorption of heavy metals from solution. The elongate 
particles vary in length from about 1 to 10 mm and are approximately 0.01 
mm in diameter. This shape and size result in high surface area and high 
porosity when thermally activated (Christ, 1969).  

One gram dose of palygorskite to 100ml solution at reaction time of 1h 
is determined as optimal conditions for a maximum removal of heavy metals 
by palygorskit.  The sorption (%) increases proportionally to the time where 
the top sorption (%) can be seen at 1h.  

The chemical composition of separated palygorskite is characterized by 
a high content of MgO (11.2%) indicating a high grade palygorskite. The 
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difference of valency between both ions in the tetrahedral sheet is Si4+ 
replaced by Al3+produces a negative charge (0.42) which means positive 
charge deficiency. In the octahedral layer a homovalent (between Al3+ and 
Fe3+ or Mg2+  and Fe2+) and Heterovalent substitutions (between Fe3+, Fe2+ and 
Ti4+) occur with an overall positive charge in this layer within the unit cell in 
9.88. Three exchangeable cations (Ca, Na and K) in the interlayer have a net 
valence of 1.85. Divalent (R2+) Mg2+, Fe2+, Co2+,Ni2+, Zn2+, Cu2+ readily 
substitute for each other (homovalent substitutions) because their ionic radii 
are between 0.83˚A (Ni2+) and 0.92˚A (Fe2+), and also valid for trivalent (R3+) 
Al3+ and Fe3 that can be replaced by divalent (R2+)  as heterovalent 
substitutions.  

Playgorskite exerts absorptive power on heavy metals from the liquid 
phase by three modes. These are: physical, ion exchange, and zeolitic action. 
The sorption (%) of metals on palygorskite almost shows a marked 
descending order as follows: Fe>Cr>Pb>Cd>Cu>Zn>Ni>Mn>V>Co>B. 
Boron appears to have weak strength of adsorption due to the low ionic 
potential. The ion with the greater radius will be the more strongly adsorbed 
(Brummer, 1986).   

The presence of ions (Ca=768 ppm, Mg= 339 ppm, Al= 4.84 and K= 
1.1 ppm) in the final Pb solution of 175 ppm refers to the case of ionic 
exchange between palygorskite and the solution and indicates that the 
sorption has been got physically and chemically.  

CEC of palygorskite increases as pH increases. When pH increases, the 
concentration of H+ declines; then the competitive adsorption of heavy metals 
slows down because the solubility of heavy metals is reduced. Further 
competition between the cations and H+ on the negative site on palygorskite 
happened at the solutions of low concentration rather than the solutions of 
high concentration. This lead pH to be changed toward alkalinity. The 
decrease of TDS and EC values in the final solution is a function of the 
efficiency of palygorskite sorption, where TDS and EC decrease with the 
trend of alkaline pH. 

Three forms of water in palygorskite are obsearved: a zeolitic water, 
bound water, and structural hydroxyls. Total water in palygorskite ranges 
from18.6% to 22.3% (Caillire and Hknin, 1961). In the separated 
palygorskite, the water  is19.1%. Water is proportionally driven off by heating 
during calcination of palygorskite at 200, 400, 600, 700, 800˚C at 2 hours. 
Calcination creates a porous structure, which is believed to be more important 
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to sorptive capability than the high surface area of palygorskite (Haden and 
Schwint, 1967). The sorption increases with increase temperature until 
reaching 600˚C in which the maximum sorption (%) is recorded to be 93% 
due to the increase of surface area. Sorption declines to be 82% and 45% at 
700˚C and 800˚C respectively due to the partial collapse and ultimate 
structure of the palygorskite, but it is damaged entirety at 800oC. 

The decrease of sorption efficient at solutions of high concentrations 
may be attributed to the strong competition between cations on the negative 
sites on palygorskite. A negative surface charge is caused by substitutions of 
Al for Si in the Tetrahedral sheet and exchange of two-fold charged cations 
like Fe and Mg for Al in the octahedral sheets. Thus, the charge of the basal 
surface is always negative and independent on pH (Amman et al., 2005).  
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5- Conclusions and Recommendations 
 
5-1 Conclusions 

The following conclusions are drawn from the present study: 
 

1- Palygorskite appears as authigentic mineral formed from the 
transformation or alteration of  smectite. Palygorskite is bedded within the 
Akashat and Digma Formations interstratified with dolomite, siliceous, 
calcarous clays and phosphatic zones. Occurrence of palygorskite with 
dolomite is interpreted as authigenic origin rather than detrital. Reaction 
of pore water rich in silicic acid with dolomite suggests the sepiolite is 
formed at first, then the sepiolite is transformed to palygorskite 
(Mg,Al)2Si4O10(OH). 4(H2O) by getting Al from the surrounding area. The 
second model is the transformation of smectite to form palygorskite 
 

2- Lithology suite of dolomite, cherty dolomite, Marly limestone, phosphatic 
sediments, siliceous minerals such as tridymite and cristabolite indicates 
shallow marine environment of inner platform. The porcellanite (opal-CT) 
with phosphatic facies occur in association with palygorskite provide a 
significant environmental evidence. Apatite in marl- phosphatic facies 
may indicate shallow to the deep inner platform. The phosphorite facies 
characterized by discontinuous extension of thick light gray color bed 
reflects a shallow water of inner platform. Porcellanite facies indicates 
open inner platform. 

 
3- A strong competition between cations (heavy metals) on the negative sites 

on palygorskite occurs at a high concentrated solution causing decrease in 
sorption efficiency. 

 
4- The decrease of TDS and EC values in the final solution is a function of 

the palygorskite sorption. TDS and EC decrease with the trend of alkaline 
pH, more of the positively charged metal ions in the solution are absorbed 
on the negative palygorskite surface and thus the adsorption of metals 
increases. 
 

5- The ionic potential of chemical elements in this study can be ordered from 
the highest to the lowest as: 
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B > V > Mn > Cr > Fe > Ni > Cu > Zn > Co > Cd > Pb. 
The greater the ionic potential the greater the solubility. Consequently, the 
sorption of metals follows this rule in general, where it is found that the 
sorption (%) of these metals in the initial solution of 50 ppm has the 
following ascending ordered: 

B < V < Mn < Ni < Co < Cu < Zn < Cd < Cr < Pb < Fe. 
The presence of any anomaly in some of the elements is due to 
overlapping of other factors affecting absorption. The best recorded 
sorption is of Fe and Cr, where Fe adsorbed on palygorskite from initial 
solutions of 10-225 is 99.9-99.24(%) respectively. The worst sorption of 
palygorskite is for boron (B). 

 
6- The mass of adsorbant and time reaction are the control factors for 

sorping metals onto the palygorskite. The mass of adsorbent 
(palygorskite) affects on the sorption (%). The sorption (%) of Pb 
increases and the maximum removal is observed with 1 gm dose. With 
increasing palygorskite mass, the corresponding increase in adsorption 
(%) is less, because it becomes difficult for the cations to approach the 
adsorption sites due to overcrowding of clay mineral particles 
(palygorskite) termed as a kind of solid concentration effect. Accordingly, 
the solid-liquid ratio is determined to be 1 gm to 100 ml. The sorption (%) 
increases proportionally with the equilibrium time where the maximium 
sorption (%) can be seen at 60 minutes (1h). On this basis, the equilibrium 
time absorption and adsorption is determined to be 1h. 
 

7- The basic mechanism governs the heavy metals adsorption characteristics 
of palygorskite at different pH is adsorption and ionic exchange. The 
hydrogen number (pH) was changed in the initial solutions towards 
alkaline trend referring to the occupation of protons (H+) by some 
negative sites in palygorskite structure. Hydrogen also competes with 
heavy metals on negative sites in palygorskite. 

 
8- The tendency toward the alkaline occurs with the solutions of low 

concentrations rather than the solutions of high concentrations because no 
further cations competes with the H+ on the negative site in palygorskite.  
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9- The ability of palygorskite sorption (%) increases when thermally 
activated, where up to 93% occur at 600°C due to the driving off zeolitic 
water by heating, the surface area and thus the sorptivity is increased. 
Whilst, at 800°C sorption appears to decrease to a minimum due to the 
collapse of palygorskite structure.  

 
10- Palygorskite can act physically and chemically as absorbent for Pb, Cd, 

Ni, Cr, Co, V, Cu, Zn, Fe and Mn, due to its high surface area. Therefore, 
it can be used as absorbent in the industry to adsorb hazardous waste in 
landfill. The absorbency of palygorskite prevents leaching in the landfill.  

 
5-2 Recommendations 
 

This study has found that the palygorskite is good absorbent material 
promising for liquid purification of pollutants, in particular heavy metals. 
Study of the reaction using palygorskite for the removal of heavy metals in 
waste-water is a fruitful scope of the present investigation. These 
investigations could be extended to try the removal of organic compounds 
from liquids. In addition, the adding of catalytic organic matter will be 
beneficial. 
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Table Ap-2: Structure formula and charge equivalent of the separated palygorskite from the 

raw sample no 12D. 
 

Oxides % 
Mole 
equiv. 

Cation 
equiv. 

Charge 
equiv. 

Charge/44 
charge 

Cation/unit 
cell 

Layers Cation Charge 
Total 

charge 

SiO2 52.3 0.871 0.871 3.48 31.45 7.86 
Tetrahedral 

Si4+ 7.86 
8.0 

Al2O3 8.8 0.086 0.173 0.52 4.70 1.56 Al3+ 0.14 

Fe2O3 3.1 0.019 0.038 0.12 1.05 0.35 

 
Octahedral 

Al3+ 1.42 

4.15 
MgO 10.2 0.255 0.255 0.51 4.61 2.3 Fe2+ 0.35 
CaO 5.2 0.093 0.093 0.19 1.68 0.84 Mg2+ 2.30 

K2O 0.7 0.007 0.015 0.015 0.13 0.13 Ti +4  0.08 

Na2O 0.13 0.002 0.004 0.004 0.04 0.04 
 

Interlayer 

Ca2+ 0.84 

1.01 TiO2 0.8 0.009 0.009 0.036 0.32 0.08 Na+ 0.04 
Total 4.867 44  K+ 0.13 
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  المستخلص
الباليغورسكايت في تكويني دكمة (الماسترختي)، وعكاشات بمعدن  الغنية الرواسب درست

من الناحية المعدنية والجيوكيميائية وبعض  غرب العراق،، الصحراء الغربية (الباليوسين) ضمن
. شملت ھذه التطبيقات فصل معدن الباليغورسكايت من العينة الخام، واجراء التطبيقات التقنية

من شانھا أن تدل على قابلية الباليغورسكايت على إمتصاص  مجموعة من التجارب المختبرية التي
تم أستعمال أسلوب جمع العينات .  لتلبية ھذا الغرض، السائلة وإدمصاص الفلزات الثقيلة من الاطوار

بعض  تم جمعموقعا، حيث  17في   الھادف لملاحقة وجمع الترسبات الغنية بمعدن الباليكورسكايت
 واحدة عينة ممثلة، تم اختيار أخيرا، ثم المناسبة لاختيار العينة معدنيا ارھاواختب كل موقع من العينات

  كل موقع. من
تقنيات الأشعة السينية الحائدة والمجھر الالكتروني الماسح والاشعة تحت   تم استخدام

الحمراء جنبا الى جنب لدراسة معدنية العينات الخام (رسوبيات غنية بالباليغورسكايت)، والعينة 
السليكية،  ترافق الباليغورسكايت مع الصخور الدراسة الحالية كشفت لمفصولة (الباليغورسكايت).ا

تي والمتمثلة بالكرستبولايت والتريديمايت، مع كميات معتبرة -البورسيلينايت المسماة أوبال سي
لي والاباتايت للدولومايت والكاؤلينايت، وكمية قليلة من الكلسايت والكوارتز  ضمن اللايمستون المار

في تكوين عكاشات فأن الباليغورسكايت غاليا ما يترافق مع المونتموريلونايت  ، بينما في تكوين دكمة
سي تي  -والدولومايت واللايمستون المارلي، مع كمية قليلة من البورسيلينايت المتمثل بالاوبال

(الكرستبولايت والتريديمايت) والكوارتز والجيرت. أن ھذه السحنات تدل على بيئة بحرية ضحلة  
 ف المفتوح.على الرصي

إقترحت الدراسة الحالية نموذجين لنشأة الباليكورسكايت، النموذج الأول ھو تفاعل ماء 
المسامات الغني بحامض السليسيك مع الدولومايت ليكون في باديء الأمر السبيولايت الذي لايلبث 

محيطة، والنموذج الا ان يتحول  الباليغورسكايت في نھاية المطاف وذلك بأخذ الالومينا من البيئة ال
 الثاني ھو تحول السمكتايت الى الباليكورسكايت في بيئة غنية بالمغنيسيوم.

من الناحية الجيوكيميائية، فقد تم تحليل عينات من الرسوبيات الغنية بالباليغورسكايت،  
و  Fe2O3و  MgOو  Al2O3و  SiO2والاليغورسكايت النقي المفصول من العينة الخام للأكاسيد 

TiO2  وMnO  وNa2O  وCaO  وK2O و   P2O5  وLOI  تغير محتوى .MgO  0.61من 
% ، علما ان جزء من ھذا الاوكسيد يأتي من الدولومايت. في عينة الباليغورسكايت النقية،  9.38الى 

فقد دل المحتوى العالي للمغنيسيا مع الكمية المناسبة من مفقودات الحرق على نجاح عملية فصل 
تم حساب الصيغة التركيبية وتوزيع    ايت التي  تم تعزيزھا بالمجھر الالكتروني.الباليغورسك

  الشحنات على الطبقات الثمانية والرباعية والداخلية للباليغورسكايت المفصول.
من ناحية التطبيقات التقنية، خضع معدن الباليغورسكايت النقي (المفصول من العينة الخام) 

في إمتصاص الفلزات  الباليغورسكايتالتي أجريت لاختبار كفاءة  إلى مجموعة تجارب مختبرية
الثقيلة (الرصاص، الكادميوم، النيكل، الكروم، الموبلت، الفناديوم، الزنك، النحاس ، الحديد 

 ، 200، 175، 150، 125، 100، 75، 50، 25، 10)، في تركيز Bوالمنغنيز)، وكذلك البورون (
تجربة مختبرية بايلوب الوجبات،  وفي درجة حرارة  110ج.م.م لكل عنصر. أجريت أكثر من  225

غم/ 1) إلى نسبة السائلة (المحلول الأولي) ليكون palygorskiteصلب (نسبة الالغرفة. تم تحديد 
 ساعة . 1، وزمن التفاعل ليكون مل100

الذائبة، والايصالية الكھربائية في المحاليل  كمية الأيونات المعبر عنھا بالاملاح الصلبة الكلية
النھائية ( بعد انتھاء التفاعل) تتناقص باتجاه قلوية المحلول. حدث ھذا الميل في التناقص في المحاليل 
واطئة التركيز أكثر منه في المحاليل عالية التركيز، بسبب عدم وجود المزيد من الايونات الموجبة 

 المواقع السالبة الباليغورسكايت.على  (+H)تنافس البروتون 



إزدادت قابلية الباليغورسكايت الامتصاصية (%) بعد تنشيطه بالحرارة، حيث وصلت الى 
م بسبب ازالة ماء الزيولايت، حيث المساحة السطحية تزداد وتبعا لذلك ˚600% عند 93

الى ادناھا بسبب  م فأن الامتصاصية انخفضت˚800فالامتصاصية تزداد ايضا. أما في درجة حرارة 
 انھيار التركيب المعدني للباليغورسكايت.

 +Ca2   و+Mg2 لقد أعتبر الباليغورسكايت مستلم فعال للفلزات الثقيلة، بينما يلفظ الايونات 
Al3+  و K+ من المعدن الى المحلول دالا بذلك على إن ميكانيكية التبادل الايوني ھي المسؤؤلة عن

ان طرد ھذه الايونات الموجبة يسبب نقص في  تركيب الباليغورسكايت،  دمج الايونات الموجبة في
  لتلتصق على على السطح. على الباليغورسكايت التي تشجع ايونات اضافية  الشحنة الموجبة

كفاءة الامتصاص لمعدن الباليغورسكايت تتباين حسب طبيعة العنصر، وقد حددت التجارب 
ي يمكن ان نرتب منھا امتصاصية الباليغورسكايت (%) للمحاليل المختبرية الكثير من العلاقات والت

  ج.م.م على النحو الأتي: 50الأولية ذات التركيز 
B < V < Mn < Ni < Co < Cu < Zn < Cd < Cr < Pb < Fe  
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